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Introduction



The	Story	Behind	This	Book	and	How	to	Use	ItThe idea for this book was born on February 3, 2024, when I posted my�irst Power Query challenge on LinkedIn. That initial challenge sparkeda wave of engagement, with experts providing solutions using Excel,Python, R, Power Query, DAX, and more. Encouraged by the response, Icontinued posting new challenges every other day. Over time,participation grew signi�icantly. By the time I posted Challenge #52,more than 100 comments �looded in within just 10 hours.Since that day, I have continued sharing challenges regularly, and asof today, the 224th challenge has been posted. Seeing the enthusiasm ofprofessionals eager to tackle these problems, propose their ownsolutions, and learn from others, I realized the impact of a book builtaround a challenge-based structure. So, I started to write this book.This book is designed not only to teach Power Query but also tosharpen your problem-solving skills by exposing you to a variety ofreal-world scenarios and solutions.



How	This	Book	Is	StructuredIn this book, each chapter begins with an introduction to key concepts,followed by a series of carefully selected challenges related to thechapter’s topic. For each challenge, I provide step-by-step solutions,along with tips, tricks, and best practices to help you better understandPower Query’s functionality.Whenever multiple logics are possible, I compare them, evaluatingperformance for larger datasets so that you can choose the mostef�icient approach for your own use case. Most solutions begin with thePower Query UI, after which you’ll manually modify the generatedformula to tailor it for speci�ic needs and uncover hidden features ofPower Query’s M language.While basic familiarity with M will make it easier to follow thisbook, I have carefully explained each modi�ication, making it accessibleeven to those who are not fully comfortable with M yet. However, if youare completely new to Power Query, I recommend starting with anintroductory book before diving into this one.
How	to	Get	the	Most	Out	of	This	BookThis book is organized into 12 chapters, and I recommend readingthem in order. However, if you struggle with Chapters 2 and 3,particularly when working with custom functions, I suggest jumping toChapter 12, reading its introduction, and then returning to continue.This will help make the logic clearer.When reading each chapter, I highly recommend taking a moment tothink through each challenge before looking at the solution. Try to solveit yourself �irst, then compare your approach with the providedsolutions. This will sharpen your problem-solving mindset and prepareyou for real-world challenges you might encounter in your work.



Chapter	Overview1.
Data	Extraction	from	Sources: Learn how to load data fromvarious sources, handle unstructured data (e.g., Excel, CSV), anddeal with challenges like inconsistent column names, multi-rowheaders, and Merging cells. You’ll also learn how to import datafrom the web and combine Power Query results with Excel tableswhile maintaining order after refresh.

 
2.

Referencing: Understand how to reference speci�ic columns, rows,or cells inside a Power Query table. Explore techniques such assearching rows dynamically, referencing previous rows, andperforming approximate lookups similar to VLOOKUP.
 

3.
Sorting	and	Filtering: Master Power Query’s �iltering and sortingcapabilities, including dynamic �iltering across multiple columns.Learn how to overcome Power Query’s unexpected sortingbehaviors by using Table.Buffer for stability.

 
4.

Column	Splitting	and	Merging: Learn how to dynamically splitcolumns using multiple delimiters or custom criteria. Exploreadvanced techniques for merging columns using differentoperators.
 

5.
Pivoting	and	Unpivoting	Tables: Understand how to transformmessy data into an analysis-ready structure by pivoting andunpivoting tables.  

6.
Grouping	Rows	with	Table.Group: Discover advanced groupingtechniques using Table.Group(), including custom groupinglogic, modifying aggregation behavior, and optimizing performance. 7.
Merging	and	Appending	Tables: Learn how to combine multipledatasets, whether by appending (stacking) tables or merging(joining) them side by side. This chapter also covers fuzzy mergingand recursive self-merging techniques.

 
8. Handling	Missing	Values: Explore methods for identifying andreplacing missing values, including linear interpolation and  



replacing missing values, including linear interpolation andmachine learning approaches like KNN.9.
Looping	in	Power	Query: Master four key functions that enablelooping in Power Query:
List.Transform()
List.TransformMany()
List.Accumulate()
List.Generate()

 
You learn how to use them for complex scenarios and repetitivetasks across different tables and columns.10.
Leveraging	Scripting	and	External	Integrations	in	Power
Query: Discover how to integrate Power Query with JavaScript, R,and Python for enhanced functionality. Learn how to export CSV�iles mid-query and use regular expressions (Regex) in PowerQuery.

 
11.

Error-Handling	Strategies: Understand Power Query’s differenterror types and learn best practices for creating robust, error-resistant queries.  
12.

Custom	Functions: Learn how to build custom functions inPower Query and share them across multiple workbooks. Thischapter also covers adding documentation to your functions. Ifyou �ind Chapter 2 challenging, reading Chapter 12’s introduction�irst will help clarify key concepts.
 

13.
The	Appendix:	A	Challenge	Hub: Unlike most books, yourlearning doesn’t stop after Chapter 12. The appendix includes anindex of challenges related to each chapter from my LinkedInpage, where you can test what you’ve learned by solving real-world problems. These challenges provide a great opportunity toreinforce your knowledge while also seeing alternative solutionsfrom other experts.

 



A	Note	on	Ef�iciency	and	PerformanceThroughout this book, I have included ef�iciency tips to help youoptimize Power Query performance. When comparing solutionruntimes, keep in mind that execution speed depends on multiplefactors, including your dataset size and system speci�ications. Whileyour results may vary, these comparisons will help you understandperformance tradeoffs and choose the best solution for your case.Additionally, all examples (�iles are available at www.OmidBI.com)assume that data is imported from Excel into the Excel version of PowerQuery using the From Table command. In many cases, I have removedthe Changed Type step to better demonstrate function behavior.However, in real-world scenarios, de�ining correct column types ishighly recommended, as it affects both performance and accuracy.
Final	ThoughtsLike any book, this one isn’t �lawless—and I truly welcome yourfeedback! If you �ind any mistakes, no matter how small, please let meknow. You can easily reach me on LinkedIn or by sending me an emailat Omid_Motamedi@Outlook.com. I would love to hear from you.Now, let’s dive in and start solving some Power Query challenges!

http://www.omidbi.com/


Any source code or other supplementary material referenced by theauthor in this book is available to readers on GitHub(https://github.com/Apress). For more detailed information, pleasevisit https://www.apress.com/gp/services/source-code.
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1.	Data	Extraction	from	SourcesOmid Motamedisedeh1  Coorparoo, QLD, Australia 
The Power Query journey, as a powerful ETL (Extract, Transform, Load) tool, begins with its primaryfunction of extracting data from various sources. It allows users to load data from a wide range ofsources, ranging from simple �ile formats like CSV, TXT, Excel, and PDF, to more complex sources such asentire folders of �iles or databases like SQL Server. Additionally, Power Query supports data extractionfrom online sources, including websites, APIs, and cloud-based services, making it a versatile solutionfor handling both structured and unstructured data.Data extraction in Power Query refers to the process of connecting to a data source and retrievingthe necessary data. The main functions for extracting data from different sources are shown in Table 1-1.
Table	1-1 Functions for Extracting Data

Function Description

Csv.Document() Reads data from a CSV �ile.
Excel.Workbook() Loads data from an Excel workbook, allowing you to select speci�ic sheets or tables.

Text.Csv() Loads data from a text source.
Pdf.Tables() Extracts tables from a PDF �ile.
Folder.Files() Returns a table of all the �iles in a speci�ied folder.
Web.Contents() Retrieves data from a web URL, useful for loading data from websites or APIs.

Odbc.DataSource() Connects to ODBC-compatible databases.
OData.Feed() Connects to an OData feed, typically used for accessing web services.
Sql.Database() Connects to an SQL Server database to extract data.

Access.Database() Extracts data from a Microsoft Access database.
SharePoint.Files() Loads �iles from a SharePoint site.
Json.Document() Extracts data from a JSON document, typically used for APIs or web services.
Xml.Tables() Retrieves data from XML �iles, often used in web services or data exchanges.

BinaryFile.Contents() Loads data from binary �iles, often used for non-standard �ile formats.
Exchange.Contents() Connects to Microsoft Exchange to retrieve data such as emails, contacts, and calendar entries.

ActiveDirectory.Domains() Retrieves data from Active Directory domains, useful for organizational data.
Salesforce.Data() Extracts data from Salesforce, commonly used in customer relationship management.In most cases, the journey of using Power Query begins with one of the functions listed in Table 1-1.Despite the importance of these functions, they are less known since the extraction process in PowerQuery is typically managed through the user-friendly interface of this tool, rather than direct use offunctions. However, there are scenarios where modifying these functions becomes necessary to achievemore advanced or customized transformations.This chapter presents the process of loading data using the Power Query user interface (UI),providing a step-by-step guide for connecting to and importing data with ease. Following this, the

https://doi.org/10.1007/979-8-8688-1288-0_1


chapter delves into the hidden features of some of the functions in Power Query. These functions,though often managed behind the scenes by the UI, hold powerful capabilities that can signi�icantlyenhance data extraction and transformation when utilized directly. This combination of UI-basedguidance and advanced function insights equips users with a comprehensive understanding of bothbasic and advanced Power Query work�lows.
Combining	Data	from	Excel	Files	with	Consistent	Column	NamesHistorical yearly sales data from different stores is stored in several Excel �iles in a folder. Consider thecase that the column names are identical across all �iles, as shown in Figure 1-1. Combine all the datainto a single table, ensuring that store numbers are included (store numbers should be extracted fromthe �ilenames).

Figure	1-1 Excel �iles
Note The Excel �iles used in this example are provided in the folder titled 01.To solve this problem using Excel (or Power BI), open a new Excel (Power BI) �ile, from the Data(Home) tab, use the Get Data command, then select From File, and among the options, choose FromFolder. Provide the folder path containing the Excel �iles and then click OK. You’ll access the newwindow shown in Figure 1-2.



Figure	1-2 Choosing From FolderIf you select Combine and Load, the Combine Files window will appear as shown in Figure 1-3.



Figure	1-3 Combining �ilesAdjust the settings, as shown in Figure 1-4, by selecting 2019 Store 1.xlsx as the sample �ileand choosing Sheet 1 as the sample sheet (as long as the data structure in all �iles is the same, no matterwhich workbook and sheet is selected). By clicking OK, the combined table will be generated as shownin Figure 1-5.



Figure	1-4 Selecting a sample �ile

Figure	1-5 Combined table
Note  Data sources such as Excel, CSV, and Text are considered unstructured data sources. PowerQuery provides a setting to automatically detect headers and column types before loading the data.This setting is de�ined in the Power Query Editor. To access it, in the Power Query Editor, go to theFile tab, then select Options and Settings, and choose Query Options. In the window that opens,navigate to the Data Load section, to see the setting, as shown in Figure 1-6 in the Type Detectionpart.



Figure	1-6 Setting for type detection
The prede�ined setting has the “Always Detect Column Types and Headers for Unstructured Data”option selected by default, but you can change it to another setting. If you choose the “Never DetectColumn Types and Headers for Unstructured Sources” option and then do the process shown in thissection, the result of the previous step would be different, as shown in Figure 1-7.

Figure	1-7 The result of the query using the Never Detect Column Types option



As shown, in the new result, instead of using the data headers as column names in the newcombined table, the columns are labeled Column 1, Column 2, and so on, and the headers of each �ileare considered rows of data.The resultant table includes all the historical data, as well as the whole name of the source �iles (�irstcolumn). To extract the store number from the Source.Name column, right-click the query named 01(this is the same name as the folder containing the Excel �iles) and select Edit to open the Power QueryEditor. (If you cannot �ind the queries in Excel, activate the Queries & Connections toggle button locatedin the Data tab. This will display the list of queries on the right side of the worksheet.)The store numbers are listed in the Source.Name column, located between the text “Store” and theperiod (.). In Power Query, the Text.BetweenDelimiters() function can be used to extract valueslocated between two speci�ied text delimiters, as in this case. The function takes the text as its �irstinput, followed by the delimiters as the second and third inputs.So, to extract the store numbers into a new column, select the Custom Column command from theAdd Column tab. As shown in Figure 1-8, enter Store	Number as the name of the new column and use
Text.BetweenDelimiters() as the following formula in the Custom Column window. This extractsthe values between “Store” and the period as the delimiters, resulting in Figure 1-9.
= Text.BetweenDelimiters([Source.Name],"Store",".")

Figure	1-8 Adding a custom column to extract the store numbers



Figure	1-9 Resultant table
Note Power Query is case-sensitive in all cases. So, in the previous example, if the �ile is named
2019 - store 1.xlsx, the previous formula will return nothing for this �ile. To address this, it isrecommended to use the following formula, which is not case-sensitive. This formula �irst convertsall the text to lowercase before attempting to extract the storenumber.=Text.BetweenDelimiters(Text.Lower([Source.Name]),"store",".")In the next step, �inalize the solution by right-clicking the Source.Name column and selecting theRemove command. This will delete this column.
Performance	Tips The speed of loading data from sources depends on several factors, includingthe system being used, the type of �ile, and the number of sheets in an Excel workbook. However, ingeneral, the process of loading data from an Excel �ile is relatively fast. For a case with 100 Excel �ilesin a folder, each containing approximately 16,000 rows, it takes 27 seconds to load and combinethem. Loading data from CSV �iles follows a similar process, but is signi�icantly faster. For the samecase of 100 �iles with around 16,000 rows each, it takes 3 seconds to load and combine them.
Combining	Data	from	Excel	Files	with	Different	Column	Names:	Case
SensitivityConsider the previous example, but the column names in some of the �iles are uppercase, and in others,they are lowercase, as shown in Figure 1-10. Combine all the data and provide a unique table.



Figure	1-10 Source tables with different column names
Note The Excel �iles used in this example are provided in the folder titled 02.To solve this problem, follow the process shown in the previous example, which is leading the result.This is shown in Figure 1-11, where blank values are provided for columns with names that differ bycase across the �iles.

Figure	1-11 Result of combined tablesAs shown in the resultant table, the column names of the combined table match those in theselected sample �ile (2019 Store 1.xlsx). For other �iles, if the column title differs (Power Query isa case-sensitive language, so Division is different from division), a null value is provided. To address thisissue, let’s take a closer look at the generated queries (shown on the right side of the Excel window),which are named Parameter1 (Sample File), Sample File, Transform File, Transform Sample File, and02. Right-click any of these queries and select Edit to view the queries in the Power Query Editor, asshown in Figure 1-12.



Figure	1-12 Automatically generated queries
Note As shown in Figure 1-13, the Power Query Editor includes eight sections:1.
Ribbon: The Ribbon contains all the commands you need to manipulate data, transformcolumns, apply �ilters, and work with queries. It is similar to the Ribbon in Excel, with tabs likeHome, Transform, Add Column, View, and so on.  

2.
Query	Pane	(Left	Section): This pane shows the list of all the queries currently in yourworkbook. You can manage queries here by right-clicking them to edit, delete, rename, or refreshthem. You can also reorder the queries or create new queries, or group them.  

3.
Applied	Steps	(Right	Section): The Applied Steps pane lists all the transformations applied tothe data, step-by-step. Each time you perform an action (like changing a column’s data type orremoving rows), a new step is added here. You can delete, reorder, and edit steps by clicking thegear icon next to each step. This section allows you to track your transformations and undo anysteps if necessary.

 
4.
Data	Preview	(Middle	Section): This is where you can see a preview of your data in tabularform as you apply transformations. The data preview is updated as you apply each step in theApplied Steps pane. You can scroll through the data, select rows, and observe how yourtransformations affect the dataset. You can also �ilter or search the data directly in this section.

 
5.
Formula	Bar	(Top	of	the	Data	Preview	Section): The formula bar displays the formula for thecurrent step, providing a detailed view of the applied M code. If the formula bar is not visible,you can enable it from the View tab in the Ribbon. The formula bar is especially useful forwriting custom M code or adjusting existing transformations manually.

 
6. Query	Settings	(Right	Section): Under the Query Settings pane, you can see the properties ofthe query, such as its name and data source information. You can rename the query, and accessadditional settings related to the query’s behavior  



additional settings related to the query s behavior.7. This section provides a detailed preview of the selected row or cell when you click a speci�icvalue in the data preview table. It is helpful for inspecting individual cell contents or rows,especially when working with complex data transformations or large datasets.  
8. This section shows a summary of the dataset that’s currently loaded into the Power QueryEditor. It includes key information such as the total number of rows (how many rows arecurrently loaded in the dataset) or total number of columns (the total number of columns in thedataset). This is a quick reference for understanding the size and structure of your data.

 

Figure	1-13 Sections of the Power Query EditorWhen you load data from a folder using Power Query, it automatically generates these queries to handlethe �iles within that folder. These queries are:
Parameter1	(Sample	File): This query likely represents a sample �ile chosen from the folder. PowerQuery uses a sample �ile to infer the structure of the data and the transformations needed. It may actas a placeholder or template for applying transformations to the other �iles in the folder.
Sample	File: This query is based on the sample �ile selected in the process of loading data. It could bethe initial query that loads and previews the data from the sample �ile.
Transform	File: This function is created based on the Transform Sample File query and plays a keyrole in fetching data from the �iles. It converts all the steps of the Transform Sample File query into areusable function. During the process of combining data from the �iles, this function is �irst applied toeach �ile individually, and then the results from all the �iles are combined into a single dataset.If you select this query and, from the Home tab, choose the Advanced Editor command, the messagedisplayed in Figure 1-14 will show that this query is connected to Transform Sample File. Therefore,



any changes made to the Transform Sample File query also affect this function, and the same changewill be added as a step of this function. As a result, any updates to the Transform Sample File querywill automatically be applied to the data-loading process for all �iles in the folder.

Figure	1-14 Edit Function massage
Transform	Sample	File: In the process of combining data from �iles using the UI, this query plays acrucial role. This query serves as a sample and allows you to modify the cleaning process. Anychanges made to this query will impact the loaded data from other �iles in the selected folder. Forexample, if you select this query, go to the Home tab, and in the Reduce Rows section, choose KeepRows and then Keep Top Rows, entering 5 in the dialog box, it will keep only the top �ive rows of thetable. This results in Figure 1-15, but its impact is not limited to this query, as this change will alsoadd to the Transform File query automatically and will apply it to all the �iles on the selected folder.This means that during the data-loading process from the �iles in the selected folder, only the top �iverows of each �ile are loaded. If you select the 02 query, its result will be updated to Figure 1-16.

Figure	1-15 Keep the top �ive rows of the Transform Sample File



Figure	1-16 Impact of the Transform Sample File over the general result
02: Among all the automatically generated queries, this is what you see as the �inal result, includingthe combination of �iles, and its name is generated based on the folder from which the data wasloaded.Based on this explanation, to solve this problem and combine the data from all the �iles in thecorrect format, you can modify the Transform Sample File query. Any changes made to this query willautomatically be applied to all �iles in the folder, in the process of data loading. For instance, if youconvert all column headers in this query to lowercase (or uppercase), during the data-loading processfrom the selected folder, the column headers in each �ile will �irst be converted to lowercase (oruppercase) before the data is combined. So, all the column names become the same over the �iles.To ensure consistent column headers, select this query and convert all column names to lowercase.However, renaming column headers manually does not work, as it generates hard-coded names in theformula bar as presented in follow. For example, if in Transform Sample File query you rename the Datecolumn to date, it produces a hard-coded formula, which only works for �iles where the column name isexactly Date. If another �ile uses the DATE column name, this change will not apply for that column.

= Table.RenameColumns(#"Promoted Headers",{{"Date", "date"}})To handle this issue dynamically, you should use a formula that converts all column headersdynamically. The Table.TransformColumnNames() function is an excellent tool for handling suchsituations. It takes two arguments: the table name as the �irst argument and the transformationfunction to be applied as the second argument.To proceed, select the Transform Sample File query and click the fx button next to the formula bar.This will create a new step, with the formula = #"Promoted Headers" (referring to the previousstep) displayed in the formula bar. Replace this formula with the following one in the formula bar, whichconverts all the column headers of #"Promoted Headers" to lowercase. The result is shown inFigure 1-17.
= Table.TransformColumnNames(#"Promoted Headers",Text.Lower)



Figure	1-17 Converting the column names to the lowercaseAs shown in Figure 1-18, this change causes the 02 query to return an error, stating that the ReceiptNo column does not exist. This issue occurs because the last step of the query, Changed Type, relies onthe previous column names, which have now been modi�ied. To resolve this issue, simply remove theChanged Type step, which will eliminate the error and produce the correct result, shown in Figure 1-19.

Figure	1-18 Result of query 02

Figure	1-19 Final table
Combining	Data	from	Excel	Files	with	Different	Column	Names:
Comprehensive	SolutionConsider the previous example, but in this case, the column names in some �iles are completelydifferent, as shown in Figure 1-20. For example, a column might be called Quantity in some �iles andQTY in others. Combine all the data and provide a unique table.



Figure	1-20 Source �iles
Note The Excel �iles used in this example are provided in the folder titled 03.To solve this problem, as in the previous example, you use the From Folder command, navigate to thefolder, and then choose Combine & Transform Data, by selecting any sample �ile. You’ll get the resultshown in Figure 1-21.

Figure	1-21 Combining and loading data into the Power Query EditorIn this example, you will see how to solve this problem using two different scenarios.
Scenario	1:	Different	Column	Headers	but	the	Same	Number	and	Order	of	Columns
Across	All	FilesIf the column headers differ between �iles but the number and order of columns are the same, you canstandardize the process by using generic headers like Column1, Column2, and so on, instead of relyingon the headers from the �iles themselves.So, select the Transform Sample File query in the Power Query Editor, locate the last step in theApplied Steps pane, which is named Promoted Headers, and remove this step to revert to the defaultheaders (Column1, Column2, etc.). See Figure 1-22.



Figure	1-22 Result of removing the Promote Header stepNow, go to the 03 query, which currently results in an error. The error occurs because the columnnames from the �iles do not match. To �ix this, remove the last step, Changed Type, from the AppliedSteps pane. Now you’ll see the result shown in Figure 1-23.

Figure	1-23 Result of removing the Changed Type stepAs shown, the column headers of the tables in the loaded �iles have been neglected. You need topromote the �irst row to be used as the column headers and remove any rows that are not relevant(rows related to the header of �iles in the selected folder). So, from the Transform tab, click Use FirstRow as Headers to promote the �irst row to column headers; see Figure 1-24.

Figure	1-24 Result of promoting the headersAfter making this change, two steps—Promoted Headers and Changed Type—will be added to thelist of applied steps. To proceed, remove the Changed Type step from the Applied Steps pane, and, for acolumn that contains numeric values, such as QTY, click the �ilter icon next to the column name. Then



select Load More to view all the values in that column, as shown in Figure 1-25. Deselect the values thatare related to the titles of other �iles and click OK.

Figure	1-25 Setting for �ilteringThis will resolve the issue and ensure that only the relevant data is included in the query.
Scenario	2:	The	Number	and	Order	of	Columns	Varies	Across	Different	FilesIn this scenario, since the order of columns varies across different �iles, you need to extract all thecolumn name variations and de�ine a generic name for each similar column. Then, you will replace theoriginal column names with the new generic names across the tables in the �iles.To address this issue, �irst assume that you know all the variations of column names. (At the end ofthis chapter, I explain how to extract the column names.) From the Home tab in the Power Query Editor,go to the New Query section and select Enter Data. As shown in Figure 1-26, create a table called Nameswith two columns: one for the old names and another for the new generic names. (Alternatively, ifyou’re using Excel, you can create this table directly in Excel and then load it into the Power QueryEditor.)



Figure	1-26 Creating a new queryIn this case, you need to replace the old column names with new generic names across all the �ilesusing the Transform Sample File query. To understand the process for changing column names in PowerQuery, let’s �irst explore the logic. So, select the Transform Sample File query and manually rename theNO column to Receipt No. This will generate the following formula in the formula bar:
= Table.RenameColumns(#"Promoted Headers",{{"NO", "Receipt No"}})If you also change the column name from Date 2019 to Date, the formula will be updated to:
= Table.RenameColumns(#"Promoted Headers",{{"NO", "Receipt No"}, {"Date
2019", "Date"}})From these examples, it becomes clear that, in order to change column names in a table (like#”Promoted Headers”), you need to input the table name as the �irst argument of the
Table.RenameColumns() function. The second argument is a list of sub-lists, each containing theold and new column names.Now, to apply this logic to all �iles, you need to change the format of the Names query from a table toa list. So, select the Names query and, next to the formula bar, click fx next to the formula bar, whichgenerates = #"Changed Type" (where #"Changed Type" is the name of the previous step) in theformula bar.Replace this formula with the following one to convert the table into a list. See Figure 1-27 (the
Table.ToRows() function converts a table into a list, with each row represented as a sublist).



= Table.ToRows( #"Changed Type")

Figure	1-27 Result of using Table.ToRows()
Note In Power Query, a list is a simple, ordered collection of values. It is a fundamental data typeused to represent a sequence of items, similar to an array in programming. Lists are versatile andplay an essential role in many Power Query operations, such as �iltering, aggregating, and performingiterative calculations. A list maintains the order of its items, like ={1,2,3,4}, as shown in Figure 1-28.

Figure	1-28 De�ining a list in Power Query



Additionally, a record is a data type that represents a single structured entity, similar to a row in atable or a key-value pair in a dictionary. A record consists of one or more �ields, each of which has a�ield name (key) and an associated value. Records are often used to store and process structureddata with a �ixed set of attributes. Each �ield in a record has a unique name (the key) and acorresponding value. For example, a record might look like [ Name = "John", Age = 30,
Country = "Australia" ], as shown in Figure 1-29.

Figure	1-29 De�ining a record in Power Query
Now that the result of the Names query is ready, you can use it in the second argument of the

Table.RenameColumns() function. To proceed, go to the Transform Sample File query and click fxnext to the formula bar, which will display = #"Promoted Headers" in the formula bar. Replace thisformula with the following:
= Table.RenameColumns(#"Promoted Headers",Names)However, this will result in an error for query 03, as shown in Figure 1-30, because some of the oldcolumn names listed in the Names query do not exist in the table. This error occurs because PowerQuery is unable to �ind certain column names that are speci�ied in the Names query within the currenttable.

Figure	1-30 Result of renaming the column headersTo address this issue and ignore nonexistent columns in the renaming process, rewrite the formulaas shown here. Adding MissingField.Ignore (or 1) as the third argument in the
Table.RenameColumns() will cause nonexistent column headers to be ignored, thus preventingerrors. The updated formula will result in the table shown in Figure 1-31.
Table.RenameColumns([Custom.Data],Names,MissingField.Ignore)



Figure	1-31 Solving the problem by adding MissingField.IgnoreAs in the previous scenario, to complete the solution, go to query 03 and remove the last step(related to changing the type) to solve the problem.
Note To solve the problem in the second scenario, it is assumed that you already know all thevariations of column names across the �iles in a folder. This note explains how to extract this data.To extract the column names from the �iles in a folder, open an Excel �ile. Then use the FromFolder command to navigate to the folder containing the �iles, select Combine & Transform Data, andchoose any sample �ile to proceed. This will lead to the result shown in Figure 1-32.

Figure	1-32 Result of loading the data
Then, go to the Transform Sample File query, click fx to add a new step, and replace the generatedformula with the following:
= Table.ColumnNames(#"Promoted Headers")

This will result in a list that includes all the column names from the selected sample �ile, asshown in Figure 1-33.



Figure	1-33 Result of using the Table.ColumnNames() function
By doing this, the result of query 03 will change to an error. To �ix this, remove the last two stepsof this query (Changed Type and Expanded Table Column1), and you’ll reach the result shown in theFigure 1-34. Next, use the Expand icon next to the column Transform File to expand its values. You’llsee the result in Figure 1-35.

Figure	1-34 Result of removing the steps



Figure	1-35 Result of expanding the column
Now, all the column names from the different �iles, along with their source �iles, will be displayed.As you do not need the Source.Name column, remove it. Then right-click the Transform Filecolumn and select the Remove Duplicates command to get a unique list of column header variationsacross all the �iles.

Extracting	Values	Outside	of	TablesConsider Example 1 in this chapter, but in this case, the store numbers are not mentioned in the namesof the �iles and are instead provided in a cell above the table; see Figure 1-36. Combine the �iles bykeeping the values of the store name.

Figure	1-36 Source �iles



Note The Excel �iles used in this example are provided in the folder titled 04.To solve this problem, as in the previous example, use the From Folder command, navigate to the folder,and then choose Combine & Transform Data, by selecting any sample �ile. You’ll see the result in Figure

Figure	1-37 Combining and loading data into the Power Query Editor1-21.As shown in this example, the store name is shown one row above the main table, causing the rowsto be treated as header rows (as seen in the name of the second column). To solve this issue, you needto �irst extract the store name and then promote the �irst row as the header. To do this, select theTransform Sample File query and remove its last step (Promoted Headers) to access the previous steps;see Figure 1-38.

Figure	1-38 Removing the promote headersThen, right-click the �irst cell in Column1 (where Store 2 is located) and select Drill Down to accessthe store name; see Figure 1-39.



Figure	1-39 Result of drilling downBefore continuing with the rest of the solution, there is a strange behavior after performing the DrillDown action in the previous step that you need to investigate. The program does not add a new step inthe Applied Steps section, and in the formula bar, the name of the previous step is shown asSheet1_Sheet, which does not appear in the list of steps in the Applied Steps section. To investigate theissue, go to the Home tab and click the Advanced Editor. In the window that opens, shown in Figure 1-40, you’ll see three steps, whereas in the Applied Steps section, only two steps are shown—Sheet1_Sheet and Column1—both listed under the Navigation step.

Figure	1-40 Advanced Editor
Note The Advanced Editor in Power Query allows you to view and edit the M code behind yourqueries. While the Power Query Editor provides a user-friendly interface with options liketransformations, �ilters, and other data manipulation features, the Advanced Editor provides adeeper level of control by exposing the underlying code that de�ines the sequence of operationsapplied to your data.In the Advanced Editor, as shown in Figure 1-41, all the steps are de�ined between the let and
in keywords. Each step begins with a step name (except for the navigation task, which is exactly asshown in the Applied Steps window) and ends with a comma (,). The only exception is the last step,which does not require a comma.If a step name contains spaces, it should be enclosed in #" and ". For example, if the step name is
Promoted Headers, it should be written as #"Promoted Headers". This ensures that PowerQuery correctly recognizes the step name.The in keyword is used to de�ine the result of the query. It usually refers to the �inal expressionor the last step to be executed, which will return the result of the entire query.



Figure	1-41 View of the Advanced Editor
This behavior occurs due to Power Query’s logic of grouping steps related to navigation across tables,columns, and rows under the name Navigation. However, be cautious, as you cannot refer to Navigationdirectly in the formula; instead, you should use the names shown in the Advanced Editor.So based on this explanation, to refer to the table before the Drill Down, use the name
Sheet1_Sheet, and to refer to the store name that was extracted, use the step named Column1.For the rest of the solution, click the fx next to the formula bar, and in the formula bar, enter
=Sheet1_Sheet to access the table before the Drill Down, as shown in Figure 1-42.

Figure	1-42 Referring to the previous stepIn this table, since the store number has been extracted, you no longer need the �irst row. To removeit, go to the Home tab, and under the Reduce Rows section, select Remove Rows, then choose RemoveTop Rows. In the dialog that appears, enter 1 to remove the �irst row. Next, go to the Transform tab andchoose the Use First Row as Headers command to reach the result shown in Figure 1-43.



Figure	1-43 Result of promoting the headersIn the next step, go to the Add Column tab and click the Custom Column command. In the openwindow, shown in Figure 1-44, name the column Store and enter the =Column1 formula (whichextracts the store name from the two steps previously). This will result in the table shown in Figure 1-45, creating a new column that includes the store number for all the rows.

Figure	1-44 Custom column window



Figure	1-45 Adding a custom columnBy following these steps, the result of Query 04 will return an error. To �inalize the solution, go tothis query and simply remove the last step (Change Type).
Handling	Multi-Row	Headers	in	Excel	TablesThe budget/cost data for two different stores of a company over different years is saved in Excel �ile asthe Source table (see Table 1-2). Since you cannot use merged cells in Power Query, combine the �irsttwo rows and treat their combination as headers, such as Budget:2019, Budget:2020, Budget:2021, andso on.
Table	1-2 Source Table
Store Dept Budget Actual

2019 2020 2021 2022 2023 2019 2020 2021 2022 20231 HR 760 387 807 467 193 914 298 1065 505 254 Sales 156 885 867 949 323 151 1191 1188 1153 270 Strategic 241 552 130 985 190 296 516 99 1141 177 Finance 783 168 623 740 815 823 178 519 718 726 CRM 835 884 355 840 989 686 602 249 738 874 Marketing 456 611 636 745 871 449 767 534 854 6382 HR 121 337 273 771 928 89 341 285 494 1031 Sales 915 630 467 529 277 1361 480 498 511 363 Strategic 847 865 748 336 786 747 614 769 323 811 Finance 261 786 979 816 593 313 945 986 453 586 CRM 647 667 823 310 530 845 525 754 260 667 Marketing 365 299 601 557 911 314 401 460 699 796
Note The data in this example is provided in an Excel �ile titled Budget.xlsx.To solve this problem, open a blank Excel �ile, and from the Data tab, in the Get Data section, select FromFile, then From Excel Workbook (see Figure 1-46). In the open window, navigate to the Excel �ile(Budget.xlsx), and in the Navigator window, select Sheet 1. Then, click the Transform Data button toload the data into the Power Query Editor, as shown in Figure 1-47.



Figure	1-46 Navigation Excel �ile

Figure	1-47 The Power Query EditorIf you follow this process, a query named Sheet1 with four steps—Source, Navigation, PromotedHeaders, and Changed Type—will be generated. Remove the last two steps (Promoted Headers andChanged Type) to reach Figure 1-48, where null values are provided for any merged cell. (As in thesource table, cells C1:C8 are merged, and the word “Budget” is written in them. If you unmerge the cells,the text “Budget” will remain in cell C1, while the other cells will become blank.)



Figure	1-48 Navigation stepTo solve the rest of this problem, you need to extract the �irst two rows and merge them to createthe correct column names, which you will then use as the header. While this can be done within thesame query, to make the process clearer, you can perform these steps in a separate query. From thequery pane, right-click the query name and choose the Duplicate command to copy the query. Renameone of the queries Data and another one Headers. See Figure 1-49.

Figure	1-49 Duplicating a queryOn the Data query, from the Home tab, in the Reduce Rows section, select the Remove Rowscommand, then choose the Remove Top Rows option. Then enter 2 in the open window, as shown inFigure 1-50. Click OK to remove the top rows; see Figure 1-51.



Figure	1-50 Remove top rows

Figure	1-51 The result of removing the top rowsIn the Headers query, from the Home tab, in the Reduce Rows section, select Keep Rows and thenKeep Top Rows. Enter 2 in the open window, as shown in Figure 1-52. This process results in Figure 1-53.

Figure	1-52 Keep the top rows

Figure	1-53 The result of keeping the top rowsThen, in the Headers query, from the Transform tab, select Transpose to achieve the transposeversion of the data, as shown in Figure 1-54.



Figure	1-54 Transposing the tableAt this step, you need to replace any null values in Column1 with the previous non-null value in thiscolumn. Select the Column1 column, and from the Transform tab, choose Fill Down to replace the nullcells with the value from the upper cells, resulting in Figure 1-55.

Figure	1-55 Using Fill Down



Next, select the Column1 column, hold Ctrl, and then select the Column2 column. Right-click one ofthem, choose Merge Columns, and select Colon as the separator in the open window. Figure 1-56 showsthe right column names.

Figure	1-56 Merging columnsTo use this column name, from the Transform tab, select the Transpose command to achieve Figure1-57.
Figure	1-57 TransposingBy following these steps, two queries—Headers and Data—are created, as shown in Figure 1-58. Inthe next step, you simply need to combine these two queries by placing one under the other, a processreferred to as appending in Power Query.

Figure	1-58 The two results tablesIn the next step, while the Header query is still selected, from the Home tab, select the AppendQueries command. In the open window, choose the Data query as the table to append (see Figure 1-59).Click OK, which results in Figure 1-60.



Figure	1-59 Appending queries

Figure	1-60 The result of appending queriesIn the �inal step, from the Transform tab, select the Use First Row as Headers command; see Figure1-61.

Figure	1-61 The result of using the �irst row as headersNow that the problem is almost resolved, rename the �irst two columns, removing the : (colon) fromthe end of their names. Additionally, use the Fill Down command for the Store column to replace nullcells with the values from the upper cells.
Note To solve this problem, you initially duplicated the query, extracted the �irst two rows asheaders, and applied several steps to format the column headers appropriately. While it would havebeen possible to apply all these steps (transposing, �illing down, and merging the column) directly tothe main query, there isn’t a signi�icant difference between the solutions in this example. However,when dealing with large datasets, applying these transformations to the entire dataset is confusing.Therefore, it is better to follow the approach presented here, by separating the �irst two rows andapplying the transformations on them, rather than applying all the steps to the entire dataset.



Loading	Data	from	a	WebpageThis example explores how to load data from a webpage. Consider the following URL, which containsinformation about 10,072 companies, sorted based on their market cap, as shown in Figure 1-62. Eachpage provides information on 100 companies. Try to load the data for the �irst 100 largest companies,shown in the �irst page.
https://companiesmarketcap.com/aud/

Figure	1-62 Appearance of websiteOn the �irst page, information about the �irst 100 companies is provided, so you only need to loadthe data from this page. In Excel, go to the Data tab, and in the Get & Transform section, select FromWeb. Then, paste the URL in the open window, as shown in Figure 1-63.

Figure	1-63 Choosing From WebClicking OK will open a new window related to Access Web Content, as shown in Figure 1-64. In thiswindow, click Connect to reach the Navigation window.

https://companiesmarketcap.com/aud/


Figure	1-64 Accessing web content
Note When loading data from the web, be aware of company-speci�ic limitations on accessing datasources in Anonymous mode. Ensure compliance with data security policies and verify whetherauthentication is required for the intended source.Next, in the Navigator window, select your desired table, as shown in Figure 1-65. In this example, itappears that the information shown in Table 5 is appropriate. Select this table and click Load to importthe data into Excel.



Figure	1-65 Navigator paneAfter loading the data into Excel, it indicates that 101 rows have been loaded, as shown in Figure 1-66. This is due to the last row, which is not required, presenting some different information. To removethis row, right-click the query and select Edit. In the Power Query Editor, go to the Home tab, and in theReduce Rows section, select Remove Bottom Rows. Enter 1 to remove the last row.

Figure	1-66 Resultant table



Loading	Data	from	a	Webpage,	Part	2Consider the previous example and try to load the information for all the companies listed on thewebpage.Before attempting to load data from all the pages in the provided link, let’s �irst review the codeused in the previous example, for loading the information on the �irst page. To do this, open the �inal �ilerelated to the previous example, go to the Power Query Editor, and from the Home tab, click AdvancedEditor to view the complete steps for solving the problem, as shown in Figure 1-67.

Figure	1-67 The Advanced EditorAs presented, the data is extracted in �ive steps—Source, #”Extracted Table From Html”, #”PromotedHeaders”, #”Changed Type”, and #”Removed Bottom Rows”. The URL for loading data is de�ined in the�irst step. If you change this URL and replace it with the URL of the second page, you can retrieve thedata from the second page.As shown in Figure 1-68, go to your browser, scroll to the end of the table, and click Next 100. TheURL will be displayed, as shown in Figure 1-69.

Figure	1-68 Going to the next page
Figure	1-69 The URL for the second pageCopy this URL and use it instead of the previous URL in Advance Editor, This will update the result ofthe query and will show the information related to the next page. So, in the advanced editor byreplacing the URL with the URL of any page, you can retrieve the data from that speci�ic page. Based onthis, you can convert the query into a function that accepts an URL for a page of the website. The



function will apply all �ive steps—Source, #”Extracted Table From Html”, #”Promoted Headers”,#”Changed Type”, and #”Removed Bottom Rows”—to extract and return the company information fromthat page.Converting this query into a function is an easy step. Simply go to the Advanced Editor, add (URL) =>at the beginning of the query, and replace the used URL with the variable URL, as shown in Figure 1-70.Then, click OK to create the function. Rename this query LoadTopCompanies. The result is shown inFigure 1-71.

Figure	1-70 Converting the query to a function

Figure	1-71 Result of the functionIn this function, if you put the URL of any page as its input and click Invoke, the information of thatpage will be extracted. Based on this, you need to create the list of URLs and then use this function forany URL.As presented, the URLs (even for the �irst page) are in the
https://companiesmarketcap.com/aud/page/2/ format, where the page number is speci�iedat the end.To start, let’s assume the number of pages is known and prede�ined as 10. So, the
List.Transform() function can used to create the URL for the �irst ten pages using the following

https://companiesmarketcap.com/aud/page/2/


formula, which generates the links for the �irst ten pages, as shown in Figure 1-72.
= List.Transform({1..10}, each "https://companiesmarketcap.com/aud/page/"
& Text.From(_)&"/")

Figure	1-72 Result of List.Transform
Note List.Transform() is a powerful function in Power Query that takes two inputs: the �irstis a list, and the second is the transformation function.For example, the =List.Transform({1,2}, each _ * 10) formula means that for eachitem in the main list {1, 2}, represented by _, it multiplies the item by 10. So, the result will be
{10, 20}.Additionally, the =List.Transform({1,2}, each "X" & Text.From(_)) formulaworks as follows: for each item in the list {1, 2}, it �irst converts the item into text using
Text.From(_), then concatenates "X" to the item. The result is {"X1", "X2"}.Simultaneously, you can apply the LoadTopCompanies() function over the generated URLs, byrewriting the previous formula as shown here (this results in the table in Figure 1-73):

= List.Transform({1..10}, each
LoadTopCompanies("https://companiesmarketcap.com/aud/page/" &
Text.From(_)&"/"))



Figure	1-73 Using a custom function in List.TransformNow, to �inalize, go to the Transform tab, select the To Table command, and then click the Expandicon next to the column to extract the information from the �irst 10 pages into a table, as shown inFigure 1-74.

Figure	1-74 Resultand tableThe previous step was enough to extract the info from the pages if the number of pages areprede�ined. But if you do not know the total number of pages in the URL, it’s better to start from the�irst page, and then continue the process of loading data page by page until you reach the last page (apage without a table). To accomplish this, you can use the List.Generate() function as follows.
= List.Generate(
      ()=>[page=1,
t=LoadTopCompanies("https://companiesmarketcap.com/aud/page/" &
Text.From(page)&"/")],
      each not Table.IsEmpty([t]) ,
      each [page=_[page]+1,
t=LoadTopCompanies("https://companiesmarketcap.com/aud/page/" &
Text.From(page)&"/")] ,



      each _[t])

Note The List.Generate function is an advanced function and is covered in Chapter 9. If you�ind this formula challenging, feel free to skip it for now. After reading Chapter 9, come back andreview it.In this formula, a loop is created by the List.Generate() function. In each iteration of
List.Generate(), a record containing the �ields page, which represents the page numbers in theURL, and t, which contains the information about the companies on that page, will be created. Initially,the page is set to 1, and t includes the information from the �irst page(https://companiesmarketcap.com/aud/page/1/).As the process continues, the page value is updated to 2, and t re�lects the information from thesecond page. This continues until the condition in the second argument of List.Generate()evaluates to false, indicating that you have encountered an empty table. In other words, the processcontinues until t becomes a blank table.The result of this formula is a list containing 101 items, with each item representing a table thatincludes the company information for a speci�ic page of the website, as shown in Figure 1-75.

Figure	1-75 Result of List.GenerateTo combine the tables in the resulting list, go to the Transform tab, select the To Table command,and then click the Expand icon next to the column to extract the information from all the pages into atable, as shown in Figure 1-76.

https://companiesmarketcap.com/aud/page/1/


Figure	1-76 Result of all the companies
Loading	Tables	from	an	Excel	FileConsider an Excel �ile that contains three tables (with the potential for additional tables in the future),each in one sheet, as shown in Figure 1-77, and each containing sales information for different years.Load all these tables into Power Query and stack them vertically.

Figure	1-77 An Excel �ile including three sheets
Note The data in this example is provided in an Excel �ile titled 08
Excel.CurrentWorkbook.Xlsx.A useful function in the Excel version of Power Query is the Excel.CurrentWorkbook() function,which can help load all the tables in a workbook. The syntax of this function is as follows (this function



comes with no argument):
Excel.CurrentWorkbook() as tableTo solve this problem, go to the Power Query Editor by pressing Alt+F12 and create a blank query (itis named Query1). Click fx next to the formula bar to add a new step and enter the
=Excel.CurrentWorkbook() formula in the formula bar. This will load all tables and named rangesfrom the Excel �ile into the Power Query Editor, as shown in Figure 1-78.

Figure	1-78 Result of Excel.CurrentWorkbook()By expanding the Content column, you can combine all the tables. After this step, use Close & Loadto load the resulting table into Excel, as shown in Figure 1-79, which includes 66121 rows.

Figure	1-79 Loading the result in ExcelWhile it may seem like the problem is resolved at this point, right-clicking the resulting table andselecting Refresh will reveal that new rows are added to the result table, and with the next refresh, thenumber of rows will increase to 132241 rows, as shown in Figure 1-80.

Figure	1-80 Increasing the row number by each refresh



To investigate the cause of this issue, let’s edit the query and check the �irst step. You do this byright-clicking the query name and selecting Edit Query. If you select the �irst step in the Applied Stepsection, shown in Figure 1-81, you’ll see that four tables are now loaded into the query, while at thetime of creating the query, it initially included only three tables. It appears that the result of the query isalso included in the list of tables and considered as the input of itself. Consequently, each Refresh addsall the data from the result query to the rows of the other tables, causing the problem.

Figure	1-81 Four tables in the queryTo resolve this issue and solve the problem, simply �ilter the table names to exclude the tableassociated with the query, as shown in Figure 1-82. In the �iltering step, you can also exclude othertables that you do not want to include in the result table.

Figure	1-82 Filtering the query result table
Manually	Adding	Columns	to	the	Query



Consider the task assignments table shown in Figure 1-83, which is imported from a CSV �ile into anExcel �ile using the Load From CSV query. In the Excel worksheet, an additional column is manuallyadded (highlighted in yellow) to write comments about the tasks. However, when the query isrefreshed, the order of the task rows in Power Query may change, causing a mismatch between thetasks and the comments. How can this issue be resolved?

Figure	1-83 Combination of Query and Excel column
Note The data in this example is provided in an Excel �ile titled 09 Manually adding column
into the Query.CSV.In this example, if a new task is added to the top of the CSV �ile and the query is refreshed, the roworder in the Power Query will change, as shown in Figure 1-84. However, the order of the commentsremains unchanged, as this column is not linked to the query columns. As a result, the comments nolonger correspond to the original tasks.

Figure	1-84 Result of adding a new task in the CSV �ileBefore starting to solve this problem, it is worth mentioning that, since the result of the query issaved as a table in Excel when a comment column is added, it becomes part of that table. So you have atable with some columns that came from the query and others that came from Excel.To solve this problem, you need to link each comment to its corresponding task. This requiresloading the latest version of the Excel table with comments into Power Query, as well as the most recentlist of tasks from the CSV �iles. Then, you will transfer the comments from the �irst query to the secondquery based on the Task Name.In Excel, select the entire table (including both the query result and the comment column) and loadit into Power Query by going to the Data tab and choosing From Table/Range in the Get & TransformData section. Name this query QueryPlusComment. At this point, as shown in Figure 1-85, the PowerQuery Editor contains two queries, one for loading tasks from the CSV �ile (Load From CSV) and one forloading the table from Excel, including the result of the previous query and the Comment column.



Figure	1-85 Loading data in Power QueryAfter loading both queries, you need to combine them. Select the Load From CSV query, and fromthe Home tab, select the Merge Queries command (this command is fully explained in Chapter 7). Makethe setting provided in Figure 1-86. (In the Merge settings, choose the Task Name column from bothqueries and set the join kind to Inner Join.)

Figure	1-86 Merging tables
Note In the previous step, Task Name was selected as the common column between the tables. Inthis case, this column must contain unique values, without any duplicates.



After the previous step, you may encounter a Privacy Level message. If this happens, simply con�irm it.Next, expand the newly added column, as shown in Figure 1-87, and click OK to proceed to Figure 1-88.

Figure	1-87 Setting for expanding the comment column

Figure	1-88 Expanding the comment columnAt this step, from the Close & Load dropdown, select Close & Load To. In the open window, chooseOnly Create Connection, as shown in Figure 1-89.

Figure	1-89 Loading as a connected tableAfter you do this, the table in Figure 1-90 will appear with the Comment column, which is integratedas part of the query, and another column called Comment2 (showing the columns that were addedmanually).



Figure	1-90 Result of the loaded tableThe problem is solved. You can now remove the Comment2 column and add your comments in theComment column, as shown in Figure 1-91.

Figure	1-91 Adding new commentsBy adding new tasks to the CSV �ile, rearranging the previous tasks, and refreshing the query, youwill see that the comments are correctly aligned with their respective tasks; see Figure 1-92.

Figure	1-92 Result of refreshing the query after adding some tasks
Using	a	Data	Load	Tracker	(Log)Extract the price of gold from the GoldPrice.org website. Ensure that each time the data isrefreshed, the historical data is preserved.
Note The idea of this solution came from the TheBICCOUNTANT website, written by Microsoft MVPImke Feldmann: https://www.thebiccountant.com/2016/02/09/how-to-create-a-
load-history-or-load-log-in-power-query-or-power-bi/.

http://goldprice.org/
https://www.thebiccountant.com/2016/02/09/how-to-create-a-load-history-or-load-log-in-power-query-or-power-bi/


To extract the price of gold from the GoldPrice.org website, in Excel, go to the Data tab and selectGet Data. Then, choose From Other Sources and From Web. Then, enter the URL of the gold price pagein the URL box, as shown in Figure 1-93. Click OK to access the data shown in Figure 1-94.

Figure	1-93 Using From Web



Figure	1-94 The Navigator paneIn the Navigator pane, select Table 1 (which includes the desired info) and click Transform Data toload the data into the Power Query Editor. This will initiate the steps: Source, Extracted Table FromHTML, and Change Type.Out of all the provided data, you are searching for the values of Gold Price per Ounce, Gold Price perGram, and Gold Price per Kilo in different columns, as well as the date and time of collecting the data. Toextract the desired info, in the Power Query Editor, go to the Transform tab and select Transpose. Thisrearranges the table, as shown in Figure 1-95.

Figure	1-95 Transposed tableRemove Column1 and Column5, and from the Transform tab, choose the Use First Row as Headerscommand to set the �irst row as the headers, resulting in Figure 1-96.



Figure	1-96 The result of promoting the headersTo remove the unnecessary second row, go to the Home tab, select Keep Rows, then Keep Top Rows,and enter 1 in the empty box. This will result in Figure 1-97.

Figure	1-97 The result of removing extra columnsTo record the refreshing time and date, add a new column named Date with the following formula inthe Custom Column window, resulting in Figure 1-98:
=DateTime.LocalNow()

Figure	1-98 Adding a date columnUsing the previous steps, the last price of the gold is extracted, but in each refresh, it just includesthe last price. To create a load tracker and preserve the historically loaded prices after each refresh, youneed two queries: one to load the latest price and another to retain the previously loaded prices. Finally,you’ll append these two queries together.So, in the Query Pane, right-click the query name and select Duplicate to create a copy of the query.Rename one query Call_From_Web and the other Result. Then, click Close & Load to load bothqueries into Excel and achieve the result shown in Figure 1-99.

Figure	1-99 Queries and connection



The task of the Call_From_Web query is to load the latest price, which will later be appended tothe historically loaded prices in the Result query. Since you don’t need to display it as a table, right-click it in the Queries & Connections section, and as shown in Figure 1-100, select Only CreateConnection.

Figure	1-100 Setting for Load ToThen, right-click the query named Result and select Edit. In the Power Query Editor, as shown inFigure 1-101, remove all the steps except for the Source step.

Figure	1-101 The Power Query EditorReplace the formula for the Source step with the following formula:
= Excel.CurrentWorkbook(){[Name= "Result"]}[Content]This will refer to the Result table, which includes historical values, as shown in Figure 1-102.



Figure	1-102 Historical values are shownThis step is crucial for maintaining historical data. This query results were loaded into an Exceltable, also named Result. The �irst step of this query refers to this table, ensuring that historical valuesare initially loaded into the query. Subsequently, the new gold price extracted by the Call_From_Webquery will be appended to the bottom of this historical data and then the appended table (including thehistorical and new prices) will be loaded into the Result table.So, select the Result query and, from the Home tab, choose the Append Queries command.Con�igure the settings as shown in Figure 1-103, then click OK to add the new price to the bottom ofhistorically loaded price, as shown in Figure 1-104.

Figure	1-103 Setting for Append

Figure	1-104 Result of AppendAfter the last step, the new gold price will be added as a new row to the end of the existing historicaldata. Click Close & Load from the Home tab to update the Excel table. With each refresh, new values willbe appended to the historical data, as depicted in Figure 1-105.



Figure	1-105 Adding new value to the historical values
Creating	a	Date	TableCreate a data table including all the dates in 2023 and 2024 and the following columns:– Data in the format of d/m/yyyy– Year– Month as a number and as text– Day (as a number)– Weekday as a number and as text– Week of month and week of the year– Quarter as a number and as text– Starting and ending date of that monthThis problem can be solved in several ways, but thanks to the Table.FromList() function, it canbe solved easily. Let’s check this function �irst and then try to solve this problem. The syntax of
Table.FromList() is as follows:
Table.FromList(
      list as list,
      optional splitter  as nullable function,
      optional columns  as any,
      optional default  as any,
      optional extraValues  as nullable number) as tableIt includes �ive arguments, the �irst being mandatory and the others being optional. As the namesuggests, it converts the list in its �irst argument into a table. For example, the result of
=Table.FromList({"a".."n"}) is the table displayed in Figure 1-106.

Figure	1-106 The result of Table.FromList



Using the second argument, new columns can be added to the created table by de�ining atransformation function based on the generated list. For example, the result of
=Table.FromList({"a".."n"}, each {_}) is the same as the previous formula. However, theresult of =Table.FromList({"a".."n"}, each {_, Text.Upper(_)}) produces a tablewith two columns: the �irst containing lowercase letters and the second containing the correspondinguppercase letters. See Figure 1-107.

Figure	1-107 Using the second argument of Table.FromListThe column names can be modi�ied using the third argument. For example, rewriting the previousformula as =Table.FromList({"a".."n"}, each {_, Text.Upper(_)},
{"Lowercase", "Uppercase"}) will result in Figure 1-108.



Figure	1-108 Using the third argument of Table.FromListBased on the explanation, try creating a Date table. To do this, you need a list containing all the datesfrom 2023 and 2024, which can be achieved using the following formula:
=List.Dates(Date.From("1/1/2023"), 2*365, #duration(1,0,0,0)).To convert this list into a table, use Table.FromList() as shown here, which results in Figure 1-109:
=
Table.FromList(List.Dates(Date.From("1/1/2023"),2*365,#duration(1,0,0,0)),
each {_},{"Date"})



Figure	1-109 The result of Table.FromListTo add columns for the year, month (both as a number and as text), and day, rewrite the formula asfollows, which results in Figure 1-110:
Table.FromList(
  =List.Dates(Date.From("1/1/2023"), 2 * 365, #duration(1, 0, 0, 0)),
      each {_, Date.Year(_), Date.Month(_), Date.MonthName(_),
Date.Day(_)},
      {"Date", "Year", "Month-Number", "Month-Text", "Day"})



Figure	1-110 Using the second and third arguments in Table.FromListThe complete solution is provided by the following formula:
=Table.FromList(
      List.Dates(Date.From("1/1/2023"), 2 * 365, #duration(1, 0, 0, 0)),
      each {
            _,
            Date.Year(_),
            Date.Month(_),
            Date.MonthName(_),
            Date.Day(_),
            Date.DayOfWeek(_),
            Date.DayOfWeekName(_),
            Date.WeekOfMonth(_),
            Date.WeekOfYear(_),
            Date.QuarterOfYear(_),
            Date.StartOfMonth(_),
            Date.EndOfMonth(_)
      },
      {
            "Date",
            "Year",
            "Month-Number",
            "Month-Text",
            "Day",
            "WeekDay-Number",
            "WeekDay-Text",
            "WeekMonth",
            "WeekYear",
            "Quarter",
            "Start Date of Month",
            "End Date of Month"
      }
)



SummaryThe journey into Power Query as an ETL (Extract, Transform, Load) tool begins with data extractionfrom multiple sources. This chapter explored techniques for loading data with varying structures,discussed ways to handle and combine tables with inconsistent column names, manage complex multi-row headers, and extract information outside the table boundaries. It also covered creating a loadinglog in Excel to monitor data processing and merging query results, with manually entered data foradded �lexibility. The chapter also included a solid foundation in establishing data connectivity andovercoming structural challenges, setting the stage for advanced transformations presented in thischapter.In the next chapter, you continue this journey by learning the functions and operators used to referto a speci�ic item inside tables, lists, and records.
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In various real-world scenarios, you may need to extract values of a speci�ic column, row, oreven a cell in a table or search for a speci�ic �ield in a record or item in a list. There areseveral methods and different functions to reference speci�ic values in a table, list, or record.This chapter explores various Power Query functions for referencing data, includingextracting the �irst or last N items or rows, retrieving middle items or rows, and extractingvalues based on speci�ic conditions in real-word problems. Before starting the problems inthis section, let’s review some tips for referencing.Consider the table named Source, shown in Table 2-1. It shows the distances betweencities.
Table	2-1 Source: Distances Between Cities
FromTo A B C DA 0 73 85 13B 73 0 91 41C 85 91 0 31D 13 41 31 0C 85 91 0 31To reference one or multiple columns in this table, you can use the
Table.SelectColumns() function by entering two inputs for it—the �irst parameter isthe name of the table, and the second is a list of column names to be selected. The followingformula results in a table with only the speci�ied columns, whose names are mentioned inthe second argument. The result is shown in Figure 2-1. (If you select both the columns—FromTo and A—right-click one of them, and then choose the Remove Other Columnscommand, the same formula will generated in the formula bar.)
= Table.SelectColumns(Source,{"FromTo","A"})

https://doi.org/10.1007/979-8-8688-1288-0_2


Figure	2-1 Using Table.SelectColumnsAlternatively, you can achieve the same result using the following formula, where thecolumn names are listed in the [ ]:
= Source[[FromTo],[A]]The same result can be achieved by removing unwanted columns using the
Table.RemoveColumns() function, as shown in the following formula. In this formula,the name of the columns that you want to remove should be provided in the secondargument. (The same formula will be generated if you select the B, C, and D columns, right-click one of them, and choose the Remove Columns command.)
= Table.RemoveColumns(Distance,{"B", "C", "D"})In another case, to address a speci�ic column (just one column) in a table, you can usethe Table.Column() function. The following formula returns the values of the speci�iedcolumn in the second argument as a list (not a table), as shown in Figure 2-2.
= Table.Column(Source,"A")

Figure	2-2 Using Table.Column



The =Source[A] formula also returns a list, like the previous formula. (However, becareful with the syntax used for referencing. The result of Source[A] and
Table.Column(Source,"A") is a list, whereas Source[[A]] and
=Table.SelectColumns(Source,{"A"}) returns a table with just one column.)Just as you can select speci�ic columns in a table, there are functions available in PowerQuery to select the desired rows. To extract speci�ic rows from a table based on its value on aspeci�ic column, you can use the Table.SelectRows() function. (This function isexplained in depth in Chapter 3.) To use this function by UI, select the �ilter icon next to theFromTo column name and choose the desired city, like A, from the list. It results in the tableshown in Figure 2-3 based on the following formula, which is shown in the formula bar.
= Table.SelectRows(Source, each ([FromTo] = "A"))

Figure	2-3 Using Table.SelectRowsTo select the top or bottom N rows of a table, use the Table.FirstN() and
Table.LastN() functions. To remove the top or bottom N rows of a table, use the
Table.RemoveFirstN() and Table.RemoveLastN() functions. You can specify N as anumber or a condition in the second argument. For example, the following formula showsthe �irst three rows in the Source table, as shown in Figure 2-4.
= Table.FirstN(Source,3)

Figure	2-4 Using Table.FirstNSimilarly, you can use the Table.Range() function to extract rows based on theirposition from the middle rows of a table and Table.AlternateRows() to remove thetable rows based on a speci�ic pattern. For example, the following formula returns threerows from the source table, starting from the second row (as indexing in Power Query startsfrom 0) of the table shown in Figure 2-5.
= Table.Range(Source,1,3)

Figure	2-5 Using Table.Range



Note To select or remove the top or bottom rows in Power Query using the UI, navigateto the Home tab and choose the desired command from the Reduce Rows section. Usingthe Keep Rows options will generate functions like Table.FirstN(),
Table.LastN(), or Table.Range(). In contrast, using the Remove Rows options willresult in functions such as Table.RemoveFirstN(), Table.RemoveLastN(), or
Table.AlternateRows().In addition to using the previously mentioned functions, you can also extract a row of a tableby using the indexing sign after the table name. Since indexing starts at 0 in Power Query,the following formula refers to the �irst row of the Source table, as shown in Figure 2-6.
= Source{0}

Figure	2-6 Using Source{0}
Note  Using the list sign to reference a row returns a record, whereas
Table.SelectRows() always returns a table. To extract the �irst row of a table notusing Source{0}, you can use Table.First(Source) to reach the same result as therecord. Similarly, you can use Table.Last() to reach the last row of a table, which willalso return the result in a record type.Besides referencing a row by mentioning the row number in the index sign, you can use theindex sign to apply the �ilter on a table, based on the cell values like the following formula:
=Source{[FromTo="A"]}The previous formula will result in a record as long as the A value is just entered once inthe FromTo column. Otherwise, it results in an error. The result of the following formula isthe error shown in Figure 2-7.
= Source{[FromTo="C"]}



Figure	2-7 Using Source {[FromTo=“C”]}In addition to tables, records and lists are other commonly used data types in PowerQuery. When working with records, the �ield values can be extracted by using the
Record.Field() function or by using the �ield name directly after the record sign. Forexample, if the source record is represented as [A=13, B=41, C=31, D=0], both
Record.Field(Source, "A") and Source[A] will return the same result, which is
13. In the case of lists, you can extract the value at a speci�ic index by placing the desiredindex in curly braces {} after the list name. For instance, if the source list is {1, 2, 4,
6, 8}, then Source{2} will return 4 (since indexing starts at 0).In addition to the methods for extracting speci�ic values from a table, record, or list,there are other functions, summarized in Table 2-2. These functions are explained furtherwith examples in this chapter.
Table	2-2 Referencing and Removing Functions
Function Description

List.FirstN() Returns the �irst N items from a list.
List.LastN() Returns the last N items from a list.
List.Range() Extracts a range of items from a list based on their positions.
List.RemoveFirstN() Removes the �irst N items from a list.
List.RemoveItems() Removes speci�ied items from a list.
List.RemoveLastN() Removes the last N items from a list.
List.RemoveNull() Removes null values from a list.
List.RemoveRange() Removes a range of items from a list based on their positions.
List.Select() Selects items from a list based on a speci�ied condition.
Record.Field() Retrieves the value of a speci�ied �ield from a record.
Record.FieldOrDefault() Retrieves the value of a speci�ied �ield from a record or returns a default value ifthe �ield does not exist.
Record.RemoveFields() Removes speci�ied �ields from a record.
Record.SelectFields() Selects speci�ied �ields from a record.
Table.AlternateRows() Selects alternate rows from a table.



Function Description

Table.FirstN() Returns the �irst N rows from a table. N can be a speci�ic number or a condition.
Table.FirstValue() Retrieves the �irst value from a speci�ied column in a table.
Table.LastN() Returns the last N rows from a table. N can be a speci�ic number or a condition.
Table.Max() Returns the maximum value from a speci�ied column in a table.
Table.MaxN() Returns the maximum N rows from a speci�ied column in a table.
Table.Min() Returns the minimum value from a speci�ied column in a table.
Table.MinN() Returns the minimum N rows from a speci�ied column in a table.
Table.Range() Extracts a range of rows from a table based on their positions.
Table.RemoveBottomRows() Removes a speci�ied number of rows from the bottom of a table.
Table.RemoveFirstN() Removes the �irst N rows from a table.
Table.RemoveLastN() Removes the last N rows from a table.
Table.RemoveMatchingRows() Removes rows from a table that match speci�ied criteria.
Table.RemoveRows() Removes speci�ied rows from a table based on their position or condition.
Table.RemoveRowsWithErrors() Removes rows that contain errors from a table.
Table.RemoveTopRows() Removes a speci�ied number of rows from the top of a table.
Table.SelectRows() Selects rows from a table based on a condition or criteria.
Table.SelectRowsWithErrors() Selects rows that contain errors from a table.
Table.Skip() Skips the �irst N rows of a table and returns the remaining rows.
Referencing	Cells	in	Power	QueryConsider the Distance table shown in Table 2-3, which presents the distances between cities,and consider the Source table shown in Table 2-4. Both tables are loaded into Power Queryas separate queries with the names Distance and Source.
Table	2-3 Distance: Distances Between Cities
FromTo A B C DA 0 73 85 13B 73 0 91 41C 85 91 0 31D 13 41 31 0
Table	2-4 Source Table
From ToA BA AB DA DAdd a new column to the Source table that calculates the distance between the citiesspeci�ied in the From and To columns.



To solve this problem, initially try to calculate the distance from city B to city C on theDistance table, then modify the formula for all the cases. To calculate the distance from B toC, right-click the value 91 (the distance from B to C) in the Distance table and select the DrillDown command. This action will generate the following formula in the formula bar:
= Distance{1}[C]In the formula generated from the Drill Down operation, Distance{1} returns arecord containing �ive �ields—FromTo, A, B, C, and D—each with different values (see Figure2-8). By using [C] after this record, the value for the C �ield, which is 91, is extracted.

Figure	2-8 Using Distance {[FromTo=”C”]}The previous formula works correctly for the distance from B to C. To make the previousformula dynamic, it can be rewritten as follows (instead of using 1 as hard code):
= Distance {[FromTo="B"]}[C]In the formula, B (the source city) is still hardcoded but can be replaced with a variablelike x as it is in type text. However, C (the destination city) cannot be replaced directly by avariable as it is not in type text and the whole [C] comes together as the record operator. Tomake the formula more �lexible, instead of extracting the �ield value for the city C using [C],you can use the Record.Field() function, thus allowing both cities’ names to bedynamic. So, the revised formula is:
= Record.Field(Distance {[FromTo="B"]},"C")This approach enables both cities (B and C) in type text, which can be replaced withvariables or values from other columns. Using this formula, let’s back to the question and tryto solve the problem.To add a distance column to the Source table, select the Source table, go to the AddColumn tab, and choose Custom Column. Using the following formula in the Custom Columnwindow will result in the distance from B to C for all the rows:
= Record.Field(Distance {[FromTo="B"]},"C")



To use the formula to calculate the distance of cities in each row, rewrite the previousformula by replacing B with [From] (the values of the From column in the Source table)and C with [To] (equal to values of the To column in the Source table), as shown in Figure2-9.

Figure	2-9 Adding a new column
= Record.Field(Distance {[FromTo=[From]]}, [To])The result of the previous formula is shown in Figure 2-10.

Figure	2-10 Result of adding a columnBy following the previous steps, you can resolve the problem. To view the entire set ofquery steps, select the Source query and click the Advanced Editor command in the Hometab. The whole code for solving this problem is as follows:
let



    Source = Excel.CurrentWorkbook(){[Name="Table4"]}[Content],
    #"Added Custom" = Table.AddColumn(Source, "Custom", each
Record.Field(Distance{[FromTo=[From]]},[To]))
in
    #"Added Custom"

Ef�iciency	Tips Let’s examine the execution time of this problem in two scenarios: asmall distance table with ten rows and columns, and a larger distance table with 1,000rows and columns (though this scenario is uncommon in practice).In the small distance table scenario, with a source table of 1,000 rows, the executiontime without buffering the distance table is 1.16 seconds, and with buffering, it is reducedto 0.08 seconds. For a source table with 1 million rows, the execution time is 50 seconds(for more information about buffering, read this post
https://learn.microsoft.com/en-us/powerquery-m/table-buffer).In the large distance table scenario, if the source table has nine rows, the executiontime is about four to six seconds. However, with 1,000 rows in the source table, theexecution time increases to around 500 seconds without Table.Buffer. Even using
Table.Buffer, the execution time only reduces to 350 seconds. By replacing the
X{[FromTo=[From]]} part of the formula with Table.SelectRows(X, (x) =>
x[FromTo] = _[From]){0}, the execution time decreases to 140 seconds, thoughthis is still quite high.In this example, you are searching for values in the From column of the source tableover the FromTo column of the Distance table, but all 999 other columns are also beingconsidered. To improve execution time, it is better to separate the FromTo column fromthe Distance table and use it in a different variable for buffering. Then, you can �ind theposition the value in the From column over this list.The revised formula, which solves the problem in 0.87 seconds, is provided here. Inthe small distance table scenario, with a source table of 1 million rows, the execution timeusing this revised formula is eight seconds.
let
    Source = Excel.CurrentWorkbook(){[Name="Table4"]}[Content],
    X=Table.Buffer(Distance),
    Y=List.Buffer(Table.Column(X,"FromTo")),
    #"Added Custom" = Table.AddColumn(Source, "Custom", each
Record.Field(Table.Range(X, List.PositionOf(Y,[From]),1){0},
[To]))
in
    #"Added Custom"

Referencing	the	Previous	RowIn the Source table, as shown in Table 2-5, the monthly sales data is provided (the table issorted based on month). Calculate the growth rate for each month compared to the previousmonth.

https://learn.microsoft.com/en-us/powerquery-m/table-buffer


Table	2-5 Source: Monthly Sales
Month Sales1 692 813 394 155 686 777 758 299 8110 5211 9712 80Four different solutions are provided to solve this problem. In all the solutions, to extractthe information from the previous row in Power Query, an index column with consecutivevalues (numbers or dates) is helpful. If no such column exists, you can add one by selectingthe Add Index Column command under the Add Column tab. However, in this example, theMonth column can serve as the index column. So, don’t bother to add an index column forthis problem.
Solution	1:	Based	on	Filtering	the	RowsTo solve this problem, from the Add Column tab, choose Custom Column. This adds a newcolumn to the table. Name this new column Monthly Growth Rate and enter the followingformula into the Custom Column window (Source is the name of the previous step). ClickOK.
=SourceUsing this formula will result in the same values being repeated for all rows, with everycell in this column containing all the rows and columns of the Source table. To calculate themonthly growth rate, only the values in the Sales column are needed. Replace the previousformula with the following one to generate a list of all the sales values for every row:
=Source[Sales]To calculate the growth rate, you need the sales value from the previous month for eachrow. For example, out of all the values in this list, for Month = 2, you need to extract thevalue for Month=1, which is presented as the �irst item in the list. As Power Query indexingstarts from 0, for this month, the value with index 0 should be extracted. Similarly, for
Month=3, the item in index 1 should be extracted. So, for each month, the value in index
[Month]-2 should be extracted. To reach the values of the previous month, the previousformula should be replaced with the following formula, which results in Figure 2-11.
=(Source[Sales]){[Month]-2}



Figure	2-11 Referring to the previous value in the same columnThe previous formula results in the sales value of the previous month. To calculate thegrowth rate, the formula can be rewritten as follows, resulting in Figure 2-12:
=[Sales]/(Source[Sales]){[Month]-2}

Figure	2-12 Result of growth rateTo handle potential error values in the �irst row, you can use the try-otherwiseexpression by replacing the previous formula with the following formula. This new formulacalculates [Sales]/(Source[Sales]){[Month]-2} for all the rows. If it results in anerror, it replaces the error with the value presented after otherwise, which is "-" in thisexample.



=try [Sales]/(Source[Sales]){[Month]-2} otherwise "-"Applying the previous steps results in the following formula using the
Table.AddColumn() function in the formula bar:
= Table.AddColumn(
      Source,
      "Monthly Growth Rate",
      each try [Sales]/(Source[Sales]){[Month]-2} otherwise "-")To improve the readability of results and convert the values in this column intopercentages, you can use the fourth argument of this function, shown here:
= Table.AddColumn(
      Source,
      "Monthly Growth Rate",
      each try [Sales]/(Source[Sales]){[Month]-2} otherwise "-",
      Percentage.Type)This results in Figure 2-13.

Figure	2-13 Changing the value typeUsing the previous steps, the problem is solved. In the proposed solution, the
(Source[Sales]){[Month]-2} formula is used. This formula �irst extracts the valuesof the Sales column as a list and, from that list, it retrieves the value with an index equal to
[Month]-2. However, this logic can be revised by extracting the ([Month]-2)th row of thetable �irst, which is in type of record, and then retrieving the value of the Sales �ield usingthe following formula:



=Source{[Month]-2}[Sales]Similarly, the previous formula can be replaced by any of the following formulas with thesame result, and each is equal to the value in the Sales column for the previous row (the lasttwo formulas are useable even if the rows are not sorted based on the month).
=Record.Field(Source{[Month]-2},"Sales")

=Source{[Month=[Month]-1]}[Sales]

=Table.SelectRows(Source, (x)=> x[Month]=[Month]-1)[Sales]{0}

Solution	2:	Based	on	MergingConsider the Source table. Go to the Add Column tab and select Custom Column. Name thenew column Month +1 and enter the following formula:
=[Month]+1This formula adds one to the values in the Month column, resulting in the Figure 2-14.

Figure	2-14 Result of [Month]+1In the next step, to solve this problem, as shown in Figure 2-15, you just need to searchfor the values in the Month column in the Month+1 column and select that row. The selectedrow presents the values related to the previous month.



Figure	2-15 Value of the next monthFrom the Home tab, select the Merge Queries command (explained in detail in Chapter7). Then, as shown in Figure 2-16, select the Source table for both parts of the Mergewindow. Choose the Month column in the top table and the Month +1 column in the bottomtable as the common columns.



Figure	2-16 Setting for mergingClicking OK will create a new column named Added Custom, as shown in Figure 2-17. Itcontains values in the form of a table that correspond to the previous month.



Figure	2-17 Result of mergingTo extract the sales values for the previous month, click the expand icon ( ) next tothe Added Custom column. From the available options, select Sales and click OK to get theresult, as shown in Figure 2-18.

Figure	2-18 Result of expandingFollowing the previous steps, you can extract the sales values for the previous month. Tocalculate the growth rate, simply add another Custom Column named Growth Rate and usethe following formula in this column:
=[Sales]/[Added Custom.Sales]



Solution	3:	Based	on	the	Fill	Down	FunctionConsider the Source table. In the �irst step, you will add two new columns, named Odd andEven, using the following formulas (enter the formulas separately in the Custom Columnwindow), which will result in Figure 2-19.
=if Number.IsOdd([Month]) then [Sales] else null
=if Number.IsEven([Month]) then [Sales] else null

Figure	2-19 Adding new columnsUsing the Fill Down feature for both columns will result in Figure 2-20. As shown in theresultant table, for rows with months like 2, 4, 6, and 8, the values from the previous monthare �illed in the Odd column in the same row. Similarly, for rows with months like 3, 5, and 7,the sales from their previous month are provided in the Even column in the same row.

Figure	2-20 Using Fill DownAdding another custom column and using the following formula for it results in the valuefrom the previous month, as shown in Figure 2-21.



=if Number.IsOdd([Month]) then [Even] else [Odd]

Figure	2-21 Extracting the value of the previous monthRevising the previous formula and rewriting it as follows provides the growth rate:
try  [Sales]/(if Number.IsOdd([Month]) then [Even] else [Odd])
otherwise "-"This formula solves the problem, but when using this method, you must sort the sourcetable by month.
Solution	4:	Based	on	the	List	of	FunctionsConsider the Source table. At �irst glance, it may seem like a good idea to separate the Salescolumn, add a new row at the top with a null value, shift all the existing values down by onerow, and then reconnect it to the table. This would allow you to create a new columncontaining the values from the previous row. Unfortunately, this operation cannot beperformed directly on a table. However, it is possible to achieve this by working with thevalues as a list.In this solution, you will:1. Convert the table into a list of column values.  2. Shift the Sales values down by one row (pushing the values down with a null at the top). 3. Reconnect the shifted list to the origin list.  4. Convert the list back into a table.  To begin, select the Source table and click the fx button on the left side of the formula barto add a new step named Custom1. Enter the following formula in the formula bar:
= Table.ToColumns(Source)As shown in Figure 2-22, this formula will convert the Source table into a list, includingone sublist for any column in the Source table.



Figure	2-22 The result of using Table.ToColumns()As shown on the right side of the window, the name of this list is Custom1. In this list,you need to extract the second sublist and shift its values down by one row, then reconnectthe result to the list.To do this, click the fx button to add another step named Custom2. Then enter thefollowing formula in the formula bar, which results in Figure 2-23:
=Custom1{1}Since indexing in Power Query starts from 0, this formula will return the second sublistfrom the Custom1 list.



Figure	2-23 The result of Custom1{1}To shift the values in the list down by one row and add a null value at the beginning, rewritethe previous formula as follows:
= {null}&Custom1{1}This formula inserts a null value at the beginning of the second sublist (Custom1{1}),shifting all existing values down by one row, as shown in Figure 2-24.



Figure	2-24 Adding a nullBy adding a null to the beginning of this list, the length of this list increases by onecompared to the other sublists in Custom1. To correct this, you need to remove the last itemfrom this list. To do this, rewrite the previous formula as follows:
= List.RemoveLastN({null}&Custom1{1},1)This formula �irst inserts the null value at the beginning of the second sublist(Custom1{1}), then removes the last item from the list, resulting in Figure 2-25.



Figure	2-25 Removing the last itemTo add this modi�ied list (with the null at the beginning and the last item removed) to theother sublists in the Custom1 list, revise the formula as follows:
= Custom1& {List.RemoveLastN({null}&Custom1{1},1)}This formula inserts the modi�ied list (with the null added and the last item removed)back into the Custom1 list at the third position (index 2), resulting in Figure 2-26.

Figure	2-26 Combining the lists



To convert the result into a table, rewrite the previous formula as follows:
=Table.FromColumns( Custom1&
{List.RemoveLastN({null}&Custom1{1},1)})This formula converts the result into a table, with the list modi�ied as described,resulting in Figure 2-27.

Figure	2-27 Converting the list into a tableIn this case, because there are two columns, you can manually rename them. However, inreal-world scenarios, where you may face numerous columns, you can use the secondargument of the Table.FromColumns() function to rename all columns at once.To achieve this, rewrite the formula as follows:
= Table.FromColumns( Custom1&
{List.RemoveLastN({null}&Custom1{1},1)},Table.ColumnNames(Source)&
{"sales in Previous month"})This formula renames all columns based on the column names in the Source table,resulting in Figure 2-28.



Figure	2-28 Final resultIn the next step, add another column named Growth Rate using the following formula inthe Custom Column window to solve the problem:
=[Sales]/[sales in Previous month]

Ef�iciency	Tips This example presents four different types of solutions. Among them,the �irst solution is the least ef�icient in terms of execution time, taking over 30 secondseven for a small table containing just 10,000 rows. Additionally, applying the
Table.Buffer() or List.Buffer() functions does not signi�icantly improve itsef�iciency compared to the other solutions.The remaining three solutions perform well, even with larger datasets. Thesesolutions were tested across four different scenarios, with table sizes of 1,000, 10,000,100,000, and 500,000 rows. Based on the results, the solution using the Fill Down logicdemonstrates the highest ef�iciency.
Number	of	Rows Solution	2:	Merge Solution	3:	Fill	Down Solution	4:	Convert	to	List1000 0.031337 0.046659 0.0867110000 0.097672 0.079737 0.123611100000 0.786016 0.266608 0.928861500000 4.335289 0.941159 5.201284
Referencing	Multiple	Previous	RowsConsider the table provided in the previous question and calculate the sales growth rate foreach month in comparison to the average sales values of all the preceding months.



In the previous example, the =(Source[Sales]){[Month]-2} formula was used toreference the value in the Sales column in the previous row. However, in this example, formonth N, it must calculate the average of the sales values in the previous N-1 months.To extract the �irst N values from a list, you can use the List.FirstN() function.Therefore, you can use the following formula for a new custom column to extract the salesvalues of the previous N-1 months for the row with the month equal to N, which results inFigure 2-29:
=List.FirstN(Source[Sales],[Month]-1)

Figure	2-29 Changing the value typeSince the result of the previous formula is a list, you can use the List.Average()function to calculate the average of its items. You can update the formula as follows, whichresults in the average of sales values in the previous months for each row, as shown inFigure 2-30:
=List.Average(List.FirstN(Source[Sales],[Month]-1))



Figure	2-30 Result of List.AverageSimilar to the previous example, to calculate the growth rate, you can use the followingformula, which results in Figure 2-31.
=[Sales]/List.Average(List.FirstN(Source[Sales],[Month]-1))

Figure	2-31 Result of List.Average



To handle null results and replace them with a dash ("-") for the �irst row, modify theformula by adding ?? to the end of the formula:
=[Sales]/List.Average(List.FirstN(Source[Sales],[Month]-1)) ??"-"

Note To explain further, you can use the ? operator to handle null values. Suppose xand y are two different formulas. The expression x? checks the result of x and comparesit to a null value. It evaluates to true if the result of x is null and false if the result of xis anything other than null. Additionally, the ?? operator can replace null values with analternative. For example, x??y means: evaluate x and use its result unless the result of xis null; then evaluate y and use it as the result instead.By using the previous formula, you can solve the problem. In this solution,
List.FirstN(Source[Sales], [Month]-1) initially selects the sales values fromthe Source table and then �ilters the �irst N values. However, this can be replaced with
Table.FirstN(Source, [Month]-1)[Sales], which �ilters the �irst N rows of thetable and then extracts the sales values as a list.Similarly, all the following formulas will yield the same results:
=List.FirstN(Source[Sales],[Month]-1)

=Table.FirstN(Source,[Month]-1) [Sales]

=Table.Column(Table.FirstN(Source,[Month]-1) ,"Sales")

=List.Range(Source[Sales],0,[Month]-1))

=Table.Range(Source,0,[Month]-1) [Sales]

Adding	Multiple	Columns	at	OnceConsider the Source table as Table 2-6, which provides coding information in a hierarchicalformat. All codes for products’ names (third level) are three characters long. The products’families (level 1) are determined by the left-most character of the code, and the group (level2) is determined by the �irst two characters.For example, the product with code 111 is Compact Powder. Its family (�irst level) isCosmetic (code=1), and its group (second level) is Face (code =11).Instead of displaying all the codes in two columns, separate them into three distinctlevels—family, group, and product.
Table	2-6 Source: Coding
Code Description1 Cosmetics11 Face111 Compact Powder12 Lip



Code Description121 Lipstick122 Lip Gloss2 Men21 Accessories211 Belt212 Hat213 Sunglasses22 Shirt221 Shirt Casual3 Toys & Accessories31 Construction Toys311 LegosThis problem can be addressed in several ways, including merging or using advancedfunctions, but, in this section, you’ll see how to use this table and solve the problem byadding new columns, one for the product’s group, another for the products’ family, and then�ilter the desired rows. Consider the product code equal to 211. To extract the product familyand group for this code, you can use the following formulas separately in the formula bar(since all values in the Code column are unique).
=Source{[Code=2]}[Description]

=Source{[Code=21]}[Description]Writing these two formulas in the custom column window will return the product familyand product group for the product with code 211 across all rows. Instead of using the valueof 2, and 21 for all the cases, you can use the Number.IntegerDivide() function as
Number.IntegerDivide(211, 100) and Number.IntegerDivide(211, 10).Replacing the value of 211 in these two formulas will make the formula dynamic for all therows. Add a Custom column to the Source table and use the following formula in the Customcolumn, resulting in Figure 2-32.
= Source{[Code=Number.IntegerDivide([Code],100)]}[Description]



Figure	2-32 Adding product familiesTo extract the product group, add another Custom column using a similar formula:
= Source{[Code=Number.IntegerDivide([Code],10)]}[Description]After adding these two columns, the problem will be solved by �iltering the rows withcode greater than 100 or removing the rows including errors on the newly added columns.As shown, two new columns are added to the Source table, in two different steps, to solvethis problem. What if you have to add more columns in a real-world case? Instead of addingthe columns separately, all the columns can be added at once by using the characteristic ofrecords in Power Query.For example, using the Source table, from the Add Column tab, choose the CustomColumn command, then use the following formula in the Custom column window:
=[
      Family=Source{[Code=Number.IntegerDivide([Code],100)]}
[Description],
      Group=Source{[Code=Number.IntegerDivide([Code],10)]}
[Description]
] This formula results in Figure 2-33, including the value for both the columns of product’sfamily and group, in the type of record.



Figure	2-33 Using a record to add columns onceNext, by expanding this new column, you will get Figure 2-34, in which both the columnsare added once. (Even if you de�ine additional �ields for the record in the previous step, all ofthem will be added here.) Select the Remove Errors command from the Remove Rowssection in the Home tab. The result is shown in Figure 2-35.



Figure	2-34 Result of expanding a column

Figure	2-35 Result of removing errors
Using	VLOOKUP	with	Approximate	Match	in	Power	QueryBased on the tax rates provided in the TaxRates table in Table 2-7 and the income data in thePeople_Income table in Table 2-8, add a new column to the People_Income table to calculateeach person’s tax. (Both tables are loaded into Power Query, called TaxRates andPeople_Income.)
Table	2-7 TaxRates Table
From To Tax	Rate$0 $18,200 0%$18,201 $45,000 19%$45,001 $120,000 33%$120,001 $180,000 37%



From To Tax	Rate$180,001 Over 45%
Table	2-8 People_Income table
Person	ID IncomeA 199,920B 26,068C 106,439D 28,521E 142,566To compute the tax, use the following logic: For each income value, �ind its related row inthe TaxRates table where income falls between the numbers in the From and To columns,retrieve the tax rate on that row, and multiply it by the income.This problem can be easily solved in Excel using the VLOOKUP or XLOOKUP functionwith an approximate match. However, in Power Query, the VLOOKUP function is notavailable, so you need to combine several functions to achieve the same result.Before solving this problem for all the people, let’s solve it just for the Person ID =
"E" with an income of 142,566. By examining the TaxRates table, you can see that thisincome falls within the range speci�ied in the fourth row of the table, where the tax rate is 37percent, so the tax value is 0.37*142566.If you solve this problem using Excel’s VLOOKUP, it searches for the value 142566 in theFrom column, identi�ies the row with the largest value that is less than or equal to 142566,and returns the tax rate from that row as the result.In Power Query, you apply a similar logic. First, you �ilter the rows in the Tax_Rate tablewhere the value in the From column is less than or equal to 142566. Then, you extract therow with the highest value in the From column (i.e., the last row) and use the tax rate fromthat row for the calculation.To solve the problem for this person, Go to the TaxRates query, then �ilter the table basedon the values in the From column, and �ilter all the values less than 142566, as shown inFigure 2-36, to get the result in Figure 2-37.



Figure	2-36 Filtering the table

Figure	2-37 The result of �ilteringThe �iltering step will lead to the following formula in the formula bar. (Source is the �irststep in the Tax_Rates query.)
= Table.SelectRows(Source, each [From] < 142566)In the result table, the last value in the Tax Rate column represents the tax rate for thisperson. So, to reach tax rates, add [Tax Rate ] to the end of the previous formula. Itresults in a list of tax rates from the �iltered table, equal to {0, 0.19, 0.325, 0.37}.To extract the last value from this list, use the List.Last() function. To reach the tax ratefor this person, the previous formula can be rewritten as follows:
= List.Last(Table.SelectRows(Source, each [From] < 142566)[Tax
Rate])The previous formula works like VLOOKUP with approximate match logic in PowerQuery. (If the Tax_Rates table is sorted ascending based on the From column.) This formula�ilters the rows in the TaxRates table where the From column values are less than 142,566and then returns the last value on the Tax Rate column in the �iltered table.Before making this formula dynamic and using it as a custom column in thePeople_Income table, let’s �irst modify the part related to the Table.SelectRows()



function. (The reason for this modi�ication is explained at the end of this question and in thenext chapter.)Currently, the formula is written as Table.SelectRows(Source, each [From]
< 142566). In this formula, the �irst argument, Source, speci�ies the table to �ilter, and thesecond argument, each [From] < 142566, provides the �iltering condition. The eachkeyword refers to each row in the table, and [From] accesses the From column of thecurrent row.Although each usually appears with the underscore character "_" in Power Query, likethe form of "each _[From]", the result is the same even if "_" is omitted. In other words,the full version of the formula is Table.SelectRows(Source, each _[From] <
142566).Here, each _ explicitly refers to every row in the Source table. In this case, since onlyone table (Source) is being used, the underscore can be skipped without affecting theoutcome. However, when working with more complex formulas involving nested functions,it’s a good idea to include the underscore to clearly indicate the reference to the row. So, let’sconsider the full version of the formula as: Table.SelectRows(Source, each
_[From] < 142566) and make another change to it.In Power Query, the each _ expression is equivalent to writing "(x)=> x", "
(y)=>y", or any placeholder name like (variable_name) => variable_name.(There is a small difference between each _ and the general de�inition of
(variable_name) => variable_name, which I explain in depth in Chapter 12.) Basedon this understanding, the following two formulas are identical in functionality and producethe exact same result, differing only in their notation:
Table.SelectRows(Source, each _[From] < 142566)
Table.SelectRows(Source, (x)=>x[From] < 142566)Based on this alteration of the Table.SelectRows() part, the formula for extractingthe tax rate for person D can be rewritten as follows without changing the result.
= List.Last(Table.SelectRows(Source, (x)=> x[From] < 142566)[Tax
Rate])This formula can be applied to any person by substituting 142,566 with the income ofthat person. To apply this logic to the original problem, go back to the problem and considerthe queries unchanged. Then, select the People_Income table, go to the Add Column tab, andselect Custom Column. Then, use the following formula in the Custom column window tocreate a new column named Tax Rate:
= List.Last(Table.SelectRows(Tax_Rates, (x)=> x[From] < [Income])
[Tax Rate])This is exactly like the previous formula, in which 142566 is replaced with values on theIncome column and the Source query is changed to the TaxRates query, as Source is thename of a step in the TaxRates query and, from the People_Income query, you can’t directlyrefer to the name of middle steps of another query.)Clicking OK results in the tax rate, as shown in Figure 2-38.



Figure	2-38 The tax rateTo calculate the tax, you just need to add another Custom column and multiply the valueson the Income and Tax Rate columns using the following formula in the custom columnwindow.
Note As shown in the steps, to solve this problem, each [From] is changed to
(x)=>x and then used in the custom column for the People_Info query. Let’s see thereason for this change.So, considering the unchanged queries, go to the People_Info query, then select theCustom Column command. In the open window, write the original formula as follows:
= List.Last(Table.SelectRows(Tax_Rates, each [From] < [Income])
[Tax Rate])Clicking OK will result in an error for the values of the newly added column, as shown inFigure 2-39.

Figure	2-39 The result is an error



To extract the source of error, look at the entire formula in the formula bar, as follows:
= Table.AddColumn(
      Source,
      "Tax",
      each List.Last(
                     Table.SelectRows(
                            Tax_Rates,
                                    each [From] < [Income]
                                               )[Tax Rate]
      ))As shown, after clicking OK in the Custom Column window, the formula entered isincluded as part of the third argument in the Table.AddColumn() function. In otherwords, to add a new column to a table, you use the Table.AddColumn() function. Thisfunction typically takes three arguments: the name of the table to which the new columnwill be added, the name of the new column, and the formula used to calculate the valuesfor the new column.The formula uses two tables: Source (referring to the last step of People_Incomequery) and Tax_Rates. In the third argument of Table.AddColumn(), the each _ logicis used twice—once to refer to the rows in the Source table and another time to refer tothe rows in the People_Info table. However, it is not clear to Power Query that each _refer to rows in which table.In Figure 2-28, the underscores are added before the name of columns. Thisdetermines which "_" is related to which each, and which each is related to which“table”. This is clear to humans, but due to using each _ to refer to the rows of bothtables, it leads to the error in Power Query.

Figure	2-40 Dependency of each and tablesTo resolve this issue and clarify the reference table for each _, replace the each _logic with function de�inition syntax, such as (x) =>, in at least one of the functions.This adjustment ensures that the formula explicitly identi�ies the reference of each.



The formula can then be rewritten in one of the following forms:
= Table.AddColumn(
     Source,
     "Tax",
      (x)=> List.Last(
                    Table.SelectRows(
                           Tax_Rates,
                                   (y)=> y[From] < x[Income]
                                                   )[Tax Rate]
      ))

= Table.AddColumn(
     Source,
     "Tax",
      (x)=> List.Last(
                    Table.SelectRows(
                          Tax_Rates,
                                   each [From] < x[Income]
                                                   )[Tax Rate]
      ))

= Table.AddColumn(
      Source,
      "Tax",
      each List.Last(
                    Table.SelectRows(
                           Tax_Rates,
                                   (y)=> y[From] < [Income]
                                                   )[Tax Rate]
      ))Considering the �irst variation of the formula, it is now clear that x refers to theSource table (the �irst step of the People_Income query) and y refers to the Tax_Ratestable. Therefore, using y[From] < x[Income] clari�ies that the From column comesfrom the Tax_Rates table and the Income column comes from the People_Income table.
Extracting	Data	from	the	Price	List	TableThe price list for the two products is shown in Table 2-9, and historical sales data is shownin Table 2-10. Both tables are loaded into Power Query as separate queries, named
PriceList and Historical_Data. Add a new column called Price to the Historical_Datatable equal to the last recorded price on the PriceList table with the date before thetransaction date. (For example, for the transaction on 22/04/2023, as the last recordedprice before this date on the PriceList table is related to 17/04/2023, the price for A and Bon this date are, respectively, 15 and 18.)
Table	2-9 The PriceList Table



From	Date Product Price1/01/2023 A 101/01/2023 B 1217/04/2023 A 1517/04/2023 B 1826/07/2023 A 183/11/2023 A 213/11/2023 B 20
Table	2-10 The Historical_Data: Historical Sales Values
Date Product Quantity21/02/2023 B 411/03/2023 A 1010/03/2023 B 1022/04/2023 B 926/04/2023 B 62/05/2023 A 392/05/2023 B 421/06/2023 A 1219/08/2023 A 1821/09/2023 B 1324/10/2023 B 4927/11/2023 A 325/12/2023 B 31Before solving the problem for all rows in the Historical_Data table, let’s test it byaddressing it for the sixth row and extracting the price of product A on 2/05/2023. To dothis, select the PriceList query and from the drop-down list next to the Product column,select A, as shown in Figure 2-41. Click OK, which will result in the following formula in theformula bar and lead to Figure 2-42 (Source is the name of �irst step in the PriceListquery).
= Table.SelectRows(Source, each ([Product] = "A"))



Figure	2-41 Filtering product A

Figure	2-42 Result of �iltering product AIn the result table, the row corresponding to the last date before 2/05/2023 should beextracted. Therefore, the From Date column should also be �iltered. You can do this �ilterusing UI, like in the previous step, or apply it by modifying the formula in the formula bar. Tomodify the previous formula, the new criteria for �iltering can be added to the secondargument of the Table.SelectRows() function by providing the �iltering criteria. Theformula can be rewritten as the next to apply �ilters on both columns once, which results inFigure 2-43. In this example, the values in the From Date column are in type DateTime, so
<=#datetime(2023, 5, 2, 0, 0, 0) �ilters any rows with values less than



2023/05/2 00:00 on this column. If the values are in type date, #date(2023, 5, 2)should be used:
= Table.SelectRows(Source,
      each ([Product] = "A") and ([From Date] <= #datetime(2023,
5, 2, 0, 0, 0)))

Figure	2-43 Result of �iltering on Product and Date FromIn the resulting table, the value in the Price column for the last row represents the valuethat you are searching for (as the rows are sorted ascending based on the dates). This can beextracted by �irst obtaining the values from the Price column, by adding [Price] to the endof the formula, which results in a list including all price list as {10,15}, and then applyingthe List.Last() formula on the resulted list to reach the value 15. So the previousformula can be rewritten as follows.
= List.Last(Table.SelectRows(Source, each ([Product] = "A") and
([From Date] <= #datetime(2023, 5, 2, 0, 0, 0)))[Price])Alternatively, the following formula can also be used to extract the values from the lastrow of the table �irst by using the Table.Last() function. This function will result in arecord including all the values of the last row. Then, to extract the value of the �ield price,
[Price] is written at the end of the formula.
= Table.Last(Table.SelectRows(Source, each ([Product] = "A") and
([From Date] <= #datetime(2023, 5, 2, 0, 0, 0))))[Price]This formula results in the price for product A on the date 2023/05/02. You can nowapply this formula to all rows in the Historical_Data table by replacing A and
#datetime(2023, 5, 2, 0, 0, 0) with values from the Product and Date columns,respectively. However, to avoid the errors associated with using two each _ expressions(the condition mentioned in “2.5. Using VLOOKUP with Approximate Match in PowerQuery”), the formula should be modi�ied �irst by replacing each _ logic with (x) =>xlogic, as follows:
= Table.Last(Table.SelectRows(Source, (x)=> (x[Product] = "A")
and (x[From Date] <= #datetime(2023, 5, 2, 0, 0, 0))))[Price]So, back to the question, considering both the queries unchanged. You select the
Historical_Data query and add a new custom column named Price. Then use thefollowing formula in it:



= Table.Last(Table.SelectRows(PriceList, (x)=> (x[Product] = "A")
and (x[From Date] <= #datetime(2023, 5, 2, 0, 0, 0))))[Price](This is the same as the previous formula, but the step name Source in the PriceListquery is replaced with the query name, as you cannot refer to a step in another querydirectly.) Using this formula will result in Figure 2-44, where the value 15 is repeated for allrows.

Figure	2-44 Adding a new columnTo make the formula dynamic for all rows, modify the formula in the Custom columnwindow and replace A and #datetime(2023, 5, 2, 0, 0, 0) in the formula with
[Product] and [Date], respectively, as provided in the following formula. Thismodi�ication will produce the updated formula shown in Figure 2-45.
= Table.Last(Table.SelectRows(PriceList, (x)=> (x[Product] =
[Product]) and (x[From Date] <= [Date])))[Price]



Figure	2-45 Making the formula dynamicSo, by adding this column, the formula in the formula bar will be as follows:
= Table.AddColumn(
      Source,
      "price",
      each Table.Last(
                     Table.SelectRows(
                                    PriceList,
                                    (x)=> (x[Product] =
[Product]) and (x[From Date] <= [Date])
                                                     )
                                     )[Price]
                                  )

SummaryIn real-world scenarios, there are many instances where you need to search for speci�icvalues or sets of values across different tables. In this chapter, you learned how to utilizefunctions and operators to extract these speci�ic values from tables, records, and lists.While the effectiveness of these techniques can vary based on the cases, most of the time,using functions like Table.SelectRows() is more ef�icient in terms of time than usingoperators. Additionally, in a lengthy table, employing the Table.Buffer() and
List.Buffer() functions can further optimize the performance of referencing.The next chapter provides additional tips regarding the Table.Sort() and the
Table.SelectRows() functions.
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Sort and Filter are essential commands for cleaning datasets and extracting thedesired rows in the desired order. This chapter covers these two important tasks.But before diving into the main problems, you should be familiar with the basicsof these two functions.In Power Query, sorting and �iltering rows is straightforward. Consider theSource table shown in Table 3-1.
Table	3-1 Source: Sales Data
Date Product Quantity12/05/2024 b 1115/05/2024 B 5214/05/2024 C 2915/05/2024 B 4217/05/2024 a 6315/05/2024 A 4717/05/2024 A 39To sort data in ascending order based on the values in the Date column,simply click the down arrow next to the column name and choose SortAscending, as shown in Figure 3-1. This will generate the following formula inthe formula bar:
= Table.Sort(Source,{{"Date", Order.Ascending}})

https://doi.org/10.1007/979-8-8688-1288-0_3


Figure	3-1 The Sort Ascending optionIn the resulting table, rows are sorted in ascending order based on the Datecolumn. Since 15/05/2024 12:00:00 AM appears three times in this column, youcan add another sorting criterion to sort these rows. To sort rows with the samedate in descending order based on the Quantity column, just click the downarrow next to this column and select Sort Descending (see Figure 3-2). Here isthe formula in the formula bar:
= Table.Sort(Source,{{"Date", Order.Ascending},
{"Quantity", Order.Descending}})

Figure	3-2 Two column sort



In the previous formulas, Order.Descending and Order.Ascendingare enumerations that determine the sorting directions, and instead of usingthem, you can use the values that represent them. The value for
Order.Descending is 1, and the value for Order.Ascending is 0.Therefore, without altering the result, the previous formula can be rewritten asshown here:
= Table.Sort(Source,{{"Date", 0}, {"Quantity", 1}})Like other functions in Power Query, sorting is also case-sensitive. So, sortingthe Source table in ascending order based on the Product column results inFigure 3-3. (Later in this chapter, custom logic for sorting is de�ined.)

Figure	3-3 Sort based on the Product columnSimilar to the sorting process, the �iltering process is straightforward inPower Query. To �ilter rows where the Date is equal to 15/05/2024, as in Figure3-4, click the down arrow next to the column name and select this date among allthe available dates. This results in Figure 3-5, which is generated by the followingformula:
= Table.SelectRows(Source, each ([Date] = #datetime(2024,
5, 15, 0, 0, 0)))



Figure	3-4 Filter date equal to 15/05/2024

Figure	3-5 Result of the �ilterIf you add a �ilter to the Quantity column and select 52, for example, theformula changes to the following:
= Table.SelectRows(Source, each ([Date] = #datetime(2024,
5, 15, 0, 0, 0)) and ([Quantity] = 52))The result of the previous formula is exactly the same as the followingformula, with the only difference being that the "_" was removed. Since all thecolumn names, in this example, came from the same table, the "_", whichrepresents the table name for each column, can be removed.
= Table.SelectRows(Source, each (_[Date] =
#datetime(2024, 5, 15, 0, 0, 0)) and (_[Quantity] = 52))In this formula, the condition will be evaluated for each row of the table. If thecondition is true for a row, that row will be displayed in the result table. As



shown, the function includes two arguments: the name of the table (in the type oftable) and the selection criteria (in the type of function). The second argumentusually starts with the word each, which is used in Power Query to de�ine acustom function.As a general rule in Power Query, when you’re using each to create a customfunction, its optional input variable is represented by an underscore ("_"). Forexample, when using each _ in the second argument of
Table.SelectRows(), for each row of the table, "_" represents a recordcontaining the values of that row, with the �ield names corresponding to thecolumn headers. For example, for the �irst row, each _ is equal to
[Date="12/05/2024", Product="b", Quantity= 11]. So _[Date]refers to the value in the Date �ield for that particular record, which is the sameas the value in the Date column for that row.Instead of using the each expression to de�ine a custom function with thevariable name of "_", you can use the general custom function de�inition withany variable (or variables) like x, as in (x) =>. In this case, the ()=> syntax isused to de�ine a function, and the variable name is enclosed in parentheses. So, inthe previous formula, each can be replaced with (x)=>, and then "_" shouldbe replaced with x. The previous formula can be rewritten as the following withthe same result:
= Table.SelectRows(Source, (x)=> (x[Date] =
#datetime(2024, 5, 15, 0, 0, 0)) and (x[Quantity] = 52))(If you’re wondering why you need to replace the each _ logic with (x) =>logic, just wait for Example 3-8 in this chapter.)
Ef�iciency	Tips Filtering rows in Power Query is an important task forimproving query execution time, and it is generally recommended to �ilter outunwanted rows in the early steps. But there is also another rule related toapplying �iltering commands over the rows.A key factor in optimizing the consumption time of a �iltering action is tosimplify the condition as much as possible. For example, consider a table,called Source, with 10,000 rows including four columns, with the �irst rowshown in Table 3-2. If you want to �ilter all the rows in this table, and includeat least one value in the Objective columns that is greater than the value of thecorresponding objective in the �irst row of the table, you can use the followingformula, which takes 29 seconds to execute.
Table	3-2 The First Row
Solution	ID Objective	1 Objective	2 Objective	3



Solution	ID Objective	1 Objective	2 Objective	3

1 32 5 32
=Table.SelectRows(Source, each ([Objective 1] >=
Source[Objective 1]{0} or [Objective 2] >=
Source[Objective 2]{0} or [Objective 3] >=
Source[Objective 3]{0}))However, directly referencing the values of the �irst row in the �ilter condition,as shown here, reduces the time to just 0.02 seconds:
= Table.SelectRows(Source, each ([Objective 1] >= 32 or
[Objective 2] >= 5 or [Objective 3] >= 32)Based on the basic information provided at the beginning of this chapter, in therest of this chapter, sort and �ilter tips are presented using several examples.



Filtering	Across	Multiple	Columns,	Part	1Consider the sales data provided in the Source table shown in Table 3-3 and �ilterthe rows that include the character "*" in at least one column.
Table	3-3 Source: Historical Sales
Date Product_ID Customer_ID Quantity18/01/2024 P-5 C-03 919/01/2024 P-4 C-02 520/01/2024 * C-02 1* P-2 C-02 *23/01/2024 P-3 C-03 724/01/2024 P-2 * 8* P-5 C-03 630/01/2024 P-1 C-03 231/01/2024 P-3 C-02 7
Note The data in this example is provided in an Excel �ile titled 01
Filtering Across Multiple Columns Part 1.xlsx.To solve this problem, �ilter "*" in the Product_ID column. This leads to Figure3-6 and generates the following formula in the formula bar:
= Table.SelectRows(Source, each ([Product_ID] = "*"))

Figure	3-6 Result of �iltering “*” on the Product_ID columnThe previous formula checks for the availability of "*" in the Product_IDcolumn. Similarly, the condition for checking the availability of "*" in othercolumns can be added by using or between the conditions. The formula can berewritten as follows:
= Table.SelectRows(
      Source, each ([Product_ID] = "*" or [Quantity]="*"
or [Date]="*" or [Customer_ID]="*"))



The problem will be solved ef�iciently using the previous formula, but incases where you have more columns, instead of using the previous formula, youcan also use the following formula, which results in Figure 3-7.
= Table.SelectRows(Source, each
List.Contains(Record.ToList(_), "*"))

Figure	3-7 The result of �iltering on all the columnsIn this example, as presented in the beginning of this chapter, "_" refers tothe values of each row of the Source table, and it is in the type of Record. So,using Record.ToList(_) will convert the record to the list including thevalues of each row. Using the List.Contains() function, it checks if the listpresented in its �irst argument contains "*".This formula �ilters rows across many columns by converting each row into alist and checking for the presence of "*". In another case, to �ilter the rows thatdo not include "*" in any column, you can rewrite the formula as follows:
= Table.SelectRows(Source, each not
List.Contains(Record.ToList(_), "*"))



Filtering	Across	Multiple	Columns,	Part	2Similar to the previous example, consider the sales data provided in the Sourcetable, shown in Table 3-4, and �ilter the rows that contain character "*" in atleast one cell.
Table	3-4 Source: Sales Info
Date Product_ID Customer_ID Quantity18/01/2024 P-5 C-03 919/01/2024 P-4 C-02 520/01/2024 P-1* C-02 121/01/2024* P-2 C-02 8*23/01/2024 P-3 C-03 724/01/2024 P-2 C-01* 825/01/2024* P-5 C-03 630/01/2024 P-1 C-03 231/01/2024 P-3 C-02 7
Note The data in this example is provided in an Excel �ile titled 02
Filtering Across Multiple Columns Part 2 .xlsx.In this problem, to check whether the cells in the rows contain "*" using textfunctions, �irst, select all columns. From the Home tab, convert the data type ofall columns to text (this step makes the process easier, as the
Text.Contains() function can be applied on values in the type of text). Next,click the �ilter icon next to the Product_ID column, choose Text Filter, selectContains, and enter *, as shown in Figure 3-8.



Figure	3-8 Setting the �ilterThese changes will generate the following formula in the formula bar:
= Table.SelectRows(#"Changed Type", each
Text.Contains([Product_ID], "*"))If the number of columns is limited, the previous formula can be rewritten toinclude additional columns in the �ilter criteria, ensuring that "*" is checkedacross all relevant columns.
= Table.SelectRows(
      #"Changed Type",
      each Text.Contains([Date], "*") or
      Text.Contains([Product_ID], "*") or
      Text.Contains([Customer_ID], "*") or
      Text.Contains([Quantity], "*"))But if there are many, many columns, the formula can be simpli�ied to �ilterrows based on the presence of "*" in any column. Do this using the followingformula, which results in Figure 3-9:
= Table.SelectRows(#"Changed Type", each
Text.Contains(Text.Combine(Record.ToList(_)), "*") )



Figure	3-9 Result of the �ilterIn this formula, in the Table.SelectRows() function, the result of each
_ for each row is a record containing all the values for that row with �ield namesmatching the column names. For example, for the �irst row, it is equal to:
[Date="18/01/2024 12:00:00 AM", Product_ID="P-5",
Customer_ID="C-03", Quantity="9"].Using each Record.ToList(_), the record is converted into a list of values.For the �irst row, this results in {"18/01/2024 12:00:00 AM", "P-5",
"C-03", "9"}. Next, the Text.Combine(Record.ToList(_))concatenates all the values in this list into a single text string. So, for the �irst row,this results in "18/01/2024 12:00:00 AMP-5C-039".The Text.Contains() function is then used to check if this concatenatedtext contains "*" or not. Therefore,
Text.Contains(Text.Combine(Record.ToList(_)), "*") willreturn true if at least one cell in the row contains "*", and false otherwise.
Ef�iciency	Tips In this example, when running a query on a dataset with500,000 rows, the execution time is approximately 4 seconds for the secondsolution. Additionally, adding 12 more columns to the table increases theruntime to 12 seconds. Using the or function between conditions for allcolumn names results in faster performance, reducing the runtime to around3 seconds for the same dataset with the additional columns.The key issue regarding the use of or conditions is about using hardcodedcolumn names. The code should be modi�ied after changing the column nameor adding a new column to the table.



Filtering	Across	Multiple	Columns,	Part	3The information on yearly purchases by customers is provided in the Sourcetable, as shown in Table 3-5. Extract the list of customer IDs who made seven orfewer purchases at least in two years.
Table	3-5 Source: the Purchase Info
Customer	ID 2018 2019 2020 2021 2022 2023C-1 15 16 14 27 11 11C-2 12 27 3 11 4 7C-3 14 6 14 5 19 12C-4 11 26 17 11 6 10C-5 5 9 8 17 18 14C-6 19 18 5 19 2 10C-7 15 7 22 22 12 30C-8 18 14 11 15 19 13C-9 15 22 10 7 17 19C-10 28 20 26 18 13 9C-11 22 11 17 13 21 23C-12 4 5 2 13 5 3C-13 8 12 9 8 13 11C-14 14 4 13 10 10 24C-15 6 3 6 18 3 4
Note The data in this example is provided in an Excel �ile titled 03
Filtering Across Multiple Columns Part 3.xlsx.Two different solutions are provided for this problem as follows.
Solution	1:	Initial	FilteringInstead of considering all the columns for �iltering, you can initially �ilter therows that have a value less than or equal to 7 in the 2018 column, by using thefollowing formula:
= Table.SelectRows(Source, each _[2018] <= 7)In this formula, using each _ [2018] <= 7 in the second argument�ilters the rows where the value in the 2018 column is less than or equal to 7. But



to solve the problem, you need to consider the values of all the years (all thecolumns except the �irst one).To extend this approach and �ind customers with seven or fewer purchases inat least two years, the formula can be modi�ied as follows (this results in Figure3-10):
= Table.SelectRows(
      Source,
      each
List.Count(List.Select(List.Skip(Record.ToList(_)), (x)=>
x <= 7))>=2)

Figure	3-10 The result of the �ilterAs presented, the selection condition is "each
List.Count(List.Select(List.Skip(Record.ToList(_)), (x)
=> x <= 7)) >= 2". Let’s break down this formula step by step.Using each_ in the second argument results in a record for each row of thesource table. For example, for the �irst row, this results in [Customer ID="C-
1", 2018=15, 2019=16, 2020=14, 2021=27, 2022=11, 2023=11].As it is hard to apply a condition over the values in a record, the records areconverted into lists by using each Record.ToList(_). The result of thisformula for the �irst row is { "C-1", 15, 16, 14, 27, 11, 11 }.The �irst item in the result list is the Customer ID, and it is not required forcreating �iltering conditions, so the List.Skip() function is used in each
List.Skip(Record.ToList(_)) to neglect the �irst items in the lists. Thisresults in { 15, 16, 14, 27, 11, 11 } for the �irst row.Out of all the values in the list, you are searching for those that are less thanor equal to 7, so each List.Select(List.Skip(Record.ToList(_)),
(x) => x <= 7) is used to �ilter the items into the list that are less than orequal to 7. For the �irst row, this results in {}, but for the second row, this results
in { 3, 4, 7 }.In the next step, the List.Count() function is used, as in each
List.Count(List.Select(List.Skip(Record.ToList(_)), (x)
=> x <= 7)) to count the number of values less than or equal to 7. For the�irst row, the result of the count is 0, and for the second row, it is 3.



In the last step, the result of the count is compared by threshold 2 and itreturns true if the count value is greater than or equal to 2. The formula solvesthe problem by �iltering the rows that have at least two values equal to or lessthan 7.
Solution	2:	Unpivoting	and	Using	Group	ByIf the �irst solution seems complex, you can use this alternative approach. For thesecond solution, right-click the Customer ID column and select Unpivot OtherColumns, resulting in Figure 3-11.

Figure	3-11 The result of unpivotingIn the next step, on the Value column, �ilter the value less than or equal to 7,to remove the years for values greater than 7 for each customer. This results inFigure 3-12.



Figure	3-12 The result of �iltering values less than or equal to 7The resulting table includes only the years with values less than or equal to 7for the customers. You now need to count the number of repetitions of eachcustomer ID in this table. So, select the Customer ID column, and from the Hometab, choose the Group By command and con�igure the settings as shown in Figure3-13. This will produce a table with two columns—the Customer ID and thenumber of its repetitions (the number of years with a value less than or equal to7). See Figure 3-14.



Figure	3-13 Using Group By

Figure	3-14 The result of groupingIn the next step, the problem is solved, and the Customer IDs with value lessthan or equal to 7 in at least two years are extracted. This is done by �ilteringrows where their values on the Count column is greater than or equal to 2.
Extracting	a	First	Purchasing	DateThe historical sales data for customers, sorted by the Quantity column, isprovided in the Source table shown in Table 3-6. Extract the �irst purchase dateof each customer.
Table	3-6 Source: Student Grads

Date Customer_ID Quantity20/01/2024 C-02 130/01/2024 C-03 219/01/2024 C-02 525/01/2024 C-03 623/01/2024 C-03 7



Date Customer_ID Quantity31/01/2024 C-02 721/01/2024 C-02 824/01/2024 C-01 818/01/2024 C-01 9
Note The data in this example is provided in an Excel �ile titled 04 First
Purchasing Date.xlsx.Two different solutions, based on sorting and grouping, are provided as outlinedin this section.
Solution	1:	Based	on	SortingBefore exploring the solution, let’s review the result of removing duplicateCustomer_ID values using the Table.Distinct() function. To removeduplicate Customer_IDs, right-click this column and select the RemoveDuplicates command. This generates the following formula in the formula barand produces the table shown in Figure 3-15, which includes only the rowswhere each Customer_ID appears for the �irst time.
= Table.Distinct(Source,{"Customer_ID"})

Figure	3-15 Removing duplicate Customer_IDsBased on this explanation, to solve this problem, you can sort the table inascending order based on the Date column. Then, removing duplicate valuesfrom the Customer_ID column should ideally yield the �irst purchase date foreach Customer_ID. However, this approach produces an unexpected result, asshown in Figure 3-16.



Figure	3-16 Removing duplicate Customer_IDsIn the provided result, it appears that duplicate rows are removed �irst, andthen the remaining rows are sorted based on the Date column. This happensbecause Power Query does not execute all commands in the order they arewritten; instead, it optimizes the execution sequence for better performance.To address this issue, you need to force Power Query to execute the sortingcommand before removing duplicates. To do this, consider the following formulagenerated in the formula bar after executing the Remove Duplicates command:
= Table.Distinct(#"Sorted Rows", {"Customer_ID"})

= Table.Distinct(Table.Buffer(#"Sorted Rows"),
{"Customer_ID"})To address the issue, you simply need to add the Table.Buffer() functionbefore the name of the table (the �irst argument), as shown here. This results inFigure 3-17.

Figure	3-17 The �inal result
Note To check this weird behavior of sorting in Power Query, consideranother example. Consider a source table with two columns, Row and Value,containing 1,048,575 rows. The Row column lists numbers from 1 to1,048,575 (matching Excel’s row limit) in ascending order, while the Valuecolumn contains only the value A, as shown in Figure 3-18.



Figure	3-18 Part of the Source tableIn the �irst scenario, right-clicking the Value column and selecting RemoveDuplicates results in a single remaining row, related to the �irst row of theSource table, as shown in Figure 3-19.



Figure	3-19 The result of removing duplicatesIn another scenario, let’s sort the Row column in descending order, whichresults in Figure 3-20.

Figure	3-20 The result of sorting the row column in descending orderThen, by right-clicking the Value column and selecting Remove Duplicates,again the result is unexpectedly the same as in the previous scenario, asshown in Figure 3-21.

Figure	3-21 The result of removing duplicatesThis is strange, as it appears that Power Query is neglecting the sortingstep �irst and executing the Remove Duplicates step prior to sorting. Toresolve this issue, the Table.Buffer() function can be used to ensure thesorting command will be applied before the removing duplicate command.Instead of using this usual formula to remove duplicates:



= Table.Distinct(#"Sorted Rows", {"value"})Use this formula, which results in Figure 3-22:

Figure	3-22 The result of removing duplicates after buffering the sorted table
Solution	2:	GroupingThis problem can be solved alternatively by grouping the rows based onCustomer_IDs and selecting the minimum date. To do this, right-click theCustomer_ID column and choose the Group By command. Then, con�igure it asshown in Figure 3-23 and click OK. This results in the �inal table shown in Figure3-24.

Figure	3-23 Setting Table.Group()

Figure	3-24 The result of grouping



Filtering	Based	on	a	List	of	ValuesThe Source table, shown in Table 3-7, provides a list of patients scheduled forconsultations and surgeries. Filters the historical visit and surgery information ofpatients who have undergone surgery at least once.
Table	3-7 Source: Patients
Date Patient_ID Gender Referral18/01/2024 P-01 Male Visit23/01/2024 P-01 Male Surgery8/02/2024 P-01 Male Visit19/01/2024 P-02 Male Visit20/01/2024 P-03 Female Visit22/01/2024 P-04 Female Visit24/01/2024 P-04 Female Visit23/01/2024 P-05 Male Visit7/02/2024 P-05 Male Surgery17/02/2024 P-05 Male Visit24/01/2024 P-06 Female Visit3/02/2024 P-06 Female Visit9/02/2024 P-06 Female Visit25/01/2024 P-07 Female Visit10/02/2024 P-07 Female Surgery14/02/2024 P-07 Female Visit25/01/2024 P-08 Male Visit31/01/2024 P-08 Male Surgery30/01/2024 P-09 Female Visit31/01/2024 P-10 Female Visit2/02/2024 P-11 Male Visit23/02/2024 P-11 Male Visit3/02/2024 P-12 Female Visit4/02/2024 P-12 Female Visit21/02/2024 P-12 Female Visit4/02/2024 P-13 Female Visit5/02/2024 P-14 Male Surgery14/02/2024 P-14 Male Surgery28/02/2024 P-14 Male Visit



Note The data in this example is provided in an Excel �ile titled 05
Filtering Based on a List of Values.xlsx.Before solving this challenge, assume you have a list of surgery patientsidenti�ied as P-01, P-05, P-07, P-08, and P-14. Using this list, you can easily selectthese patients from the Filter dropdown shown in Figure 3-25, which results inthe following formula in the formula bar:
= Table.SelectRows(Source, each
      ([Patient_ID] = "P-01" or
       [Patient_ID] = "P-05" or
       [Patient_ID] = "P-07" or
       [Patient_ID] = "P-08" or
       [Patient_ID] = "P-14"))

Figure	3-25 Filtering patient IDsIf you need to �ilter many patient IDs (like a hundred), instead of selectingeach one manually, you can enter them in a list and use the List.Contains()



function to �ilter a row, if the Patient_ID of that row is available in the de�ined list.The previous formula can be rewritten as follows, without changing the result:
= Table.SelectRows(
      Source,
      each List.Contains({"P-01", "P-05" , "P-07", "P-
08", "P-14"},[Patient_ID]))But in the question, the IDs of those who had surgery were not prede�ined,and you need to initially extract the list of patients who have undergone surgeryand then use the previous formula to �ilter their historical records.To extract the list of patients who have undergone surgery, �ilter the Sourcetable by �iltering the Referral column and then select the rows with the value ofSurgery, using the following formula:
= Table.SelectRows(Source, each ([Referral] = "Surgery"))The previous formula results in a table. However, you need the patient IDs asa list. Add the column name to the end of the previous formula to obtain a list ofpatient IDs who had a surgery in their records. Doing so results in Figure 3-26.
= Table.SelectRows(Source, each ([Referral] = "Surgery"))
[Patient_ID]

Figure	3-26 Extracting the list of patient IDs



Now you can use this formula instead of using hardcoded patient IDs in theformula shown at the beginning of solving this problem. Use the followingformula, which results in Figure 3-27:
= Table.SelectRows(
      Source,
      each List.Contains(
            Table.SelectRows(Source,
                  each ([Referral] = "Surgery"))
[Patient_ID]
                        ,[Patient_ID]))

Figure	3-27 Final results
Ef�iciency	Tips The problem is solved. Let’s call this solution Variation 1. Goto the Home tab and choose the Advanced Editor command. All the steps ofthe query will be shown as follows:
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    #"Filtered Rows" = Table.SelectRows(Source, each
List.Contains(Table.SelectRows(Source, each ([Referral] =
"Surgery"))[Patient_ID],[Patient_ID]))
in
    #"Filtered Rows"



In Variation 1, patients with a past surgery are extracted using the
Table.SelectRows(Source, each ([Referral] = "Surgery"))
[Patient_ID] formula, and this formula is directly applied to the
Table.SelectRows() function within the step named #"Filtered
Rows". Let's separate these steps and create an intermediate step namedPatientID before the #"Filtered Rows" step. This intermediate step willbe equal to Table.SelectRows(Source, each ([Referral] =
"Surgery"))[Patient_ID]. Then, you can use the result of thisintermediate step in the #"Filtered Rows" step, as shown in the followingformula. This code is Variation 2.
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    PatientID=Table.SelectRows(Source, each ([Referral]
= "Surgery"))
    [Patient_ID], #"Filtered Rows" =
Table.SelectRows(Source, each List.Contains(PatientID,
[Patient_ID]))
in
    #"Filtered Rows"

In another variation, called Variation 3, you could add the
List.Buffer() function to the PatientID step, as follows.
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    PatientID=List.Buffer(Table.SelectRows(Source, each
([Referral] = "Surgery"))[Patient_ID]),
    #"Filtered Rows" = Table.SelectRows(Source, each
List.Contains(PatientID,[Patient_ID]))
in
    #"Filtered Rows"

To check the performance of these three variations, a test table with10,000 rows is considered. The �irst variation, which did not use buffering,solved the problem in 237 seconds, while the second variation took 288



seconds. By simply applying List.Buffer() on the list of patients, as in thethird variation, the runtime was drastically reduced to 0.74 seconds.
Note In this example, both of the following formulas can be used to extractthe rows related to patients who never had surgery:
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    PatientID=List.Buffer(Table.SelectRows(Source, each
([Referral] = "Surgery"))[Patient_ID]),
    #"Filtered Rows" = Table.SelectRows(Source, each not
List.Contains(PatientID,[Patient_ID]))
in
    #"Filtered Rows"

let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    #"Filtered Rows" = Table.RemoveMatchingRows( Source,
Table.ToRecords( Table.SelectRows(Source, each
([Referral] = "Surgery"))[[Patient_ID]]),"Patient_ID")
in
    #"Filtered Rows"

Filtering	Based	on	SequenceConsider the previous example and extract the list of patient IDs who revisitedthe doctor after having surgery.In the table, different patterns might be seen in the patient’s referral. Forexample, if you sort the table based on the Date column in ascending order, theorder of referral history for P-01 is Visit/Surgery/Visit, and for P-04, it isVisit/Visit. Among all the patients, you are searching for those who includeSurgery/Visit (visiting the doctor after surgery) as part of their referral patterns.To solve this question, you initially sort the table based on the Date column, thenextract the referral sequence for each patient, and �inally �ilter those included inthe desired pattern.Initially sort the table by the Date column in ascending order. This results inthe following formula in the formula bar:
=Table.Sort(Source,{{"Date", Order.Ascending}})



Based on the information in Section 3-4, if you use the result of this sortedtable in the next step, Power Query may rearrange the execution order, causingthis step not to be applied �irst. So rewrite the previous formula as shown here,by using the Table.Buffer() function:
=Table.Buffer(Table.Sort(Source,{{"Date",
Order.Ascending}}))After sorting the table, you need to extract the sequence of referrals for eachpatient. To do this, you can group the rows based on the Patient IDs using theGroup By command in the Home tab. So, select this command, then in the openwindow, switch to the Advanced settings.The Group By window consists of two sections: the grouping section (toppart) and the aggregation section (bottom part). In the grouping section, youspecify which columns are used to group the rows. In the aggregation section,you de�ine the type of calculations or summaries to be applied to the groupeddata, such as counting the rows in each group.Select Patient_ID in the grouping section. In the aggregation section, you needall the historical data; therefore, choose All Rows as the operation and name thiscolumn All. Additionally, you need to extract the sequence of referrals. To do this,add a new aggregation and name it Sequence. For this column, you need to applya concatenation operation over the text in the Referral column. However, sincethere is no direct concatenation operation available, as shown in Figure 3-28,select Sum as the operation and choose Referral as the column. Clicking OK willresult in Figure 3-29, where the rows are grouped based on the Patient IDs.



Figure	3-28 The Group By setting

Figure	3-29 The result of using GroupBy()



The previous step used the Sum operation on the Referral column, which is intype text. It results in errors for all the values in the Sequence column. The errorscan be addressed by modifying the formula. The previous steps lead to thefollowing formula in the formula bar:
= Table.Group(
      #"Sorted Rows",
      {"Patient_ID"},
      {{"All", each _, type table [Date=datetime,
Patient_ID=text, Gander=text, Referral=text]},
{"Sequence", each List.Sum([Referral]), type text}})In the previous formula, replace the List.Sum with Text.Combine toobtain the sequence of referral for each patent. This is shown in Figure 3-30.

Figure	3-30 The result of the replaced formulaAt this stage, you use the �ilter arrow next to the Sequence column. SelectText Filter and then select the Contains option. In the open window, con�igure thesettings as shown in Figure 3-31, and click OK, which results in Figure 3-32.



Figure	3-31 Setting the �iltering option

Figure	3-32 The result of �ilteringThe previous step results in the following formula:
= Table.SelectRows(#"Grouped Rows", each
Text.Contains([Sequence], "SurgeryVisit"))In this example, all the text is in the same format. However, if there are mixedcases of text (both lower- and uppercase), Text.Contains([Sequence],
"SurgeryVisit") should be rewritten as
Text.Contains(Text.Lower([Sequence]), "surgeryvisit") toensure case-insensitive matching.In the next step, remove the Sequence column and expand the All column toobtain the �inal result, shown in Figure 3-33.



Figure	3-33 The �inal result
Ef�iciency	Tips Despite of number of steps needed to solve this problem,this is an ef�icient solution in terms of execution time. For a table with 10,000rows, its execution time is around 0.2 seconds.
Using	Random	SelectionConsider the Source table shown in Table 3-8, which contains staff information.Randomly select one person from each department.
Table	3-8 Source: Staff Info
Department Staff	IDHR S_01Marketing S_02Marketing S_03IT S_04Production S_05R&D S_06IT S_07IT S_08IT S_09IT S_10IT S_11IT S_12R&D S_13



Department Staff	IDR&D S_14R&D S_15Production S_16Production S_17Production S_18
Note The data in this example is provided in an Excel �ile titled 07 Random
Selection.xlsx.Two different solutions are provided for this problem.
Solution	1:	Reordering	Rows	and	Removing	DuplicatesAs in the �irst solution provided in Section 3-4, this problem can be solved byrandomly reordering the rows and then removing duplicates from theDepartment column. To shuf�le the table rows, you’ll add a column with randomnumbers and then sort the table based on this newly added column.To do this, go to the Add Column tab and select the Custom Column commandto add a new column named Random. Use the following formula in the CustomColumn window, as shown in Figure 3-34.
=Number.RandomBetween(1,1000)



Figure	3-34 Adding a custom column with random valuesNow sort the table based on the Random column in ascending order. Then,right-click the Department column and select the Remove Duplicates command.This will result in one row for each department and generate the followingformula in the formula bar:
= Table.Distinct(#”Sorted Rows”, {“Department”})Based on the explanation in Section 3-4, to ensure the sorting step runsbefore removing any duplicates, rewrite the formula as follows:
= Table.Distinct(Table.Buffer(#”Sorted Rows”),
{“Department”})This results in a randomly selected row for each department, as shown inFigure 3-35.



Figure	3-35 The result of randomly selected rows for each department
Solution	2:	Shuf�le	the	Table	RowsIn this solution, you will shuf�le the table rows without adding the Randomcolumn. To do this, you need to understand more about the sorting logic usingthe Table.Sort() function in Power Query.Consider the Source table in this example. Sorting the table based on theDepartment column in ascending order will generate the following formula inthe formula bar, which includes two arguments—the �irst is the name of thetable, and the second is the sorting logic.
= Table.Sort(Source,{{"Department", Order.Ascending}})The sorting logic can be a list, as shown in the previous formula, or it can be acustom function. For example, the following formula results in the same outcomeas the previous one:
= Table.Sort(Source, each [Department])In another case, instead of using the entire text in the Department column forsorting, you can sort the rows based on the last character of the text in thiscolumn using the following formula, which results in Figure 3-36.
= Table.Sort(Source, each Text.End([Department],1))



Figure	3-36 Sort based on the last character of values in the Department columnBased on this explanation, the following formula can be used to shuf�le thetable rows in Power Query:
= Table.Sort(Source,each Number.RandomBetween(1,1000))This formula generates a random number for each row and sorts the tablebased on those values, effectively shuf�ling the rows.Now, as in the previous solution, you simply need to right-click theDepartment column in the shuf�led table and select Remove Duplicates. Afterthat, add the Table.Buffer() function to the �irst argument of the resulting



formula. This will solve the problem, as shown in Figure 3-37, using the followingformula for all the steps shown in the Advanced Editor:
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    #"Sorted Rows" = Table.Sort(Source,each
Number.RandomBetween(1,1000)),
    #"Removed Duplicates" =
Table.Distinct(Table.Buffer(#"Sorted Rows"),
{"Department"})
in
    #"Removed Duplicates"

Figure	3-37 Randomly selected staff
Using	Advanced	Filtering	CriteriaIn multi-objective optimization models, rather than a single solution, you’llencounter a Pareto front, which includes all non-dominant solutions. Considerthe solutions data provided in the Source table shown in Table 3-9. Filter out allnon-dominant solutions.
Table	3-9 Source: Solutions
Solution	ID Objective	1 Objective	2 Objective	31 32 5 322 84 2 203 91 1 734 29 9 785 52 3 306 21 8 777 80 9 41



Solution	ID Objective	1 Objective	2 Objective	38 74 5 739 57 6 9410 74 4 9511 92 7 9312 76 6 11A solution, like a, is considered non-dominant if there is no other solution,like b in the table, where all objective values of b are higher than those of a. So,Solution ID=1 is dominated by Solution ID=6, which has larger values in all threeobjectives.
Note The data in this example is provided in an Excel �ile titled 08
Advanced Filtering Criteria.xlsx.Before solving the problem for all the solution IDs, check the condition forSolution ID=3. To verify the non-domination condition for Solution ID=3, anddetermine the number of solutions that dominate this solution. Then �ilter theSource table using the Objective 1 ≥ 91, Objective 2 ≥ 1, and
Objective 3 ≥ 73 criteria with the following formula in the formula bar,which results in Figure 3-38:
= Table.SelectRows(Source, each [Objective 1] >= 91 and
[Objective 2] >= 1 and [Objective 3] >= 73)

Figure	3-38 Dominant solutions for Solution ID=3Since the formula returns two rows (more than one row), this solution(ID=3) is dominated by another (ID=11) and should be removed from the �inaltable. As the result of the previous formula is a table and cannot be used directlyas �ilter criteria in another �ilter, to convert it into a true or false value for�iltering, the formula can be rewritten using the Table.RowCount() function.This will count the number of rows in the resulting table and then compare itsresult to the value 1, as shown here:
= Table.RowCount(Table.SelectRows(Source, each [Objective
1] >= 91 and [Objective 2] >= 1 and [Objective 3] >=



73))=1The previous formula checks the non-domination criteria for Solution
ID=3. By replacing the objective values of other solutions in the formula, if asolution is dominated by another, the result of the formula will be false.Otherwise, it results in true. Therefore, this formula can be used as criteria for�iltering non-dominant solutions.Before proceeding further, let’s replace the each _ logic in this formula witha custom function de�inition and rewrite the formula, as shown here, withoutaltering the results:
= Table.RowCount(
      Table.SelectRows(
      Source,
      (x)=> x[Objective 1] >= 91 and x[Objective 2] >= 1
and x[Objective 3] >= 73
                                     )
      )=1By considering this formula, let’s return to the main question and �ilter theSource table by selecting only rows where Objective 1 equals 84. This results inthe following formula in the formula bar:
= Table.SelectRows(Source, each ([Objective 1] = 84))Now, replace the �iltering criteria ([Objective 1] = 84) in the previousformula with the criteria de�ined for ID=3 in the previous steps. Rewrite theformula as shown here:
= Table.SelectRows(
      Source,
      each Table.RowCount(
                      Table.SelectRows(
                             Source,(x)=>
                                  x[Objective 1] >= 91
and
                                  x[Objective 2] >= 1 and
                                  x[Objective 3] >= 73)
                                  )=1)The previous formula is hardcoded for Solution ID=3, and since it isdominated, the result of the criteria is false and the whole formula results in a



blank table. To make the formula dynamic and evaluate the domination criteriafor every row, the formula should be adjusted to dynamically use the values ofthe Objective 1, Objective 2, and Objective 3 columns from the Source table,instead of the 91, 1, and 73 values.The challenge is that the Source table is referenced twice in this formulainside two Table.SelectRows() functions: �irst, through the each _de�inition, and second, by the (x) => de�inition. To refer to columns in the �irstSource table, add an underscore (_)before the column names. For the secondSource table, mention the variable x before the column names.Therefore, the previous formula should be rewritten as follows, resulting inFigure 3-39, including all non-dominated IDs:
= Table.SelectRows(
      Source,
      each Table.RowCount(
                      Table.SelectRows(
                             Source,(x)=>
                                   x[Objective 1] >=
_[Objective 1] and
                                   x[Objective 2] >=
_[Objective 2] and
                                   x[Objective 3] >=
_[Objective 3])
                                   )=1)

Figure	3-39 The result
Ef�iciency	Tips Even for a relatively small table with 10,000 rows, the codetook 380 seconds to run, which is excessive. By applying the
Table.Buffer() function to the Source table, the execution time wasreduced to 129 seconds, but this is still quite high. Instead of buffering theentire table, buffering just the list of data, as shown here (make the changeson the Advanced Editor window), reduced the runtime to 17 seconds, makingit more ef�icient compared to the previous solutions.



let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}
[Content],
    S=List.Buffer(Table.ToRows(Table.RemoveColumns(Source,
{"Solution ID"}))),
    #"Filtered Rows" = Table.SelectRows(
Source,
each List.Count(
                List.Select(
                       S,(x)=>
                                        x{0} >=
_[Objective 1] and
                                        x{1} >=
_[Objective 2] and
                                         x{2} >=
_[Objective 3])
                                       )=1)
in
    #"Filtered Rows"

SummaryFiltering and sorting are fundamental to data analysis. This chapter dived deepinto the Table.Sort() and Table.SelectRows() functions, providinginsights on how to apply these methods to single and multiple columns. Different�iltering approaches were illustrated, including using custom functions andsimple selection criteria to streamline execution. List.Sort() was alsointroduced for reordering the table rows based on custom logic. Practicalexamples emphasized the importance of ef�icient criteria in improving queryperformance for both functions. Remember to be careful using
Table.Buffer() with tables.The next chapter covers the tips related to splitting a column into severalcolumns or merging the values over multiple columns and providing them in acolumn.
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4.	Column	Splitting	and	MergingOmid Motamedisedeh1  Coorparoo, QLD, Australia 
Splitting and merging columns are two common tasks involved in transforming data. Column splitting is theprocess of dividing a single column into multiple columns based on a speci�ied delimiter or a �ixed numberof characters, and column merging is the process of combining multiple columns into a single column. Thesetwo tasks are useful for consolidating data, simplifying structures, and preparing data for analysis.Consider Table 4-1 as the Source table, which includes product IDs with information about theproduction year, material type, color, and index, all separated by dashes.
Table	4-1 Source: Some Dates

ID2022-Wo-Wh-122023-Wo-Bl-012024-Me-Bl-072024-Me-Bl-122024-Me-Bu-182024-Pl-Ye-122024-Wo-Re-84To split the text in the ID column based on the - delimiter, select the column and go to the Home tab.Then choose the Split Columns command and select By Delimiter. Set the delimiter to Custom and chooseSplit at Each Occurrence, as shown in Figure 4-1, then click OK to achieve the result in Figure 4-2.

https://doi.org/10.1007/979-8-8688-1288-0_4


Figure	4-1 Settings of the column split

Figure	4-2 The result of the column splitBased on the previous settings, the following formula uses the Table.SplitColumn() function and isgenerated in the formula bar:
= Table.SplitColumn(
      #"Changed Type",
      "ID",
      Splitter.SplitTextByDelimiter("-", QuoteStyle.Csv),
      {"ID.1", "ID.2", "ID.3", "ID.4"})Generally, the Table.SplitColumn() function is used to split a column into several columns basedon the following six arguments (the last three arguments are optional):
Table.SplitColumn(
      table as table,
      sourceColumn  as text,
      splitter  as function,
      optional columnNamesOrNumber  as any,



      optional default as any,
      optional extraColumns  as any
      ) as tableIn the �irst and second arguments, you specify the name of the table and the column to split. The thirdargument de�ines the splitting logic, which can be one of the following functions or any other customfunction under speci�ic characteristics:
Splitter.SplitByNothing()
Splitter.SplitTextByAnyDelimiter()
Splitter.SplitTextByCharacterTransition()
Splitter.SplitTextByDelimiter()
Splitter.SplitTextByEachDelimiter()
Splitter.SplitTextByLengths()
Splitter.SplitTextByPositions()
Splitter.SplitTextByRanges()
Splitter.SplitTextByRepeatedLengths()
Splitter.SplitTextByWhitespace()The fourth argument in this function is optional and is used to name the resulting columns after splitting.In this example, it can be left blank, set to the number 4, or speci�ied as a list of four items to de�ine thecolumn names in the result table. Modifying the formula to the following will produce a table with differentcolumn names, as shown in Figure 4-3.

= Table.SplitColumn(#"Changed Type",
      "ID",
      Splitter.SplitTextByDelimiter("-", QuoteStyle.Csv),
      {"Year","Material","Color","Index"})

Figure	4-3 Changing the column nameIf the fourth argument is left blank, the function will use the �irst row of the table to determine thenumber of columns for splitting. In this example, since all rows have the same length after splitting (i.e., thesame number of split values), leaving the fourth argument blank does not impact the results. However, incases with uneven splitting results, some parts of the text might be missed if this argument is left blank.The �ifth argument of the function is optional and is known as the default value. In the previous example,if the fourth argument is set to 5, the splitting will generate �ive columns. Since each row contains only fourparts after splitting, the �ifth column will contain null values for all rows. To replace these null values withanother value, you can use the �ifth argument of this function.The sixth argument of the function allows you to manage the result based on conditions using one of thefollowing options:
ExtraValues.Error: Throws an error if extra values are found.
ExtraValues.Ignore: Ignores extra values.
ExtraValues.List: Creates a list of extra values.



Merging columns performs the reverse operation of splitting columns and is used to combine valuesfrom several columns. Consider Table 4-2 as the Source table. To create the product ID by combining thevalues of each row, select all the relevant columns (note that the order of selection is important). Right-clickone of the selected columns and choose Merge. In the dialog that appears, use a custom separator (in thiscase, a dash) and name the new column Product ID, as shown in Figure 4-4. Clicking OK will result in Figure4-5.
Table	4-2 Source: Product info
Year Material Color Index2022 Wo Wh 122023 Wo Bl 12024 Me Bl 72024 Me Bl 122024 Me Bu 182024 Pl Ye 122024 Wo Re 84

Figure	4-4 Merge Columns setting

Figure	4-5 The result of merging the columnsThe previous settings result in the use of the Table.CombineColumns() function in the formula barwith the following formula:
= Table.CombineColumns(
      Table.TransformColumnTypes(Source, {{"Year", type text}, {"Index",
type text}}, "en-AU"),
      {"Year", "Material", "Color", "Index"},



      Combiner.CombineTextByDelimiter("-", QuoteStyle.None),
      "Product ID")In the initial argument of the Table.CombineColumns() function, the table name is speci�ied. In thisexample, since the Year and Index columns are of type number and cannot be merged with text directly, theirtypes are �irst converted to text using the Table.TransformColumnTypes() function, then the result isused in the �irst argument of the function. The second argument provides a list of column names formerging, formatted as text within a list. The third argument de�ines the merging logic, and the �inalargument speci�ies the name of the resulting column that will contain the merged values.This chapter explores the more advanced applications of these two functions.
Dynamic	Splitting	by	DelimiterThe source table, as shown in Table 4-3, contains product IDs provided in a column, separated by commas.Split these product IDs into multiple columns. Ensure that your query is dynamic and can accommodate anynewly added rows in the table.
Table	4-3 Source: IDs

IDsS11M12, N21, R81F8G12, S11S11, M12R21F12,M11,S21,R18
Note The data in this example is provided in an Excel �ile titled 01 Dynamic splinting by
delimiter.xlsx.To address this problem, select the IDs column, then navigate to the Home tab and choose the Split Columnby Delimiter command. Select Comma as the delimiter and click OK. This will generate the following formulain the formula bar and the result shown in Figure 4-6.
= Table.SplitColumn(Source, "IDs", Splitter.SplitTextByDelimiter(",",
QuoteStyle.Csv), {"IDs.1", "IDs.2", "IDs.3"})

Figure	4-6 The result of splittingLoad the resulting table into Excel. It appears that this formula works correctly for the provided data;however, if you go to the Source table and add a new row containing more than two commas, such as



"F12,M11,S21,R18,” and then refresh the query, notice that only the �irst three product IDs of this codeare split, while the last part is neglected. This is shown in Figure 4-7.

Figure	4-7 The result of splitting after adding a new rowThis issue is due to the last argument of the formula, which is {"IDs.1", "IDs.2", "IDs.3"},indicating that the IDs column should be split into three columns. Removing this argument and rewriting theformula as follows makes the situation worse. In this case, as shown in Figure 4-8, only the �irst part of allthe IDs will appear in the result table (where the �irst row of the table is considered as the pattern, and thenumber of columns is determined based on that).

Figure	4-8 The result of removing the fourth argument
= Table.SplitColumn(Source, "IDs", Splitter.SplitTextByDelimiter(",",
QuoteStyle.Csv))To resolve this issue and make the formula dynamic, you need to count the number of occurrences ofcommas in each cell of the IDs column. Then, you take the largest count and add one to it, using that value asthe fourth argument of the Table.SplitColumn() function.To count the number of occurrences of "," in each cell, you know that the result of Source[IDs] is alist containing all the values in the IDs column. You can then apply the List.Transform() function toeach item in this list to remove all characters except for commas by using the following formula, whichresults in Figure 4-9.
=List.Transform(Source[IDs], each Text.Select(_,","))



Figure	4-9 The result of List.TransformInstead of displaying just the commas, the formula can be rewritten to count the number of occurrencesof commas in each cell of the IDs column, as follows, which results in Figure 4-10.
= List.Transform(Source[IDs], each Text.Length(Text.Select(_,",")))

Figure	4-10 The result of revised List.TransformTherefore, the maximum number of commas can be extracted using the following formula:
=List.Max(List.Transform(Source[IDs], each Text.Length(Text.Select(_,","))))In the case where a cell contains three commas, such as "F12,M11,S21,R18,” it should be split intofour columns, so the result of the previous formula should be added by 1one. With this in mind, the splittingfunction can be rewritten as follows, which is completely dynamic.
=Table.SplitColumn(Source, "IDs", Splitter.SplitTextByDelimiter(",",
QuoteStyle.Csv),List.Max(List.Transform(Source[IDs], each
Text.Length(Text.Select(_,","))))+1)Therefore, the previous formula is dynamic and will work for any new rows added to the table,regardless of the number of commas they contain.
Splitting	Text	by	Multiple	DelimitersConsider the Source table shown in Table 4-4, which includes sales data (Date, Product Name, and Quantity)all in one column, separated by "//" or "\\". Split this data into three separate columns.
Table	4-4 Source: List of Transactions



InfoInfo2024/5/2//A//132024/5/3\\A\\112024/5/3//A//22024/5/6\\AA\\152024/5/8//B//92024/5/8\\C\\52024/5/10//B//52024/5/12//A//62024/5/12//BC//142024/5/12\\C\\22024/5/14//A//152024/5/19\\B\\142024/5/21//C//9
Note The data in this example is provided in an Excel �ile titled 02 Splitting Text by
Multiple Delimiters.xlsx.To split this column based on the delimiter, select the column, go to the Home tab, choose the Split Columncommand, and select By Delimiter. As shown in Figure 4-11, choose Custom as the delimiter type and enter
"\\" as the delimiter. This will result in Figure 4-12.

Figure	4-11 Column split setting



Figure	4-12 The result of the column splitBased on the resulting table, the current approach works for rows with the "//" delimiter but fails forrows with other delimiters. To address this, examine the formula generated in the formula bar by theprevious step as follows:
= Table.SplitColumn(
      Source,
      "Info",
      Splitter.SplitTextByDelimiter("//", QuoteStyle.None),
      {"Info.1", "Info.2", "Info.3"})After using the column split feature, two steps are added to the query: one for splitting the columns andanother for changing the types of the new columns. This discussion focuses on the formula related to thesplitting step.In this code, the Splitter.SplitTextByDelimiter() function is used as the splitter in the thirdargument, which allows only a single delimiter to be de�ined. However, it can be replaced with the
Splitter.SplitTextByAnyDelimiter() function to specify multiple delimiters within a list. Theformula can be rewritten as follows to solve the problem by de�ining multiple delimiters once, resulting inFigure 4-13. (The names of the new columns are provided in the fourth argument.)
= Table.SplitColumn(Source,
      "Info",
      Splitter.SplitTextByAnyDelimiter({"//","\\"}),
      {"Date", "Product", "Quantity"})



Figure	4-13 The result
Note These splitter functions like, Splitter.SplitTextByAnyDelimiter(), can also useddirectly in the custom column or to transform the values of a column. These approaches can be useful incertain scenarios.For example, consider the Source table in this case. Go to the Add Column tab, select the CustomColumn command, and in the open window, write the following formula, which results in Figure 4-14:

Figure	4-14 The result of using Splitter.SplitTextByAnyDelimiter() in the Custom Column
=Splitter.SplitTextByAnyDelimiter({"//","\\"})([Info])Alternatively, in another scenario, you can select the Info column, then go to the Transform tab. Under theText Column section, in the Format group, choose any case option, such as lowercase. This will generatethe following formula in the formula bar, which converts all the values in the Info column to lowercase.
= Table.TransformColumns(Source,{{"Info", Text.Lower, type text}})In this case, Text.Lower can be replaced with Splitter.SplitTextByAnyDelimiter({"//",
"\\"}). By removing the part related to the column type, type text, and rewriting the formula as follows,



you will get the result in Figure 4-15.

Figure	4-15 The result of using Splitter.SplitTextByAnyDelimiter() in column transformation
Splitting	Text	by	PositionConsider the Source table shown in Table 4-5, which includes different text describing product IDs indifferent lengths. Split the IDs into several columns with different numbers of characters following a speci�icpattern: {2,1,2,1,2,1,...}.
Table	4-5 Source: List of IDs

IDNG6GM5UD1OP3PLRE4EA3REL8DC6JKTO1TS9RUPN6PUUD8PD5RD5FS7JTQ4BN8JF7LP7UQB6JT5SAIH7UL2TR7AT7JGFor example, with the product ID RD5FS7J, the �irst two characters are placed in one column, the nextcharacter in the subsequent column, and this pattern continues until the end of the ID. The result would besplit into “RD,” “5,” “FS,” “7,” and “J.”
Note The data in this example is provided in an Excel �ile titled 03 Splitting Text by
Position.xlsx.



To solve this problem, select the ID column, go to the Home tab, choose Split Column, and then select ByPositions. Enter 0,2,3,5,6 as positions for splitting, as shown in Figure 4-16. This will generate thefollowing formula in the formula bar and the resulting table shown in Figure 4-17.
= Table.SplitColumn(
      Source,
      "ID",
      Splitter.SplitTextByPositions({0, 2, 3, 5, 6}),
      {"ID.1", "ID.2", "ID.3", "ID.4", "ID.5"})

Figure	4-16 Settings of the column split

Figure	4-17 The result of the column split
Note The previous formula solves the problem, but the {0, 2, 3, 5, 6} list and the fourthargument are hardcoded. While it works if the maximum ID length is six, in real-world scenarios, youcan’t always be certain about the length of the text in a column. Therefore, at the end of this section, youlearn how to make the formula dynamic.The provided formula splits the values in the ID column of the Source table. The splitting logic is de�ined bythe third argument, which in this example uses the Splitter.SplitTextByPositions() function.The syntax of the Splitter.SplitTextByPositions() function is as follows.
Splitter.SplitTextByPositions(
      positions as list,
      optional startAtEnd as nullable logical



                                ) as functionThe �irst argument of this function is a list of numbers specifying the splitting positions in the text. SincePower Query indexing starts at 0, setting this argument to {0, 2, 3, 5, 6} means splitting the textafter the beginning of the text, and after the second, third, �ifth, and sixth characters, and then placing theresulting segments into new columns.Additionally, according to the function de�inition, the second argument is optional and its default is false,so removing false from the formula will not affect the result. However, replacing it with true and rewritingthe formula, as shown here, will change the splitting point starting from the end. The result is shown inFigure 4-18.
= Table.SplitColumn(
      Source,
      "ID",
      Splitter.SplitTextByPositions({0, 2, 3, 5, 6},true),
      {"ID.1", "ID.2", "ID.3", "ID.4", "ID.5"})

Figure	4-18 Revising the resultIn this example, besides using Splitter.SplitTextByPositions() in the third argument, you canuse the Splitter.SplitTextByLengths() function to solve this problem. Rather than specifying thepositions for splitting, the number of characters to include in each split should be de�ined for this function.Therefore, the previous formula can be rewritten as follows:
= Table.SplitColumn(
      Source,
      "ID",
      Splitter.SplitTextByLengths({2, 1,2,1,2}),
      {"ID.1", "ID.2", "ID.3", "ID.4", "ID.5"})In this example, neglecting the last input, the following formula does also work and provides the sameresult with different column names.
= Table.SplitColumn(
      Source,
      "ID",
      Splitter.SplitTextByLengths({2, 1,2,1,2}))Both of these formulas work correctly for the provided data; however, if you add a new row to the data,such as "MN2SS1FG5HR" in the source table, as shown in Figure 4-19, the characters "5HR" are ignored inthe resulting table after the splitting process.



Figure	4-19 Revised splitting after adding new IDsThis issue arises because the splitting function Splitter.SplitTextByLengths({2, 1, 2, 1,
2}) only accommodates the �irst eight characters (2+1+2+1+2=8) of the text. To make the formula dynamic,you need to extract the longest text in this column and use it to determine the number of splitting parts.Therefore, a new step, named Character, can be added to Power Query with one of the following formulas,resulting in Figure 4-20.
= List.Transform(Source[ID], each Text.Length(_))of
= List.Transform(Source[ID], Text.Length)

Figure	4-20 The result of the List.Transform() functionIn this formula, the result of Source[ID] is a list that includes all the IDs from the source table, and the
List.Transform() function is used to extract the length of each ID. To identify the largest length among



all the lengths, rewrite the previous formula as follows to extract the maximum value, which is 11 for theprovided data.
= List.Max(List.Transform(Source[ID], Text.Length))Since the Character step represents the maximum number of characters in a cell among all the cells inthe ID column, the next step involves converting this value into a list, such as {2, 1} or {2,1,2}. To dothis, add a new step and rename it ListofCharacters. Use the following formula for this step, which willyield a list as shown in Figure 4-21, which can be utilized in the splitter function.
= List.Repeat({2,1},Number.IntegerDivide(Character,3)) & (if
Number.Mod(Character,3)=0 then {} else {2})

Figure	4-21 The result of ListofCharacters
Note The following formula is used to convert the number 11 into a list equal to {2,1,2,1,2,1,2}.
= List.Repeat({2,1},Number.IntegerDivide(Character,3)) & (if
Number.Mod(Character,3)=0 then {} else {2})As the value of Character is 11, replace it with 11, the result of Number.IntegerDivide(11,3) is3, and the result of Number.Mod(11,3) is 2, so the formula is equal to the following:
= List.Repeat({2,1},3) & (if 2=0 then {} else {2})
List.Repeat({2,1},3) means the {2,1} list should be repeated three times, so it is equal to
{2,1,2,1,2,1}, and the result of (if 2=0 then {} else {2}) is {2}, so the formula results in
{2,1,2,1,2,1} & {2} which is equal to {2,1,2,1,2,1,2}.You can now proceed to the Split Column by Position step and replace its fourth argument with the name ofthe ListofCharacters step. This change results in Figure 4-22; however, the desired result will appearin an intermediate step rather than the �inal step. Therefore, you need to reorder the steps accordingly.



Figure	4-22 Replacing the fourth argument of Table.SplitColumn()Go to the Home tab and choose the Advanced Editor command. The complete query including thefollowing steps is shown in the open window:
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}[Content],
     #"Split Column by Position"
=  Table.SplitColumn(Source,"ID",Splitter.SplitTextByLengths(Listofcharacters)
       Character = List.Max(List.Transform(Source[ID], Text.Length)),
    Listofcharacters = List.Repeat({2,1},Number.IntegerDivide(Character,3)) &
(if Number.Mod(Character,3)=0 then {} else {2})
in
    ListofcharactersIn the open window, reorder the steps (bring the Character and ListofCharacters steps before
#"Split Column by Position"), then add "," to the end of the ListofCharacters step, andremove "," from the end of the #"Split Column by Position" step. Replace the
ListofCharacters text with #"Split Column by Position" after the in, as shown here, to reachthe dynamic solution, which results in Figure 4-23.
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}[Content],
       Character = List.Max(List.Transform(Source[ID], Text.Length)),
    Listofcharacters = List.Repeat({2,1},Number.IntegerDivide(Character,3)) &
(if Number.Mod(Character,3)=0 then {} else {2}),
    #"Split Column by Position"
=  Table.SplitColumn(Source,"ID",Splitter.SplitTextByLengths(Listofcharacters)

in
    #"Split Column by Position"



Figure	4-23 The �inal result after reordering the steps
Extracting	Text	Between	ParenthesesConsider the text provided in the Source table, shown in Table 4-6. Extract all the values between theparameters.
Table	4-6 Source: Text

TextRenewable energy resources (5), renewable energies (RE), renewable resource (28), 81 renewable energy source (47)Electric batteries (6), energy storage (18), 12 battery storage (52)Photovoltaic cells (7), photovoltaic system (8)Wind power (9), wind turbines (12), wind (24)Solar power (SP) generation (15), 3 solar energy (32), solar power (48)Algorithm (16), algorithms (37), genetic algorithms (19), genetic algorithm (45)Hybrid energy system (20), hybrid renewable energy systems (21), hybrid renewable energies (41)Related but not exactly the same terms 5Optimization (3), Multi-objective optimization (13), particle swarm optimization (PSO) (10)Electric power systems (EPS), 17 electric power transmission networks (40)Energy management (EM), energy management systems (49)26 Economic analysis (26), cost analysis (33), cost effectiveness (30), cost bene�it analysis (38)
Note The data in this example is provided in an Excel �ile titled 04 Extracting Text Between
Parentheses.xlsx.Three different solutions based on splitter functions and text functions are provided for this problem.
Solution	1:	Splitter-BasedAt �irst glance, using a column splitter to split all the text after the opening parenthesis might seem like aviable solution. However, cleaning the results afterward can be quite challenging in this case. Instead, let’sconsider another type of splitter.Among the available splitter functions, the Splitter.SplitTextByRanges() function can be usefulfor solving this problem. To check this function, consider the text in the �irst row of the Source table asvariable X. The following formula extracts the character at the 28th position in X, resulting in {5} (the �irstvalue inside the parentheses).
= Splitter.SplitTextByRanges({{28,1}})(X)Under similar conditions, the result of the following formula would be {5, "RE", 28, 47}, which isequal to all the values between the parentheses:



= Splitter.SplitTextByRanges({{28,1},{52,2},{77,2},{110,2}})(X)As presented, the �irst argument used in this function is a list, including several sublists. In each sublist in
{{28,1},{52,2},{77,2},{110,2}}, the �irst item presents the position of "(" +1 (the starting pointfor separation), and the second item presents the number of characters between each parentheses (thenumber of characters that should be extracted).To solve the problem, you need to initially extract the position of every open parenthesis plus 1 (to reachthe �irst character after the parentheses) and the number of characters between the parentheses to extractafter the parenthesis in several sublists.To determine the positions of the opening and closing parentheses, you can use the
Text.PositionOfAny() function, as shown here. This function will return a list of the indexes for theoccurrences of the ")" and "(" characters in the X variable, resulting in {27, 29, 51, 54, 76, 79,
109, 112}.
=Text.PositionOfAny(X,{"(",")"},2)

Note The Text.PositionOfAny() function is used to extract the positions of items in a list, with thefollowing syntax:
Text.PositionOfAny(
    text as text,
    characters as list,
    optional occurrence as nullable number
        ) as anyThis function takes three inputs as follows:1. The reference text.  2. A list that contains the substrings that you want to search for their positions in the reference text.  3. This input is optional. By entering the numbers 0, 1, or 2, you specify whether the smallest number(�irst repetition at the beginning of the text), the largest number (last repetition at the end of thetext), or all the numbers should be displayed in the output.  

In the next step, you can use the List.Split() function to group the positions of each occurrence of "("and ")" into sublists. This will organize the values into sublists as follows: {{27, 29}, {51, 54},
{76, 79}, {109, 112}}.
=List.Split(
      Text.PositionOfAny(X,{"(",")"},2)
      ,2)Considering the �irst sublist, the "(" is at the 27th character in X, and ")" is at the 29th character. Touse these values in the splitter function, they need to be adjusted to {27 + 1, 29 - 27 - 1}, resultingin {28, 1}.To convert the sublists into the correct format for the splitter function, you can use the
List.Transform() function, and the previous formula can be rewritten as follows:
=List.Transform(
    List.Split(
                     Text.PositionOfAny(X,{"(",")"},2),
                     2),
    (y)=>{y{0}+1,y{1}-y{0}-1})



This transforms the values in the format {start position, number of characters}. So, theformula results in {{28, 1}, {52, 2}, {77, 2}, {110, 2}}.To understand what happened in the previous formula, let’s replace the �irst argument of
List.Transform() with its value, which results in the following formula.
=List.Transform(
    {{27, 29}, {51, 54}, {76, 79}, {109, 112}},
    (y)=>{y{0}+1,y{1}-y{0}-1})This means that the transformation function (y) => {y{0} + 1, y{1} - y{0} - 1} is appliedto each item in the list {{27, 29}, {51, 54}, {76, 79}, {109, 112}}.For the �irst item, y is {27, 29}, so y{0} is 27 and y{1} is 29. As a result, {y{0} + 1, y{1} -
y{0} - 1} becomes {27 + 1, 29 - 27 - 1}, which simpli�ies to {28, 1}.The same process is applied to the other items in the list, resulting in {{28, 1}, {52, 2}, {77,
2}, {110, 2}}.After transforming the list items into the right shape, you can use this formula as the range positions forsplitting in the �irst argument of the Splitter.SplitTextByRanges() function to extract all the valuesinside the parentheses from X as follows. This approach enables you to split the text at the speci�ied rangesand retrieve the desired substrings.
=Splitter.SplitTextByRanges(
        List.Transform(List.Split(
                                   Text.PositionOfAny(X,{"(",")"},2),
                                   2),
        (y)=>{y{0}+1,y{1}-y{0}-1})
        )(X)This formula is used for a single piece of text, but it can be applied to all the values on the Text column.Back to the main question—the de�ined custom splitter function can be applied in a new column by adding acustom column, and using the following formula in the formula bar, which will result in Figure 4-24(producing a list of extracted values).
= Table.AddColumn(Source, "Custom", each Splitter.SplitTextByRanges(
List.Transform(List.Split(Text.PositionOfAny([Text],{"(",")"},2),2), (y)=>
{y{0}+1,y{1}-y{0}-1}))([Text]))

Figure	4-24 The result of adding a new column



This formula can also be used in the Table.TransformColumns() function by entering the followingformula in the formula bar, which results in Figure 4-25.
= Table.TransformColumns(
  Source,
  {
    "Text",
    each Splitter.SplitTextByRanges(
      List.Transform(
        List.Split(Text.PositionOfAny(_, {"(", ")"}, 2), 2),
        (y) => {y{0} + 1, y{1} - y{0} - 1}
      )
    )(_)
  }
)

Figure	4-25 The result of the column transformOr it can be used in the Table.SplitColumn() using the following formula in the formula bar, whichresults in Figure 4-26 (the number of columns after splitting is determined by the �irst row).
= Table.SplitColumn(
      Source,
      "Text",
      each Splitter.SplitTextByRanges(
                  List.Transform(
                         List.Split(
                               Text.PositionOfAny(_,{"(",")"},2)
                                     ,2)
                                     , (y)=> {y{0}+1,y{1}-y{0}-1})
                                                 )(_)
      )



Figure	4-26 Extracting all the values from parenthesis
Solution	2:	Text	FunctionsThe previous formula solved the problem, but it was not ef�icient. Power Query provides a useful functionfor extracting text between delimiters, called Text.BetweenDelimiters(). Given the previous variable
X, the result of the following formula is 5, which represents the �irst value between the parentheses.
= Text.BetweenDelimiters(X,"(",")")The result of the following formula is "RE", which is the value between the second parentheses:
=Text.BetweenDelimiters(X,"(",")",1)You can use the fourth argument of this function to evaluate which parentheses you are searching for.The combination of this function and the List.Transform() function can help you solve this problem.Use the following formula to extract the values inside the �irst four parentheses in X, resulting in {5,
"RE", 28, 47}.
= List.Transform(
    {0..3},
    (y)=>Text.BetweenDelimiters(X,"(",")",y))The hardcoded part (the �irst argument that determined the number of parentheses in the text) of theprevious formula can be replaced with the following formula:
=List.Transform(
    List.Positions(Text.PositionOf(X,"(",2)),
    (y)=>Text.BetweenDelimiters(X,"(",")",y))This formula dynamically generates the number of parentheses in the text and extracts the text betweenthem.You can use the previous formula as a custom splitter in the Table.SplitColumn() function byentering the following formula in the formula bar, which results in Figure 4-27, and solves the problem.
= Table.SplitColumn(
      Source,
      "Text",
      each List.Transform(
                                 List.Positions(Text.PositionOf(_,"(",2)),
                                 (y)=>Text.BetweenDelimiters(_,"(",")",y)))



Note Like the previous formula, the following formula can also be used to extract the values betweenparentheses in X using similar logic.
= List.Transform(Text.Split(X, "("), (y)=> Text.BeforeDelimiter (y,")"))

Figure	4-27 The �inal table
Note In both of the previous solutions, the number of columns after splitting is determined by thenumber of parentheses in the �irst row of the table. In this example, since the �irst row contains fourparentheses, the data will be split into four columns. However, if any row has more than four parentheses,the information inside the �ifth and subsequent parentheses will be ignored. To resolve this and make theformula dynamic, the number of columns after splitting should be determined using the fourth argumentof the function. The following formula calculates the maximum number of parentheses across all rows:
= List.Max( List.Transform(Source[Text],each Text.Length(Text.Select(_,"
("))))By adding this formula to the fourth argument of the function and rewriting it as follows, the solutionbecomes dynamic. This ensures the correct number of columns is generated based on the maximumnumber of parentheses in any row.
= Table.SplitColumn(
      Source,
      "Text",
      each List.Transform(
                                 List.Positions(Text.PositionOf(_,"(",2)),
                                 (y)=>Text.BetweenDelimiters(_,"
(",")",y)),
      List.Max( List.Transform(Source[Text],each
Text.Length(Text.Select(_,"(")))))

Solution	3:	Using	Text.SplitAlthough both of the previously mentioned solutions work correctly, this solution may be more ef�icient.However, it only works if the text within the parentheses is continuous, with no spaces. To try this solution,consider the source table and add a new column named Inside the Parentheses using the following formula:
=Text.Split([Text]," ")



This formula splits each word in the text based on spaces, resulting in a list of individual words, as shownin Figure 4-28.

Figure	4-28 The result of Text.Split()Out of all the items in the resulting list, you want to extract only the values between the parentheses. Byrewriting the formula as follows, the result will be updated as shown in Figure 4-29 and include only thevalues between the parentheses:
=List.Transform(Text.Split([Text]," "), each Text.BetweenDelimiters(_,"
(",")"))

Figure	4-29 The result of the updated formulaTo �inalize this solution, you just need to remove the blank items from the list, using the
List.RemoveItems() function, and then combine the remaining values using the Text.Combine()function. Replacing the formula with the following one can solve the problem and provide the �inal tableshown in Figure 4-30:
=Text.Combine(List.RemoveItems(List.Transform(Text.Split([Text]," "), each
Text.BetweenDelimiters(_,"(",")")),{""}),", ")



Figure	4-30 The �inal result
Extracting	Email	AddressesConsider a source table containing the text (generated by ChatGPT) shown in Table 4-7. Extract all the emailaddresses from this text.
Table	4-7 Source: Sample Text

TextDear Team,I hope this email �inds you well. We have several important updatesand announcements to share with everyone.Firstly, please note that we have new email addresses for variousdepartments. Kindly update your contacts accordingly:1. Sales Department: sales@company.com2. Support Team: support@company.com3. HR Department: hr@company.com4. IT Helpdesk: ithelpdesk@company.comSecondly, we’re excited to announce that we are launching a new @ProjectManagement initiative starting next month. This project aims tostreamline our processes and improve ef�iciency across all departments.In addition to this, please be reminded that the annual @CompanyRetreat will be held from July 15-17. Ensure you RSVP by sending an email toevents@company.com no later than June 30. The itinerary will be shared soon.We also have some exciting news about our @EmployeeRecognition program. Starting this quarter, we will be awarding the@EmployeeOfTheMonth title to outstanding performers. Nominations can be sent to recognition@company.com.For those interested in participating in the upcoming @WorkshopSeries on digital marketing, please sign up by emailing marketing@company.com.These workshops are a great opportunity to enhance your skills and network with industry professionals.Lastly, we have made some updates to our company policies. Please review the revised documents attached to this email and direct any questionsto policy@company.com.Thank you for your attention to these matters. If you have any questions or need further information, feel free to reach out to any of the respectivedepartments via their new email addresses.Best regards,John Doe Communications Manager john.doe@company.com
Note The data in this example is provided in an Excel �ile titled 05 Extracting Email
Addresses.xlsx.To solve this problem, you can use the Source[Text]{0} formula to get the text from the �irst row of theText column (instead of working on a single column and row table, it would be better to work on the text),which will result in the text shown in Figure 4-31. (If the Text column contains more than one row, use the
Text.Combine(Source[Text]," ") formula to concatenate all rows into a single text string.)



Figure	4-31 Converting the table into textTo solve this problem, in the �irst step, split the text into words based on spaces using the
Text.Split() function as the following formula, resulting in a list containing all the words, as shown inFigure 4-32.
= Text.Split(Source[Text]{0}," ")

Figure	4-32 The result of Text.Split



To �ilter out the words containing "@", you can use the List.Select() function. This function takestwo arguments—the reference list and the selection criteria to extract the desired items from the list. Youcan use Text.Split(Source[Text]{0}," ") as a reference list and then use the Text.Contains()function to de�ine the selection criteria as follows. This results in all the items in the list including "@",resulting in Figure 4-33.
= List.Select(
    Text.Split(Source[Text]{0}," "),
    each Text.Contains(_,"@"))

Figure	4-33 The result of the �iltering listTo exclude words that start with "@", you need to revise the selection criteria. You can use the
Text.StartsWith() function to check the �irst argument of any text. So, the previous formula can berewritten as the following formula to �ilter out the words starting with "@". The updated formula will resultin Figure 4-34 and extract all the emails.
= List.Select(Text.Split(Source[Text]{0}," "),each Text.Contains(_,"@") and
not Text.StartsWith(_,"@"))



Figure	4-34 Extracting all the emails
Note This formula works for the speci�ic data provided here, but if the text contains words like
"M@joun", it is also included in the result, even though it is not an email. In Chapter 10, this issue isaddressed using advanced tools of the Regex function to account for all possible situations.
Using	a	Multiline	SplitterConsider the Source table shown in Table 4-8, which includes sales data (Date, Product Name, and Quantity).On a certain date, more than one transaction might happen, and they are separated by ",". Split the datainto three separate columns: Date, Product Name, and Quantity.
Table	4-8 Source: Transactions

Info2024/04/04, A 10, B 52024/04/13, AS 1, A 1, M 22024/04/15, A 12024/04/22, B 32024/04/30, A 1, B 12024/05/04, AB 22024/05/07, AB 3, AS 4
Note The data in this example is provided in an Excel �ile titled 06 Multi-Line Splitter.xlsx.Two separate solutions are provided to solve this problem.
Solution	1For the �irst solution, select the Info column, then go to the Home tab and choose the Split Columncommand. Select By Delimiter and provide ", " (a comma and a space) as the delimiter, as shown in Figure4-35. Then click OK to get resulting table, as shown in Figure 4-36.



Figure	4-35 Setting for the splitting command

Figure	4-36 The result of splittingNext, right-click the Info.1 column and choose Unpivot Other Columns to achieve Figure 4-37.



Figure	4-37 The result of unpivotingThen, select the Value column and use a space as the delimiter to obtain Figure 4-38.

Figure	4-38 The result of splittingFinally, remove the Attribute column and rename the remaining columns to complete the table.
Solution	2For the second solution, select the Info column, then navigate to the Home tab and choose the Split Columncommand. Select By Delimiter and enter ", " (a comma and a space) as the delimiter. However, in thissolution, instead of selecting Each Occurrence of the Delimiter, choose Left-Most Delimiter, as shown inFigure 4-39. Then click OK to obtain Figure 4-40.



Figure	4-39 Setting for splitting

Figure	4-40 The result of splittingNext, select the Info.2 column, then navigate to the Home tab and choose the Split Column command.Select By Delimiter and enter ", " (a comma and a space) as the delimiter. However, this time, in theAdvanced options, select Rows instead of Columns, as shown in Figure 4-41. Then click OK to obtain Figure4-42.



Figure	4-41 Setting of splitting

Figure	4-42 The result of splittingAs provided in the previous step, instead of placing the splitting values into different columns, the valuesare arranged in different rows. Therefore, in the �inal step, you just need to apply another splitting operationon the Info.2 column based on space to achieve the �inal result.



Splitting	Text	by	Changing	Character	Type,	Part	1Consider the Source table in Table 4-9, which contains sales data (Date, Product Name, and Quantity) allcombined into a single column. Split this data into three separate columns: Date, Product Name, andQuantity.
Table	4-9 Source: Transactions

Info2024/5/2A132024/5/3A112024/5/3A22024/5/6AA152024/5/8B92024/5/8C52024/5/10B52024/5/12A62024/5/12BC142024/5/12C22024/5/14A152024/5/19B142024/5/21C9
Note The data in this example is provided in an Excel �ile titled 07 Splitting Text by
Changing Character type part 1.xlsx.For this task, any transition from numbers to text or reverse should be considered as splitting points. Toachieve this, select the column, then go to the Home tab, and choose the Split Column command. Select ByDigit to Non-Digit to split the data accordingly. This results in Figure 4-43, which shows the text split at anytransition from digit to non-digit values. This also considers "/", which is part of dates, as a non-digitcharacter, and it is used for splitting points if it comes after a digit.

Figure	4-43 Splitting digit to non-digit typeThe previous steps lead to the following formula in the formula bar.
= Table.SplitColumn(



      Source,
      "Info",
      Splitter.SplitTextByCharacterTransition({"0".."9"}, (c) => not
List.Contains({"0".."9"}, c)),
      {"Info.1", "Info.2", "Info.3", "Info.4"})In this case, the Splitter.SplitTextByCharacterTransition() is used in the third argumentas the splitter function.The Splitter.SplitTextByCharacterTransition() function takes two arguments, typicallylists or functions. To check its functionality over text, consider the �irst argument of this function as a list (ora function) called A, and the second argument as a list (or a function) called B. The splitting process appliesto all characters in the text. For any character a at position i and its subsequent character b at position i+1,if a is in list A (or the result of function A for a is true) and b is in list B (or the result of function B for b is
true), the text is split at position i+1.In the generated formula, {"0".."9"}, is used as the �irst argument of
Splitter.SplitTextByCharacterTransition(), and (c) => not
List.Contains({"0".."9"}, c) is used as the second argument. So, if a is one of the items in the list
{"0".."9"}, and its subsequent character satis�ies the condition (c) => not
List.Contains({"0".."9"}, c), which means the subsequent character is any value except
{"0".."9"}, then the split occurs between the current character and the next one. In the �irst row, withthe value "2024/5/2A13" consider the �ifth and sixth characters as "4/", as 4 is a member of
{"0".."9"}, and the result of (c) => not List.Contains({"0".."9"}, c) for c="/" is true.The text is split between "4" and "/", which is not desirable.To prevent splitting at these character transitions and only split when transitioning from numeric toalphabetic characters, the formula can be rewritten as the following formula in the formula bar:
= Table.SplitColumn(
      Source,
      "Info",
      Splitter.SplitTextByCharacterTransition({"0".."9"},{"A".."Z"}) ,
      {"Date","Other"})If the text includes lowercase characters, the second argument should be rewritten to include bothuppercase and lowercase characters as follows: {"A".."Z", "a".."z"}), which results in Figure 4-44.



Figure	4-44 Splitting digit to non-digit typeThe values of the dates are now separated. Now it needs to split the Other column into the Product andQuantity columns. Considering the name of the previous step result was Split Column by CharacterTransition, apply the same process to the Other column to split it into two separate columns: Product andQuantity. Use the following formula to achieve this, resulting in Figure 4-45.
=Table.SplitColumn(
      #"Split Column by Character Transition",
      "Other",
      Splitter.SplitTextByCharacterTransition({"A".."Z"},{"0".."9"}),
      {"Product","Quantity"})



Figure	4-45 The �inal result



Splitting	Text	by	Changing	Character	Type,	Part	2Consider the previous example, except that multiple transactions happen on each date and are presented ina cell, like the Source table shown in Table 4-10. Split the data into three separate columns—Date, Product,and Quantity.
Table	4-10 Source: Transactions

Info2024/5/2A13B14C102024/5/3A112024/5/3A2AA32024/5/6AA15B82024/5/8B9AA52024/5/8C5B2A52024/5/10B52024/5/12A62024/5/12BC142024/5/12C2AA3B182024/5/14A152024/5/19B142024/5/21C9
Note The data in this example is provided in an Excel �ile titled 08 Splitting Text by
Changing Character type part 2.xlsx.In this example, similar to the previous one, you can use
Splitter.SplitTextByCharacterTransition() to split the column into several columns.However, since different transactions of products and quantities are provided for each date, somemodi�ication is required. As in the previous example, select the Info column, go to the Home tab, and chooseSplit Column. Then choose By Digit to Non-Digit. This will lead to the following formula in the formula barand the result in Figure 4-46.
= Table.SplitColumn(Source, "Info",
Splitter.SplitTextByCharacterTransition({"0".."9"}, (c) => not
List.Contains({"0".."9"}, c)), {"Info.1", "Info.2", "Info.3", "Info.4",
"Info.5", "Info.6"})

Figure	4-46 Splitting the values



Similar to the previous example, modify the formula in the formula bar as follows, which will result inFigure 4-47.
= Table.SplitColumn(Source, "Info",
Splitter.SplitTextByCharacterTransition({"0".."9"}, {"A".."Z"}))

Figure	4-47 The result of the revised splitAs shown, the resulting table contains information related to different transactions across differentcolumns. Each of these columns needs to be split separately based on the transition from non-digit to digitvalues. However, since the number of columns is not prede�ined, applying this transformation to eachcolumn individually would not be ef�icient, especially when dealing with lots of columns. Instead, you canrewrite the previous formula as follows:
= Table.SplitColumn(
      Source,
      "Info",
      Splitter.SplitTextByCharacterTransition({"0".."9"}, {"A".."Z"}),
      2,
      "",
      ExtraValues.List)Using 2 in the fourth argument speci�ies that the Info column should split into two columns and using
ExtraValues.List in the sixth argument indicates that after splitting, any extra values except the �irstone will be provided in a list. The result is shown in Figure 4-48.



Figure	4-48 The result of the revised splitGiven the result of the previous step was Split Column by Character Transition, use the following formulain the formula bar to expand the Info.2 column into new rows. This will result in Figure 4-49.
= Table.ExpandListColumn(#"Split Column by Character Transition", "Info.2")



Figure	4-49 The result of expanding the Info.2 columnSelecting the Info.2 column and using Split Column with the By Non-Digit to Digit option will result inFigure 4-50. The problem is solved!



Figure	4-50 The �inal result
Merging	with	a	Custom	OperationConsider the source table in Table 4-11, including a customer’s energy consumption at different times of theday (morning, evening, and night) for various dates. Convert this data to a daily table and create a table thatshows the total energy consumption for each date by summing the values from the three columns.
Table	4-11 Source: Warehouse Transactions

Date Morning Evening Night1/06/2024 23 31 482/06/2024 46 42 733/06/2024 34 96 414/06/2024 62 35 475/06/2024 35 86 376/06/2024 26 59 367/06/2024 24 64 578/06/2024 15 49 619/06/2024 99 93 62
Note The data in this example is provided in an Excel �ile titled 09 Merging with Custom
Operation.xlsx.To solve this problem, you can add a new column by summing the available three columns and thenremoving these three columns. But instead of this solution, you can use Table.CombineColumns().Select the Morning, Evening, and Night columns, then right-click one of them and choose the Merge option.In the dialog box that appears, select None as the separator. This action will generate the following formulain the formula bar. The result is in Figure 4-51.
= Table.CombineColumns(
      Table.TransformColumnTypes(Source, {{"Morning", type text},
{"Evening", type text}, {"Night", type text}}, "en-AU"),



      {"Morning", "Evening", "Night"},
      Combiner.CombineTextByDelimiter("", QuoteStyle.None),
      "Merged")

Figure	4-51 The result of merging columnsIn this case, since Combiner.CombineTextByDelimiter() is used to combine the values in thethird argument of Table.CombineColumns(), and the selected columns are of type number, the valuesare initially converted to text using the Table.TransformColumnTypes() function (in the �irstargument). The values of these columns are then concatenated. But, as you want to sum the values ratherthan connect them, you do not need to convert these columns to type text. So, the revised formula is shownhere, resulting in Figure 4-52.
= Table.CombineColumns(Source,{"Morning", "Evening",
"Night"},Combiner.CombineTextByDelimiter("", QuoteStyle.None),"Merged")



Figure	4-52 The result of mergingAnother modi�ication is still required in the previous formula, and the combiner should be converted tosumming the values instead of using Combiner.CombineTextByDelimiter(). So, replace this functionwith List.Sum() to sum the values of the selected columns. Additionally, update the fourth argument to amore appropriate column name. The revised formula, which results in Figure 4-53, is as follows:
= Table.CombineColumns(
      Source,
      {"Morning", "Evening", "Night"},
      List.Sum,
      "Energy Consumption")



Figure	4-53 The �inal result
Merging	Instead	of	Adding	a	ColumnThe Source table shown in Table 4-12 contains warehouse transactions. Calculate the �inal inventory ofproducts using this formula: Final inventory = Initial value + Add - Reduce.
Table	4-12 Source: Warehouse Transactions

Date Product Type Quantity1/01/2024 A Initial value 751/01/2024 B Initial value 801/01/2024 C Initial value 205/01/2024 A Reduce 3010/01/2024 A Reduce 2015/01/2024 C Reduce 1020/01/2024 A Add 2021/01/2024 B Reduce 6025/01/2024 A Add 5025/01/2024 B Add 504/02/2024 B Reduce 3015/02/2024 C Reduce 517/02/2024 A Reduce 7017/02/2024 A Reduce 2021/02/2024 B Reduce 2523/02/2024 A Reduce 227/02/2024 B Reduce 10
Note The data in this example is provided in an Excel �ile titled 10 Merging Instead of Adding
a Column.xlsx.



To solve this problem, you �irst need to convert the sign of the Quantity values for rows related to the
Reduce transactions to negative. Then, you’ll perform a grouping operation to calculate the last inventory.To adjust the signs of the quantities, you could add a new column to the table with the following formula.
if [Type]="Reduce" then -[Quantity] else [Quantity]However, in this example, the problem can be addressed by merging the existing columns instead ofadding a new one (this problem is just de�ined to discover the feature of merging the columns). Select theType and Quantity columns and right-click one of them. Then choose the Merge command. Use no separatorto generate the following formula in the formula bar, which results in Figure 4-54.
= Table.CombineColumns(
      Table.TransformColumnTypes(Source, {{"Quantity", type text}}, "en-
AU"),
      {"Type", "Quantity"},
      Combiner.CombineTextByDelimiter("", QuoteStyle.None),
      "Merged")

Figure	4-54 The result of mergingIn this example, since the values in the Quantity column are of type number, by applying the mergingcommand, Table.TransformColumnTypes() is used automatically to convert these values to text.Then, column merging is applied to the selected columns. As you do not want to concatenate the values ofselected columns, rewrite the formula as shown here (replace the �irst argument with the name of the table,and the third argument with each _). This results in Figure 4-55.
= Table.CombineColumns(
      Source,
      {"Type","Quantity"},



      each _,
      "Merged")

Figure	4-55 The result of revised mergingBy using each _ in the third argument of Table.CombineColumns() (the merging command), thevalues of the selected columns (Type and Quantity) are provided in a list with the selection order. The �irstitem (_{0}) in the list determines the transaction type, and the second item (_{1}) speci�ies the quantity.Therefore, the formula can be rewritten as shown here to apply the sign to the Quantity based on thetransaction type, resulting in Figure 4-56.
= Table.CombineColumns(
      Source,
      {"Type","Quantity"},
      each if _{0}="Reduce" then -_{1} else _{1},
      "Merged")



Figure	4-56 Adding sign by merging columnsFrom the Home tab, select Group By and apply the settings provided in Figure 4-57. This will result inFigure 4-58, including the last inventory of products.

Figure	4-57 Setting of Group By



Figure	4-58 Final inventory levels of products
Merging	Date	InformationConsider the source table in Table 4-13, which contains date information in an inappropriate format. Extractand convert the date information for each row.
Table	4-13 Source: Sample Data
Year Month Day2022 jan 72019 5 242018 february 222024 dec 202015 8 172010 november 21
Note The data in this example is provided in an Excel �ile titled 11 Merging Date Information
.xlsx.Similar to the previous example, select the columns in the following order: Year, Month, and Day. Right-clickone of the selected columns and choose Merge. Select the custom merge option and enter "/" as theseparator. This will produce the following formula and the result in Figure 4-59.
=Table.CombineColumns(
      Table.TransformColumnTypes(
            Source,
            {{"Year", type text}, {"Month", type text}, {"Day", type text}},
            "en-AU"
      ),
      {"Year", "Month", "Day"},
      Combiner.CombineTextByDelimiter("/", QuoteStyle.None),
      "Merged"
)

Figure	4-59 The result of merging



The previous formula results in the connected values in a mix of number and text formats, withoutconsidering that their type is Date. To address this problem, you can use the Date.From() function, asshown in the following formula, to convert the text values into a date format. This results in Figure 4-60.
= Table.CombineColumns(
      Table.TransformColumnTypes(
            Source,
            {{"Year", type text}, {"Month", type text}, {"Day", type text}},
            "en-AU"
      ),
      {"Year", "Month", "Day"},
      each Date.From(Combiner.CombineTextByDelimiter("/", QuoteStyle.None)
(_)),
      "Merged"
)

Figure	4-60 The result of mergingIt is true that the previous formula solves the problem, but it can also be rewritten using the
Text.Combine() function instead of Combiner.CombineTextByDelimiter() as the combiner:
= Table.CombineColumns(
      Table.TransformColumnTypes(
            Source,
            {{"Year", type text}, {"Month", type text}, {"Day", type text}},
            "en-AU"
      ),
      {"Year", "Month", "Day"},
      each Date.From(Text.Combine(_, "/")),
      "Merged"
) In the shortest version, instead of using Table.TransformColumnTypes() to convert the values totype text, you can use List.Transform(). The following formula can also be used to solve this problem:
= Table.CombineColumns(
      Source,
      {"Year", "Month", "Day"},
      each Date.From(Text.Combine(List.Transform(_,Text.From),"/")),
      "Merged")To examine the formula, consider the �irst row of the table. The Year, Month, and Day columns areselected for merging. each _ in the third input represents a list containing {2022, “Jan”, 7}.Using List.Transform(_, Text.From) converts all values for each row to text. For the �irst row,this results in {"2022", "Jan", "7"}. Next, Text.Combine(List.Transform(_, Text.From),



"/") combines these text values with "/" as the separator, resulting in "2022/Jan/7". Finally,
Date.From() converts this combined text into the date format.
SummaryThis chapter explored techniques for splitting a column into several columns using
Table.SplitColumn() and merging multiple columns into a single column with
Table.CombineColumns(). You learned that Table.SplitColumn() requires six arguments: thetable containing the column to be split, the name of the column to split, a custom function de�ining thesplitting logic, the number or names of the resulting columns, as well as logic for handling extra values, andnull values in rows with fewer splitting values. Among these arguments, the third and fourth are crucial forcreating dynamic splitting logic.Conversely, you discovered how to use Table.CombineColumns() to merge values from multiplecolumns. This function accepts four arguments: the name of the table, the names of the columns to bemerged, the merging function, and the name of the new column that will contain the combined values. Whilethe user interface restricts the merging function to text-related functions in the third argument, using M-code allows for more �lexibility to apply different functions as needed.The next chapter provides insights into using the Table.Pivot() and Table.UnpivotColumns()functions to transform multiple columns into rows and vice versa.
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5.	Pivoting	and	Unpivoting	TablesOmid Motamedisedeh1  Coorparoo, QLD, Australia 
Pivoting and unpivoting are important commands for reshaping data in order to achieve the desiredstructure during the cleaning process. This chapter covers the hidden features of these two amazingfunctions in Power Query.As shown in Figure 5-1, pivoting in Power Query is the process of transforming data from a long format(where multiple rows contain information that should be spread across columns) into a wide format (wheredistinct values from a column become the headers of new columns), and unpivoting is the opposite process.In other words, if you’ve used Pivot Tables in Excel, pivoting is like moving a �ield from the Rows area(quadrant) to the Columns area (quadrant), while unpivoting is the reverse—moving the �ield from theColumns area back to the Rows area.

Figure	5-1 Settings of pivot columnsTo show you how to use pivoting in Power Query, this chapter uses the Source table in Table 5-1, whichincludes yearly data.
Table	5-1 Source: Sales Info
Year Attribute result2020 Quantity 831212020 discount Rate 11%2020 Sales 54374002021 Quantity 302932021 discount Rate 5%2021 Sales 97727002022 Quantity 798652022 discount Rate 10%2022 Sales 31376002023 Quantity 874452023 discount Rate 11%2023 Sales 54725002023 Sales 45In the Source table, each row contains information about quantity, sales, and discount rates for differentyears. To reshape the table and separate this information into distinct columns, select the Attribute column,then go to the Transform tab, and apply the pivot operation by clicking the Pivot Column command. Then
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con�igure the settings on the open window, by choosing Result as the value column and Sum, or any otherfunctions as the aggregation function from advanced options, as shown in Figure 5-2. Then click OK, whichresults in the pivoted version of source table, as shown in Figure 5-3.

Figure	5-2 Settings of the pivot columns

Figure	5-3 The result of pivot columnsThe previous steps result in the following formula in the formula bar, based on the Table.Pivot()function, which includes �ive key components as follows:1.
Name	of	the	table: The original table being transformed is entered in the �irst argument.  2.
New	columns: The columns to be created in the reshaped table should be determined in the secondargument.  3.
Pivot	column: The column from the original table that will be used to create the new columns.  4.
Value	column: The column whose values will be aggregated and placed under the new columns.  5.
Aggregation	function: The function used to aggregate the values, such as Sum.  

= Table.Pivot(
      Source,



      List.Distinct(Source[Attribute]),
      "Attribute",
      "Result",
      List.Sum)On the other hand, unpivoting is the process of transforming columns into rows, effectively converting awide table with many columns into a longer, narrower format. This technique helps organize data that isstructured in a tabular format, making it easier to analyze.For example, consider the Source table shown in Table 5-2, which includes sales values across variousyears, presented in different columns. Unpivoting this table will consolidate the column headers into a singlecolumn and convert the associated values into rows, thus simplifying the data structure for analysis.
Table	5-2 Source: Sales info
Product 2020 2021 2022 2023A 22 32 24 14B 28 19 27 25C 13 23 30 11D 39 25 10 27To consolidate sales data for different years into a single column, select columns 2020 to 2023, right-click one of them, and choose the Unpivot Columns command. You should get the unpivot version of thetable shown in Figure 5-4.

Figure	5-4 Results of unpivoting columnsAlternatively, if you select only the Product column and right-click it, then choose Unpivot OtherColumns, you will achieve the same result as using the following formula:
 = Table.UnpivotOtherColumns(Source, {"Product"}, "Attribute", "Value")



The rest of this chapter explains these two advanced functions in Power Query.
Managing	Product	IDsThe Source table contains Product IDs, as shown in Table 5-3. Generate a unique list of all Product IDs in asingle column.
Table	5-3 Source: Product IDs
ID	1 ID	2 ID	3 ID	4P-1112 P-1046 P-1071 P-1088P-1130 P-1044 P-1014 P-1071P-1150 P-1034 P-1071 P-1082P-1108 P-1082   P-1013 P-1082   P-1134 P-1013 P-1030 P-1082P-1013 P-1038 P-1007  P-1165 P-1076 P-1089  P-1157 P-1050   
Note The data in this example is provided in an Excel �ile titled 01 Managing Product IDs.xlsx.Two different solutions, based on unpivoting and using M functions, are provided for this problem.
Solution	1:	Using	UnpivotingTo solve this question, you need to provide all the IDs from the four columns into a single column under eachother, and then remove any duplicate values from that column. Transforming IDs from multiple columns intoa single column is precisely what unpivoting is designed to do. To extract a unique list of Product IDs in acolumn, select all the columns, right-click one, and choose Unpivot Columns, which results in a table withtwo columns—one containing all the IDs, typically labeled Value, and the other, called Attribute, showing theoriginal column names where the IDs were located. See Figure 5-5.

Figure	5-5 The result of unpivoting



In this example, you do not need the Attribute column, so, remove it. Then, to remove repetitive IDs,right-click the Value column and select Remove Duplicates to obtain Figure 5-6, including all the IDs.

Figure	5-6 Removing duplicates
Solution	2:	Using	M	FunctionsPower Query provides two powerful functions to convert all the values in a table into a list:
Table.ToRows() and Table.ToColumns(). Both functions are easy to use; you only need to input thetable name as the �irst argument. To use them, click the fx icon next to the formula bar to create a new step,and then use one of the following formulas. This will result in Figure 5-7.
=Table.ToRows(Source)
=Table.ToColumns(Source)



Figure	5-7 The results of using Table.ToRows() or Table.ToColumns()No matter which formula you use, the remaining steps will be the same (I continue the explanation using
Table.ToRows()). The result of Table.ToRows(Source) is a list containing several sublists, whereeach sublist represents the information from a single row of the source table. To extract the unique IDs, youneed to combine these sublists into a single list using the List.Combine() function and then removeduplicates with the List.Distinct() function. You can rewrite the previous formula as follows to extractthe unique IDs, as shown in Figure 5-8.
=List.Distinct(List.Combine(Table.ToRows(Source)))



Figure	5-8 The result of combining the sublists and removing duplicatesInstead of using the previous formula, which combines List.Combine() and List.Distinct(),you can use the List.Union() function as follows. This approach achieves the same result more directly.
=List.Union(Table.ToRows(Source))Some of the cells in the source table are blank, so the result of the previous formula also includes nullvalues. To remove these nulls from the list, you can use the List.RemoveNulls() function by modifyingthe formula as follows.
= List.RemoveNulls(List.Union(Table.ToRows(Source)))

Note In the second solution, the �inal result is of type list, whereas the result of the �irst solution is oftype table.
Value	Repeated	in	Several	Columns



The data in Table 5-4 displays products sold across different seasons. Extract the following lists:a) Product IDs sold during all seasons.  b) Product IDs sold during only one season.
NoteThe data in this example is provided in an Excel �ile titled 02 Value repeated in

several columns.xlsx.
 

Table	5-4 Source: Historical Sales Value
Spring Summer Fall WinterX-005 X-004 X-020 X-015X-017 X-002 X-025 X-011X-011 X-003 X-012 X-002X-023 X-017 X-025 X-022X-015 X-012 X-012 X-017X-004 X-023 X-012 X-006X-015 X-019 X-010 X-022X-008 X-008 X-019 X-018X-012 X-016 X-016 X-003X-021 X-020 X-025 X-013X-012 X-009 X-014 X-023X-014 X-004 X-025 X-003X-013 X-016 X-024 X-021X-004 X-001 X-015 X-012To solve this problem, the current table structure is not ideal. Converting it into a table with two columns—one for the seasons and the other for the Product IDs—can be helpful. This is where the Unpivotingcommand becomes invaluable. Select all the columns in the Source table. Then, from the Transform tab,choose the Unpivot Columns command. This action will create the unpivoted table shown in Figure 5-9.



Figure	5-9 Unpivoted tableThe data structure is suitable for counting the number of seasons in which an ID was sold on them, andthen �iltering the rows with a value of 4 in the count column. This is different from counting the number ofrepetitions of each ID, as an ID might appear multiple times for the same season. To ensure accurate results,let’s �irst remove duplicate entries. So, select the Attribute and Value columns. Then, as shown in Figure 5-10, go to the Home tab, choose the Remove Rows command, and then select Remove Duplicates (or right-click one of the selected columns and choose the Remove Duplicates command). This action will yield a tablewhere each product ID appears only once per season, as shown in Figure 5-11.

Figure	5-10 The Remove Duplicates command



Figure	5-11 The result of removing duplicatesAfter obtaining the table with unique product IDs for each season, it is time to count the number ofrepetitions of each ID in the table. Select the Value column. Then, right-click it and choose the Group Bycommand. Apply the settings shown in Figure 5-12. This operation will result in the table displayed inFigure 5-13.

Figure	5-12 Setting of Group By



Figure	5-13 The result of Group ByIn the resulting table, each product ID is listed along with the count of seasons it was sold in. To identifyproducts sold in all seasons, �ilter the Count column for the number 4. This will give you the list of productIDs that were sold in every season, as shown in Figure 5-14.

Figure	5-14 Result of �iltering 4 on the column countSimilarly, to �ind product IDs sold in just one season, �ilter the Count column for the number 1. Theresulting list of product IDs will be extracted, as shown in Figure 5-15.



Figure	5-15 The result of �iltering 1 on the column countFollowing the steps, if you select the Advanced Editor command in the Home tab, the M-code generatedby the whole steps is as follows:
let
    Source = Excel.CurrentWorkbook(){[Name="Table1"]}[Content],
    #"Unpivoted Columns" = Table.UnpivotOtherColumns(Source, {},
"Attribute", "Value"),
    #"Removed Duplicates" = Table.Distinct(#"Unpivoted Columns"),
    #"Grouped Rows" = Table.Group(#"Removed Duplicates", {"Value"},
{{"Count", each Table.RowCount(_), Int64.Type}}),
    #"Filtered Rows" = Table.SelectRows(#"Grouped Rows", each ([Count] = 1))
in
    #"Filtered Rows"

Note While the problem can be solved using the UI, as shown in the �irst solution, you can use Listfunctions to extract IDs repeated in all seasons in an easy way. Here we explore how to use such functions.Start with the source table, then select fx next to the formula bar to create a new step. Use the
Table.ToColumns() function, as follows, in the formula bar. This will convert the table into a list withfour sublists, each representing a list of product IDs sold in one season (one column), as shown in Figure5-16.



Figure	5-16 The result of Table.ToColumnYou can use List.Intersect() to extract the value that’s common in all the sublists. Revising theprevious formula will return the IDs repeated in all the seasons, as shown in Figure 5-17.
= List.Intersect(Table.ToColumns(Source))

Figure	5-17 Extracting IDs sold in all the seasons
Removing	Blank	ColumnsTable 5-5 shows the Source table imported from a CSV �ile into Power Query. Remove columns that containonly blank values.
Table	5-5 Source: Product ID

Col	1 Col	2 Col	3 Col	4 Col	5 Col	6 Col	7 Col	812/05/2024  C  10   8%12/05/2024  C  20   14%25/04/2024  A  22   9%13/05/2024  C  10   8%
Note The data in this example is provided in an Excel �ile titled 03 Removing Blank Columns
.xlsx.



When you load this table into Power Query, the blank cells are shown as null, as shown in Figure 5-18.
Figure	5-18 Loading data in Power QueryThanks to the unpivot and pivot commands in Power Query, removing blank columns is straightforwardby following the following three steps:1. First, add an index column to the Source table by selecting the Add Index command in the Add Columntab.  2. Then right-click the Index column and choose Unpivot Other Columns. This will result in Figure 5-19.It’s important to note that after unpivoting a table, cells with null values will be ignored and will notappear in the resulting unpivoted table. Only the cells with actual data will be included in thetransformation.

 

Figure	5-19 The result of unpivoting3. Next, select the Attribute column, go to the Transform tab, and select Pivot Column. In the settings,choose Value as the Value Column and Don’t Aggregate as the aggregator, as shown in Figure 5-20. ClickOK to obtain Figure 5-21, which is the source table without any blank columns.  



Figure	5-20 The settings for pivoting

Figure	5-21 The result of pivoting



Transforming	Columns,	Part	1The Source table, shown as Table 5-6, contains a list of machinery codes and the product codes that eachmachinery can produce. Transform this table into a new table, with two columns, the �irst including productcodes, and the second including corresponding machinery codes capable of producing that product.
Table	5-6 Source: Machinery-Product
Machinery	Code Products	CodeM-112 P-1071,P-1082,P-1088M-130 P-1082,P-1014,P-1088M-150 P-1034,P-1071,P-1082M-108 P-1082M-106 P-1082M-134 P-1076,P-1014,P-1082M-102 P-1082,P-1076M-165 P-1076,P-1034M-157 P-1071
Note The data in this example is provided in an Excel �ile titled 04 Transforming Columns Part
1.xlsx.To address this question, you need to separate the list of products and provide them under each other. So,select the Product Code column, go to the Home tab, and choose the Split Column ➤ By Delimiter command.Use comma delimiter, and as shown in Figure 5-22. From Advance options, choose Rows instead of Columnsto provide the results split into rows.

Figure	5-22 Setting the splitting product code column



Click OK to obtain the result shown in Figure 5-23.

Figure	5-23 The results of column splittingThe table structure is good to use for the Table.Group() and Table.Pivot() functions, to create alist of machinery per product code. I explain Table.Group() later in Chapter 6, but this section focusedon the Table.Pivot() scenario.To use the Pivot Column command in this example, you need a helper column with the same value for allrows. So, from the Add Column tab, choose the Custom Column command to add a new column to the table.Name the new column Helper Column and write the formula of ="X" in the Custom Column window. Thenclick OK, which produces the results shown in Figure 5-24.



Figure	5-24 Setting for extracting �irstNow, you can use the Helper Column for pivoting. So, select the Helper Column, go to the Transform tab,and choose Pivot Column. In the new window, set Machinery Code as the Value Column, and in the Advancedoptions, choose Count as the aggregation function, similar to the setting shown in Figure 5-25. (The values inthe Machinery Code column are in type text, and you want to concatenate them, but there is no suchaggregation function in the provided list in Advanced options, so the Count is selected and then you have torevise the formula.)



Figure	5-25 Setting for Table.PivotClick OK, leading to Figure 5-26. Since the helper column contains the same value ("X") for all rows,pivoting the table based on this column results in a new column named "X" in the pivoted table. Byselecting Count as the aggregation operator, the new column will display the number of machines used foreach product code.

Figure	5-26 The result of pivoting columnsUsing the pivoting command with the previous setting, generate the following formula in the formulabar:
= Table.Pivot(#"Added Custom", List.Distinct(#"Added Custom"[#"Helper
Column"]), "Helper Column", "Machinery code", List.Count)Instead of using the List.Count() function as the aggregation in the previous formula, you’ll use the
Text.Combine() function to concatenate the machinery IDs, using "," as a separator. Replacing
List.Count with Text.Combine in the previous formula and rewriting it as follows will result in Figure5-27, which concatenates all the Machinery IDs without a separator.
= Table.Pivot(#"Added Custom", List.Distinct(#"Added Custom"[#"Helper
Column"]), "Helper Column", "Machinery code",  Text.Combine )

Figure	5-27 Using Text.Combine()To use a separator in the Text.Combine() function, you can use its second argument. However, whenyou’re using more than one argument in the aggregation function inside the Table.Pivot() function, youneed to highlight the �irst argument as well. But what should you use for the �irst argument?To clarify, consider the previous formula. Using Text.Combine or each Text.Combine(_) in theaggregation part of the formula produces the same result. However, if you only want to use one argument inthe aggregation function, you can remove the each and (_) parts, to make the formula shorter and clearer.But, if you need to use the second argument of the aggregation function (like a separator), you cannot omitthese parts.Based on this explanation, you can rewrite the previous formula as follows, by replacing
Text.Combine with each Text.Combine(_, ","), which will resolve the problem and produce the



result shown in Figure 5-28.
= Table.Pivot(#"Added Custom", List.Distinct(#"Added Custom"[#"Helper
Column"]), "Helper Column", "Machinery code",  each Text.Combine(_,", ") )

Figure	5-28 The �inal result



Transforming	Columns,	Part	2The Source table in Table 5-7 provides the distances between every pair of cities. Create a From-To table, asshown in Table 5-8.
Table	5-7 City Distances
From	City To	City DistanceA B 56A C 73A D 88A E 84B C 41B D 10B E 44C D 28C E 65D E 54
Table	5-8 The From-To Table
	 A B C D EA 0 56 73 88 84B 56 0 41 10 44C 73 41 0 28 65D 88 10 28 0 54E 84 44 65 54 0
Note The data in this example is provided in an Excel �ile titled 05 Transforming Columns Part
2.xlsx.To solve this problem, select the To City column and use the Pivot Column command from the Transform tab.In the open window, choose Distance for the Values column and use Sum as the aggregator. Then click OK,resulting in Figure 5-29.

Figure	5-29 The result of pivotingAlthough based on the question, the distance from C to B is the same as from B to C, in the resulting table,the distance from C to B is reported as null, as there is no row in the Source table including the value of C, B,and 41 for the From City, To City, and Distance columns, respectively. To address this issue, you need tocomplete the Source table by adding rows where From City and To City are swapped.Consider the Source table. You can use the following formula to swap the name of columns in the Sourcetable.
=RenameColumns(Source,{{"From City","To City"},{"To City","From City"}})Rewrite the previous formula as follows, to combine the modi�ied table with the original Source table.This results in Figure 5-30:
= Table.Combine(



      {Source,
      Table.RenameColumns(Source,{{"From City","To City"},{"To City","From
City"}})})

Figure	5-30 The result of combining tablesNow you have separate rows for the distance from city C to B and the reverse. Sort the rows based on theTo City column in ascending order and then pivot it in the way mentioned at the beginning of this question,to achieve Figure 5-31, based on the following formula.

Figure	5-31 The result of pivoting
= Table.Pivot(
      #"Sorted Rows",
      List.Distinct(#"Sorted Rows"[#"To City"]),
      "To City",
      "Distance",
      List.Sum)



To replace null values with zeros in the resulting table, you can modify the �ifth argument of the formulaas follows:
= Table.Pivot(
      #"Sorted Rows",
      List.Distinct(#"Sorted Rows"[#"To City"]),
      "To City",
      "Distance",
      each List.Sum(_)??0)



Transforming	Columns,	Part	3This Source table contains sales information, as shown in Table 5-9. Reshape the table to include threecolumns—Year, Month, and Sales—ensuring that any values related to the percentage of the grand total areremoved.
Table	5-9 Source: Sales Info
Month Sales	2020 Percent	of	Grand	Total	2021 Sales	2021 Percent	of	Grand	Total	2022 Sales	2022 Percent	of	Grand	Total	20231 127 5% 344 5% 937 12%2 219 8% 225 4% 831 10%3 451 16% 601 9% 590 7%4 77 3% 250 4% 480 6%5 130 5% 118 2% 761 9%6 376 13% 191 3% 869 11%7 417 15% 810 13% 762 9%8 135 5% 988 16% 566 7%9 211 8% 831 13% 463 6%10 71 3% 144 2% 596 7%11 360 13% 936 15% 816 10%12 216 8% 922 14% 424 5%
Note The data in this example is provided in an Excel �ile titled 06 Transforming Columns Part
3.xlsx.In this problem, if the number of percentage columns is limited and their names are constant, you canremove them directly. But if you are faced with tables in different structures for different companies, itwould be better to use a more dynamic way using unpivoting commands. You can do this by right-clickingthe Month column and selecting Unpivot Other Columns, which will result in Figure 5-32.

Figure	5-32 Unpivoting other columnsNext, use the �ilter option next to the Attribute column to select the text that does not contain %,achieving Figure 5-33.



Figure	5-33 The result of the �ilterTo remove the Sales text in the cells of the Attribute column, select that column, go to the Home tab,choose the Replace Values command, and enter Sales in the Value To Find box while leaving the ReplaceWith box empty, as shown in Figure 5-34. Click OK to remove this text over the cells on the Attribute column.



Figure	5-34 Removing the Sales text in the Attribute columnFinally, rename the Attribute and Value columns to Year and Sales, respectively, to achieve the �inal resultshown in Figure 5-35.

Figure	5-35 The �inal result
Merging	RowsGiven the historical sales data in the Source table, which is shown in Table 5-10, where sales for eachproduct are spread across multiple rows, transform the table so that the sales for each product areconsolidated into a single row.
Table	5-10 Source: Sales Info
Product Region	1 Region	2 Region	3 Region	4A 10    A  12   A    14A   8  B 15    B  21   B    23B   30  C  38   C 12    C    40C   7  
Note The data in this example is provided in an Excel �ile titled 07 Merging rows .xlsx.This problem can be solved either by using the Group By command or by combining unpivoting and pivotingcommands over the source table. The Group By command is explained in depth in Chapter 6, so here, yousee how to use the combination of unpivoting and pivoting the table.To solve this problem, you need to load data into the Power Query Editor. As shown in Figure 5-36,loading the table into the Power Query Editor will replace the blank cells with null values.



Figure	5-36 Loading data into Power Query EditorAs mentioned in Section 5-3, by unpivoting columns, the null values will be ignored. Right-click theProduct column and choose the Unpivot Other Columns command to achieve the format shown in Figure 5-37.

Figure	5-37 Resulting table Unpivoting other columnsNext, select the Attribute column and, from the Transform tab, choose Pivot Column with the settingsshown in Figure 5-38.



Figure	5-38 Pivoting settingsAfter clicking OK, you’ll see the result shown in Figure 5-39. The following formula is in the formula bar.
= Table.Pivot(#"Unpivoted Other Columns", List.Distinct(#"Unpivoted Other
Columns"[Attribute]), "Attribute", "Value", List.Sum)

Figure	5-39 The result of pivoting
Merging	Several	Tables	at	OnceConsolidate the historical sales data for products across various regions, stored in multiple CSV �iles locatedin a speci�ic directory, as shown in Figure 5-40. Each �ile contains sales data for different regions, and thenumber of �iles may vary. Combine these tables into a single table that presents the sales data for differentproducts across all regions.

Figure	5-40 The CSV �iles



Note The data in this example is provided in the folder with the name 08 Merging several
tables once.To solve this problem, go to the Data tab in Excel and select Get Data From File. Then choose From Folder.Navigate to the folder containing the CSV �iles to reach the Navigation window, as shown in Figure 5-41.

Figure	5-41 NavigationFrom all the options under the Combine button, select Combine & Transform Data. As shown in Figure 5-42, a new window called Combine Files will appear, where you can select the sample �ile to combine thedata.



Figure	5-42 The Combine Files windowSelect the �irst �ile as the sample �ile and click OK. This will result in two groups of queries: HelperQueries and Other Queries. The desired query will be found in the Other Queries group, and it will includeseven steps, as shown in the Applied Steps section. See Figure 5-43.

Figure	5-43 The result of combining the �ilesSince the selected sample �ile only includes the Product, Region 1, and Region 5 columns, the resultingtable will contain these three columns, along with the Source.Name column, while columns related to otherregions will be excluded.As explained in Chapter 1, you can modify the result by editing the query named Transform Sample File.As shown in Figure 5-44, this query includes two steps: Source and Promoted Headers. This means thatthese two steps should be applied to all the CSV �iles, and then their results will be combined on the mainquery (called 08 Merging several tables once).



Figure	5-44 Transforming the sample �ile queryBy selecting the Source step in this query, the following formula will appear in the formula bar, based onthe sample �ile:
= Csv.Document(Parameter1,[Delimiter=",", Columns=3, Encoding=65001,
QuoteStyle=QuoteStyle.None])An important issue here is that the number of columns is speci�ied as 3 in this code. So, if a �ile containsmore than three columns, the extra columns will be ignored. To avoid this, you can modify the formula asfollows by removing the part related to specifying the number of columns, which means that the number ofcolumns for each �ile should be determined separately:
= Csv.Document(Parameter1,[Delimiter=",",  Encoding=65001,
QuoteStyle=QuoteStyle.None])In addition to these two prede�ined steps, you can add another step to this query. Select the last step,then select the Product column, right-click it, and choose Unpivot Other Columns. The result is shown inFigure 5-45. So, for all the CSV �iles, after promoting the headers, all columns except the Product column willbe unpivoted, and the data will be organized into two columns: Attribute and Value. The columns of all thetables that came from different �iles are the same.

Figure	5-45 Unpivoting other columns in the sample �ile queryAfter making this change, when you select the query named 08 Merging several tables once,as shown in Figure 5-46, you’ll notice that the result of the last step (Changed Type) is an error. This erroroccurs because the column titles were changed during the unpivoting process.



Figure	5-46 The result of the main queryRemoving this step will result in the query proceeding without the error, as shown in Figure 5-47.

Figure	5-47 The result of main query after removing the step related to changing the typeIn the resulting table, you do not need the values in the Source.Name column. Remove that table toachieve Figure 5-48.

Figure	5-48 Result of unpivotingNext, select the Value column and convert its type into the number (from the Home tab in the Transformsection). Then, select the Attribute column, go to the Transform tab, and choose Pivot Column. This sets theValues column as the �ield to be pivoted. Click OK. This will format the data as desired, resulting in Figure 5-49.



Figure	5-49 Result of pivoting



Transformations,	Part	4In a shipment company, historical data is provided in the Source table in an incorrect format, as shown inTable 5-11. Use Power Query to transform this table into a standard format with �ive columns: Product,Shipment Number (extract it from headers), Ship Date, PO Number, and PO Quantity.
Table	5-11 Source: Shipment Data
Products Ship	Date	1 Po

number
1

Po
Quantity

1

Ship	Date	2 Po
number

2

Po
Quantity

2

Ship	Date	3 Po
number

3

Po
Quantity

3

Ship	Date	4 Po
number

4

Po
Quanti

4A 13/01/2023 10 39 14/01/2023 10 44 15/01/2023 40 34 16/01/2023 20 18B 17/01/2023 40 27 19/01/2023 40 39 21/01/2023 40 11    C 26/01/2023 10 11 27/01/2023 40 48       D 11/12/2023 10 42          
Note The data in this example is provided in an Excel �ile titled 09 Transformations Part
4.xlsx.Unfortunately, there’s no way to directly unpivot bulk groups of columns (for example every three columns)in Power Query so you have to �ind a longer way to solve this problem.In this case, since you don’t know how many columns you might encounter in the future, it’s a good ideato unpivot the columns and convert them into rows. Start by right-clicking the Product column and selectingUnpivot Other Columns, leading to a table with three columns—Product, Attribute, and Value—as shown inFigure 5-50.

Figure	5-50 Unpivoted tableThe Attribute column in the resulting table includes both the type of value and the shipment number,while you need these two features separately. To split the values in this column and extract the numbermentioned at the end of the text in this column, select the Attribute column, and from the Home tab, chooseSplit Column by Delimiter. In the open window, make the settings shown in Figure 5-51, and click OK, which



results in Figure 5-52. (Selecting the Right-Most Delimiter option means splitting the values at the locationof the last space in the cell.)

Figure	5-51 Settings for splitting

Figure	5-52 Result of splittingNow it is time to use the Pivot command to put the values on the Attribute.1 column as the header of thenew columns and provide the value on the Value column beneath them for each shipment number in eachdate. Select the Attribute.1 column and, from the Transform tab, choose the Pivot Column command. Then,in the open window, make the settings shown in Figure 5-53.



Figure	5-53 The settings of the pivot columnClicking OK results in Figure 5-54.

Figure	5-54 The result of the revised Group ByIn the last step, you just need to rename the columns and �ilter the rows with blank values on the ShipDate column to reach the �inal table.
SummaryIn the data-cleaning process, reshaping tables by converting several columns into rows or transformingvalues from a column into multiple columns is crucial. In this chapter, you learned how to use the
Table.Pivot(), Table.UnpivotColumns(), and Table.UnpivotOtherColumns() functions toreshape your tables according to your needs.Continuing your data-cleaning journey, the next chapter explains one of the most important functions inPower Query, called Table.Group(). It allows you to summarize a table with numerous rows in a moreconcise format.
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6.	Grouping	Rows	with	Table.Group()Omid Motamedisedeh1  Coorparoo, QLD, Australia 
The Group By command in Power Query is a powerful feature that allows you to aggregate and summarizedata by grouping it based on one or more columns. This command is based on the Table.Group()function, and it is essential for performing data analysis and creating meaningful summaries from largedatasets. The syntax of Table.Group() is:
=Table.Group(table, key, aggregatedColumns, groupKind, optional comparer) as
tableThe table is the table, the key is any, aggregatedColumns is a list, groupKind is option, and the
optional comparer is a nullable function.This function accepts �ive arguments, with the last two being optional. While the �irst three argumentscan be modi�ied through the Power Query UI, the last two must be entered manually.In this chapter, this function and all of its arguments are explained in depth.
Introducing	Table.Group()Based on the historical sales data provided in the Source table shown in Table 6-1, calculate the total salesper product.
Table	6-1 Source: Historical Sales Value
Month Week Product Colour Quantity

January W1 A Black 6 W1 B Blue 9 W1 B Yellow 2 W2 A Black 6 W2 B Red 7 W2 C Red 5 W3 B Yellow 13 W3 B Red 3 W4 A Blue 7 W4 C Red 6February W1 A Yellow 7 W2 A Red 8 W3 B Black 10 W3 C Blue 14 W4 D Red 9
Note The data in this example is provided in an Excel �ile titled 01 Introduction to
Table.Group().xlsx.

https://doi.org/10.1007/979-8-8688-1288-0_6


As stated in the question, in this example, you'll see how to combine the rows of the table by combining rowswith the same product name into a single row and calculating the sum of their quantities. This process isprecisely what is referred to as grouping in Power Query. You can explore how to use this amazing tool tosolve the problem by following these steps:1. In Power Query, select the Product column (as the column you want to grouped the rows based on), andfrom the Home tab, choose the Group By command (or right-click the Product column and select GroupBy from the list of commands). This will open a new window, as shown in Figure 6-1.  

Figure	6-1 The Group By window2. The Group By window consists of two main sections: the Grouping section, which is used to determinewhich column should be used to group the rows of the main table, and the Aggregation section, which isused to add calculated columns to the resulting table. In the Basic view, you can select only one item foreach section. However, if you need to use multiple columns for grouping or aggregation, you can switchto the Advanced view.
 

You can solve the presented problem using the settings available in the Basic view. So, as shown in Figure6-2, select the Product column in the Grouping option, and in the Aggregation part, set the name of the newcolumn to Total Sales, the Operation to Sum, and the Column to Quantity.

Figure	6-2 The Group By settingBy clicking OK, you'll get the result depicted in Figure 6-3, and the following formula will be shown theformula bar.



= Table.Group(Source, {"Product"}, {{"Total Sales", each
List.Sum([Quantity]), type number}})

Figure	6-3 The result of Group ByThe Table.Group() function in the generated formula takes three inputs:– The table name (Source) is entered as the �irst argument.– The column to group the rows based on that ({"Product"}) is entered as a list in the second argument.– The third argument is the type of list, which includes several sublists (in this example there is just onesublist). Each sublist includes three main elements:The name of the new column, entered as text.An aggregate function. While various aggregation operations can be applied to the values of thegrouped rows, in the UI settings, you can only select Sum, Average, Count, Min, Max, and All Rows.You can use other aggregations by editing the formula manually.The type of values in the new column (which is optional). Since determining the column type isoptional, the third argument in this formula can also be written as {{"Total Sales", each
List.Sum([Quantity])}}.Note To shorten the formula and increase readability, in the rest of this chapter, the column type,which is optional, is omitted from the formula.As mentioned earlier, the Group By window, shown in Figure 6-3 include two views of basic andadvanced. In this example, by clicking the Advanced option and changing the settings shown in Figure 6-4,the rows are grouped based on the product names and colors and total sales, and maximum weekly sales areprovided as new columns by applying Sum and Max over the values of the grouped rows. Clicking OK willresult Figure 6-5.



Figure	6-4 Advanced Group By

Figure	6-5 The result of Advanced Group ByWith these changes, the following formula will be shown in the formula bar. This version includes twocolumn names in the second input and two sublists in the third input: one for Total Sales and another forMaximum Weekly Sales. The List.Sum() and List.Max() functions are applied to the Quantity columnin the Source table for these two new columns.
= Table.Group(Source,
              {"Product", "Colour"},
               {
                    {"Total Sales", each List.Sum([Quantity]), type number},
                    {"Maximum Weekly Sales", each List.Max([Quantity]), type
number}
                 })



As mentioned previously, without altering the result, this formula can be simpli�ied by omitting theoptional argument for column type. So, the revised formula is as follows:
= Table.Group(Source,
              {"Product", "Colour"},
               {
                    {"Total Sales", each List.Sum([Quantity])},
                    {"Maximum Weekly Sales", each List.Max([Quantity])}
                 })

Ef�iciency	Tips The execution time of the Table.Group() function depends on various factors, but inits basic use (without manually adjusting parameters), it runs quickly. In this example, for a table with10,000 rows, it takes less than a second to complete.
Modifying	the	Third	Input	in	Table.Group()Using the historical sales data provided in the Source table shown in Table 6-2, calculate the total sales andlist of colors sold (in a cell) per product.
Table	6-2 Source: Historical Sales Value
Month Week Product Color Quantity

January W1 A Black 6 W1 B Blue 9 W1 B Yellow 2 W2 A Black 6 W2 B Red 7 W2 C Red 5 W3 B Yellow 13 W3 B Red 3 W4 A Blue 7 W4 C Red 6February W1 A Yellow 7 W2 A Red 8 W3 B Black 10 W3 C Blue 14 W4 D Red 9
Note The data in this example is provided in an Excel �ile titled 02 Modifying the Third Input
in Table.Group().xlsx.This example is similar to the Example 6-1, with the difference that a new column, including all the soldcolors, should also be added to the resulting table during the process of grouping. To calculate the value ofthis new column, the colors of the grouped rows should be concatenated. However, there is no suchoperation in the Group By window's operation list, so you need to use Group By �irst and modify it manually.Select the Group By command and con�igure the settings as shown in Figure 6-6. Since there is no usefuloperation for text columns in the Operation list, select All Rows for the Colours column. This will producethe table in Figure 6-7.



Figure	6-6 Group By

Figure	6-7 The result of groupingThe Colours column now contains Table values, which represent all the rows from the Source tablerelated to each product, as shown in Figure 6-8.



Figure	6-8 The result of the All Row operationInstead of presenting all the values in a table format, you need the concatenated version of the colors.This can be achieved by modifying the formula. Consider the following formula displayed in the formula barafter clicking OK in the Group By window:
= Table.Group(Source, {"Product"},
      {
          {"Total Sales", each List.Sum([Quantity]), type number},
          {"Colours", each _, type table [Month=nullable text, Week=text,
Product=text,
             Colour=text, Quantity=number]}
      })As mentioned, without altering the result, the type of result columns can be omitted from the third itemof sublists, in the third argument of the function. So, the updated formula, which is shorter, is as follows:
= Table.Group(Source, {"Product"},
      {
          {"Total Sales", each List.Sum([Quantity]) },
          {"Colours", each _}
      })For the Colours column, each _ is used as an operator, leading to all the rows and columns for eachproduct, while you only need the values from the Colours column for each product in the Source table. Toextract the values from the Colours column, replace "each _" with "each _[Colour]" in the previousformula. This changes the result to Figure 6-9, where the tables are converted to lists that include the soldcolors.



Figure	6-9 The result of each _[Colour]To concatenate the color values and convert the lists of colors to single text, you can use the
Text.Combine() function with a "," separator. Thus, each _[Colour] is replaced with each
Text.Combine(_[Colour],","), resulting in Figure 6-10.

Figure	6-10 The result of Text.Combine(_[Colour],",")Since some colors, like Black for Product A, are repeated, the Colours column in the resulting tableincludes these repetitive colors. These duplicate colors should be removed from the list before using itinside Text.Combine(). Therefore, you need to rewrite the operation for the Colours column as each
Text.Combine(List.Distinct(_[Colour]),","), resulting in Figure 6-11.

Figure	6-11 Removing the repetitive colorsIn this case, if you want to show the colors in the Colours column in alphabetic order, you can add the
List.Sort()to the operation function and rewrite it as each
Text.Combine(List.Sort(List.Distinct(_[Colour])),","). This results in Figure 6-12.



Figure	6-12 Sorting the colorsThe revised formula for solving the problem and presenting the sold colors per product next to the TotalSales is:
= Table.Group(Source, {"Product"},
      {
         {"Total Sales", each List.Sum([Quantity])},
         {"Colours", each
Text.Combine(List.Sort(List.Distinct(_[Colour])),",")}
      })

Ef�iciency	Tips Modifying the third argument of the Table.Group() function in this example doesnot increase its execution time, and for a dataset with 10,000 rows, it still runs in under a second.
Matching	Items	in	GroupsThe Source table in Table 6-3 contains product transactions between the technical and warehousedepartments. Some products are returned to the warehouse in the same year or years later, indicated by thesame Order No. having a negative quantity. Extract the net quantity of items sent per product in each yearthat aren't returned.
Table	6-3 Source: Product Transactions
Date Order	No Product Quantity27/05/2022 1 B 57/08/2022 2 C 78/09/2022 3 A 219/10/2022 4 A 322/12/2022 5 C 312/01/2023 3 A -16/03/2023 6 A 725/06/2023 1 B -228/06/2023 4 A -31/08/2023 7 C 214/09/2023 1 B -116/07/2024 3 A -110/09/2024 5 C -24/10/2024 1 B -29/10/2024 6 A -320/10/2024 8 B 122/12/2024 5 C -1For example, in 2022 for product B, just on orders, Order No. 1 was issued. Based on this order, on27/05/2022, �ive items of Product B were sent. Out of these, two were returned on 25/06/2023, one was



returned on 14/09/2023, and the remaining two were returned on 04/10/2024. Since all items from thisorder were eventually returned, the net quantity of unreturned items for Product B in 2022 is 0.For Product C in 2022, two different orders, Order No. 2 and Order No. 5, were issued with quantities ofseven and three, respectively. All three items sent in Order No. 5 were returned, while none of the items fromOrder No. 2 were returned. Therefore, the net quantity of unreturned items for Product C in 2022 is seven,meaning 7 should be recorded for this product in that year.
Note The data in this example is provided in an Excel �ile titled 03 Matching Items in
Groups.xlsx.To solve this problem, you need to group the rows by each Order No. and calculate the total sum of theQuantity column for each order to determine the net quantity of purchases items per Order No. In additionto calculating the net quantity, you also need to extract the year in which each order was issued.To group these rows, go to the Home tab, select Group By, switch to the Advanced mode, and con�igurethe settings shown in Figure 6-13.

Figure	6-13 Group By settingsThis con�iguration generates the following formula in the formula bar, which results in Figure 6-14.
= Table.Group(Source,
      {"Order No", "Product"},
      {
         {"Quantity", each List.Sum([Quantity]), type number},
         {"Year", each List.Min([Date]), type datetime}
      })



Figure	6-14 The result of Table.GroupThe values in the Year column are in date format, and the year of each date can be extracted by rewritingthe formula as follows:
= Table.Group(Source,
      {"Order No", "Product"},
      {
         {"Quantity", each List.Sum([Quantity]), type number},
         {"Year", each Date.Year(List.Min([Date])) }
      })This results in Figure 6-15, which provides the net quantity of non-returned items per product, sent ineach year.

Figure	6-15 The result of the revised versionAs a �inal step, use the Group By command again with the settings provided in Figure 6-16, and click OK.This results in Figure 6-17.



Figure	6-16 The second use of Group By

Figure	6-17 The �inal resultTo clean the results, �ilter out the rows where the quantity column has a 0 value.
Identifying	All-Season	ProductsIn the Source table, part of which is shown in Table 6-4, the sales values for different products across variousdates are provided. Extract the products that have been sold at least once in each of the months.
Table	6-4 Comparison Matrix
Date Product Quantity13/01/2023 A 814/01/2023 C 415/01/2023 D 316/01/2023 E 217/01/2023 J 219/01/2023 A 621/01/2023 H 7



Date Product Quantity26/01/2023 C 527/01/2023 B 230/01/2023 A 52/02/2023 F 23/02/2023 J 97/02/2023 G 310/02/2023 A 411/02/2023 C 5
Note The data in this example is provided in an Excel �ile titled 04 Identifying All-Season
Products.xlsx.To solve this problem, you need to determine the number of months each product was sold. To simplify theprocess, you can extract the month from each transaction date. This can be done by selecting the Datecolumn, then navigating to the Transform tab, and in the Date & Time column section, selecting Month underthe Date options, as shown in Figure 6-18. This will result in the table shown in Figure 6-19.

Figure	6-18 Setting for converting Date to Month



Figure	6-19 Converting dates to monthIn the next step, you need to calculate the number of months each product was sold. To do this, select theGroup By command and con�igure the settings shown in Figure 6-20. This will produce the results displayedin Figure 6-21.

Figure	6-20 Setting for Group By



Figure	6-21 The result of group ByIn the Group By settings, Count Rows as initially selected as the operation. However, the goal is to countthe number of unique months each product was sold in, rather than counting all the rows.To adjust this, �irst examine the formula generated by the previous step in the formula bar:
= Table.Group(#"Extracted Month", {"Product"}, {{"Number of Month", each
Table.RowCount(_), Int64.Type}})Instead of using each Table.RowCount(_), which counts all rows, you need to extract the uniquevalues from the Date column for each product. You can achieve this by replacing it with each _[Date],which retrieves all date values per product.To �ilter out duplicate months, use List.Distinct(_[Date]), and to count the unique months, wrapit with List.Count(). The revised formula is as follows:
= Table.Group(
  #"Extracted Month",
  {"Product"},
  {{"Number of Month", each List.Count(List.Distinct(_[Date])), Int64.Type}}
) This updated formula provides the number of months each product was sold, as shown in Figure 6-22.Finally, to �ind products sold in all 12 months, simply �ilter the Number of Month column to keep rows wherethe value is 12.

Figure	6-22 The result of revised Group By



Grouping	Based	on	the	DateConsider the sales data (sorted by the Date column) shown in Table 6-5 as the source table.
Table	6-5 Source: Historical Sales
Date Quantity25/06/2024 8426/06/2024 2327/06/2024 8728/06/2024 2630/06/2024 672/07/2024 423/07/2024 404/07/2024 145/07/2024 696/07/2024 327/07/2024 448/07/2024 569/07/2024 2511/07/2024 1512/07/2024 8413/07/2024 2514/07/2024 4615/07/2024 3817/07/2024 4518/07/2024 7619/07/2024 44
Note The data in this example is provided in an Excel �ile titled 05 Group based on the
Date.xlsx.Group the rows based on the following scenarios:– Group the values for each week, starting on Monday.– Group the values for each week, starting on Wednesday.– Group the values for every ten days, starting at the beginning of the year.– Group the �irst ten days (from the 1st to the 10th of the month), the second ten days (from the 11th to the20th), and the remaining days (from the 21st to the end of the month) into three separate groups for eachmonth.To solve such problems, you simply need to add a new custom column with values corresponding to thedifferent groups. For example, to group by week across the year, you can add a new custom column using theformula provided in the Custom Column window, which determines the week number of each date, asshown in Figure 6-23. This column can then be used for grouping.
=Date.WeekOfYear([Date])



Figure	6-23 The result of the formula for every weekIf the table includes information related to other years, the formula can be modi�ied as follows, resultingin Figure 6-24.
= DateTime.ToText([Date],"yyyy-") & Text.From(Date.WeekOfYear([Date]))



Figure	6-24 The result of the formula for every week starting on WednesdayTo change the starting date to Wednesday, simply use the second argument of the
Date.WeekOfYear() function and rewrite the formula as follows.
=DateTime.ToText([Date],"yyyy-") & Text.From(Date.WeekOfYear([Date],
Day.Wednesday))To group the rows every ten days, starting from the �irst date of the year, you can use the formula for theGroup ID as follows, resulting in Figure 6-25.
=DateTime.ToText([Date],"yyyy-") &
Text.From(1+Number.IntegerDivide(Date.DayOfYear([Date])-1,10))



Figure	6-25 The result of formula for every ten days starting from the beginning of the yearFor the last scenario, you can use the following formula, resulting in Figure 6-26.
DateTime.ToText([Date],"yyyy-MM-") &
Text.From(List.Min({3,1+Number.IntegerDivide(Date.Day([Date])-1,10)}))



Figure	6-26 The result of formula for every ten days in each month
Using	the	Fourth	Input	in	Table.Group()Consider the historical sales data provided in the Source table shown in Table 6-6. Calculate the total salesper week, ensuring that the weeks from different months are grouped separately.
Table	6-6 Source: Historical Sales Value
Month Week Product Colour Quantity

January W1 A Black 6 W1 B Blue 9 W1 B Yellow 2 W2 A Black 6 W2 B Red 7 W2 C Red 5 W3 B Yellow 13 W3 B Red 3 W4 A Blue 7 W4 C Red 6February W1 A Yellow 7 W2 A Red 8



Month Week Product Colour Quantity W3 B Black 10 W3 C Blue 14 W4 D Red 9
Note The data in this example is provided in an Excel �ile titled 06 Using the Fourth Input in
Table.Group.xlsx.In this problem, you want to group the rows of the table based on the values in the Week column. Thechallenge is that the rows for the �irst week of January should be grouped together and should not includethe values for the �irst week of February, even though both are labelled as W1. In other words, you want togroup the rows with the same Week value only if they are in consecutive rows; otherwise, they should beplaced in different groups. This is where the fourth argument of this function comes to the rescue. (Thisexample can be solved in different ways, but in this example you use it to learn about the fourth argument ofthe Table.Group() function.)As in the previous examples, right-click the Week column, select the Group By command, and adjust thesettings as shown in Figure 6-27.

Figure	6-27 Settings for Group By weekClick OK, leading to the result shown in Figure 6-28, where weeks from different months are alsogrouped, and generate the following formula in the formula bar.
= Table.Group(Source, {"Week"}, {{"Total Sales", each List.Sum([Quantity]),
type number}})

Figure	6-28 The result of Group By weekThe prede�ined logic of the Table.Group() function for grouping rows is global, meaning it groups allthe rows in the table that have the same value in the Week column. However, this logic can be changed to alocal one by manually modifying the fourth argument of the function.



In other words, you can use the fourth argument in the Table.Group() function to change thegrouping logic by entering GroupKind.Local (or 0) or GroupKind.Global (or 1) in this argument. Bydefault, GroupKind.Global is used, which groups similar values in the columns across the entire table.However, by entering GroupKind.Local in the fourth argument, the grouping logic is changed, and onlyrows with the same value that are adjacent to each other will be grouped together.To solve this problem, add GroupKind.Local or value 0 in the fourth argument of the previousformula and rewrite it as shown here. This will result in the desired grouping, as shown in Figure 6-29,which solves the problem.
= Table.Group(Source, {"Week"}, {{"Total Sales", each List.Sum([Quantity]),
type number}},0)

Figure	6-29 The result of changing the grouping logic to GroupKind.Local
Note When you’re using the fourth input, ensure that the grouping columns are sorted correctly.
Ignoring	Case	Sensitivity	in	GroupingGiven the sales information in the Source table in Table 6-7, calculate the total quantity for each product.
Table	6-7 Source: Sales Info
Week Product Colour QuantityW1 A Black 6W1 B Blue 9W1 B Yellow 2W2 a Black 6W2 B Red 7W2 C Red 5W3 b Yellow 13W3 b Red 3W4 A Blue 7W4 c Red 6
Note The data in this example is provided in an Excel �ile titled 07 Ignoring Case Sensitivity
in Grouping .xlsx.To solve this problem, two different solutions are provided. The �irst is the easiest one, and it is based solelyon the UI. The second solution is more advanced and helps you become familiar with the �ifth argument in



the Table.Group() function.
Solution	1:	Based	on	UIThis is exactly the same as Example 1 in this chapter, with the difference that the product names are inuppercase and lowercase. Since Power Query is case-sensitive, "a" and "A" are considered different values.Applying the Group By command (without any modi�ications) directly on this table will result in twodifferent rows for "a" and "A".Therefore, it would be better to �irst convert all the product names to the same case and then apply theGroup By command on the updated table.To convert all the product names to uppercase, select the Product Name column. Then, from theTransform tab, in the Text Column section, under the Format command, choose Uppercase to convert all theproduct names to uppercase, as shown in Figure 6-30.

Figure	6-30 Converting product names to uppercaseThe Group By command now has the settings shown in Figure 6-31.

Figure	6-31 Grouping settings
Solution	2:	Using	the	Fifth	Argument	of	Table.Group()Besides the previously presented solution, this problem can also be solved using the Table.Group()function without changing the product names, if you are familiar with the �ifth argument of this function.Consider the source table unchanged, then select the Product column, select the Group By command inthe Home tab, and change the settings as shown in Figure 6-32, which results in Figure 6-33. Since PowerQuery is case-sensitive, there are different rows in the resulting table for product "a" and "A".



Figure	6-32 Grouping setting

Figure	6-33 Result of groupingThe previous setting for the grouping command will result in the following formula in the formula barwith three arguments:
= Table.Group(
      Source,
      {"Product"},
      {{"Total Quantity", each List.Sum([Quantity]), type number}})As mentioned in the previous example, adding 1 to the fourth argument (or GroupKind.Global)doesn’t change the result. However, to use the �ifth argument, you need to de�ine all four arguments �irst. So,after entering 1 in the fourth argument, you can use Comparer.OrdinalIgnoreCase in the �ifthargument of this function, as shown here, to ignore the case differences. This results in Figure 6-34 andsolves the problem.
= Table.Group(
      Source,
      {"Product"},
      {{"Total Quantity", each List.Sum([Quantity]), type number}},
      1,
      Comparer.OrdinalIgnoreCase)



Figure	6-34 Final result
Note As mentioned in the syntax of the Table.Group() function, the �ifth argument is the comparer,which you can use to de�ine the condition for grouping the rows. This allows users to apply any customlogic for grouping the rows, in addition to using Comparer.OrdinalIgnoreCase.A custom comparer, in the �ifth argument of Table.Group(), can be a custom function with twoinput arguments, such as (s,c)=>f(s,c). The s and c are the input parameters, each representing arow of the table, and f(s,c) should be results in an integer number. You can use any notation, but s and
c are generally used to stand for state and current.Based on this description, the Value.Compare() is a useful function commonly used in thisargument, instead of f(s,c). The Value.Comparer(s,c) always returns -1,0,1, based on thecondition:– Returns 0 if s and c are equal– Returns -1 if s is less than c.Returns 1 if s is greater than c.Using the (s,c)=>Value.Comparer(f(s),f(c)) indicates the values of f(s) and f(c) arecompared, and if f(s) and f(c) are equal, then the rows are grouped together. This is instead ofcomparing the values on the column (columns) selected in the second argument.Based on this explanation, this problem can also be solved with the following formula, by replacing
Comparer.OrdinalIgnoreCase with a custom compare, which does almost the same thing (thedifference is that, by using Value.Comparer(), the resulting table will be sorted based on the logicde�ined in this function). This formula means that, instead of comparing the rows based on the lowercasevalues in the Product column, the values in this column should be compared:
= Table.Group(
      Source,
      {"Product"},
      {{"Total Quantity", each List.Sum([Quantity]), type number}},
1,
       (s,c)=>
Value.Compare(Text.Lower(s[Product]),Text.Lower(c[Product])))In the previous formula, as each s and c represent a row of the table, they are in the type of record,with the number of �ields equal to the number of columns entered in the second argument of
Table.Group() function. The �ield titles in s and c are also the same as the name of the columnentered in the second argument of Table.Group.
Using	Value.Comparer	for	GroupingGiven the staff age information in the Source table in Table 6-8, group the rows by age decades and extractthe staff IDs for each group.
Table	6-8 Source: Warehouse Transactions
Age Staff	ID45 I-01



Age Staff	ID25 I-0220 I-0332 I-0435 I-0522 I-0629 I-0740 I-0817 I-0934 I-1052 I-1137 I-1250 I-1322 I-1428 I-1525 I-1641 I-1722 I-1838 I-1933 I-2018 I-2127 I-2249 I-2321 I-2453 I-2550 I-2619 I-2746 I-2837 I-2938 I-3030 I-31
Note The data in this example is provided in an Excel �ile titled 08 Using Value.Comparer for
Grouping .xlsx.To solve this problem, two different solutions are provided. The �irst solution involves adding a customcolumn to calculate the age decades and then grouping the rows based on this new column. The secondsolution uses the Group By command directly, leveraging the �ifth argument in the Table.Group()function to achieve the desired result.
Solution	1:	Using	a	Custom	ColumnIn this example, the rows need to be grouped by decade of age, even though no column currently providesthis information. As a �irst step, add a new custom column called Age Decade using the following formula inthe Custom Column window, which will result in Figure 6-35.



Figure	6-35 The result of adding the decade of agesIn the next step, right-click the Age Decade column and select the Group By command. In the windowthat opens, apply the settings provided in Figure 6-36. Clicking OK will result in Figure 6-37.

Figure	6-36 Setting of grouping



Figure	6-37 Result of groupingIn the Group By window, you initially selected the Sum operation for the Staff ID column, which containstext values. The resulting column therefore displays an error for all the rows. To resolve this, you need toreplace the Sum operation with a Concatenate operation by manually modifying the formula. Considerthis generated formula in the formula bar after the previous step:
= Table.Group(#"Added Custom", {"Age Decade"}, {{"IDs", each List.Sum([Staff
ID]), type text}})Modifying this formula as shown will solve the problem and results in Figure 6-38:
= Table.Group(#"Added Custom", {"Age Decade"}, {{"IDs", each
Text.Combine([Staff ID],", ")}})

Figure	6-38 The result of modi�ied grouping
Solution	2:	Using	the	Fifth	Argument	in	the	Table.Group()In the previous solution, you solved the problem using a straightforward approach by �irst adding a newcolumn and then grouping the rows based on the values in that column. Alternatively, this problem can besolved directly using Table.Group() and the �ifth argument in Table.Group().To use Table.Group() directly, using the source table, right-click the Age column, select the Group Bycommand, and select All Rows as the operation. You'll get the following formula:
= Table.Group(Source, {"Age"}, {{"Count", each _, type table [Age=number,
Staff ID=text]}})To combine the staff IDs for each age group, modify the formula to the following to reach Figure 6-39:
= Table.Group(Source, {"Age"}, {{"IDs", each Text.Combine(_[Staff ID],",
")}})



Figure	6-39 The result of groupingIn this formula, the ages of two rows are compared, and if they are equal, the rows are grouped together;otherwise, they are not grouped. However, in this example, you want to change the comparison logic fromcomparing the exact ages to comparing the age decades. As mentioned in the previous example, you can usethe �ifth argument of Table.Group() to change the logic for comparing the rows and decide whether togroup those rows or not.Staff with the same age are grouped together, but you want to group the rows based on age decades. Tochange the criteria for comparing the rows and decide whether to group them or not, you can use the �ifthargument. The �ifth argument of Table.Group() is a custom function with two arguments mostly in thetype record, each one present on a row of the table. If the result of this function becomes 0, the rows will begrouped together. (An important note—using the �ifth argument might change the order of the rows used inthe table.)In this example, the previous formula can be rewritten as follows:
= Table.Group(
      Source,
      {"Age"},
      {{"IDs", each Text.Combine(_[Staff ID],", ")}},
      1,
       (s,c)=>Value.Compare(s[Age],c[Age]))The result of this formula is that the table becomes sorted based on the age decades. When you use the�ifth argument, the rows represented by s and c will be grouped if s[Age] and c[Age] are equal.In this example, instead of comparing the exact ages of s[Age] and c[Age], you want to group therows based on the decade of ages by comparing the result of Number.IntegerDivide(s[Age],10)and Number.IntegerDivide(c[Age],10). To achieve this, rewrite the formula to group by the decadeof ages. The result is shown in Figure 6-40.
= Table.Group(
      Source,
      {"Age"},



      {{"IDs", each Text.Combine(_[Staff ID],", ")}},
      1,
       (s,c)=>Value.Compare(
                      Number.IntegerDivide(s[Age],10),
                       Number.IntegerDivide(c[Age],10)
                                                )
      )

Figure	6-40 The result of modi�ied groupingIn the resulting table, to clarify the age groups of each row, the formula can be rewritten to include acolumn that explicitly shows the age decade. This helps in understanding the grouping better. Here’s howyou can modify the following formula, which solves the problem and results in Figure 6-41. In this formula,for the Age Group column, a prede�ined list as {"","[10-20)","[20-30)","[30-40)","[40-
50)","[50-60)"} is de�ined, then based on the result of {Number.IntegerDivide([Age]
{0},10)}, the ith item in this list will show a result. If {Number.IntegerDivide([Age]{0},10)}results in 1 (the age group between 10-20), the item with index 1 will be shown.
= Table.Group(
      Source,
      {"Age"},
      {
                    {"IDs", each Text.Combine(_[Staff ID],", ")},
                     {"Age Group", each {"","[10-20)","[20-30)","[30-40)","[40
60)"} {Number.IntegerDivide([Age]{0},10)}}},
      1,
       (s,c)=>Value.Compare(Number.IntegerDivide(s[Age],10),Number.IntegerDivi

Figure	6-41 Clarifying the age groups
Note In this example, since the rows are grouped solely based on the values in the Age column, thesecond input can be rewritten as text ("Age") instead of as list({"Age"}). This means that s and cin the �ifth argument are no longer records and can be referenced directly. Therefore, the formula can berewritten as follows, producing the same result.
= Table.Group(
      Source,
      "Age",



      {
                    {"IDs", each Text.Combine(_[Staff ID],", ")},
                     {"Age Group", each {"","[10-20)","[20-30)","[30-40)","[4
50)","[50-60)"} {Number.IntegerDivide([Age]{0},10)}}},
      1,
       (s,c)=>Value.Compare(Number.IntegerDivide(s,10),Number.IntegerDivide(cAs in the previous example of Table.Group(), this one also runs 10,000 rows in less than a second.
Using	the	Fifth	Input	in	Table.Group()	Based	on	One	ValueConsider the �irst example of this chapter and calculate the total sales per month.
Note The data in this example is provided in an Excel �ile titled 09 Using the Fifth Input in
Table.Group Based on one Value.xlsx.In this case, if you apply the grouping directly based on the Month column, which includes null values, youwill encounter the result shown in Figure 6-42.

Figure	6-42 Calculation for total sales per monthTo solve this problem, you must �irst replace the null value and then use the Group By command, orapply the Group By command directly by using its �ifth argument. Both solutions are covered in this section.
Solution	1:	Using	Fill	Down	Followed	by	Table.Group()In this approach, select the Month column, then go to the Transform tab and choose the Fill Down command.This will replace any null values in the column with the value from the row above it, ensuring that each rowhas a valid month value. You'll see the result shown in Figure 6-43.

Figure	6-43 Using Fill DownNow that all cells contain valid values, applying the Group By command using the settings shown inFigure 6-44 will effectively solve the problem.



Figure	6-44 Setting for Group By
Solution	2:	Using	Table.Group()	DirectlyIn this alternative approach, you use the �ifth argument of the Table.Group() function.
Note This solution is not recommended for this type of problem. Instead, the previous solution is abetter approach. However, this method is included to help you become more familiar with the �ifthargument of the Table.Group() function, which is used in later examples.By examining the table, it seems like a good approach to start grouping from the �irst row and include allsubsequent rows in the same group until encountering a row where the Month column contains a non-nullvalue. When reaching such a row, you should close the previous group and start a new one. This is exactlywhat this example aims to achieve, using the �ifth argument of the Table.Group() function.Instead of writing all the formula manual, you'll use the UI and then modify its resulting formula. Selectthe Month column and apply the Group By command. Set the New column name to Total Sales. Select Sum asthe operation and choose Quantity as the column. This will generate the following formula in the formulabar and results in Figure 6-45.
= Table.Group(Source, {"Month"}, {{"Total Sales", each List.Sum([Quantity]),
type number}})

Figure	6-45 Calculation for total sales per monthAs you start grouping from the �irst row and want to group the consecutive rows, change the groupinglogic to local by entering 0 as the fourth input of the previous formula. The result will change to Figure 6-46.



Figure	6-46 Changing the group kind to localNow, you can use the �ifth argument in the form of (s, c) => f(s, c). In this example, since you setthe fourth argument to 0 (indicating local grouping), you can de�ine f(s, c) to return either 0 or 1.As shown in Figure 6-47, at the �irst step, the �irst row is represented by s, and the next row isrepresented by c. The function f(s, c) is then calculated.– If f(s, c) = 0, the two rows are combined into the same group. For the next iteration, s remains �ixed,and c moves to the next row, as illustrated in Figure 6-48.– If f(s, c) = 1, the current group is closed (containing only the �irst row), and s and c are bothupdated to start a new group, as shown in Figure 6-49.

Figure	6-47 Beginning of grouping

Figure	6-48 Second iteration if f(s,c) results in 0

Figure	6-49 Second iteration if f(s,c) results in 1



Based on this explanation, the algorithm starts from the state shown in Figure 6-47 and the �irst groupshould continue until c reaches the row corresponding to the next month (row #11). To achieve this, f(s,
c) should return 0 as long as c has not yet reached a row where the Month column contains a non-nullvalue. In other words, grouping should continue until c[Month] <> null.However, since f(s, c) must return 0 (to continue grouping) or 1 (to stop the current group andcreate a new one), you need to convert the Boolean expression c[Month] <> null, which evaluates to
true or false, into a numeric value.To achieve this conversion, you can use the Number.From() function by rewriting the formula as
Number.From(c[Month] <> null), converting true to 1 and false to 0.As you determined the f(s,c) is Number.From(c[Month] <> null), the Table.Group()formula can be rewritten as the following formula, which solves the problem and results in Figure 6-50:
= Table.Group(Source,
      {"Month"},
      {{"Total Sales", each List.Sum([Quantity]) }},
      0,
       (s,c)=>Number.From(c[Month]<>null))

Figure	6-50 Using the �ifth argument
Note Based on the explanation in the previous example, as you use just a column for grouping, insteadof writing its name as a {"Month"} list in the second argument, you can write it as "Month" text. Bydoing this, s and c are not in type record anymore and they are simply text. The formula can be alsorewritten as follows, which leads to the same results:
= Table.Group(Source,
      "Month",
      {{"Total Sales", each List.Sum([Quantity]) }},
      0,
      (s,c)=>Number.From(c[Month<>,null))On the other hand, you can also use Value.Comparer()in this formula.
= Table.Group(Source,
      "Month",
      {{"Total Sales", each List.Sum([Quantity]) }},
      0,
      (s,c)=>Value.Compare(y,null))

Transforming	TablesConsider the Source table, which includes the customer information shown in Table 6-9. For each customer,their data—name, family, phone, and website—is provided across four rows. Transform this table so thateach customer has a single row with four columns: Name, Family, Phone, and Website.
Table	6-9 Source: Customer info
Info Info2Name John



Info Info2Family DoePhone 555-1234Website www. example. comName JaneFamily SmithPhone 555-9012Website www. anotherexample. comName AlexFamily JohnsonPhone -Website WWW. ThirdExample. ComName EmilyFamily -Phone -Website www.thirdexample.com
Note The data in this example is provided in an Excel �ile titled 10 Table Transformations
.xlsx.In this question, four rows are provided per customer, so you can use the Table.Split() function to splitthe Source table into multiple smaller tables, with each table containing the information for one customer.Each sub-table will include four rows (name, family, phone, and website). On the formula bar, click fx andwrite the following formula in it:
= Table.Split(Source,4)This will result in a list containing four items, as shown in Figure 6-51.

http://www.example.com/
http://www.anotherexample.com/
http://www.thirdexample.com/


Figure	6-51 The result of Table.Split()The previous step results in a list, including four sublists. Each sublist includes a table for theinformation of a customer. It would be a good idea to transpose every single in each sublist. To modify itemsin a list, you can use List.Transform(). Rewriting the previous formula as the following achieves thedesired result, as shown in Figure 6-52:
= List.Transform(Table.Split(Source,4),
      each Table.Transpose(_))

Figure	6-52 The result of List.Transform()In the previous formula, all tables are transposed, but in addition to transposing them, you also need topromote the �irst row of the resulting tables as headers. These two tasks can be combined into a single stepby modifying the previous formula as follows, ensuring that the �irst row of each transposed table ispromoted to a header. The result is shown in Figure 6-53.
= List.Transform(Table.Split(Source,4),
      each Table.PromoteHeaders(Table.Transpose(_)))

Figure	6-53 The result of promoting the headers after transformationNow it is time to convert the results into a table. You do this by selecting the To Table command from theTransform tab. This step converts the list into a structured table, leading to the �inal result shown in Figure6-54.



Figure	6-54 Converting the result into a tableIn the next step, expand column 1 to combine the promoted sub-tables into a single table with thedesired format. This will result in a table where each row represents a customer, and the columns includename, family, phone, and website, as shown in Figure 6-55.

Figure	6-55 Expanding column 1
Note Instead of using the List.Transform() function to solve this problem, you can use the
Table.FromList() function, as shown in the following formula. The key difference is that
Table.FromList() returns a table (instead of a list), and it allows you to add multiple columns to theresulting table in a single step.
  =Table.FromList(
      Table.Split(Source,4),
      each {Table.PromoteHeaders(Table.Transpose(_))})

Transforming	Tables	Within	Table.Group()Transform the Source table, provided in Table 6-10, into a new format with four columns: Name, Family,Phone, and Website. Ensure that each customer’s information is organized into a single row. Note that therow related to each new customer starts with the attribute related to Name.
Table	6-10 Source: People Info
Attribute ValueName JohnFamily DoePhone 555-1234Website www.example.comName JaneFamily SmithPhone 555-5678Website www.anotherexample.comName AlexFamily JohnsonName EmilyWebsite www.thirdexample.com

http://www.example.com/
http://www.anotherexample.com/
http://www.thirdexample.com/


Note The data in this example is provided in an Excel �ile titled 11 Transformations within
Table.Group().xlsx.This table is similar to the one presented in the previous question, with the key difference being that there isno �ixed number of rows for each customer. As a result, you cannot use Table.Split() to separate theinformation for each customer. Therefore, you need to �ind an alternative solution to handle this dynamicgrouping.Since the row of each customer starts with the Name �ield, you can use the �ifth argument in the
Table.Group() function to separate the rows related each customer and solve this problem. To solve thisproblem, group the table rows based on the Attribute column using the settings provided in Figure 6-56.This will result in Figure 6-57.

Figure	6-56 Grouping settings

Figure	6-57 The result of groupingThe initial step generates the following formula in the formula bar:
= Table.Group(Source, {"Attribute"}, {{"All", each _, type table
[Attribute=text, Value=text]}})That formula can be simpli�ied to the following one:
= Table.Group(Source, {"Attribute"}, {"All", each _})



Similar to Example 6-7, in this case, grouping will start from the �irst row and continue until a row with avalue of Name in the Attribute column is reached. In the previous formula, enter the fourth argument as 0.To de�ine the �ifth argument in the format (s, c) => f(s, c), s initially represents the �irst row, and crepresents the second row, as the �irst and second row are related to the same customer—in this case
f(s,c) should result in 0 to continue grouping.In the next iteration, s still represents the �irst row of the table, and c represents the third row, which isstill related to the information of the �irst customer. Therefore, f(s, c) should return 0.The f(s, c) should continue to return 0 for the next rows until c represents the �ifth row, which isrelated to the next customer. At this point, f(s, c) should return 1, as it encounters the Name value in theAttribute column, signaling the start of a new group. The �irst group should continue until
s[Attribute]="Name".In another word, to extract all the information about the �irst customer, f(s, c) should return 0. Thatindicates that the grouping should continue until a row with the Name value in the Attribute column isencountered. At that point, the grouping should stop, and a new group can be created. The criteria forclosing this group for a customer and creating a new group for the next customer can be de�ined as
c[Attribute]="Name".Based on this explanation, use the (s,c)=>Number.From(c[Attribute]="Name") formula as thecomparer in the �ifth argument of the previous formula, as shown in the following formula. This results inFigure 6-58.
= Table.Group(
      Source,
      {"Attribute"},
      {"All", each _},
      0,
       (s,c)=>Number.From(c[Attribute]="Name"))

Figure	6-58 The result of groupingNow the information of each customer is separated, and to transform its information into the rightshape, you can use some functions similar to the ones used in the previous example.In the previous formula, the second argument for the All column is de�ined as each _, which results inthe information of each customer in a table. To transpose the values within each table in the All column, youcan use the Table.Transpose() function and rewrite the formula as follows:
= Table.Group(5
      Source,
      {"Attribute"},
      {"All", each Table.Transpose(_)},



      0,
       (s,c)=>Number.From(c[Attribute]="Name")This will transpose the values in each table within the All column, resulting in Figure 6-59.

Figure	6-59 The result of adding Table.Transpose()Based on the result, each sub-table includes two rows: one for the headers and one for the values. Topromote the �irst row to headers and use the second row as values, add the Table.PromoteHeaders()function to the previous formula and rewrite it:
= Table.Group(
      Source,
      {"Attribute"},
      {"All", each Table.PromoteHeaders(Table.Transpose(_))},
      0,
       (s,c)=>Number.From(c[Attribute]="Name")This will promote the �irst row to headers and keep the second row as values, resulting in Figure 6-60.

Figure	6-60 The result of permuting headers in sub-tablesThe problem is almost solved. To �inalize the transformation, delete the Attribute column and expand theAll column. This will result in Figure 6-61.



Figure	6-61 The �inal result
Grouping	Consecutive	DatesConsider the sales data shown in Table 6-11. Group all consecutive dates and provide a report of total salesfor each group of consecutive dates. Note by loading this data into the Power Query, the values in the columnDate use the DateTime type.
Table	6-11 Source: Historical Sales
Date Quantity25/06/2024 8426/06/2024 2327/06/2024 8728/06/2024 2630/06/2024 672/07/2024 423/07/2024 404/07/2024 145/07/2024 696/07/2024 327/07/2024 448/07/2024 569/07/2024 2511/07/2024 1512/07/2024 8413/07/2024 2514/07/2024 4615/07/2024 3817/07/2024 4518/07/2024 7619/07/2024 44
Note The data in this example is provided in an Excel �ile titled 12 Grouping Consecutive
Dates.xlsx.Two different solutions are provided for this problem: one using a helper column and one without it.
Solution	1:	Using	a	Helper	ColumnIn the �irst solution, you add an index column starting at 1. Then add a Custom Column called HelperColumn, using the following formula in the Custom Column window to achieve Figure 6-62.
=Number.From([Date])-[Index]



Figure	6-62 The result of adding the custom columnThe helper column for consecutive dates contains the same value for each group of consecutive dates,and you can use this column to group the rows. Select this column, right-click it, and apply the settingsshown in Figure 6-63. When you click OK, you'll get Figure 6-64.



Figure	6-63 Settings for Table.Group()

Figure	6-64 The result of groupingThe previous step leads to the following simpli�ied formula:
= Table.Group(
      #"Added Custom",
      {"Helper Column"},
      {{"Date Range", each Table.RowCount(_)},
      {"Total Sales", each List.Sum([Quantity])}})At this step, the values in the Date Range column are calculated using Table.RowCount(_), whichreturns the number of rows for each group of consecutive dates. To replace these values with the actual daterange, modify this part of the formula with the following updated formula. This will result in Figure 6-65,and by removing the helper column, the problem will be solved.
each DateTime.ToText(List.First(_[Date]),"yyyy/MM/dd") & " - " &
DateTime.ToText(List.Last(_[Date]),"yyyy/MM/dd")

Figure	6-65 The �inal result of grouping
Solution	2:	Using	the	Fifth	ArgumentAlthough I recommend using the previous solution for similar problems, the problem can also be solvedwithout using a helper column. To do so, you need to identify from which row a new group should becreated.By examining the data, it is clear that the �irst group starts at the �irst row and continues until the �ifthrow. However, the �ifth row does not belong to the �irst group, as there is a gap between it and the data in theprevious row. In other words, the table does not include the date related to the previous day of 2024/06/30.Therefore, for each date, if the table does not include the date that corresponds to the previous day, anew grouping should begin. To solve this problem, you initially need to determine which dates aren'tmentioned in the table.To extract missing dates, you �irst need to determine all the dates within the surveyed period. You canuse List.Min(Source[Date]), List.Max(Source[Date]), and
Duration.Days(List.Max(Source[Date])-List.Min(Source[Date])), respectively, to extractminimum date, maximum date, and duration between the minimum and maximum date.After clicking fx in the formula bar, write the following formula to list all the dates within the surveyedperiod, as shown in Figure 6-66.
= List.DateTimes(
  List.Min(Source[Date]),



  Duration.Days(List.Max(Source[Date]) - List.Min(Source[Date])),
  #duration(1, 0, 0, 0)
)

Figure	6-66 List of all the dates and timesTo extract the missing dates, rewrite the previous formula using the following updated version, whichresults in Figure 6-67.
=List.Difference(
  List.DateTimes(
    List.Min(Source[Date]),
    Duration.Days(List.Max(Source[Date]) - List.Min(Source[Date])),
    #duration(1, 0, 0, 0)
  ),
  Source[Date]
)



Figure	6-67 Extracting the missing datesLet's call the list resulting from the previous formula MissingDates and de�ine the custom compareras (s, c) => f(s, c), which works as follows.As shown in Figure 6-68, s initially represents the �irst row, and c represents the second row. Since
MissingDates does not include the day before the date in the second row (represented by c), f(s, c)should return 0, meaning that the second row becomes part of the �irst group.

Figure	6-68 Beginning of groupingThen, as shown in Figure 6-69, in the next iteration, c represents the third row. Again, as
MissingDates does not include the day before the date represented by c, f(s, c) should return 0. Thisprocess continues until c reaches the �ifth row, as shown in Figure 6-70. At this point, the date in c is30/06/2024 12:00:00 AM. One day before this date is 29/06/2024 12:00:00 AM, which is in the
MissingDates list. So, here, f(s, c) should return 1, signaling the closure of the �irst group and thestart of the next group. See Figure 6-71.

Figure	6-69 Second iteration of the grouping



Figure	6-70 Fourth iteration of the grouping

Figure	6-71 Fifth iteration of the groupingTo implement this, the grouping should close if the formula List.Contains(MissingDates, one
day before c[Date]) evaluates to true. This can be written as List.Contains(MissingDates,
c[Date] - #duration(1, 0, 0, 0)). Thus, the �ifth argument of the Table.Group() functionwill be (s, c) => Number.From(List.Contains(MissingDates, c[Date] -
#duration(1, 0, 0, 0))).By replacing MissingDates with its formula and incorporating it into the �ifth argument of the
Table.Group() function, the full formula becomes as follows, which results in Figure 6-72.
Table.Group(Source, "Date",
  {{"Date Range",Table.RowCount(_)},
    {"Total Sales", each List.Sum([Quantity])},
  0,
  (s,c) =>
    Number.From(
      List.Contains(
        List.Difference(
          List.DateTimes(
            List.Min(Source[Date]),
            Duration.Days(List.Max(Source[Date]) - List.Min(Source[Date])),
            #duration(1, 0, 0, 0)
          ),
          Source[Date]
        ),
        c - #duration(1, 0, 0, 0)
      )
    )
)



Figure	6-72 Result of the groupingSimilar to the �irst solution, the second argument can be modi�ied to display date ranges instead of thenumber of rows in each group.
Ef�iciency	Tip Both previously mentioned solutions produce the same result, but their execution timesdiffer signi�icantly. While the �irst solution solves the problem quickly, the second solution takes around17 seconds even for a small table with 1,000 rows, which is excessive. So it is recommended to use the�irst solution.In case you have to use the second solution, let's check the cause of its slow performance. The delay iscaused by the calculation of the MissingDates, which is part of the Table.Group() formula, and willbe calculated several times. To improve performance when using such a formula, it's recommended toseparate the XXX part into its own step and apply List.Buffer() to it. Rewriting the code in theAdvanced Editor, as shown here, reduces the execution time for 1,000 rows to 0.08 seconds and for10,000 rows to 4.7 seconds (the �irst solution still outperforms it by solving the 10,000-row table in lessthan a second).
  let
  Source = Excel.CurrentWorkbook(){[Name = "Question"]}[Content],
  XXX = List.Buffer(
          List.Difference(
        List.DateTimes(
          List.Min(Source[Date]),
          Duration.Days(List.Max(Source[Date]) - List.Min(Source[Date])),
           Source[Date]
      ),
      each _ + #duration(1, 0, 0, 0)
    )
  ),
  GroupBy = Table.Group(
    Source,
    "Date",
    {
      {
        "Date Range",
        each DateTime.ToText(List.First(_[Date]), "yyyy/MM/dd")
          & " - "
          & DateTime.ToText(List.Last(_[Date]), "yyyy/MM/dd")
      },
      {"Total Sales", each List.Sum([Quantity])}
    },
    0,
    (x, y) => Number.From(List.Contains(XXX, y-#duration(1, 0, 0, 0)))
  )
in
  GroupBy



Using	the	Fifth	Input	in	Table.Group	Based	on	Two	ValuesConsider the Source table shown in Table 6-12. Group the rows, starting at the �irst row, under the conditionthat the difference between the �irst and last date of each group is fewer than ten days.
Table	6-12 Source: Historical Sales
Date Quantity6/03/2024 327/04/2024 449/04/2024 2512/04/2024 6725/05/2024 8426/06/2024 2327/06/2024 8728/06/2024 262/07/2024 423/07/2024 404/07/2024 145/07/2024 698/07/2024 5611/07/2024 1512/07/2024 8413/07/2024 2514/07/2024 4615/07/2024 3817/07/2024 4518/07/2024 7619/07/2024 44
Note The data in this example is provided in an Excel �ile titled 13 Using the Fifth Input in
Table.Group Based on Two Values.xlsx.You can solve this problem using the �ifth argument of the Table.Group() function in the form of (s, c)
=> f(s, c). However, this problem is different from the previous ones that were solved using the �ifthargument of Table.Group(). In those cases, the condition for stopping the current group was determinedbased solely on the row represented by c. In this case, however, you need to compare the starting date andthe ending date within the group to decide whether to continue the current group or start a new one.Consider the �irst iteration of grouping shown in Figure 6-73, where s[Date] and c[Date] should becompared. If the difference between these dates is fewer than ten days, f(s, c) should return 0.Otherwise, it should return 1 to close the current group and create the next one. To calculate the differencebetween these two dates, you can use the Duration.Days() function as Duration.Days(c[Date] -
s[Date]). To compare the result with 10, the formula is Duration.Days(c[Date] - s[Date]) >=
10.However, as mentioned earlier, the comparer used with the local grouping should return 0 or 1. Toconvert the Boolean result (True or False) into a 1 or 0, use the Number.From() function. The entirecomparer can be written as (s,c)=> Number.From(Duration.Days(c[Date] - s[Date]) >=
10). See Figure 



Figure	6-73 The �irst iteration of grouping6-73.Based on this introduction and using the source table, select the Group By command. Then, apply thesettings shown in Figure 6-74 and click OK, which will result in the following formula in the formula bar:
= Table.Group(Source, {"Date"}, {{"Total Sales", each List.Sum([Quantity]),
type number}})

Figure	6-74 Grouping settingsIn the generated formula, insert 0 as the fourth argument and use the comparer de�ined earlier as the�ifth argument to reach the following formula. This results in Figure 6-75.
= Table.Group(Source, {"Date"}, {{"Total Sales", each List.Sum([Quantity]),
type number}},0,(s,c)=> Number.From(Duration.Days(c[Date] - s[Date]) >= 10))



Figure	6-75 The result of revised formulaIn the resulting table, the Date column only shows the starting date of each group. To display the range ofdates for each group, the previous formula can be rewritten as follows, which results in Figure 6-76.
= Table.Group(Source, {"Date"}, {{"Total Sales", each List.Sum([Quantity]),
type number},{"Date Range", each
DateTime.ToText(List.First(_[Date]),"yyyy/MM/dd") & " - " &
DateTime.ToText(List.Last(_[Date]),"yyyy/MM/dd")}},0,(s,c)=>
Number.From(Duration.Days(c[Date] - s[Date]) >= 10))

Figure	6-76 The �inal result
Using	the	Fifth	Input	in	Table.Group	Based	on	All	the	Group	itemsConsider the historical complaint values shown in the Source table in Table 6-13. All the complaints need tobe inspected by different people, and each person can inspect �ive complaints (No.). Group the rows of thetable, from the top, into different groups, each including a maximum of �ive complaints (the sum of thevalues on the Complaint No. column in each group should be less than or equal to 5).
Table	6-13 Source: Historical Complaint
Date Complaint	ID Complaint	No.10/01/2024 C-1 125/01/2024 C-2 127/01/2024 C-3 227/01/2024 C-4 110/02/2024 C-5 13/03/2024 C-6 414/03/2024 C-7 111/04/2024 C-8 317/05/2024 C-9 117/05/2024 C-10 11/06/2024 C-11 217/06/2024 C-12 121/06/2024 C-13 124/06/2024 C-14 111/07/2024 C-15 120/08/2024 C-16 122/09/2024 C-17 226/09/2024 C-18 130/09/2024 C-19 1



Note The data in this example is provided in an Excel �ile titled 14 Using the Fifth Input in
Table.Group Based on All the Group items.xlsx.In the previous example, the rows were grouped based on the �irst and last row of each group. However, inthis example, the grouping logic is determined by all the rows within the group. Despite the dif�iculty of thisproblem, it can be solved with the �ifth argument of Table.Group(), which allows for more complexgrouping logic. The idea is to group the rows from the top row, ensuring that each group contains �ive orfewer complaints.As in the previous example, you need to use local grouping and de�ine the �ifth argument as (s,c) =>
f(s,c). However, before you start the solution, consider the second iteration of grouping shown in Figure6-77.

Figure	6-77 Second iteration of groupingAs presented, to determine the grouping, you need to consider the �irst three rows, where s representsthe �irst row and c represents the third row. However, you don't have direct access to the rows betweenthese two.To address this issue and simplify the process, add an index column, which will help you later access theintermediate rows between the starting and ending rows of the group. Select the Index column from the AddColumn tab, which creates a new column with sequential numbers starting from 1, as shown in Figure 6-78.

Figure	6-78 The result of adding an Index column



After adding this new column, reconsider the second iteration, as shown in Figure 6-79.

Figure	6-79 Second iteration of grouping after adding a custom columnIn this case, s[Index] is 0, which represents the starting row of the grouping, and c[Index] is 2,which represents the ending row for the grouping. To decide about the grouping, you need to extract all thevalues from the Complain No. column in the Source table, from s[Index] to c[Index]. This can be doneusing the following formula:
List.Range(Source[Complaint No],s[Index],c[Index]-s[Index]+1)To calculate the sum of complaints, you can rewrite it as follows:
List.Sum(List.Range(Source[Complaint No],s[Index],c[Index]-s[Index]+1))Since you have a cap on the number of complaints in each group (�ive), the formula can be furtherrewritten as follows:
List.Sum(List.Range(Source[Complaint No],s[Index],c[Index]-s[Index]+1))>5Finally, to convert the Boolean value into a 0-1 value, you modify the formula and write the comparer asfollows:
F(s,c)=>Number.From(List.Sum(List.Range(Source[Complaint
No],s[Index],c[Index]-s[Index]+1))>5)You can use this comparer in the Group By to solve the problem. Consider the table after adding theIndex column. Right-click the Index column, apply the Group By operation, and choose the All Rows option.The following M-code will then be generated in the formula bar:
= Table.Group(#"Added Index", {"Index"}, {{"IDs", each _, type table
[Date=datetime, Complaint ID=text, Complaint No=number, Index=number]}})This can be shortened to the following formula:
= Table.Group(#"Added Index", "Index", {{"IDs", each }})To revise the grouping criteria, enter 0 in the fourth input and use the de�ined comparer in the �ifth inputas follows. This adjustment will result in Figure 6-80, which includes the groups where the complaintnumber is less than or equal to �ive.
= Table.Group(
      #"Added Index",
      {"Index"},
      {{"IDs", each _}},
      0,
       (s,c)=>Number.From(
                        List.Sum(
                              List.Range(Source,s[Index],c[Index]-
s[Index]+1)
                                           )>5))



Figure	6-80 The result of advanced groupingTable 6-14 summarizes the results of each part of the formula in different iterations. Review eachiteration for grouping based on this table. In the following steps, Source[Complaint No] refers to thevalues in the Complaint Number column shown in Figure 6-81.
Table	6-14 Summarizing the Steps of Running the Fifth Input
Step s[Index] c[Index] s[Index]-c[Index]+1 List.Range

(…)
List.Sum
(…)

Number.From
(...)

Group

1 0 1 2 {1,1} 2 0 12 0 2 3 {1,1,2} 4 0 13 0 3 4 {1,1,2,1} 5 0 14 0 4 5 {1,1,2,1,1} 6 1 -4 4 5 2 {1,4} 5 0 25 4 6 3 {1,4,1} 6 1 -5 6 7 2 {1,3} 4 0 3



Figure	6-81 #"Added Index"[Complaint No]Group 1, Step 1:The second argument of Table.Group() is provided as a list, so s and c in the �ifth argument are oftype record. Since the list in the second argument of Table.Group() contains only one column name(Index), s and c are both records with a single �ield named Index. (If the second argument of
Table.Group() were written as the text "Index" instead of the list {"Index"}, then s and c wouldboth be of type number.)Figure 6-82 shows s and c in the �irst step, where s is the record [Index = 0], and c is the record
[Index = 1]. The result of s[Index] is 0 and the result of c[Index] is 1, and c[Index] -
s[Index] + 1 is equal to 2.Based on these values, List.Range(Source[Complaint No], s[Index], c[Index] -
s[Index] + 1) can be rewritten as List.Range(Source[Complaint No], 0, 1-0+ 1), whichequals to the �irst two values from the complaint list (shown on Figure 6-81), which are {1, 1}.So, List.Sum(List.Range(Source[Complaint No], s[Index], c[Index] - s[Index]
+ 1)) in this step is equal to List.Sum({1,1}), which is 2. Because the result of List.Sum() is notgreater than �ive, the result of Number.From() is 0, so the grouping continues, and c moves to the nextrow. See Figure 6-83.



Figure	6-82 The s and c in step 1

Figure	6-83 The s and c in step 2Group 1. Step 2:In this step, s[Index] = 0, c[Index] = 2 and c[Index] - s[Index] + 1 = 3. Applyingthese values to List.Range(Source[Complaint No], s[Index], c[Index] - s[Index] +
1) results in {1, 1, 2}. Since the result of List.Sum() for the resulting list is 4, which is not greaterthan �ive, the result of Number.From() is 0. Therefore, the grouping continues, and c moves to the nextrow. See Figure 6-84.

Figure	6-84 The s and c in step 3Group 1. Step 3:In this step, s[Index] = 0, c[Index] = 3, and c[Index] - s[Index] + 1 = 4.Applying these values to List.Range(Source[Complaint No], s[Index], c[Index] -
s[Index] + 1), you get {1, 1, 2, 1}. Since List.Sum() equals �ive, which is not greater than �ive,the result of Number.From() is 0. Therefore, the grouping continues, and c moves to the next row, asshown in Figure 6-85.

Figure	6-85 The s and c in step 4Moving to Group 2:In this step, s[Index] = 0, c[Index] = 4, and c[Index] - s[Index] + 1 = 5. Theresult of List.Range(Source[Complaint No], s[Index], c[Index] - s[Index] + 1) is
{1, 1, 2, 1, 1}. Since List.Sum() over the items in the resulting list equals six, which is greater



than �ive, the result of Number.From() is 1. This means Group 1 should be closed, and the row presentedby c becomes the starting row for Group 2.Consequently, as shown in Figure 6-86, s and c are updated, and s[Index], c[Index], and
c[Index] - s[Index] + 1 are now 4, 5, and 2, respectively.

Figure	6-86 The s and c in step 1 for Group 2As in the previous step, this process will continue until the last row of Source table. Table 6-14summarizes this process.Now that the grouping is functioning correctly, you can include the Complaint IDs in the resulting table.To achieve this, modify the formula by revising the third argument, to present Groups and Complaint IDswithin each group. The updated M-code to accomplish this is as follows, which results in Figure 6-87.
= Table.Group(
      #"Added Index",
      {"Index"},
      {{"IDs", each Text.Combine(_[Complaint ID],",")}},
      0,
       (s,c)=>Number.From(
                        List.Sum(
                              List.Range(Source[Complaint
No],s[Index],c[Index]-s[Index]+1)
                                           )>5))

Figure	6-87 The resulting table
Note In this example, since one column is used in the second input of the function, the name of thecolumn can be directly inserted as text instead of using list syntax. Therefore, for the �ifth argument,instead of using s[Index] and c[Index], you can simply use s and c. The revised version of theformula is as follows:
= Table.Group(
      #"Added Index",
      "Index",
      {{"IDs", each Text.Combine(_[Complaint ID],",")}},



      0,
       (s,c)=>Number.From(
                        List.Sum(
                              List.Range(Source[Complaint No],s,c-s+1)
                                           )>5))Additionally, in this example, the values in the Date column in the source table are unique, so insteadof adding an Index column, you can use this column to extract the values between the starting row andending row of groupings. Here’s how you can modify the approach to use the Date column without addingan Index column (this can be used only when the Date column is unique):
= Table.Group(
      Source,
      "Date",
                        {{"IDs", each Text.Combine(_[Complaint ID],",")}},
      0,
       (s,c)=>Number.From(
                        List.Sum(
                              Table.SelectRows(
                           Source,each [Date]>=s and [Date]<=c)[Complaint
No]
                                           )>=5))

Ef�iciency	Tip To check the execution time of the proposed formula, a table with 3,000 rows was used.Without buffering, the execution time was 26 seconds. However, by buffering Source[Complaint
No], the execution time was reduced to less than a second for the same table, and for a table with100,000 rows, it took 21 seconds, which is high.The whole formula using buffering is provided here:
let
    Source = Excel.CurrentWorkbook(){[Name="Table2"]}[Content],
    #"Added Index" = Table.AddIndexColumn(Source, "Index", 0, 1,
Int64.Type),
    Buffer=List.Buffer(Source[Complaint No]),
    #"Grouped Rows" = Table.Group(
#"Added Index",
"Index",
 {{"IDs", each Text.Combine(_[Complaint ID],",")}},
0,
(s,c)=>Number.From(
                  List.Sum(
                        List.Range(Buffer,s,c-s+1)
                                     )>5))
in
    #"Grouped Rows"In the provided solution, during each iteration of grouping, all the values in the group are examinedusing List.Sum(List.Range(Buffer, s, c - s + 1), which increases execution time. Analternative solution is proposed that determines grouping by comparing the cumulative complaints forthe row related to the start and end of each group, instead of evaluating a range of complaints for all therows inside each group.To implement this solution, �irst add a new index column to the source table, starting at 0. Then clickthe fx button to add a new step called Custom1. Then use the following formula in the formula bar, whichgenerates a list of all complaints, resulting in Figure 6-88.



= List.Buffer(#"Added Index"[Complaint No])

Figure	6-88 List of complainsRename the new step to Complaint. In the next step, you need a list starting from 0 that includes thecumulative values from the complaint list. There are several ways to achieve this, but one of the mostef�icient methods is by using the following formula, using the List.Generate() function (this functionis explained in depth in Chapter 9), which results in Figure 6-89.
= List.Buffer((List.Generate(
            () => {0,0},
            each  _{0} <= List.Count(Complaint),
            each {_{0}+1,_{1}+ Complaint{_{0}}},
            each _{1})))



Figure	6-89 Cumulative list of complaintsLet’s call the previous step Buffer. By using the following formula, you can solve the problem in a moreef�icient way:
= Table.Group(
        #"Added Index",
        "Index",
        {{"IDs", each Text.Combine(_[Complaint ID],",")}},
        0,
        (s,c)=>Number.From((Buffer{c+1}-Buffer{s})>5))The initial steps of this formula are provided in Table 6-15.
Table	6-15 Summary of the Steps
Step s c Buffer{c+1} Buffer{s} Number.From(..) Group1 0 1 2 0 0 12 0 2 4 0 0 13 0 3 5 0 0 14 0 4 6 0 1 -4 4 5 6 5 0 25 4 6 10 5 0 26 4 7 11 5 1 -



Step s c Buffer{c+1} Buffer{s} Number.From(..) Group6 7 8 15 11 0 37 7 9 16 11 0 37 7 10 18 11 1 -The complete code for solving this problem is provided here, and it executes in under a second for atable with 1 million rows.
let
  Source = Excel.CurrentWorkbook(){[Name = "Table2"]}[Content],
  #"Added Index" = Table.AddIndexColumn(Source, "Index", 0, 1,
Int64.Type),
  Complaint = List.Buffer(#"Added Index"[Complaint No]),
  Buffer = List.Buffer(
    (
      List.Generate(
        () => {0, 0},
        each _{0} <= List.Count(Complaint),
        each {_{0} + 1, _{1} + Complaint{_{0}}},
        each _{1}
      )
    )
  ),
  #"Grouped Rows" = Table.Group(
    #"Added Index",
    "Index",
    {{"IDs", each Text.Combine(_[Complaint ID], ",")}},
    0,
    (s, c) => Number.From((Buffer{c + 1} - Buffer{s}) > 5)
  )
in
  #"Grouped Rows"

SummaryThe advanced Table.Group() function in Power Query is presented in this chapter as a tool for effectivelysummarizing rows within a table. Using the UI, the function’s �irst three arguments allow users to specify thetable name, the column used for grouping, and a list of new column names with their respective operations.These three arguments alone can address numerous real-world challenges. However, the fourth and �iftharguments signi�icantly enhance the function’s versatility. The fourth argument allows you to switch thegrouping logic from global (across all rows) to local (among neighboring rows), while the �ifth enables youto use custom grouping criteria. In this �ifth argument, you can de�ine a custom function. The customfunction should include two arguments (usually in the type of record) that represent rows from the sourcetable. For every two rows represented by the custom function arguments, when the custom function returnsa value of 1, the rows are grouped together in the result; otherwise, they are placed in separate groups.The next chapter covers essential tips for merging and appending multiple tables.
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7.	Merging	and	Appending	TablesOmid Motamedisedeh1  Coorparoo, QLD, Australia 
When working with multiple tables, you might need to combine them in different ways by using append ormerge. The append process involves stacking tables on top of each other, essentially putting rows frommultiple tables under each other in a single table. This is useful when you have similar datasets acrossdifferent tables and want to consolidate them into one uni�ied dataset. The merge process, on the otherhand, involves combining columns from multiple tables based on one (or more) common key or column.This allows you to enrich one table with data from another table by aligning them side by side based onmatching values and selected merging logic.Consider the Source1 and Source2 tables, which contain historical sales data for the years 2022 and2023, respectively. They are shown in Table 7-1 and Table 7-2.
Table	7-1 Source1: Sales in 2022
Year Product Sales2022 A 1402022 B 2102022 C 410
Table	7-2 Source1: Sales in 2023
Year Product Sales2023 A 252023 B 3602023 C 8002024 D 51In this example, the tables contain data from different years, but they have the same columns. Toappend the tables and stack them vertically, follow these steps.Select one of the tables, go to the Home tab, and choose Append Queries, as shown in Figure 7-1. In thedialog that appears, con�igure the settings as shown in Figure 7-2. This will result in a combined table, asillustrated in Figure 7-3.

Figure	7-1 Choosing Append Queries as New

https://doi.org/10.1007/979-8-8688-1288-0_7


Figure	7-2 Setting the Append query

Figure	7-3 The result of the “Append Queries as New” option
Note As shown in Figure 7-1, there are two options for appending queries: Append Queries andAppend Queries as New. Selecting Append Queries as New creates a new query, where the appendedtable is provided as the result, as shown in Figure 7-3. Selecting Append Queries adds the appendedtable as a new step within the existing selected query.The previous steps result in the following formula in the formula bar, which combines (appends) two ormore tables vertically:
= Table.Combine({Source1, Source2})This example uses the Table.Combine() function to append tables in Power Query. It takes twoarguments—the �irst argument is a list containing the names of the tables to be combined, and you can usethe second argument to limit the resulting table to speci�ic columns. You do this by specifying the columnnames in the second argument of the Table.Combine() functions in the type list. Rewriting theprevious formula as shown here will result in an appended table that includes only the Product and Yearcolumns (see Figure 7-4):
= Table.Combine({Source1,Source2},{"Product","Sales"})



Figure	7-4 Selecting the column list for appending
Note In addition to using the Table.Combine() function, the & operator can also be used toappend tables. These formulas produce the same result:
= Table.Combine({Source1, Source2})

=Source1 & Source2In this case, as explained in Chapter 2, you can limit the result to speci�ic columns by specifying thedesired column names in brackets. The following formula returns only the Product and Sales columnsin the resulting table:
= (Source1 & Source2)[[Product],[Sales]]In another scenario, you may need to extract information from one table and add it as a new column toanother table. For example, consider the Historical_Sales and Product_Info tables, as shown in Table 7-3and Table 7-4.

Table	7-3 Historical_Sales Table
Date Product Quantity2/21/2024 A 22/22/2024 B 22/23/2024 A 12/23/2024 C 3

Table	7-4 Product_Info Table
Product	Name PriceA 100B 150C 200To extract product prices from the Product_Info table and add them as a new column to theHistorical_Sales table, follow these steps:1. Select the Historical_Sales table.  2. From the Home tab, select the Merge Queries command. This opens the Merge window, where theHistorical_Sales table is automatically selected at the top.  



3. Next, in the bottom part, choose the table from which you want to extract information—in this case,Product_Info.  4. Then, select the common column(s) that exist in both tables. In this example, the common column isthe product name, which appears as the Product column in the Historical_Sales table and as theProduct Name column in the Product_Info table. Con�igure the settings as shown in Figure 7-5 byselecting the mentioned columns and clicking OK. This results in Figure 7-6.
 

Figure	7-5 Setting the merging query

Figure	7-6 The result of the merging queryIn the resulting table, a new column called Product_Info, including the information of the matchedrows in the Product_Info table, will be added to the Historical_Sales table. You can then extract



the product price by expanding this new column. After applying this step, the formula for merging thetables generated in the formula bar is as follows:
= Table.NestedJoin(Source, {"Product"}, Product_Info, {"Product Name"},
"Product_Info", JoinKind.LeftOuter)As shown in Figure 7-5, the Merge window includes a setting for Join Kind, which offers variousoptions, including Left Outer, Right Outer, Full Outer, Inner, Left Anti, and Right Anti. Each option affectsthe merging logic differently, determining how matched and unmatched rows are handled. (In thisexample, the Historical_Sales table is the left table, and the Product_Info table is the right table.)Now revise the Product_Info table, as shown in Table 7-5, and consider the Historical_Salestable as previously shown. In this case:– Product B appears only in the left table.– Product A is repeated twice in the left table, and once in the right table.– Product D appears only in the right table and is listed twice.– Product C appears twice in the right table and once in the left table.The resulting tables of applying different Join Kind settings under each merge logic are shown inFigure 7-7 to Figure 7-12:
Left	Outer	Join: In the Left Outer Join, the merge keeps all rows from the left table and brings inmatching rows from the right table wherever possible. If a match exists, the corresponding data fromthe right table is included; otherwise, NULL values appear for unmatched rows. In this case, Product Bhas no match in the right table, so it remains in the result with NULL values in the merged columns.Product A appears twice in the left table but has only one corresponding row in the right table, meaningboth instances of A will get the same match. Product C, however, appears twice in the right table butonly once in the left table, causing it to be duplicated in the result.
Right	Outer	Join: This merge keeps all rows from the right table, ensuring that every row from itappears in the �inal result. Any matching rows from the left table are brought in, while NULL valuesappear where no match exists. In this scenario, Product D, which is only present in the right table,appears in the result with NULLs from the left table. Product B doesn’t appear in the resulting table.
Full	Outer	Join: This merge includes all rows from both tables, regardless of whether a match exists. If aproduct appears in both tables, the corresponding values are merged; otherwise, NULL values �ill thegaps. This ensures that Product B, which only exists in the left table, and Product D, which only exists inthe right table, both appear in the result with NULL values for the missing side. Products A and C, whichexist in both tables, are merged based on matching logic, leading to multiple rows when necessary.
Inner	Join: This merge keeps only the rows that have a match in both tables, effectively �iltering out anyrecords that don’t exist in both datasets. This means that Product B, which only appears in the left table,and Product D, which only appears in the right table, will be completely excluded. The remainingproducts, A and C, will be matched based on their occurrences, ensuring that every possiblecombination of left and right matches appears in the �inal result.
Left	Anti	Join: This merge returns only the rows from the left table that do not have a match in the righttable. It essentially �ilters out all products that appear in both tables. In this scenario, Product B is theonly product unique to the left table, meaning it is the only row that remains in the �inal result. All otherproducts are excluded since they have corresponding matches in the right table.
Right	Anti	Join: This merge works in the opposite way to the Left Anti Join, keeping only rows from theright table that have no match in the left table. Here, Product D is the only product unique to the righttable, so it is the only row that appears in the �inal result. All other products, which have at least onematch in the left table, are �iltered out.The rest of this chapter explores more tips about using append and merge queries.

Table	7-5 Product_Info table
Product	Name PriceA 100C 200



Product	Name PriceD 50D 25C 120

Figure	7-7 The resulting table under the Left Outer logic

Figure	7-8 The resulting table under the Right Outer logic

Figure	7-9 The resulting table under the Full Outer logic



Figure	7-10 The resulting table under the Inner logic

Figure	7-11 The resulting table under the Left Anti logic

Figure	7-12 The resulting table under the Right Anti logic
Combining	TablesConsider the monthly sales data for Spring provided in Table 7-6, Table 7-7, and Table 7-8. Combine allthese tables to create a uni�ied table for Spring, where each row represents a region, each columnrepresents a product, and the values show the total sales of each product in that region across differentmonths.
Table	7-6 Table1: Sales in March
Regions Product	A Product	B Product	ERegion 1 98 45 91Region 2 37 71 23Region 3 92 39 90
Table	7-7 Table2: Sales in April
Regions Product	A Product	D Product	C Product	ERegion 1 90 30 95 74Region 4 51 41 80 17Region 3 88 37 69 70
Table	7-8 Table3: Sales in May
Regions Product	D Product	B Product	ERegion 3 77 22 37Region 2 98 66 59Region 4 32 57 29
Note The data in this example is provided in an Excel �ile titled 01 Combining Tables.xlsx.As mentioned in the introduction, tables can be appended using the Table.Combine() function or the &operator. To solve this problem, create a blank query and write the following formula in the formula bar,resulting in the appended version of the tables shown in Figure 7-13:



= Table1 & Table2 & Table3

Figure	7-13 Combining tablesIn the next step, rows belonging to the same region need to be aggregated. For example, rows 1 and 4represent Region 1 and should be combined accordingly using the Group By command (or unpivoting thetable and then using pivoting, as explained in Chapter 5, which is a better solution when faced with severalcolumn names). See Figure 7-14 for the proper settings. Click OK to get the result in Figure 7-15.

Figure	7-14 Settings of Group By



Figure	7-15 The results of Group By
Calculating	Weighted	AveragesThe Production table includes monthly production �igures (in meters) for various machines. It’s shown inTable 7-9. The Sample table lists the weight (kg/m) of product samples produced by different machinesand is shown Table 7-10. Calculate the average weight of products (kg/m) produced each month usingthese tables.
Table	7-9 Production: Monthly Production by Meter by Different Machinery
Month Machine	Code Production	(m)1 A 1002 A 1833 A 551 B 2203 B 2312 C 1003 C 220
Table	7-10 Sample: Weight of Samples
Machine	Code Month Sample Weight	(kg/Meter)A 1 1 1.25A 1 2 1.2B 1 1 1.25A 1 3 1.22A 1 4 1.24B 1 2 1.25C 2 1 1.29C 2 2 1.22A 2 1 1.33C 2 3 1.39A 2 2 1.26C 2 4 1.21C 3 1 1.32A 3 1 1.28A 3 2 1.33B 3 1 1.27
Note The data in this example is provided in an Excel �ile titled 02 Calculating Weighted
Averages.xlsx.To address this problem for Month 1, follow these steps:1. Calculate	Average	Weights	(kg/m): First, compute the average weights of a meter for the sampleproducts produced by each machine in each month presented in the Sample table:  



– For machinery A in month 1: Average weight of samples per meter = (1.25+1.2+1.22+1.24)/4=1.2275– For machinery B in month 1: Average weight of samples per meter = (1.25+1.25)/2=1.252. Calculate the average of Production Weight (kg/m) for each month. For example for month 1:– Machinery A produced 100 meters of products. The average weight per meter, calculated in theprevious step, is 1.2275 kg/m.– Machinery B produced 220 meters with an average weight per meter of 1.25 kg/m.– The average weight of each meter of products (kg/m) produced in this month is calculated by(100*1.2275+220*1.25)/(100+220)=397/320=1.242
 

To solve the problem according to the �irst step and calculate the average weight of each meter ofproduct produced by each machine in each month, you can use the Group By command. Select the Sampletable, and from the Home tab, choose the Group By command. Then apply the settings shown in Figure 7-16 to group the Sample table by Month and Machine Code. Use the Average operation over the Weightcolumn to achieve the table shown in Figure 7-17.

Figure	7-16 Settings of Group By



Figure	7-17 The results of Group ByThe resulting table shows the average weight of samples (kg/m) produced by each machine indifferent months. This information needs to be merged with the data from the Production table based onthe Month and Machine Code columns. To merge the tables, select the Sample table. Then go to the Hometab and click Merge Queries. In the Merge window, select the Production code for the right table. In thisexample, two columns should be considered for merging, so in the left table, �irst select Month column,then hold Ctrl and select the Machine Code column as the second column. Repeat this process on the righttable, ensuring the selection is in the same order (Month and Machine Code). This will show the numbers1 and 2 next to the column names, as shown in Figure 7-18. Clicking OK results in the table shown inFigure 7-19.

Figure	7-18 Settings of merging queries



Figure	7-19 Results of merging queriesExpand the new column named Grouped Rows by selecting only the Production (m) column to obtainFigure 7-20.

Figure	7-20 The result of expanding the Grouped Rows columnThe resulting table includes both the average weight of samples (kg/m) and the total production (m)for each machine in each month. To calculate the total weight of production for each machine in eachmonth, multiply the values in these two columns (average weight and total production). Add a new columncalled Avg Production Weight (Kg) using the following formula in the Custom Column window.
=[#"AVG weight of samples (Kg/m)"]*[#"Production (m)"]In the next step, you can group the rows by month and calculate the total production in meters andkilograms for each month. Using the Group By command with the settings shown in Figure 7-21 results inthe table shown in Figure 7-22.

Figure	7-21 Setting for Group By



Figure	7-22 The result of groupingAs the �inal step, add a new column called AVG Weight of Monthly Production (Kg/m) with thefollowing formula in the Custom Column window.
=[#"Total Production (kg)"]/[#"Total Production (m)"]This formula calculates the average weight of monthly production, as shown in Figure 7-23. Removeany extra columns to achieve the result.

Figure	7-23 The �inal result



Reconciliation,	Part	1Consider Table 7-11, including the bank statement, and Table 7-12, including the �inance department’srecords, for the same period. Reconcile these two tables and identify any mismatched rows. (A row isconsidered a mismatch if there is no corresponding transaction in the other table with the same amounton the same date.)
Table	7-11 Bank: Including Bank Statements

Date Transaction	Type Amount Transaction	Category Source19/02/2024 Online 700 Flights Bank19/02/2024 Online 150 Transportation Bank19/02/2024 Online 120 Transportation Bank19/02/2024 In-person 250 Food Bank19/02/2024 In-person 160 Lodging Bank20/02/2024 Online 150 Of�icial Bank20/02/2024 Online 115 Of�icial Bank20/02/2024 Online 5 Of�icial Bank20/02/2024 In-person 180 Transportation Bank20/02/2024 Online 2 Food Bank20/02/2024 In-person 160 Food Bank20/02/2024 Online 10 Food Bank21/02/2024 Online 250 Lodging Bank21/02/2024 In-person 90 Of�icial Bank21/02/2024 Online 160 Of�icial Bank21/02/2024 Online 10 Food Bank
Table	7-12 Finance: Records on Company

Date Department	Budget Amount Source19/02/2024 HR 700 Finance19/02/2024 Sales 150 Finance19/02/2024 HR 120 Finance19/02/2024 Finance 250 Finance19/02/2024 HR 160 Finance19/02/2024 Sales 10 Finance20/02/2024 HR 150 Finance20/02/2024 Sales 120 Finance20/02/2024 Finance 250 Finance20/02/2024 HR 160 Finance20/02/2024 HR 10 Finance21/02/2024 Sales 150 Finance21/02/2024 Finance 120 Finance21/02/2024 HR 250 Finance21/02/2024 HR 160 Finance21/02/2024 Sales 10 FinanceIn this example, for simplicity, the column names are the same in both tables, and both tables include acolumn indicating the source of each table. It is also assumed that there is no transaction with the similardate and amount. (This assumption is removed in the next example.)



Note The data in this example is provided in an Excel �ile titled 03 Reconciliation Part
1.xlsx.In �inance, reconciliation refers to the process of ensuring that two sets of �inancial records are inagreement. The goal is to verify that the amounts in one set of records match those in another, typicallycomparing transactions or balances across different systems or accounts. For example:
Bank	reconciliation Comparing a company’s internal �inancial records with the bank statement toensure both sets match and to identify any discrepancies (such as missing transactions or errors).
Account	reconciliation Ensuring that the balances in different accounts (e.g., accounts payable,accounts receivable) are consistent and correct.In short, reconciliation ensures that �inancial data is accurate, complete, and consistent acrossdifferent sources, helping to prevent errors and detect fraud.In practice, reconciliation can be a challenging task because a row in one table might be split intomultiple rows in another table. This situation cannot be easily handled by simply merging the tables.Advanced functions like List.Generate() and List.Accumulate() are often required toaddress such cases.In this example, to identify the rows that are common in both tables based on the transaction date andamount, you can use the Merge command. Select the Bank table and use the Merge Queries as New option.Then apply the settings shown in Figure 7-24, ensuring that the Date and Amount columns are bothselected in the same order for both tables. Set the Join Kind to Left Anti and click OK to reach Figure 7-25.



Figure	7-24 Merge setting for Left Anti

Figure	7-25 The result of merge for Left AntiThis will allow you to extract the transactions that are present in the bank statement (the Bank table)but not in the company records (the Finance table).Although the resulting rows in the new Finance column are marked as Table, they all contain a null rowfor all the rows, as shown in Figure 7-25.The previous steps lead to the following formula in the formula bar. It’s used to merge both the tables—Bank and Finance—based on the Date and Amount columns on both the tables.



= Table.NestedJoin(Bank, {"Date", "Amount"}, Finance, {"Date", "Amount"},
"Finance", JoinKind.LeftAnti)In the previous formula, by swapping the �irst and third arguments (and if the column names in bothtables don’t match exactly, the second argument should be swapped with the fourth argument as well), theresult will change to display rows that are in the company �ile but not in the bank statement, as shown inFigure 7-26.
= Table.NestedJoin(Finance, {"Date", "Amount"}, Bank, {"Date", "Amount"},
"Finance", JoinKind.LeftAnti)

Figure	7-26 The result of swapping arguments on the merge function
Note In the previous step, instead of swapping the tables, changing the merge logic to Right Anti andexpanding the generated column will also lead to the same result.You have two formulas: one returns the transactions that are in the Bank table but not in the Finance table,and the other returns the transactions that are in the Finance table but not in the Bank table. Appendingthese two tables will result in a complete list of all mismatched rows. Using the following formula in theformula bar will produce the output shown in Figure 7-27.
= Table.Combine(
      {Table.NestedJoin(Bank, {"Date", "Amount"}, Finance, {"Date",
"Amount"}, "Finance", JoinKind.LeftAnti),
      Table.NestedJoin(Finance, {"Date", "Amount"}, Bank, {"Date",
"Amount"}, "Finance", JoinKind.LeftAnti)},
      {"Date","Amount","Source"})



Figure	7-27 The result of reconciliationIn the resulting table, the �irst �ive rows represent transactions that appear on the bank statements but notin the company records. The remaining rows correspond to transactions that are recorded in the company�iles but are missing from the bank statements.



Reconciliation,	Part	2As in the previous example, this example considers the bank statement and company records tables,shown in Table 7-13 and Table 7-14, with the difference that the tables are included the rows with thesame Date and Amount values. The goal is to reconcile these two tables and identify any mismatchedrecords. For simplicity, the column names are the same in both tables, and there is a column called
Source, which represents the source of table.
Table	7-13 Bank: Including Bank Statements

Date Transaction	Type Amount Transaction	Category Source19/02/2024 Online 700 Flights Bank19/02/2024 Online 700 Transportation Bank19/02/2024 Online 120 Transportation Bank19/02/2024 In-person 250 Food Bank19/02/2024 In-person 160 Lodging Bank20/02/2024 Online 150 Of�icial Bank20/02/2024 Online 115 Of�icial Bank20/02/2024 Online 115 Of�icial Bank20/02/2024 In-person 115 Transportation Bank20/02/2024 Online 2 Food Bank20/02/2024 In-person 160 Food Bank20/02/2024 Online 10 Food Bank21/02/2024 Online 250 Lodging Bank21/02/2024 In-person 90 Of�icial Bank21/02/2024 Online 160 Of�icial Bank21/02/2024 Online 10 Food Bank
Table	7-14 Finance: Records on Company

Date Department	Budget Amount Source19/02/2024 HR 700 Finance19/02/2024 Sales 700 Finance19/02/2024 HR 700 Finance19/02/2024 Finance 250 Finance19/02/2024 HR 160 Finance19/02/2024 Sales 10 Finance20/02/2024 HR 150 Finance20/02/2024 Sales 115 Finance20/02/2024 Finance 115 Finance20/02/2024 HR 160 Finance20/02/2024 HR 10 Finance21/02/2024 Sales 150 Finance21/02/2024 Finance 120 Finance21/02/2024 HR 250 Finance21/02/2024 HR 160 Finance21/02/2024 Sales 10 Finance
Note The data in this example is provided in an Excel �ile titled 04 Reconciliation Part
2.xlsx.



The key difference between this problem and the previous one is that, in the previous scenario, youassumed that the values of rows in the Amount column for each date were unique (i.e., no rows withduplicate amounts and dates). However, in this example, the amount of 700 on the date 19/02/2024appears twice in the Bank table and three times in the Finance table.Applying the solution in the previous example to these two tables results in the table shown in Figure7-28. Although the transaction of 19/02/2024 with an amount of 700 is recorded more frequently in theFinance table, the resulting table does not show it as a mismatch row. This means it does not properlyhandle cases where amounts are repeated, such as 700 on 19/02/2024 and 115 on 20/02/2024.

Figure	7-28 The result of reconciliationMerging the tables presented in this chapter does not resolve the issue in this case. However, there is apowerful function called List.Difference() that can help extract mismatched items by consideringthe number of repetitions, but it just works on lists.The List.Difference() function takes three arguments, the last being optional and for changingthe matching criteria. In the �irst two arguments, two lists will be entered. The function returns all theitems that are in the �irst list but not in the second list. For example, List.Difference({1,2,3},
{1,2,4}) results in {3}, and List.Difference({1,2,3,1},{1,2,4}) results in {3,1}.In the advanced version of this function, the lists in the �irst two arguments can be in type record (oreven list and table), so the �ield of records will be compared and the ones in the �irst list and not in thesecond list will be returned. So the following formula results in {[X=2,Y=1],[X=1,Y=2]}:
= List.Difference({[X=1,Y=1],[X=2,Y=1],[X=1,Y=2]},{[X=1,Y=1],[X=1,Y=10]})In this case, the �irst list include three items all in type record with two �ields of X and Y, and thesecond list include two items in type record, and the function results in the records that are in the �irst listbut not in the second list. In Power Query, two records are equal if they have the same number of �ieldswith the same �ield name and equal �ield values.In the previous example, to adjust the logic for comparing the records and compare only the values ofthe X �ield (ignoring the other �ields), you can use the third argument of the List.Difference()function. The formula can be rewritten as follows, which results in {[X=2, Y=1]}:
= List.Difference({[X=1,Y=1], [X=2,Y=1], [X=1,Y=2]}, {[X=1,Y=1],
[X=1,Y=1]},each _[X])In this case, using each _[X] as a custom equality means, that only the values on the �ield of X areconsidered for comparison. In this case, the records of [X=1,Y=2] are equal to the record of
[X=1,Y=10], as they have the same number in the X �ield. As a result, from the �irst list, [X=1,Y=1] isremoved because it is already present in the second list. Similarly, [X=1,Y=2] is removed because thereis a record in the second list, [X=1,Y=10], that has the same value for X.Based on this explanation, this problem can be solved by converting each table into a list of records,where each record represents a row from the table. These lists can then be used in the



List.Difference() function, with the third argument specifying that only the Date and Amount �ieldsshould be considered for comparison.To reshape the tables into the appropriate format, you can use the Table.ToRecords() function,converting the rows of the table into a record which is presented in a list. Create a new query, and in theformula bar, enter the following formula to represent each row of the Bank table as a record, all providedin a list, as shown in Figure 7-30.
 =Table.ToRecords(Bank)

Figure	7-29 Using Table.ToRecords()Based on the result of Table.ToRecords(), rewriting the previous formula as follows will compare therows of the two tables based on all their �ields:
=  List.Difference(Table.ToRecords(Bank),Table.ToRecords(Finance))To limit the comparison to just the Date and Amount �ields, you can adjust the formula by using thethird argument of the List.Difference() function. This modi�ied formula will return all the rowsavailable in the Bank table that are not present in the Finance table, based on the values in the Date andAmount columns, as shown in Figure 7-30.
= List.Difference(Table.ToRecords(Bank),Table.ToRecords(Finance), each
{_[Date],_[Amount]})



Figure	7-30 The result of using List.Difference()Swapping the Bank and Finance tables will return the rows that exist in the Finance table, but not in theBank table. By combining the previous formula with its swapped version and rewriting it as follows in theformula bar, you can retrieve all mismatched rows from both tables. The result is shown in Figure 7-31.
= List.Difference(Table.ToRecords(Bank),Table.ToRecords(Finance), each
{_[Date],_[Amount]}) &
List.Difference(Table.ToRecords(Finance),Table.ToRecords(Bank), each
{_[Date],_[Amount]})



Figure	7-31 List of all mismatched itemsIn the next step, to convert the result from a list to a table, go to the Transform tab and select the To Tablecommand. In the dialog window that appears, choose None as the delimiter and click OK to obtain the �inalresult, shown in Figure 7-32.

Figure	7-32 Converting the result to a tableIn the �inal step, expand Column1 to extract the individual �ields from the records. This will transformthe data into a structured table, solving the problem and producing the �inal results, as shown in Figure 7-33.

Figure	7-33 The �inal table



Fuzzy	MergingConsider the Historical Sales info and Product Info tables provided on Table 7-15 and Table 7-16. Add theproduct price from the Product Info table into the Historical Sales info. The product IDs do not exactlymatch in the tables, so you have to extract the similar information.
Table	7-15 Sales: Historical Sales Info

Date Product	ID Quantity24/07/2024 PNX4 224/07/2024 LMYL1 725/07/2024 PN-X 525/07/2024 PNX41 128/07/2024 nc 229/07/2024 PNX6 629/07/2024 LMYL-pnx 329/07/2024 NC2 329/07/2024 PNX5 230/07/2024 LMYLL 230/07/2024 NC6 2
Table	7-16 Info: Product Price Info
Product	ID PricePnx 10LMYL 7NC-2 5
Note The data in this example is provided in an Excel �ile titled 05 Fuzzy Merging.xlsx.In this example, the IDs are not clean. For instance, in the Info table, an ID like NC-2 appears in differentvariations in the Sales table, such as nc, NC2, and NC6. Similarly, for LMYL, multiple variations like LMYL1,LMYLL, and LMYL-pnx exist. This leads to several challenges, including:– Extra characters in some ID variations– Inconsistent character casing (uppercase vs. lowercase)– Combinations of IDs in different formatsHandling these inconsistencies requires a robust approach to standardize and correctly match the IDsacross both tables.Since the IDs follow inconsistent patterns and variations, it is dif�icult to clean them automatically anduse them directly in a merge process. The lack of a uniform structure makes it challenging to apply simpletransformations like trimming, case conversion, or substring extraction to standardize the IDs. As a result,a more advanced approach, called fuzzy matching or custom mapping, may be required to correctly alignthe IDs across both tables.
Note In the fuzzy	logic, instead of comparing two values like nc and NC2 and saying they are equal ornot, a similarity value is de�ined based on a threshold de�ined by user. This determines whether theyare the same. However, in Power Query, it works like a black box and you might be faced withunexpected results.To use fuzzy merge, the common column in the right-side table must be of type text. The Product IDcolumn in the Info table needs to be converted to text. This can be done by selecting the Info table,



navigating to the Transform tab, and using the Detect Data Type option to ensure the column is recognizedas text. It is not required but it is better to do the same for the Info table.Once the column type is set correctly, the merge process can be performed. Selecting the Sales tableand using the Merge Queries option from the Home tab allows for merging with the Product Info table. Inthe merge window, the Product ID column should be selected from both tables to establish therelationship. However, as shown in Figure 7-34, no matching rows appear due to inconsistencies in theProduct ID formatting across the tables.

Figure	7-34 Merging settingInstead of using a simple merge, fuzzy matching should be enabled, allowing adjustments to itsparameters and settings. After enabling the Fuzzy Matching option, you can adjust its settings and observethe number of matching rows. By tweaking parameters like the similarity threshold and the matchingmethods, you can �ine-tune the merge process. As you make these adjustments, Power Query will displaythe updated number of rows that match based on the de�ined criteria, allowing you to evaluate theeffectiveness of the fuzzy matching con�igurationIn this example, selecting Ignore Case and Match by Combining Text Parts, along with setting thesimilarity threshold to 0, ensures the highest possible match (10 out of 11 rows), as shown in Figure 7-35.These settings help account for variations in ID formatting, thus improving the accuracy of the mergeprocess.



Figure	7-35 Fuzzy matching settingClicking OK and expanding the result column will produce the table shown in Figure 7-36. As seen,LMYL-pnx is matched to both LYML and Pnx IDs. Additionally, the row with PNX41 does not match any ID.



Figure	7-36 The result of fuzzy merging
Note Fuzzy matching is highly bene�icial when working with inconsistent data, such as slightvariations in spelling, case, or formatting. It enables merging tables even when values in the commoncolumns are not exact matches, for example, matching NY to New York or NC2 to nc. It also allows for�lexibility in controlling the matching criteria through adjustable similarity thresholds, ensuring thatusers can customize how strict or lenient the matching process should be. Additionally, fuzzy matchingautomates the merging process, saving time and reducing the need for manual data cleaning, especiallywhen handling large datasets with variations.Despite its advantages, fuzzy matching can yield unpredictable results. Since the algorithm works bycalculating similarity scores, it may sometimes incorrectly match records that appear similar but arenot actually the same. Furthermore, the fuzzy matching process in Power Query lacks transparency, asthe exact algorithm used for calculating similarity is not visible or adjustable. This can maketroubleshooting dif�icult when the results don’t meet your expectations. Additionally, fuzzy merging canbe performance-intensive, especially with large datasets, and may cause delays or slowdowns,particularly when a low similarity threshold is set, making the matching criteria more lenient.
Conditional	MergingHistorical sales transactions are stored in the Sales table as shown in Table 7-17, and customer location,which may change over time, is recorded in the Info table, as illustrated in Table 7-18. Based on theinformation provided, calculate the total sales per state.
Table	7-17 Sales: Historical Sales Info

Date Customer	ID Quantity18/07/2023 C-2 4031/07/2023 C-3 3131/07/2023 C-3 353/08/2023 C-3 2530/08/2023 C-2 1131/08/2023 C-3 253/09/2023 C-1 368/09/2023 C-3 2814/09/2023 C-1 122/10/2023 C-1 342/10/2023 C-1 2521/10/2023 C-1 3323/10/2023 C-3 2310/11/2023 C-2 3526/12/2023 C-3 151/01/2024 C-2 2110/01/2024 C-2 3014/01/2024 C-3 2426/02/2024 C-2 2328/02/2024 C-3 101/03/2024 C-2 1512/04/2024 C-3 3727/04/2024 C-3 18
Table	7-18 Info: Customer Info

From To Customer	ID States



From To Customer	ID States1/07/2023 now C-1 TA1/07/2023 22/11/2023 C-2 NSW1/07/2023 30/10/2023 C-3 NSW30/10/2023 3/01/2024 C-3 TA22/11/2023 now C-2 WA3/01/2024 12/02/2024 C-3 NSW12/02/2024 now C-3 QLD
Note The data in this example is provided in an Excel �ile titled 06 Conditional Merging
.xlsx.This problem can be solved using the techniques presented in Chapter 3, but in this case, you will solve itusing the Merge command. Before merging the tables, you’ll replace the “now” text in the To column of theInfo table with more meaningful values. To do this, select the column, then from the Home tab, click theReplace Values command. As shown in Figure 7-37, in the Value to Find box, enter now, and in the Replacewith box, enter DateTime.LocalNow() (or alternatively, you can choose a future date, such as2050/01/01).

Figure	7-37 Replacement settingThis process will replace “now” with DateTime.LocalNow(), as shown in the Figure 7-38.
=
Table.ReplaceValue(Source,"now","DateTime.LocalNow()",Replacer.ReplaceValue,
{"To"})

Figure	7-38 The result of replacement



Removing the double quotation marks around "DateTime.LocalNow()" and rewriting the formula asfollows will result in today’s date and current time, as shown in Figure 7-39.
=
Table.ReplaceValue(Source,"now",DateTime.LocalNow(),Replacer.ReplaceValue,
{"To"})

Figure	7-39 The result of modi�ied formulaNow select the From and To columns in the Info table and change the type of values on them to Date. Thenperform the same action for the Date column in the Sales table.In this next step, you need to extract the customer location from the Info table and add it to the Salestable. Select the Sales table. Then, from the Home tab, select Merge Queries and choose the Info table asthe second table. Choose Customer ID as the linked column between the two tables, using the settingsprovided in Figure 7-40.



Figure	7-40 Settings for merging tablesAfter clicking OK, you will see the merged table shown in Figure 7-41. In this example, since theCustomer ID C-3 is repeated multiple times in the Info table, the resulting column includes several rowsfrom the Info table being matched with the row in the Sales table. You need to �ilter the rows in theresulting table based on the transaction date to select the correct location data.

Figure	7-41 The results of merging



To extract the customer location from the transaction date, you can use the method presented in theChapter 3, but this section shows a solution based on the UI. Expand all the items on the newly addedcolumn called Info to reach the result presented in Figure 7-42.As shown in Figure 7-42, only the rows where the value in the Date column falls between the values inthe From and To columns are considered valid for the location. All other rows should be excluded.

Figure	7-42 Filtering the previous dateTo extract the valid rows, apply a �ilter on the Date column and select a speci�ic date. This results in thefollowing formula:
= Table.SelectRows(#"Expanded Info", each ([Date] = #date(2023, 8, 3)))To modify the condition and �ilter rows where the value in the Date column is less than the To columnvalue and greater than or equal to the From column value, you can rewrite the formula as follows, whichresults in Figure 7-43:
= Table.SelectRows(#"Expanded Info", each ([Date] >=[From] and [Date]<[To]
))

Figure	7-43 Extracting the last rowThe state of each transaction has now been determined. Applying the Group By command with thesettings shown in Figure 7-44 will resolve the issue, resulting in the table shown in Figure 7-45.



Figure	7-44 Extracting the states

Figure	7-45 The �inal table
Self-MergingHistorical sales transactions are shown in the Sales table in Table 7-19, and you’ll calculate the sales percustomer. However, the Customer ID may change over time, and these changes are recorded in the Infotable shown in Table 7-20. Based on the Info table, the ID of Customer C-1 was �irst changed to C-7, then toC-9, and �inally to C-13. Thus, all these IDs (C-1, C-7, C-9, and C-13) refer to the same customer, so you needto sum all the values for these IDs and present it as the Total Quantity for C-13. Initially extract the lastCustomer ID for each customer, then, calculate the total quantity per customer using the latest CustomerID.
Table	7-19 Sales: Historical Sales Info

Date Customer	ID Quantity18/07/2023 C-2 4019/07/2023 C-5 2226/07/2023 C-3 2427/07/2023 C-2 1231/07/2023 C-1 3131/07/2023 C-1 353/08/2023 C-3 2519/08/2023 C-10 1030/08/2023 C-4 1131/08/2023 C-15 259/09/2023 C-11 1113/10/2023 C-11 24



Date Customer	ID Quantity21/10/2023 C-1 3323/10/2023 C-15 2310/11/2023 C-10 3516/11/2023 C-7 272/12/2023 C-8 304/12/2023 C-12 1316/12/2023 C-9 2224/12/2023 C-13 3426/12/2023 C-14 151/01/2024 C-13 2110/01/2024 C-13 3014/01/2024 C-14 24
Table	7-20 Info: Customer Info
Old	ID New	IDC-1 C-7C-5 C-8C-7 C-9C-9 C-13C-2 C-12C-12 C-14
Note The data in this example is provided in an Excel �ile titled 07 Self-Merging.xlsx.The complexity of this problem lies within the Info table. If there were an additional column, say Last ID,that displayed the last ID for each customer (e.g., C-13 for all the IDs C-1, C-7, and C-9), you could easilysolve this problem, but as there is no such column, you need to add it �irst and then use merging to solvethe problem. Two different solutions based on merging and using the List.Generate() function areproposed to determine the last IDs.
Solution	1:	Based	on	Merging	LogicAt �irst glance, one way to solve this problem is through recursion, where the Info table is repeatedlymerged with itself multiple times, in each iteration, until it �inds the last IDs for all customers. Create anew query called Repetitive_Self_Merge and write the following formula in its formula bar as the�irst step, as shown in Figure 7-46. This refers to the result of the Info query (at this step is exactly thesame as the Info table).
= Info



Figure	7-46 New queryConsider the �irst row in this table. Based on this row, the ID of customer C-1 is updated to C-7. To �ind itsnext update, you need to search for its last ID, which was presented on the New ID column (C-7) in the OldID column across other rows. If you �ind C-7 in a row, the value in the New ID column of that row willprovide the updated ID for this customer. If C-7 is not found, it indicates that this is the �inal ID for thiscustomer. To achieve this, you need to recursively merge the table with itself to track the sequence of IDupdates.With the Repetitive_Self_Merge query selected, go to the Home tab and click the Merge Queriescommand. In the open window, select Repetitive_Self_Merge for the top and bottom tables. Toextract the next ID, you need to search for values in the New ID column against the values in the Old IDcolumn. So, in the top table, select the New ID column, and in the bottom table, select the Old ID column asthe common columns, as shown in Figure 7-47. By clicking OK, you will get the result shown in Figure 7-48, which provides a table for rows where the IDs have changed again and a blank table for those rowswhere the IDs have not changed further.



Figure	7-47 Merge settings

Figure	7-48 Merge resultsIf the Source column contains an empty table (as in row 4), it means that the New ID in this row is the�inal ID for that customer. However, if the Source column contains a non-empty table, it does not guaranteethat you’ve reached the last ID. Instead, it indicates that you’ve only found the next ID for that customer,and you will need to perform the self-merging process again to continue the sequence.Add a new column called Next ID using the following formula in the Custom Column window:
= if Table.IsEmpty([Source]) then [New ID] else [Source][New ID]{0}



This column will show the value from the New ID column if the Source column is blank; otherwise, itwill extract the value from the New ID column in the table is present in the Source column, and producesthe result shown in Figure 7-49.

Figure	7-49 Merge resultsIn the �irst row of the resulting table, the customer ID was initially C-1, and its New ID became C-7,which was later changed to C-9 (as shown in the Next ID column). However, C-9 is not the �inal ID, as it ischanged to C-13 next. Therefore, you need to repeat this self-merge process again.The number of times the self-merging process needs to be repeated depends on the structure of thedata. This process should continue until a stop condition is met. For example, the process can stop once allthe tables in the merged column are blank, indicating that no further IDs need to be updated.Since the number of times this process needs to be repeated is not always clear, you need to create aloop using a recursive function to repeat this process until reaching the last ID for all the customers. Sincethis process will be repeated multiple times, it’s helpful to convert the output table back to the samestructure as the input table. This will ensure that the process can continue smoothly without having toadjust for changes in the table structure with each iteration.In this example, the initial table contains only two columns: Old ID and New ID. To transform theresulting table into this structure, remove the New ID and Source columns, then rename the Next IDcolumn to New ID. You will then have a table with the same column names as in the �irst step, as shown inFigure 7-50.

Figure	7-50 Changing the tableNext, open the Advanced Editor, where the steps are shown in Figure 7-51.



Figure	7-51 Advanced EditorAll the steps you followed up to now are presented here. In the �irst step, you de�ined the Source as theresult of the Info query, and all subsequent steps were applied to this table. Instead of directly using thistable, you can convert it into a parameter. By doing this, this query will be transformed into a function thattakes a table as input, applies all the steps to it, and returns the resulting table.To convert this query into a function and make it dynamic, you need to remove the �irst step (Source
= Info) and de�ine Source as an input parameter. You do this by entering (Source)=> before the letexpression, as shown in Figure 7-52.

Figure	7-52 Converting the query into a functionThe query has been converted into a function, as shown in Figure 7-53, so that it takes a table like Infoand performs a self-merge on it once. To repeat this process until the last IDs for all the customers arefound using a recursive cycle, you need to de�ine a stop condition.In this example, you reach the last IDs for all the customers when none of the text in the New IDcolumn is present in the Old ID column. So, the condition can be written as follows (since the last step inthe de�ined function is named #"Renamed Columns", I use that for the table name):
= List.ContainsAny(#"Renamed Columns"[New ID],#"Renamed Columns" [OLD ID])If the result of the previous formula is true, it means that there is at least one value in the New IDcolumn that is also found in the Old ID column, so the cycle should be repeated. Otherwise, you havereached the �inal table, and it should be presented as the result.In the function steps shown in Figure 7-52, after the in expression, the result of #"Renamed
Columns" is currently returned. However, since you have now de�ined a stop condition, you need to



modify this logic. You need to write it as, if the stop condition evaluates to true, it means you have not yetreached the �inal table and must apply self-merging again to #"Renamed Columns". If the stopcondition is false, the process is complete, and #"Renamed Columns" represents the �inal table.To implement this logic, write the formula as follows:
if [stop condition] then Repetitive_Self_Merge(#"Renamed Columns") else
#"Renamed Columns"The revised recursive custom function is de�ined as follows (see Figure 7-53):
(Source)=>
let

    #"Merged Queries" = Table.NestedJoin(Source, {"New ID"}, Source, {"OLD
ID"}, "Source", JoinKind.LeftOuter),
    #"Added Custom" = Table.AddColumn(#"Merged Queries", "Next ID", each if
Table.IsEmpty([Source]) then [New ID] else [Source][New ID]{0}),
    #"Removed Columns" = Table.RemoveColumns(#"Added Custom",{"New ID",
"Source"}),
    #"Renamed Columns" = Table.RenameColumns(#"Removed Columns",{{"Next
ID", "New ID"}})

in
    if  List.ContainsAny(#"Renamed Columns"[New ID],#"Renamed Columns" [OLD
ID]) then Repetitive_Self_Merge(#"Renamed Columns") else #"Renamed Columns"

Figure	7-53 De�ining the recursive functionBy creating a new query named Revised_Info and using the following formula, you obtain the desiredtable. This table includes the latest IDs for customers who have undergone ID changes. This includes allthe changed IDs and their last IDs for merging with the Sales table, as shown in Figure 7-54:
= Repetitive_Self_Merge(Info)



Figure	7-54 Revised Info tableAfter reaching the last IDs for all the customers, select the Sales table and perform a merge with theRevised_Info table based on the settings shown in Figure 7-55. Then, expand the new column by selectingonly New ID to achieve the result shown in Figure 7-56.

Figure	7-55 Setting for merging



Figure	7-56 Result of mergingSince the Info table only includes customers who have experienced at least one ID change, somecustomers may have a null value in the New	ID column. For these customers, you should use the valuefrom the Customer	ID column. Add a new column named Final ID using one of the following formulas toreach the result shown in Figure 7-57:
=if [New ID]=null then [Customer ID] else [New ID]

=[New ID]??[Customer ID]



Figure	7-57 Calculating the �inal IDYou can use this new column to calculate the sales per customer. Select the Quantity column and change itstype to number and then select the Group By command and applying the settings shown in Figure 7-58.Click OK to reach the result shown in Figure 7-59.

Figure	7-58 Setting for Group By



Figure	7-59 Result of Group By
Solution	2:	Using	the	List.Generate()	FunctionThe previous solution solves the problem, but for large-scale scenarios, it may be time-consuming due torepeated self-merging. This solution introduces an alternative that is more ef�icient compared to theprevious approach.To verify the logic of this solution, consider the customer with the ID C-1 as an example. You can use aformula to search for it in the Info table’s Old ID column. If found, it chooses the corresponding New ID andrepeats the search process using this new ID in the Old ID column until the last ID is found, as illustrated inFigure 7-60.

Figure	7-60 Searching for the last ID of customer C-1To perform this loop until the last ID of customers is found, you can use the List.Generate()function, (Chapter 9 explains this function and another way of de�ining a loop in Power Query.) To preparethe formula, create a new query called Test and write the following formula for customer ID C-1 to retrieveall the historical IDs of C-1. As shown in Figure 7-61, this formula produces all the historical IDs of the C-1customer.
= List.Generate(
      ()=> "C-1",
      each _<>0,
      each try Info{[OLD ID=_]}[New ID] otherwise 0)To clarify this formula, consider a variable named x (in the formula it is _, but since x is more easy tofollow, let’s assume the variable name is x), initially set to C-1 in the �irst argument. The second argument,which de�ines the stop condition, states that if x is not equal to 0, the loop should continue; otherwise, the



loop should stop. In the third argument, x is updated using the following formula, which means searchingfor the value of x in the Old ID column. If a matching row is found, the corresponding value in the New IDcolumn on that row is assigned the new value of x; otherwise, x is set to 0. The stop condition is thenchecked again, and based on the result, the loop continues or terminates.
try Info{[OLD ID=_]}[New ID] otherwise 0Changing C-1 to C-2 or C-3 in the �irst input of the previous formula will yield all the historical IDs of C-2 and C-3, as shown in Figure 7-62 and Figure 7-63.

Figure	7-61 Result for the last ID of customer C-1

Figure	7-62 The result for the last ID of customer C-2



Figure	7-63 The result for the last ID of customer C-3Since this formula returns a list of all changes in the customer IDs, the last value in the list representsthe �inal ID for that customer. Therefore, the following formula will yield the last ID for the customer with
ID = C-1:
= List.Last(List.Generate(
      ()=> "C-1",
      each _<>0,
      each try Info{[OLD ID=_]}[New ID] otherwise 0))Based on this explanation, go to the Sales table and add a new column named Last ID using thefollowing formula. This will extract the last IDs for each customer, as shown in Figure 7-64, and these IDscan then be used for grouping the data, similar to the previous solution.
=List.Last(List.Generate(
      ()=> [Customer ID],
      each _<>0,
      each try Info{[OLD ID=_]}[New ID] otherwise 0))

Figure	7-64 Extracting the last ID for customers
NoteAlthough this solution is more ef�icient compared to the �irst approach, it can be slow in real-worldscenarios, especially when dealing with a large Info table, as it queries the table multiple times. Toimprove performance, similar to the technique presented in Chapter 2, it is recommended that you



introduce an intermediate step. In this step, apply Table.Buffer(Info) to cache the table, and thenreference this buffered table in the formula to reduce redundant lookups.
SummaryIn this chapter, you learned how to manage multiple tables by either stacking them vertically (appending)or aligning them horizontally (merging), which are known as unite and joint in SQL. To append tables, youcan use the Table.Combine() function, which takes two arguments—the �irst is a list of tables to bestacked, and the optional second argument speci�ies columns to include after appending, and it keeps thedata types of the combined columns.To merge tables, you use Table.Join() function to align two tables based on shared columns. Thisfunction supports various join types, such as inner and outer joins, to combine tables according to speci�icneeds. Additionally, if the common columns are not exact matches, you can apply fuzzy	matching toapproximate and join similar values.Your journey with Power Query continues! In the next chapter, you explore techniques for handlingmissing values in Power Query.
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8.	Handling	Missing	ValuesOmid Motamedisedeh1  Coorparoo, QLD, Australia 
During the data-cleaning process, you might have to deal with missingvalues, which arise from various reasons, including the data-collectionprocess, human mistakes, and technical issues. For example, if youcreate a form for job applicants where they can enter their date of birthin various formats (e.g., year, year-month, year/month/day), you mightencounter missing values during analysis because some parts of theinformation are not provided. In another scenario, if you store yourdata in Excel �iles by year and inadvertently remove the data for 2012,that data will become missing for future analysis. Alternatively, if youwant to use a government index in your prediction model, but the valueof that index was not reported for a speci�ic period in the past, it will betreated as a missing value in your analysis.There are different scenarios in which you might encounter missingvalues, and handling missing values is a critical step in the data-cleaning process because it ensures data integrity and accuracy.Properly addressing missing values signi�icantly improves modelperformance and enhances the overall quality and usability of the data.High-quality data is essential for making informed decisions, andaddressing missing values ensures that the dataset is both completeand accurate. This chapter explains how to handle missing values inseveral scenarios.
Note Missing values and zeros are often confused, but they arefundamentally different. Consider the process of collecting data via aquestionnaire. After conducting �ive interviews, the decision is made
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to add a question asking participants how many children they have.For the individuals interviewed before this question was added,there is no data available on this �ield, meaning it is a missing value.This does not imply that these individuals have no children—itsimply means the information wasn’t collected. Therefore, youcannot enter a value of 0 for these individuals. However, for futureinterviews, if a participant answers 0, that is a valid responseindicating they have no children, rather than a missing value.
Filling	Nulls	with	Previous	ValuesTable 8-1 shows the project progress reports at the end of the monthfor projects A and B. In some months, the progress is missing, indicatedby a null value in the Actual Progress column (the cells in the Excel �ilesare blank, which will be converted to null after loading them into PowerQuery). Replace the null values with the last reported progress from theprevious month.
Table	8-1 Source: Monthly Project Progress

Date Project Actual	Progress31/01/2023 A 0.0528/02/2023 A 0.0731/03/2023 A 0.0930/04/2023 A null31/05/2023 A null30/06/2023 A null31/07/2023 A 0.2431/08/2023 A null30/09/2023 A 0.2831/10/2023 A null30/11/2023 A null31/12/2023 A 0.3531/01/2023 B 0.0228/02/2023 B 0.05



Date Project Actual	Progress31/03/2023 B null30/04/2023 B null31/05/2023 B 0.1630/06/2023 B 0.2131/07/2023 B null31/08/2023 B 0.2430/09/2023 B null31/10/2023 B null30/11/2023 B null31/12/2023 B 0.41
Note The data in this example is provided in an Excel �ile titled 01
Filling with Previous Values.xlsx.The rows are sorted for each project based on Date column, so toreplace null values with the last reported progress from the previousmonth, you just need to replace the null values with the previous non-null value on that column. Select the Actual Progress column, then fromthe Transform tab, use the Fill command. Choose Fill Down to solve theproblem and reach Figure 8-1 based on the following formula:
= Table.FillDown(Source,{"Actual Progress"})



Figure	8-1 The result of Fill Down
Note If you plan to load the result table into the data model,instead of �illing null values with the previous value in Power Querybefore loading, you can remove the rows with null values and thenuse DAX to extract the last available values after loading the tableinto the data model.



Handling	Missing	RowsSimilar to previous examples, the project progress reports at the end ofthe month for projects A and B are shown in the table called Source inTable 8-2. Some months are missing. Add the missing months to thetable and then �ill them with the last reported progress.
Table	8-2 Source: Monthly Project Progress

Date Project Actual	Progress31/01/2023 A 5%28/02/2023 A 7%31/03/2023 A 9%31/07/2023 A 24%30/09/2023 A 28%31/12/2023 A 35%31/01/2023 B 2%28/02/2023 B 5%31/05/2023 B 16%30/06/2023 B 21%31/08/2023 B 24%31/12/2023 B 41%
Note The data in this example is provided in an Excel �ile titled 02
Handling Entirely Missing Rows.xlsx.To solve this problem, two different solutions—one based on mergingand the other on appending—are provided. In both solutions, you needa table including all relevant dates (in this example, the last days ofeach month in 2023) for both projects.You can use the Table.FromList() function to generate thistable ef�iciently (for more details on this function, see the Example 11in Chapter 1). In the AllRowsData query, you can click the fx buttonnext to the formula bar to create a new step and write the followingformula in the formula bar:



=Table.FromList({1..12}, each
{Date.EndOfMonth(#date(2023,_,1)),  {"A","B"}},
{"Date","Project"})This results in Figure 8-2.

Figure	8-2 Result of using Table.FromListExpanding the values in the Project column and changing the datatype of the Date column will result in Figure 8-3.





Figure	8-3 The result of expanding the Project column
Note In this example, the following formula is used to create atable that includes all valid dates for two projects—A and B:
=Table.FromList({1..12}, each
{Date.EndOfMonth(#date(2023,_,1)),  {"A","B"}},
{"Date","Project"})In practice, if you are working with multiple projects, instead ofhardcoding {"A", "B"}, you can dynamically retrieve the list ofprojects using List.Distinct(Info[Project]). This ensuresthat all the project names from the Info[Project] column areincluded.Additionally, if you need a wider range of dates—such as the lastday of each month from 2023 to 2025—after changing the �irstargument from {1..12} to {1..36} (as you need 36 rows), youcan use the following formula to generate the correct datesdynamically:
Date.EndOfMonth(Date.AddMonths(#date(2023,1,1),_
-1))In the next step, load the Source table into the Power Query Editor as aquery named Info, as Figure 8-4.



Figure	8-4 Loading the source tableAs shown, the Date column includes the date and time. Select thiscolumn and change its type to Date to obtain Figure 8-5.

Figure	8-5 Converting the data type in the Dates columnYou have two queries—Info, which contains reported progress forspeci�ic months, and AllRowsData, which includes all the dates for



the projects but does not have any progress values. To generate acomplete table that ensures valid progress values are available for alldates, you can use two different solutions—by merging and byappending the tables. These are presented in the following sections.
Solution	1:	Using	the	Merge	CommandIn this solution, select AllRowsData query, and from the Home tab, usethe Merge Queries command. Select Merge Queries to open a newwindow for merging the queries. As shown in Figure 8-6, for the secondtable, select the Info query, and then in the tables, select the Date andProject columns by holding Ctrl. Then click OK to obtain Figure 8-7.

Figure	8-6 Merging settings



Figure	8-7 The result of mergingIn this next step, from the expand icon next to the new columncalled Info, select Actual Progress and expand it to obtain Figure 8-8.



Figure	8-8 Expanding the Actual Progress columnBy using merge, the row orders might be changed, so sort the tableinitially based on the project name and then based on the Date columnto reorder the rows. This way, you can use the Fill Down command.Then, as in the previous example, use the Fill Down function to replacenull values with the last values from the previous rows.
Solution	2:	Based	on	Appending	the	Queries



In the previous solution, you used merge to extract the progress valuesfrom the Info query into the AllRowsData query. Alternatively, youcan solve this problem by stacking the tables on top of each other andthen removing the rows from AllRowsData that already exist in the
Info query with the same Date and Project name.So, �irst create a blank query. Then, click the fx button next to theformula bar to create a new step. In the formula bar, use the followingformula to append the results from both queries (since the tables havethe same column names):
= Info & AllRowsdataThis will append the rows from the Info query to the
AllRowsData query, as shown in Figure 8-9.



Figure	8-9 Combining the tablesNow, since the rows with actual progress are at the top and thosewith null values in the Actual Progress column are at the bottom,removing duplicates based on the Date and Project columns willeliminate the common rows with null values in Actual Progress (becareful when removing duplicates in more complex scenarios due toPower Query's execution order, as this can affect the results).Select the Date and Project columns, right-click one of them, andchoose Remove Duplicates to obtain Figure 8-10.



Figure	8-10 Removing duplicatesNow sort the table in ascending order based on the Project column�irst, and then based on the Date column, and �inally use the Fill Downcommand.
Extracting	Missing	ValuesConsider the previous example and extract a list of dates with missingvalues for each project. Three different solutions—based on appending,merging, and grouping—are provided in this section.
Solution	1:	Based	on	Appending/MergingConsider all the steps in the previous example that lead to the tableshown in Figure 8-10. Selecting the rows with null values in the ActualProgress column will leave you with only the dates for the projects thathaven’t reported values.
Solution	2:	Using	MergingConsider the steps that lead to the queries shown in Figure 8-4. In thiscase, selecting the AllRowsData query and using the Merge command



with the Left Anti Join kind, as shown in Figure 8-11, will result in themissing data, as demonstrated in Figure 8-12.

Figure	8-11 Con�iguration for merging



Figure	8-12 The result of merging
Solution	3:	Based	on	Grouping	the	RowsIn this solution, the Table.Group() function extracts the list ofreported dates, and then List.Difference() is applied todetermine the missing dates. To achieve the table shown in Figure 8-13,load the data into Power Query and set the data types for the Date,Project, and Actual Progress columns as Date, Text, and Number,respectively.



Figure	8-13 Loading data into Power Query and changing their typesIn the next step, select the Project column and use Group By. SelectAll Rows as the operation. The settings are provided in Figure 8-14.This will result in a table with a row for each project, as shown inFigure 8-15.

Figure	8-14 Settings for grouping



Figure	8-15 The result of groupingIn this example, since you are searching for the missing dates, youonly need the Date values from all the columns presented in the tablesin the All Rows column. This can be achieved by revising the formula.Consider the following formula, generated in the formula bar aftergrouping the rows based on the Project names.
= Table.Group(#"Changed Type", {"Project"}, {{"All
Rows", each _, type table [Date=nullable date,
Project=nullable text, Actual Progress=nullable
number]}})As mentioned in Chapter 6, this formula can be simpli�ied asfollows:
= Table.Group(#"Changed Type", {"Project"}, {{"All
Rows", each _}})As explained in Chapter 6, in this formula, each _ generates a tablefor each row. To extract the value from a speci�ic column in theresulting tables, you can rewrite the formula as each _[Column
Names]. By rewriting the previous formula as follows, the result willchange as shown in Figure 8-16.
= Table.Group(Source, {"Project"}, {"All Rows",



each _[Date]})

Figure	8-16 The result of the revised groupingIn the previous formula, _[Date] results in a list for each row(project), containing all the dates with reported values for ActualProgress. So, if you have a complete list of dates, you can use
List.Difference(alldates, _[Date]) to extract the missingdates. You can use several formulas, like the following one (for moredynamic formula, see the recommendation in the Example 2 in thischapter) to extract the list of dates at the end of each month in 2023:
List.Transform({1..12}, (X)=>
Date.EndOfMonth(#date(2023,X, 1)))Rewriting the previous grouping formula as follows will present thelist of missing dates for each project, as shown in Figure 8-17.
= Table.Group(#"Changed Type", {"Project"}, {{"All
Rows", each
List.Difference(List.Transform({1..12}, (X)=>
Date.EndOfMonth(#date(2023,X, 1))),_[Date])}})



Figure	8-17 Converting the dates to the numberBy expanding the All Rows column, the problem is solved and all themissing dates per projects are extracted.
Linear	Interpolation	for	Missing	DataConsider the project progress reports at the end of each month forprojects A and B, as shown in the Source table in Table 8-3. Fill in themissing values using linear interpolation between the known valuesbefore and after each missing period (after you load data into PowerQuery, the blank cells will be shown as null).
Table	8-3 Source Table: Project Progress
Month Project Actual	Progress1 A 0.052 A 0.073 A 0.094 A  5 A  



Month Project Actual	Progress6 A  7 A 0.248 A  9 A 0.2810 A  11 A  12 A 0.351 B 0.022 B 0.053 B  4 B  5 B 0.166 B 0.217 B  8 B 0.249 B  10 B  11 B  12 B 0.41
Note The data in this example is provided in an Excel �ile titled 04
Linear Interpolation for Missing Data.xlsx.Before addressing this problem, it’s important to mention thatinterpolated values are not actual values; they provide an estimationthat might be inaccurate. Treating both real and estimated values as thesame in a table and later using them as input for other models, such asprediction models, can affect the results. In cases where null values arereplaced by other values, it is recommended to distinguish them, forexample, by adding a column that indicates which rows contain realvalues and which contain estimated values. This can be helpful forfurther analysis.



Interpolation is a method used to estimate unknown values that fallbetween known values in a dataset (for more detail, visit
www.johndcook.com/interpolator.html). There are severalmodels for interpolation, but in this example, you use linearinterpolation, which assumes that the change between two knownvalues is constant. The estimated value is found by drawing a straightline between two known values.Generally, linear interpolation is calculated based on the followingformula:y=y1 +(x−x1 )*(y2 −y1 ) /(x2 −x1)Where:x1 , y1 are the coordinates of the �irst known data point.x2, y2 are the coordinates of the second known data point.x is the value for which you want to estimate the corresponding y.In this example, x comes from the column Month and y comes fromthe column Actual Progress. So for the project B in month 3, x=3, x1=2,y1= 0.05 , x2 =5, and y2=0.16. So y is 0.05+(3-2)*(0.16-0.05)/(5-2),which is equal to 0.867. To calculate each month, you need the monthand the actual progress values from the nearest previous and next rowsthat contain known actual progress.Based on the data structure (where data is sorted by month for eachproject and the �irst and last month of each project are not null),selecting the Actual Progress column and applying Fill Down willreplace null values with the previous non-null actual progress values(y1). Similarly, using Fill Up will replace nulls with the next non-nullactual progress values (y2). By creating a similar column for the month,you can extract x1 and x2 in the same way.To solve this problem, load the data into Power Query and changethe column types for Month and Actual Progress to Number. Next,extract the values of x1, y1, x2, and y2 for each row. Instead of addingfour separate columns individually, use record de�initions to de�ine allthe columns at once (as demonstrated in Example 4 of Chapter 2). Todo this, go to the Add Column tab, select Custom Column, and enter thefollowing formula in the open window. You'll get the result shown inFigure 8-18.
=[y1=[Actual Progress],y2=y1,x1=if [Actual

http://www.johndcook.com/interpolator.html


Progress] = null then null else [Month],x2=x1]

Figure	8-18 The result of adding custom columnExpanding the custom column will result in the table shown inFigure 8-19.



Figure	8-19 The result of expanding the columnIn the next step, select the y1 and x1 columns, then go to theTransform tab and apply the Fill Down command. Next, select the y2and x2 columns and apply the Fill Up command. This will populate eachrow with the nearest previous and next known data for Month andActual Progress, requiring for linear interpolation, as shown in Figure8-20



Figure	8-20 The result of applying Fill Down and Up over the columnsNow that all the required information for applying the interpolationformula is available for each row, add a Custom Column namedInterpolation and enter the following formula in the Custom Columnwindow. After clicking OK, remove any extra columns to obtain the �inaltable, as shown in Figure 8-21.
=if [Actual Progress] = null then [y1]+([Month]-
[x1])*([y2]-[y1])/([x2]-[x1]) else [Actual
Progress]



Figure	8-21 The �inal table
Note The presented solution is simple and ef�icient in terms oftime. However, for those interested in exploring Power Queryfurther, this problem can also be solved without using Fill Down andFill Up and instead by utilizing the Filter function (which is notrecommended). To do this, add a Custom Column and use thefollowing formula:
=[



  Non_null_rows = Table.SelectRows(
    Source,
    (X) => X[Actual Progress] <> null and
X[Project] = [Project]
   ),
   Previous_Month =
Table.Last(Table.SelectRows(Non_null_rows, (X)
=> X[Month] <= [Month])),
  Next_Month =
Table.First(Table.SelectRows(Non_null_rows, (X)
=> X[Month] >= [Month])),
  Result = [Actual Progress]
    ?? (
      Previous_Month[Actual Progress]
        + ([Month] - Previous_Month[Month])
          * (Next_Month[Actual Progress] -
Previous_Month[Actual Progress])
          / (Next_Month[Month] -
Previous_Month[Month])
    )
][Result]

K-Nearest	Neighbors	(K-NN)	for	ImputationK-nearest neighbors (KNN) is a supervised machine learning algorithmused for classi�ication and regression tasks, which you can use tohandle missing values. In this example, the goal is to use this techniqueto replace the missing values.In the Source table shown in Table 8-4, the values of each row arerepresented by x, y, and z, but some values are missing. Fill in themissing values using the K-NN method with K=2 by following thisprocess:1. Consider set P, which includes all rows without any missing values,and set S, which includes all rows with at least one missing value.  For any row, like i, in set S (rows with missing values), calculate the



2. o a y ow, e , set S ( ows w t ss g va ues), ca cu ate t edistance of that row from all rows in set S based on non-missingvalues. For example, if x in row i is missing, the distance iscalculated using (yi-yp)2+(zi-zp)2, and if both x and y in the ith roware missing, the distance is calculated using (zi-zp)2.
 

3. Select the two rows from set P with the smallest distances from theith rows in set S and designate them as r1 and r2.  4. Replace the missing value in the ith row with the average of thecorresponding values in r1 and r2.  
Table	8-4 Source Table: Sample Data
Row	ID X Y Z1 11 12 892 32 36 783 78 50 104 65 67 945 94 84 826 57 68  7  30 128 40   9 34  1010 10 70  
Note The data in this example is provided in an Excel �ile titled 05
K-Nearest Neighbors (K-NN) for Imputation.xlsx.For example, consider the row ID=6 with x=57, y=68, and z=null (z is amissing value). To apply the KNN method and estimate the missing zvalue, you �irst need to extract the rows that have no missing values, asshown in Figure 8-22.



Figure	8-22 Selecting the rows without a null valueNext, calculate the distance between row ID=6 and every row in thetable resulting from the previous step, using the values on Columns xand y. You do this using the (𝑥𝑖−𝑥6)2+(𝑦𝑖−𝑦6)2 formula, as shown inFigure 8-23.

Figure	8-23 Calculating distancesIn the �inal step, you identify the two nearest rows with the smallestdistances and take the average of their z values. This average (averageof 10 and 94) is then assigned as the estimated z value for row ID=6, asshown in Figure 8-24.



Figure	8-24 Extracting the nearest rows
Note There are rare situations where applying such mathematicalalgorithms directly in Power Query is necessary. In most cases, it iseasier to use Python or R within the Power BI version of PowerQuery (explained in Chapter 10). However, this exampledemonstrates that even advanced transformations can be performedwith just a few steps in Power Query.To solve this problem, �irst load the data into Power Query and renamethe query MainTable, ensuring that all numerical columns (X, Y, andZ) are set to the number data type. If not, do this manually.The table is now ready to apply the steps of KNN over it. Instead ofsolving the problem for all rows at once, you begin by applying themethod to a single row with missing values—like the row related toRow ID=6. This allows you to construct a solution that can later beconverted into a function applicable to all rows with missing values.Create a new blank query, named KNN, where you simulate theprocess for a single row before generalizing it. To work on Row 6,extract its values using the following formula in the formula bar, whichserves as a reference for subsequent calculations:
= MainTable{5}If you follow these steps, you will reach two queries: MainTableand KNN. In the KNN query, the �irst step, named Source, extracts thedetails of the sixth row from MainTable, as shown in Figure 8-25.



Figure	8-25 The result of referring to the sixth row in MainTableIn addition to the information in row 6, you need the entire dataset,which you'll later use to compute distances. So, in the KNN query, clickthe fx button to create a new step, which will be named Custom1 bydefault. In the formula bar, enter = MainTable, which will load thefull dataset into the KNN query, as shown in Figure 8-26.

Figure	8-26 Result of referring to MaintableBefore proceeding with the solution, you'll re�ine the approach byrenaming the steps for better clarity. To do this, navigate to the Hometab, select Advanced Editor, and review all the steps, as shown in Figure8-27.



Figure	8-27 Query steps before changingIn the open window, rename Source to Row6 and Custom1 to
InputTable, as shown in Figure 8-28.



Figure	8-28 Query steps after changingNow you can apply the KNN steps. The �irst step is to �ilter out rowsthat contain null values in any column. To achieve this, use the �ilteroption next to a column, such as column X, and deselect the null values.This results in the following formula:
= Table.SelectRows(InputTable, each ([X] <> null))Applying the same �ilter to other columns or rewriting the formulashown here will remove all rows that contain null values in any column.(If you are working with a large number of columns, refer to thetechnique presented in Example 1 of Chapter 3.) This process results inthe table shown in Figure 8-29.
= Table.SelectRows(InputTable, each ([X] <> null)
and ([Y] <> null) and ([Z] <> null))



Figure	8-29 The result of selecting rows without null valuesThe next step involves computing the Euclidean distance betweenRow6 and rows in the �iltered dataset. Since you know that Row6 has amissing value in column Z, you can use a formula to calculate thesquared differences between corresponding values in the X and Ycolumns using the following formula in the Custom Column window.
=Number.Power(Row6[X]-[X],2)+Number.Power(Row6[Y]-
[Y],2)The previous formula only works for rows where the missing valueis in column Z. If it were applied to a row with a null value in column X,the term Number.Power(Row6[X] - [X], 2) would return null.Since any operation involving null results in null, the entire formulawould also return null. To prevent this, you can modify the formula byusing Number.Power(Row6[X] - [X], 2) ?? 0, which ensuresthat if the value in column X is null, it is replaced with 0.Since any of columns X, Y, and Z may contain null values, you can usethe following formula in a custom column to create a new columnnamed Distance. This formula ensures that the Euclidean distance canbe calculated for any row, even if some �ields contain null values,resulting in the table shown in Figure 8-30.
(Number.Power(Row6[X]-[X],2)??0)+
(Number.Power(Row6[Y]-[Y],2)??0)+
(Number.Power(Row6[Z]-[Z],2)??0)



Figure	8-30 The result of calculating distanceOnce the distances are calculated, you can identify the two nearestneighbors using the Table.MinN() function, which extracts the rowswith the smallest distance values to the selected row. After the previousstep, click the fx button to create a new step named Custom1. Then
Table.MinN() function, as shown here, to identify the two rows withthe smallest distance. This will produce the desired result shown inFigure 8-31.
= Table.MinN(#"Added Custom","Distance",2)

Figure	8-31 The result of selecting two nearest neigboursSince you have identi�ied the two nearest rows without any nullvalues for Row6, you can now replace the null values in Row6. For each�ield in Row6, if a value except null is present, it should be used as is.Otherwise, it should be replaced with the average of that �ield from thetwo nearest rows. The following formula, entered in the formula bar,creates a record containing X, Y, and Z �ields, where each �ield takes itsvalue from Row6 if it is not null; otherwise, it uses the average value ofthat �ield from the nearest rows (see Figure 8-32):
= [X=Row6[X]??List.Average(Custom1[X]),Y=Row6[Y]??
List.Average(Custom1[Y]),Z=Row6[Z]??
List.Average(Custom1[Z])]



Figure	8-32 The result of replacing the null values in Row6At this point, the method successfully imputes the missing value forRow6. To generalize the approach, you can transform the query into afunction with two arguments: the row containing a missing value andthe full dataset. To convert the query to a function, from the Home tab,select the Advanced Editor command to see all the steps of the query, asshown in Figure 8-33.

Figure	8-33 Query steps before converting to a functionThe �irst two steps, which de�ine Row6 and the InputTable value,can be removed and instead passed as function arguments. To achievethis, de�ine them at the beginning of the formula using (Row6,
InputTable) =>, before the let expression, as shown in Figure 8-34.



Figure	8-34 Query steps after converting it into a functionBy applying this step, the KNN query is converted into a function, asshown in Figure 8-35, which can be applied to other queries. Thistransformation allows you to apply the same logic to different rows ordatasets, making the process more �lexible and ef�icient.

Figure	8-35 The result of converting the query to a function



This function can then be applied across all rows of MainTable byadding a new custom column. To do this, go to MainTable, add acustom column, and use the following formula in the Custom Columnwindow. This will apply the KNN function to each row, calculating themissing values based on the logic you de�ined earlier, and will returnthe updated table shown in Figure 8-36.
=KNN(_,#"Changed Type")

Figure	8-36 The result of applying KNN for the tableIt is true that the previous formula solves the problem, but itexecutes all the steps of the KNN function for every row in the
MainTable, even for those rows that do not have any null values. Tooptimize this, it would be better to revise the formula to apply the KNNfunction only for rows with null values. This can be achieved bychecking if any of the �ields (X, Y, or Z) in a row are null. If none of themare null, the row should be left unchanged. The revised formula wouldlook like the following formula:
=if ([X]+[Y]+[Z])= null then KNN(_,#"Changed
Type") else _



This revised formula ensures that the KNN function is applied onlyto rows where one or more �ields have a null value (if one of them isnull, the result of ([X]+[Y]+[Z]) is null), reducing unnecessarycalculations for rows with complete data.In the �inal step, you need to remove the original X, Y, and Z columnsfrom the table. After that, expand the custom column by selecting onlythe X, Y, and Z �ields. This will replace the missing values in the originalX, Y, and Z columns with the results from the KNN function, and you'llachieve the desired outcome, as shown in Figure 8-37.

Figure	8-37 The result of replacing null values in all the rows
SummaryMissing values are an unavoidable aspect of the data-cleaning process.This chapter covered strategies for managing these gaps, such asreplacing missing values with previous entries, applying linearinterpolation, and using advanced methods like K-Nearest Neighbors(KNN). The chapter discussed scenarios in which replacing missingvalues can bene�icial and where it can be detrimental, in terms ofgeneral business logic.The next chapter introduces the important topic of looping in PowerQuery, which enables the automation of repetitive tasks across tables.In Chapter 10, you explore how to integrate Python and R intoPower Query. These tools are particularly useful for running machinelearning models on data with complex scenarios, offering a more



ef�icient and �lexible approach compared to methods within PowerQuery.
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9.	Looping	in	Power	QueryOmid Motamedisedeh1  Coorparoo, QLD, Australia 
Loops are fundamental control structures in programming that enable code to run repeatedly based onspeci�ied conditions. They are essential for automating repetitive tasks, handling large datasets, andsimplifying complex operations. The most commonly used loops include the For-Each loop, the For-
Next loop, and the Do-While loop. Each type serves a speci�ic purpose in different scenarios. (For moreinformation, visit
www.tutorialspoint.com/computer_programming/computer_programming_loops.htm).
The	For-Each	LoopA For-Each Loop is designed to iterate through each element in a collection, such as a list, array, or table,without requiring an explicit counter. This makes it particularly useful for working with datasets where thenumber of elements is unknown or may change dynamically. A For-Each loop retrieves elements one byone, ensuring a simple and readable approach to handling data.For example, in Excel VBA, you can use a For-Each loop to iterate through various elements, such as allthe cells in a selected range, all the sheets in a workbook, or all the shapes on a worksheet. This loopsimpli�ies the process of performing actions on multiple objects ef�iciently.
The	For-Next	LoopA For-Next Loop executes a block of code a �ixed number of times, using a counter variable thatincrements or decrements with each iteration. This loop is particularly useful when the number of iterationsis predetermined. It allows control over the step size, meaning that you can iterate in different increments,such as by twos or �ives, rather than the default step of one. This loop structure is commonly used inscenarios like �illing an array, applying formulas to multiple cells, or processing datasets with a knownnumber of elements.For example, in Excel VBA, you can use a For-Next loop to insert values into cells A1 to A10 or applychanges across Sheet1 to Sheet10. This loop is ideal for executing a set of instructions a speci�ic number oftimes.
The	Do-While	LoopA Do-While Loop executes a block of code as long as a speci�ied condition remains true. Unlike a For-
Next loop, the number of iterations is not �ixed beforehand. Instead, it depends on the condition, which isevaluated before each iteration. If the condition is false from the start, the loop may not run at all. Thismakes Do-While loops useful for scenarios where an operation should continue until a certain condition ismet, such as applying a change from the top rows until reaching an empty cell.For example, in Excel VBA, you can use a Do-While loop to continuously add numbers to a column untila speci�ic value is reached. This loop is useful when the number of iterations depends on a condition ratherthan a �ixed count.
Looping	in	Power	Query
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Although Power Query does not include looping functions like for, while, or do-while, it offers alternativefunctions to achieve similar results. Functions like List.Transform(), List.TransformMany(),
List.Accumulate(), and List.Generate() enable iterative operations in Power Query. This chapterprovides an in-depth exploration of these powerful functions, showcasing their applications in variousscenarios.
List.Transform()
List.Transform() is a versatile function for applying transformations to items in a list and has beenused many previous examples (including Examples 4-1, 4-3, and 4-4). The syntax of List.Transform()is presented as follows:
List.Transform(
      list as list,
      transform  as function) as listThis function takes two arguments:– The �irst argument is in the type of list and includes the items that you want to transform.– The second argument is in the type of function and de�ines the transformation function to be applied tothe items in the list speci�ied by the �irst argument.In this function, the transformation function de�ined as its second argument will be applied to each itemin the list speci�ied as its �irst argument, and it will return a new list containing the transformed items.In other words, the List.Transform() function in Power Query operates similarly to a For-EachLoop. As mentioned, a For-Each loop iterates through each item in a collection, processing them one byone. Similarly, List.Transform() applies a speci�ied transformation to each item in a given list.In this function, the collection of items is provided in the �irst argument as a list. The items in the list canbe of any data type, including numbers, text, records, or even tables. The transformation function is thenapplied to all the items in the list, and the resulting transformed items are returned in a new list.For the �irst example, consider a list of monthly incomes for four months: {4200, 3871, 3910,
3800}. You want to calculate the tax value, which is 10 percent of the income. To do this, you need tomultiply each salary by 0.1, representing 10 percent of the amount.This can be easily accomplished using the List.Transform() function in Power Query. In this case,the list of items is {4200, 3871, 3910, 3800} and the transformation function is de�ined as each _
* 0.1, where _ represents each item in the list.You can type the following formula in the formula bar to apply the transformation to each item, resultingin {420, 387.1, 391, 380}.
=List.Transform({4200, 3871, 3910, 3800}, each _ * 0.1)In the formula, you created a For-Each loop that iterates over the items in the list {420, 387.1,
391, 380}. During each iteration, the transformation function (provided as the second argument) isapplied to the selected item (in this case, the numbers representing the salary). The transformed value isthen included in the �inal result. In the �irst iteration, _ is 4200, and its transformed value is calculated as
4200 * 0.1, resulting in 420. In the second iteration, _ becomes 3871, and its transformed value is 3871
* 0.1, which equals 387.1. This process continues for all the items in the de�ined list, applying the sametransformation (_ * 0.1) to each item and producing the corresponding results for each iteration.For the second example, say you want to extract the �irst day of each month in 2023. This can be doneusing the List.Transform() function as well.In this case, you need to iterate over the month number, and in each iteration use the #date() functionto extract the �irst date of that month. So, you de�ine the month numbers as the list of items in the �irst inputand use each #date(2023, _, 1) as the transformation function to transform any month number toits �irst date in 2023.You can type the following formula in the formula bar, which results in Figure 9-1.



= List.Transform({1..12}, each #date(2023,_,1))

Figure	9-1 Extracting the �irst dates of months using List.Transform()
Note The #date() function in Power Query takes three arguments—year, month, and day—andreturns the corresponding date based on the input values.In another example, to extract the last day of each month in 2023, you can use similar logic but the last dateof each month is not �ixed like 31. So, in this case, you need to extract a day of each month and then use the
Date.EndOfMonth() function to extract the last date of that month. This can be done by modifying thetransformation function in the previous formula. and This results in Figure 9-2.
= List.Transform({1..12}, each Date.EndOfMonth(#date(2023,_,1)))Alternatively, you can break the process into multiple steps using a record de�inition. In the �irst step, youextract the �irst date of each month, and in the second step, you apply Date.EndOfMonth() to extract thelast date of that month. In this scenario, the transformation would look like this:
each [Step1=#date(2023,_,1), Step2=Date.EndOfMonth(Step1)]However, this transformation will result in a record for each item, but you only need the value of Step2(the last date). To �ix this, you simply select Step2, by adding [Step2] to the end of the transformationfunction and rewrite the formula as follows:
each [Step2 = Date.EndOfMonth(#date(2023, _, 1))][Step2]The full formula in the formula bar looks like following, which results in Figure 9-2:
= List.Transform({1..12}, each [Step1=#date(2023,_,1),
Step2=Date.EndOfMonth(Step1)][Step2])



Figure	9-2 Extracting the last dates of months using List.Transform()Similarly, to extract the list of month names, you can type the following formula, which results in Figure 9-3.
= List.Transform({1..12}, each Date.MonthName(#date(2023,_,1)))

Figure	9-3 Extracting the name of months using List.Transform()Additionally, to create a list of ten consecutive dates starting at #date(2023, 05, 10), you can usethe List.Transform() function with the {0..9} list. The transformation will add each value from thislist (representing the number of days to be added) to the initial date #date(2023, 05, 10). Theformula can be written as follows and results in Figure 9-4:
= List.Transform({0..9}, each Date.AddDays(#date(2023,05,10),_))



Figure	9-4 The range of dates using List.Transform()In the previous examples, you used a list of numbers as the �irst argument of the List.Transform()function. However, it's important to note that this function can also be applied to other types of data, such astables. In this case, a list of tables can be de�ined as the �irst argument. The transformation function will thenbe applied to each table separately, and the transformed tables will be presented in the resulting list. Eachtable in the list will undergo the speci�ied transformation individually, and the output will be a list of thetransformed tables.For example, consider three tables—Table1, Table2, and Table3—shown in Figure 9-5. They containsales data for each product in various regions over the spring months. These tables are loaded into PowerQuery and are named Table1, Table2, and Table3, respectively.

Figure	9-5 Loaded tables



Since the tables have different column names, directly combining them will not yield the desired result.However, combining the unpivoted version of the tables (where all columns except for Region areunpivoted) will produce better results. One approach is to unpivot each table separately and then combinethem using the Table.Combine() function. Alternatively, you can use List.Transform() to create aloop over each table and apply the unpivot transformation for each table.To do this, create a blank query and de�ine the list by entering the following formula in the formula bar,which will result in Figure 9-6.
= {Table1,Table2,Table3}

Figure	9-6 Creating a list of tablesIn this case, the list of tables can be placed in the �irst argument of List.Transform(), and un-pivoting transformation function can be de�ined to apply a transformation to any table in this list. Since theitems in this list are of type table, using each _ in the second argument means that _ represents eachtable item in the list.As explained in Chapter 4, to unpivot the columns in a table (let's call it _), excluding the Regions column,you can use the following formula:
= Table.UnpivotOtherColumns(_, {"Regions"}, "Attribute", "Value")So, the transformation function in this example can be de�ined as follows:
each  Table.UnpivotOtherColumns(_, {"Regions"}, "Attribute", "Value")The full formula to unpivot each table in the list is as follows and it results in Figure 9-7.
= List.Transform({Table1,Table2,Table3},each  Table.UnpivotOtherColumns(_,
{"Regions"}, "Attribute", "Value"))



Figure	9-7 Transformed version of tablesBased on the examples presented, you can see that List.Transform() is a powerful function inPower Query that allows you to apply a For-Each loop over items of various types.
List.TransformMany()
List.TransformMany() is an advanced version of List.Transform() and can be thought of as twonested For-Each loops. For example, in Excel, you might create a For-Each loop over the sheets, andinside that loop, de�ine another For-Each loop over the cells in a speci�ic range. Similarly,
List.TransformMany() in Power Query allows you to create a For-Each loop over the items in a list.For each item in the list, it creates a nested For-Each loop for its sub-collections, applying transformationsto each of the sub-items.This function in Power Query comes with the following syntax:
List.TransformMany(
      list as list,
      collectionTransform  as function,
      resultTransform  as function) as listThe arguments of this function are as follows:– The �irst argument de�ines the list of items for the �irst For-Each loop.– The list of items for the second For-Each loop is de�ined in the second argument. This argument isdifferent than the �irst one and should be in the type of function, which results in a list.– The third argument is the transformation function that is applied to both items from the �irst and secondlists. Since there are two lists, the transformation function must be a custom function with twoarguments, such as (L1, L2) => F(L1, L2), where L1 comes from the �irst list (�irst argument) and
L2 comes from the second list (second argument).



This function returns a list containing the transformed items from both lists.
List.TransformMany() initially iterates over the items in the �irst list. For each item in the �irst list,it then iterates over the items in the second list and applies the transformation function to everycombination of items from the �irst and second lists. This means that List.TransformMany() works liketwo nested For-Each loops. In contrast, List.Transform() creates a single For-Each loop over theitems in a list only. Therefore, List.TransformMany() is similar to using two nested

List.Transform() functions. This will become more clear in the following example.In this example, you want to create the �irst date of each quarter in the years 2022 to 2025. You have twolists of items: one for the years {2022..2025}, and one for the �irst month of each quarter, {1, 4, 7,
10}.Before solving this problem using List.TransformMany(), let's try to solve it by nested
List.Transform().Initially, to extract the �irst date of each quarter in 2022, you can type the following formula, whichresults in Figure 9-8.
= List.Transform({1,4,7,10}, each #date(2022,_,1))

Figure	9-8 Extracting the �irst dates of the quarters using List.Transform()In the previous formula, you created a loop to iterate over the months using each #date(2022, _,
1) as the transformation function. In the next step, you want to add another List.Transform() toiterate over the years. However, since you are nesting two List.Transform() functions, you cannot use
each _ for both loops (as it is not clear which _ came from the list of years and which one came from thelist of months). So, you need to replace the each _ logic in the previous formula with custom function logicand rewrite it as follows:
= List.Transform({1,4,7,10}, (m)=> #date(2022,m,1))To create a loop over the years, you can de�ine another List.Transform({2022..2025}, (y) =>
f(y)), where y iterates over the years. This allows you to create a nested loop using the following formula,which results in Figure 9-9.
= List.Transform({2022..2025}, (y)=> List.Transform({1,4,7,10}, (m)=>
#date(y,m,1)))



Figure	9-9 The result of a nested List.Transform()In this case, y iterates over the items in the list of years. Initially, y becomes 2022. In the transformationfunction, for y = 2022, m will iterate over the list of months. It starts with 1, then goes through 4, 7, and�inally 10. For each value of m and y=2022, #date(y, m, 1) will be calculated. So, for y=2022, a list ofdates will be generated. Then, y will be updated to the next value in the list of years and become 2023.Again, for this value of y, m will iterate over the months, and four new dates will be generated. This processcontinues until y iterates over all the years in the list.To combine the results into a single list, you can wrap the formula inside the List.Combine()function, as shown in following formula, which results in Figure 9-10.
= List.Combine(List.Transform({2022..2025}, (y)=> List.Transform({1,4,7,10},
(m)=> #date(y,m,1))))

Figure	9-10 The result of combining the nested List.Transform()Instead of using a nested List.Transform() and then wrapping it with List.Combine(), you candirectly use List.TransformMany(). In this case, the list of years {2022..2025} will be placed in the



�irst argument, and a function that generates the list of months, such as {1, 4, 7, 10}, will be placed inthe second argument as each {1, 4, 7, 10}.The transformation function can be de�ined as (y, m) => f(y, m), where y iterates over the itemsin the �irst list (years) and m iterates over the items in the second list (months). So, the transformationfunction can be de�ined as (y,m)=> #date(y,m,1).The formula becomes as follows and using it in the formula bar results in Figure 9-11.
= List.TransformMany({2022..2025}, each {1,4,7,10}, (y,m)=> #date(y,m,1))

Figure	9-11 The result of List.TransformMany()In the presented solution, y will iterate over the items in the �irst list, {2022..2025}. For each selectedvalue of y, the function in the second argument will be evaluated. In this case, the function is de�ined as
each {1,4,7,10}, meaning that regardless of the value of y, it will always return the list {1,4,7,10}.For the selected y=2022, the second list will be generated as {1,4,7,10}, and m will start iterating overthe items in this list. So:– Iteration 1: y=2022 and m=1, the transformation function produces #date(2022, 1, 1).– Iteration 2: y=2022 and m=4, the transformation function produces #date(2022, 4, 1).– Iteration 3: y=2022 and m=7, the transformation function produces #date(2022, 7, 1).– Iteration 4: y=2022 and m=10, the transformation function produces #date(2022, 10, 1).At this iteration, m is iterated over all the items in the second list. Once m �inishes iterating, y will beupdated to the next item in the �irst list and become 2023. The second argument will then be evaluated forthis selected y, but since it is independent of the selected value of y, it will still result in {1,4,7,10}. m willthen start iterating over these values again. So, the next iterations are as follows:– Iteration 5: y=2023 and m=1, the transformation function produces #date(2023, 1, 1).– Iteration 6: y=2023 and m=4, the transformation function produces #date(2023, 4, 1).– Iteration 7: y=2023 and m=7, the transformation function produces #date(2023, 7, 1).– Iteration 8: y=2023 and m=10, the transformation function produces #date(2023, 10, 1).This process continues for each value of y in the {2022..2025} list.



In the presented solution, in the second argument of List.TransformMany(), you use a functionsuch as each {1,4,7,10}, which means that for every item from the �irst list (every selected y), thisfunction should be executed. The result of this function does not depend on the selected item in the �irst list(selected y), and it always returns {1, 4, 7, 10}. However, in practice, you may encounter situationswhere the second list needs to be de�ined dynamically based on the selected value in the �irst list.Let's consider an example where you want to extract all the dates in 2023 using
List.TransformMany(). The �irst list you should iterate over is the list of months {1..12}, and thesecond list is the list of days. However, the number of days varies in each month. For the �irst month(January), the list of days is {1..31} and for the second month (February), the list is {1..28}. Therefore,the second list is dependent on the value selected from the �irst list.
Note While there may be more ef�icient solutions for generating a list of all dates in a year, I use thisexample simply to explore the capabilities of List.TransformMany().In this example, the �irst argument for the List.TransformMany() function is the list of months
{1..12} representing each month in the year. The second argument requires a function that generates alist of days based on the selected month. For instance:– If the �irst item (January) is selected, the list should be {1..31}.– If the second item (February) is selected, the list should be {1..28}, and so on for the other months.To achieve this, you can use Date.DaysInMonth(#date(2023, _, 1)) in the second argument toget the number of days in the selected month. However, this results in a number (e.g., 31 for January or 28for February), but you need a value in the type of list in this argument. To create this list, you can de�inethe second argument as follows:
each {1..Date.DaysInMonth(#date(2023,_,1))}In this case, the selected item from the �irst list is represented by _. If _ = 1, that means the selectedmonth is January, so the second argument will result in {1..31} (the number of days in January). If _ = 2,this means the selected month is February, and the second argument will result in {1..28} (the number ofdays in February).This dynamic selection based on the month number will ensure that the correct number of days isgenerated for each month in the second argument.After de�ining the �irst two arguments, the third argument can be de�ined as (m, d) =>
#date(2023, m, d), where m iterates over the items in the �irst list (the months) and d iterates over theitems in the second list (the days in each month). With this setup, writing the following formula in theformula bar will generate a list of all the dates in 2023, as shown in Figure 9-12.
= List.TransformMany({1..12}, each {1..Date.DaysInMonth(#date(2023,_,1))},
(m,d)=> #date(2023,m,d))



Figure	9-12 Extracting dates in a year using List.TransformMany()
List.Accumulate()
List.Accumulate() is another function in Power Query that's used to perform a For-Each loop,similar to List.Transform(). However, the key difference is that, while List.Transform() producesseparate, independent results for each iteration, List.Accumulate() allows you to aggregate (orcombine) the results in different ways during the iteration.Like other list functions, List.Accumulate() doesn’t have a built-in graphical interface and must bewritten manually. It uses the following syntax:
List.Accumulate(list as list, seed as any, accumulator  as function) as anyAs proposed by its syntax, this function receives three arguments:– Similar to List.Transform(), the �irst argument in List.Accumulate() is a list, which containsthe items that you want to iterate over.– With List.Accumulate(), the results of each iteration are combined into a de�ined variable, startingwith an initial value. This initial value, known as the seed, is de�ined in the second argument of thefunction. The seed can be a number, record, list, or even a table.



– The third argument is an accumulator, which is a custom function that takes two inputs, typically writtenas (s, c) => f(s, c). Here, s represents the state, and c represents the current value. Thisaccumulator function is applied to each iteration to determine how the results of iterations should becombined. In the �irst iteration, s starts with the seed value, and c is the �irst item in the list (from the�irst argument). The function f(s, c) is evaluated and updates s with the result. For each subsequentiteration, s is replaced with the updated value from the previous iteration, and c becomes the next item inthe list. This process continues until c has iterated over all the items in the list, and the �inal value of
f(s, c) is returned as the result.This function can produce any type of value, but in most cases, the result will have the same type as theseed (the second argument). This is because the seed value de�ines the starting type for the accumulationprocess, and the accumulator function (f(s, c)) ensures that the state (s) is updated in a way thatmaintains this type consistency throughout the iterations.As presented, List.Accumulate() and List.Transform() both perform a For-Each loop overthe items in the list de�ined in their �irst argument. The difference is that in List.Transform(), the resultof each iteration is independent, while in List.Accumulate(), the results of each iteration can becombined. To explore this difference, calculate the sum of the squares of values from 1 to 5 using bothfunctions.Using List.Transform(), you can de�ine the list of numbers as {1..5}, iterate over them, andcalculate the square of each number (see Figure 9-13):

=List.Transform({1..5}, each _*_)

Figure	9-13 Extracting the square of 1 to 5 using List.Transform()In the formula, a For-Each loop is de�ined over the items in the {1..5} list, and then thetransformation function each _ * _ is applied to each item independently. To sum the transformedvalues, you need to use List.Sum() to calculate the sum of the squares of the numbers. The formulawould be rewritten as following:
=List.Sum(List.Transform({1..5}, each _*_))Using List.Accumulate(), you can combine (in this case, sum) the results of iterations. You do notneed to transform the values �irst and then use List.Sum() to calculate the sum of transformed values.To use List.Accumulate() in this example, you want to iterate over the {1..5} list, so the �irstargument is {1..5}. You aim to sum the results of the iterations, and this sum will be stored in a variable.The initial value of this variable is de�ined in the second argument (the seed). So, the initial value of thevariable can be de�ined as 0.You now de�ine the accumulator function as (s, c) => f(s, c). Here:– s represents the accumulated value, starting at 0.– c is the current item in the {1..5} list.For each iteration, you want to add the square of the current item (c * c) to the accumulated value s.The f(s, c) function is de�ined as s + c * c. This ensures that, for each iteration, the square of the



current value of c will be added to s.Using the following formula in the formula bar, you can solve the problem, as shown in Figure 9-14.
= List.Accumulate({1..5},0, (s,c)=> s+c*c)

Figure	9-14 Extracting the square of 1 to 5 using List.Accumulate()In this formula, the initial value of the seed is 0, so the accumulator function starts with s = 0. Thevariable c iterates over the items in the {1..5} list, and in each iteration, the function (s, c) => s + c
* c is applied.– In the �irst iteration, s is 0 and c is 1 (the �irst item in the list). The function calculates 0 + 1 * 1 = 1,so the value of s becomes 1. This updated value of s is then used in the next iteration.– In the second iteration, s is 1 and c is 2 (the second item in the list). The function calculates 1 + 2 * 2
= 5, so the value of s becomes 5.– In the third iteration, s is 5 and c is 3. The function calculates 5 + 3 * 3 = 14, so s becomes 14.– In the fourth iteration, s is 14, and c is 4. The function calculates 14 + 4 * 4 = 30, updating s to 30.– Finally, in the �ifth iteration, s is 30 and c is 5. The function calculates 30 + 5 * 5 = 55, giving the�inal value of s as 55.At the end of all iterations, the �inal result of the List.Accumulate() function is 55. This process issummarized in Table 9-1.

Table	9-1 Iterations
Iteration	Number s c s+c*c1 0 1 12 1 2 1+2*2=53 5 3 5+3*3=144 14 4 14+4*4=305 30 5 30+5*5=55
Note In the previous example, if you want to save the result of each iteration separately, you can use the
List.Accumulate() function with a different seed and accumulator function. In this case, the initialvalue of the seed should be de�ined as a blank list {}, and in each iteration, a new item (the result oftransforming items in the list in the �irst argument) should be added to it.To achieve this, instead of summing the result of c * c with s, you convert the result of c * c into alist and combine it with s, which is now a list. This can be done using the accumulator function (s, c)
=> s & { c * c }. The operator & is used to append the result of each iteration to the accumulatedlist s.You can use this formula:
= List.Accumulate({1..5},{}, (s,c)=> s & {c*c})It is true that List.Accumulate() iterates over the item in the list entered in its �irst argument, like a
For-Each loop, but it can also be used to simulate a For-Next loop. For example, say you have a variable
x equal to 2 and you want to repeatedly square it for �ive iterations. In other words, you want to calculate x
= x * x repeatedly for �ive steps.You can accomplish this using List.Accumulate() by de�ining a list with �ive elements (e.g.,
{1..5}), which will act as the counter for the loop. The initial value of x is set as the seed, so the seed willbe 2. Then, the transformation function (s, c) => f(s, c) can be de�ined as (s, c) => s * s,



where s is the current value of x, and c iterates through the list (though in this case c is not being used, asyou are just repeating the operation).You can type the following formula in the formula bar to solve this problem:
= List.Accumulate({1..5},2, (s,c)=> s*s)This formula will start with s = 2 (the seed value), and in each iteration, s will be squared. It passes�ive iterations as presented here:Iteration 1: s = 2, so s * s = 2 * 2 = 4Iteration 2: s = 4, so s * s = 4 * 4 = 16Iteration 3: s = 16, so s * s = 16 * 16 = 256Iteration 4: s = 256, so s * s = 256 * 256 = 65536Iteration 5: s = 65536, so s * s = 65536 * 65536 = 4294967296The result of �ive iterations is 4294967296.
List.Generate()
List.Generate() is another function in Power Query used to create loops. Unlike the previous functions(List.Transform() and List.Accumulate()), which iterate over a �ixed set of items,
List.Generate() allows you to create a Do-While loop. This means the loop will continue to iterateuntil a speci�ied condition is met. If you are unsure about the number of iterations, you can use this functionto de�ine a stop condition.The function syntax is:
List.Generate(
      initial as function,
      condition  as function,
      next as function,
      optional selector  as nullable function) as listThis function takes four arguments, all of which are functions, with the following speci�ic applications:– The �irst argument, called initial, de�ines the starting value or state of the loop. It is a function with noinput variables, and it is de�ined as ()=>. For example, ()=>0 sets the initial value to 0.– The second argument, called condition, is a function with one input parameter, which is the result fromthe previous iteration. This function is evaluated to determine whether the loop should continue or stop.The condition returns true to continue the loop and false to stop it. For example, each _ < 5 meansthe loop continues if the result of the previous iteration is less than �ive; otherwise, the loop stops, and theresult is returned.– The third argument, called next, is a function with one input parameter. It receives the result from theprevious iteration and updates it based on the de�ined logic. For example, each _ + 1 adds one to theresult of the previous iteration for the next iteration.– The fourth argument, called selector, is optional. If provided, it applies a transformation or selectionprocess to the �inal output of each iteration. If it's not provided, the current value of the iteration is used.This function determines what is added to the resulting list.To demonstrate how to use List.Generate(), in the �irst example, you'll use it to extract all the datesbetween two speci�ic dates, such as #date(2004, 1, 10) and #date(2004, 2, 05). Follow thesesteps:– In this case, the loop should start at #date(2004, 1, 10), so the �irst argument will be ()=>
#date(2004, 1, 10).– The loop should continue until you reach a date larger than #date(2004, 2, 05). So, the secondargument (the condition) will be each _ <= #date(2004, 2, 05).– In each iteration, you need to calculate the next date by adding one day to the current date. This can bedone using the Date.AddDays() function, so the third argument will be each Date.AddDays(_,



1).The formula can be written as follows, and this will generate the list of dates shown in Figure 9-15:
= List.Generate(()=> #date(2004, 1, 10),each _ <= #date(2004, 2, 05) , each
Date.AddDays(_,1))

Figure	9-15 Extracting dates using List.Generate()
Note In the previous solution, instead of using Date.AddDays(), you can use other functions like
Date.AddWeeks(), Date.AddMonths(), Date.AddQuarters(), and Date.AddYears() togenerate a date list with different levels of granularity. For example, using Date.AddWeeks(_,1) willcreate a list of dates increasing by one week, while Date.AddMonths(_,1) will generate a list of datesincreasing by one month.As another example, say you want to extract all even numbers starting at 0 but less than 10 using
List.Generate(). The parameters for this function are as follows:



– Initial value: Since you start at 0, the �irst argument is ()=>0.– Condition: The loop should continue as long as the value remains less than 10, so the second argument is
each _ < 10.– Next value: In each iteration, you need to generate the next even number by adding two to the previousvalue, so the third argument is each _ + 2.The formula can be written as follows, and it results in a list of even numbers from 0 to 8, as shown inFigure 9-16:

=List.Generate(()=>0,each _<10 , each _+2)

Figure	9-16 Extracting even numbers less than 10 using List.Generate()In the previous example, if you wanted to extract the square values of even numbers less than 10, youcould use the fourth argument (selector) in the previous formula. You de�ine it as each _ * _, whichmeans that after applying the loop, instead of displaying the iteration results directly, show their squares asthe �inal output.The revised formula is as follows, and it results in a list of squared even numbers as shown in Figure 9-17:
= List.Generate(()=>0,each _<10 , each _+2, each _*_)

Figure	9-17 Extracting the square of even numbers less than 10 using List.Generate()Again using the previous example, say you wanted to generate a list of even numbers starting at 0 andcontinuing until the sum of the extracted values reaches 100. To achieve this, you need to track two valuessimultaneously—the current even number, (call it E) and the cumulative sum of the previous even numbers(call it S). Thus, you would de�ine the arguments as follows:– The initial value should be a record containing both E and S, de�ined as ()=> [E=0, S=0].– The stop condition is based on S, because the loop should continue as long as S is less than 100. Thesecond argument is therefore each _[S] < 100.– The iteration step updates both values: E increases by 2, and S is updated by adding the new E. This isexpressed as each [E = _[E] + 2, S = _[S] + _[E]].



Using these parameters, the formula can be written as follows, and it results in a list including therecords, as shown in Figure 9-18.
= List.Generate(()=>[E=0, S=0],each _[S]<100 , each [E=_[E]+2, S=_[S]+E])

Figure	9-18 Extracting even numbers with a sum less than 100 using List.Generate()Since you only need the even numbers as output, and the sum (S) is used only for the stop condition, andyou can utilize the fourth argument (selector) of List.Generate() to return only the E values. Thissimpli�ies the formula as follows, which results in Figure 9-19.
= List.Generate(()=>[E=0, S=0],each _[S]<100 , each [E=_[E]+2, S=_[S]+E],
each _[E])

Figure	9-19 Extracting the even numbers using List.Generate()The remainder of this chapter explores all the hidden features of these remarkable functions.
Running	Totals	by	List.Accumulate()Calculate the running total for items in the Source list {1, 10, 50, 100, 150} using the
List.Accumulate() function.You can solve this problem using List.Accumulate() in different ways, and two possible solutionsare provided here. In both solutions, based on the question, the result of the formula should be in the type of



list equal to {1, 11, 61, 161, 311}. Therefore, it is better to use an item in the type of list in thesecond argument of List.Accumulate().
Solution	1:	Based	on	the	For-Each	LoopIn this �irst solution, you use a For-Each loop approach, where the Source list is directly used as the �irstargument of List.Accumulate(). The seed is initialized as {0}, and in each iteration, a new item isadded to the seed. This new item is calculated as the sum of the current item from the Source list and the lastitem in the seed. So, in the iterations seed is updated as follows:– Iteration 1: The seed becomes {0, 0 + 1} → {0, 1}– Iteration 2: It becomes {0, 1, 1 + 10} → {0, 1, 11}– Iteration 3: It becomes {0, 1, 11, 11 + 50} → {0, 1, 11, 61}This process continues for the remaining items in the Source list.In the formula, the �irst argument is the Source list and the second argument (seed) is {0}. Now it istime to de�ine the accumulator function in the form (s, c) => f(s, c). To determine f(s, c),consider the �irst iteration:– s represents the current state and is {0}– c is the �irst element of the Source list, which is 1– f(s, c) should produce {0, 1}The result of f(s, c) is equal to adding a new item (1) to the s, and this new item is calculated as thesum of the last item in s (0) and the value of c (1). So, in general, the formula is f(s, c) is s &
{List.Last(s) + c}, which ensures that each new value is derived from the sum of the last item in sand the current item c. Using this approach, the formula to solve this problem is as follows. Using thisformula in the formula bar results in {0, 1, 11, 61, 161, 311}:
= List.Accumulate(Source,{0},(s,c)=>s & {List.Last(s)+c})To remove the �irst item in the result {0, 1, 11, 61, 161, 311}, the formula can be modi�iedusing the List.Skip() function. This function removes the �irst item from the resulting list, ensuring thatthe �inal output starts with the desired values. By applying this change, the �inal result becomes {1, 11,
61, 161, 311}.
= List.Skip(List.Accumulate(Source,{0},(s,c)=>s & {List.Last(s)+c}))While the previous formula solves the problem, it initially adds 0 to the list by de�ining the seed as {0},and removes it later using the List.Skip() function. Instead of this approach, you can rede�ine the seedas an empty list {} from the beginning. However, doing so introduces a challenge: in the �irst iteration,
List.Last(s) returns null since s is empty, causing all subsequent calculations to also result in null.To handle this, you can replace null with 0 using List.Last(s) ?? 0 or using the second argumentin the List.Last() function as List.Last(s,0). This ensures that when s is empty, List.Last()returns 0 instead of null, preventing errors in the calculations. By applying this adjustment and writing theformula as follows in the formula bar, you achieve the same �inal result without needing to add and laterremove an extra value.
= List.Accumulate(Source,{},(s,c)=>s & {List.Last(s,0)+c})In this formula, during each iteration, the last value of s (which represents the accumulated value fromthe previous iteration) is retrieved using List.Last(s,0), then added to c (the next value in the Sourcelist). The result is then converted to a list and appended to s. Since the initial value of s is {}, using
List.Last(s) will return null in the �irst iteration, while using List.Last(s,0) returns 0 instead of
null.The iterations of this formula are detailed in Table 9-2.



Table	9-2 Iterations of List.Accumulate
iteration s c List.Last(s)??0 {List.Last(s,0)+c} s&{List.Last(s,0)+c}1 {} 1 0 {1} {1}2 {1} 10 1 {11} {1,11}3 {1,11} 50 11 {61} {1,11,61]4 {1,11,61] 100 61 {161} {1,11,61,161}5 {1,11,61,161} 150 161 {311} {1,11,61,161,311}
Solution	2:	Based	on	the	For-Next	LoopIn this second scenario, you use a For-Next loop approach. Here, the iterator is c, and for each value of c,you calculate the sum of the �irst c items in the Source list. For example, if c is equal to 3 (the thirditeration), you extract the sum of the �irst three items, such as List.Sum({1, 10, 50}), which is equalto List.Sum(List.FirstN(Source,c)).Since the Source list contains �ive items, the counter should start at 1 and end at 5, meaning the �irstinput is {1..5}. The second input should match the type of the result, so it is initialized as an empty list {}.For the accumulator function (s, c) => f(s, c), in each iteration, you concatenate the list s withthe sum of the �irst c items from the Source list. This can be expressed as s &
{List.Sum(List.FirstN(Source, c))}.The whole formula can be written as follows:
= List.Accumulate({1..5},{},(s,c)=>s&{List.Sum(List.FirstN(Source,c+1))})Since the dimension of the Source might vary in different examples, instead of hardcoded values, the �irstargument can be rewritten using List.Positions(Source), which results in {0..4}. Because thereplaced list starts at 0, in the revised formula, c should be replaced with c+1 in the accumulator argument,and the revised formula will be:
= List.Accumulate(List.Positions(Source),{},(s,c)=>s&
{List.Sum(List.FirstN(Source,c+1))})Table 9-3 illustrates the result of this formula across different iterations.
Table	9-3 Iterations of List.Accumulate
iteration s c List.FirstN(Source,c+1) {List.Sum(….)} s&{List.Sum(….)}1 {} 0 {1} {1} {1}2 {1} 1 {1,10} {11} {1,11}3 {1,11} 2 {1,10,50} {61} {1,11,61]4 {1,11,61] 3 {1,10,50,100} {161} {1,11,61,161}5 {1,11,61,161} 4 {1,10,50,100,150} {311} {1,11,61,161,311}
Note For those familiar with VBA, in the second solution, c acts as a counter ranging from 0 to 4, similarto For c = 1 To 4. In contrast, in the �irst solution, c represents the elements within the Source list,analogous to For c In Range in VBA.
Ef�iciency	Tip Let’s evaluate the performance of the formula proposed in Solution 1. For a list with4,000 items, the �irst solution (without using List.Buffer()) takes 137 seconds to execute, which istoo long. However, applying List.Buffer() to the source list (e.g., Source =
List.Buffer({1..4000})) outside of the List.Accumulate() arguments does not signi�icantlyimpact execution time, as the Source list is just used once in the �irst argument of the formula and is notdirectly part of the accumulator function (third argument).In contrast, using List.Buffer() in the third argument of List.Accumulate(), and thenrewriting the formula as follows, reduces the execution time to under one second.



= List.Accumulate(Source,{},(s,c)=>List.Buffer(s & {List.Last(s,0)+c}))On the other hand, Solution 2, without using List.Buffer(), outperformed solution 1, but as theSource list is called several times in the accumulator functions in this solution, using List.Buffer()for the source list can improve its execution time.
Running	Totals	by	List.Generate()Calculate the running total using List.Generate from the Source list {1, 10, 50, 100, 150}.You can solve this problem by creating a loop using List.Generate(). Two different solutions—abasic one and an ef�icient one—are provided using the List.Generate() function.
Solution	1:	Basic	OptionIn this approach, in the List.Generate(), the counter starts at 1, so the �irst argument of
List.Generate() is de�ined as ()=>1. In each iteration, the counter is incremented by one, making thethird argument each _ + 1. Since the source list contains �ive items, the loop should runs �ive times.Therefore, the second argument of the function can be de�ined as each _ <= 5 or more dynamically as
each _ <= List.Count(Source).Using these arguments inside the List.Generate() function will create a loop starting at 1 andending at 5, resulting in {1, 2, 3, 4, 5}.
= List.Generate(
      ()=>1,
      each _<=List.Count(Source),
      each _+1)In this example, instead of returning the value of i in each iteration, you want to extract the sum of the�irst i items in the Source list. To achieve this, you need to convert i into the sum of the �irst i items fromthe Source list. This can be done by using List.Sum(List.FirstN(Source, _)) as the fourthargument of the List.Generate() function. By applying this modi�ication and rewriting the formula asfollows, you get the result as {1, 11, 61, 161, 311}.
= List.Generate(
      ()=>1,
      each _<=List.Count(Source),
      each _+1,
      each List.Sum(List.FirstN(Source, _)))

Solution	2:	Ef�icient	OptionThe previous solution solves the problem, but it is not the most ef�icient approach for handling largedatasets. As shown, in each iteration, the cumulative sum is calculated separately from scratch. For example,in the 1,000th iteration, the sum of the �irst 1,000 items in the list is computed, even though the sum of the�irst 999 items was already determined in the previous iteration. This redundant recalculation increasescomputational cost signi�icantly.Instead of recomputing the sum each time, you can optimize the approach by using the previouslycalculated sum to determine the next value, reducing unnecessary calculations and improving performance.In this solution, each iteration requires two values: C, which represents the iteration index (counter), and
M, which represents the sum of the �irst C items in the source list. To save the information of C and M intoeach iteration, you can use a record with two �ields called C and M.The initial value of C is 1, and in each iteration, C is incremented by one. The initial value of M is
Source{0}, and in each iteration, M is updated by adding the Cth item from the source list to its previousvalue.Based on these initial values, the �irst argument of List.Generate() is de�ined as follows:



()=>[C=1, M=Source{0}]As in the previous solution, the number of iterations is limited to List.Count(Source). However,since C and M are both maintained in each iteration, the second argument is de�ined as follows:
each [C] <= List.Count(Source)Additionally, as C is incremented by one and M is updated by adding Source{[C]}, the third argumentis de�ined as follows:
each [C=[C]+1, M=[M] + Source{[C]}]By inserting these arguments into List.Generate(), the �inal formula will produce the result shownin Figure 9-20.
= List.Generate(
      ()=>[C=1,M=Source{0}],
      each [C]<=List.Count(Source),
      each [C=[C]+1,M=[M]+Source{[C]}])

Figure	9-20 The result of List.Generate()In the formula used here, the C and M values are both maintained and updated during each iteration. Theresult of this formula is a list containing records, with each record having two �ields: C and M.Since you are interested in extracting the values of M from the output, you can use the fourth argument ofthe List.Generate() function to select the M value from each record. This can be done by referring to
[M] in the fourth argument.To update the formula, which extracts only the M values from the result, the formula can be rewritten asfollows. This will result in the output {1, 11, 61, 161, 311}, as expected.
= List.Generate(
      ()=>[C=1,M=Source{0}],
      each [C]<=List.Count(Source),
      each [C=[C]+1,M=[M]+Source{[C]}],
      each [M])In this formula, as shown in the third argument of the List.Generate() function, the value of M isupdated by adding Source{[C]} to the previous value of M. This approach eliminates the need torecalculate the sum of the �irst C items from the Source list for each iteration.



Instead of calculating the sum from scratch in each iteration, the formula ef�iciently builds thecumulative sum by adding the current item from the Source list to the running total. This signi�icantlyimproves performance, especially for larger datasets, since only the new item in each iteration is added tothe previous cumulative sum.
Note Instead of using a record to store the values of C and M in the previous solution, you can use a listwith two items. The �irst item will represent C, and the second item will represent M. This approachsimpli�ies the structure. The formula can be rewritten as follows, yielding the same result.
= List.Generate(
      ()=>{1,Source{0}},
      each _{0}<=List.Count(Source),
      each {_{0}+1,_{1}+Source{_{0}}},
      each _{1})

Calculating	the	Running	Total	by	List.Transform()Calculate the running total using List.Transform() from the Source list {1, 10, 50, 100, 150}.Besides using List.Accumulate() and List.Generate(), this problem can also be solved withthe List.Transform() function. In this case, for each item in the list de�ined in the �irst argument, thetransformation function will be applied.If you de�ine the �irst argument as {1..5}, the transformation function should replace each number n inthis list with the sum of the �irst n items in the Source list. For this, you can use each
List.Sum(List.FirstN(Source, _)) as a transformation function, where the underscore _represents the current item in the list.Using the following formula in the formula bar will solve the problem:
= List.Transform(List.Positions(Source), each List.Sum(List.FirstN(Source,
_+1)))In the previous formula, the �irst argument is hardcoded as {1..5}, which can be replaced with
List.Positions(Source) to dynamically handle the position of each item in the list. The formula canbe rewritten as follows:
= List.Transform(List.Positions(Source), each List.Sum(List.FirstN(Source,
_+1)))

Generating	the	Fibonacci	Sequence	by	List.Accumulate()Calculate the �irst ten terms of the Fibonacci sequence using List.Accumulate().
Note for more information about the Fibonacci sequence, visit this page:
www.mathsisfun.com/numbers/fibonacci-sequence.html.In the Fibonacci sequence, the initial values are x0 =0 and x1 =1. Each subsequent term is the sum of the twopreceding terms: So x2=x0+x1=1 and x3=x2+x1=2 and so on, where xn=xn-1+xn-2.Since you are looking for the �irst ten numbers in the Fibonacci sequence in the form of a list, it isconvenient to de�ine the seed as a list, and as you know the �irst two numbers in the sequence, you cande�ine the seed as {0, 1}. In the process of using List.Accumulate() to solve this problem, startingwith the initial values {0, 1} as the seed, you calculate the next Fibonacci number in each iteration andupdate the seed accordingly.In the Fibonacci sequence, each number is the sum of the two preceding numbers. Therefore, the nextnumber can be calculated using List.Sum(List.LastN(s, 2)), where s represents the current state.

http://www.mathsisfun.com/numbers/fibonacci-sequence.html


To continue the process, this value should be added to the list of previous numbers. Thus, the accumulatorfunction can be written as follows.
(s,c)=>s&{List.Sum(List.LastN(s,2))}On the other hand, with each run of the accumulator, a new number in the sequence is calculated andadded. Since the seed includes the �irst two items of the sequence, to extract the �irst ten numbers, you needto iterate this process ten times. Therefore, the �irst argument can be any list with a length of eight, such as
{1..8}. The whole formula to solve this problem is as follows. It results in {0,1,1,2,3,5,8,13,34}.
= List.Accumulate(
      {1..8},
      {0,1},
      (x,y)=>x&{List.Sum(List.LastN(x,2))})Table 9-4 illustrates the values of x and y during different iterations of this formula.
Table	9-4 Iterations of List.Accumulate for the Fibonacci Series
iteration s c List.LastN(s,2) List.Sum(….) s&	{List.Sum(..)}1 {0,1} 1 {0,1} 1 {0,1,1}2 {0,1,1} 2 {1,1} 2 {0,1,1,2}3 {0,1,1,2} 3 {1,2} 3 {0,1,1,2,3}4 {0,1,1,2,3} 4 {2,3} 5 {0,1,1,2,3,5}5 {0,1,1,2,3,5} 5 {3,5} 6 {0,1,1,2,3,5,8}6 {0,1,1,2,3,5,8} 6 {5,8} 13 {0,1,1,2,3,5,8,13}7 {0,1,1,2,3,5,8,13} 7 {8,13} 13 {0,1,1,2,3,5,8,13}8 {0,1,1,2,3,5,8,13} 8 {8,13} 34 {0,1,1,2,3,5,8,13,34}
Generating	the	Fibonacci	Sequence	with	List.GenerateCalculate the �irst ten terms of the Fibonacci series using List.Generate.The Fibonacci sequence has been previously created using List.Accumulate(), but here, to betterunderstand the arguments in the List.Generate() function, you will solve this problem using
List.Generate().This problem can be solved using List.Generate() in various ways, but an ef�icient approach is tokeep track of the last two values in the series and use them to generate the next value by simply adding themtogether. In each iteration, you need C (the counter), Xn_2 (the second-to-last value in the series), and Xn_1(the last value in the series).To start, you set the initial value of C to 1, which indicates the �irst iteration. For Xn_2, you start with 0,which is the �irst value in the series, and for Xn_1, you start with 1, which is the second value in the series.These initial values are set using the �irst argument of List.Generate(), as follows:
()=>[C=1,Xn_2=0,Xn_1=1]The number of iterations should be repeated ten times, so the second argument of the function willde�ine the stopping condition. This ensures that the iteration stops after ten iterations. The condition issimply [C] <= 10.In each iteration, the counter C is incremented by one, while Xn_2 is updated to the previous value of
Xn_1 (since the value of Xn_1 in the next iteration corresponds to the value of Xn-2), and Xn_1 is updatedby adding the current values of Xn_1 and Xn_2. This logic is de�ined in the third argument of
List.Generate():
each [C=[C]+1,xn_2=[xn_1],xn_1=[xn_1]+[xn_2]]



Combining all the parts, you can type the formula in the formula bar as follows. This results in Figure 9-21.
= List.Generate(()=>[C=0,xn_2=0,xn_1=1],each [C]<10,each [C=[C]+1,xn_2=
[xn_1],xn_1=[xn_1]+[xn_2]])

Figure	9-21 The result of List.Generate() for the Fibonacci sequenceIn the presented result, all the values of C, Xn_2, and Xn_1 are presented in the result in the type of
record. If you want to extract only the values of Xn_2 from the result to get the Fibonacci sequence fromthe initial item, you can use the fourth argument of List.Generate(). This argument speci�ies what youwant to return in each iteration. The formula can then be rewritten as follows and results in {1, 1, 2,
3, 5, 8, 13, 21, 34, 55}:
= List.Generate(()=>[C=0,xn_2=0,xn_1=1], each [C]<10, each [C=[C]+1,xn_2=
[xn_1],xn_1=[xn_1]+[xn_2]], each [xn_2])

Note In addition to the previously presented solution, you can use another variation with
List.Generate(), as shown here.In this variation, instead of de�ining separate �ields for Xn_2 and Xn_1, you can combine them into asingle �ield called X, which will store them as a list. The �irst item in the list will represent Xn_2, and thesecond item will represent Xn_1.This variation simpli�ies the logic by grouping these two values together in a list. As a result, theformula can be rewritten as follows:
= List.Generate(
      ()=>[C=0,x={0,1}],
      each [C]<10,
      each [C=[C]+1,x={List.Last([x]),List.Sum([x])}],
      each List.First([x]))

Implementing	Sumproduct



The SUMPRODUCT function in Excel is a versatile and powerful function that multiplies correspondingcomponents in given arrays or ranges and then sums the results. Calculate the SUMPRODUCT of two lists
S1={1,3,5,2,7} and S2={0,1,2,1,1} in Power Query using List.Accumulate() and
List.Transform().
Solution	1:	Using	List.Transform()The List.Transform() function alone cannot solve the entire problem; it only handles the part ofmultiplying corresponding items from the two lists and provides a list of the multiplication results. To obtainthe �inal SUMPRODUCT, you need to use List.Sum() to sum the results of the multiplication.To handle the multiplication part, you can use the index {0..4} as the �irst argument in the
List.Transform() function, since you have �ive items in the lists. In the second argument, you can usethe expression each S1{_} * S2{_} to calculate the product of the corresponding items from S1 and
S2. The following formula can be rewritten in the formula bar:
= List.Transform({0..4}, each S1{_}*S2{_})This formula results in the {0, 3, 10, 2, 7} list. To get the �inal result of SUMPRODUCT, you apply
List.Sum() to the result of List.Transform(), which will give the �inal result, 25.
= List.Sum(List.Transform({0..4}, each S1{_}*S2{_}))Alternatively, you can approach the solution in a different way. Instead of using indexes, you can create alist of sublists, where each sublist contains the corresponding values from S1 and S2, such as {{1, 0},
{3, 1}, {5, 2}, {2, 1}, {7, 1}}. Using this list in the �irst argument of List.Transform()can help you apply the multiplication of corresponding items, by using each _{0}*_{1} as atransformation function in the second argument of List.Transform().You can use List.Zip({S1, S2}) to create this list of corresponding pairs. Then, you can use
List.Transform() with the transformation function each _{0} * _{1} to calculate the product ofeach pair. The formula for this approach is as follows:
= List.Transform(List.Zip({S1, S2}), each _{0} * _{1})This will give the same intermediate list {0, 3, 10, 2, 7}, and to get the �inal result, you apply
List.Sum():
= List.Sum(List.Transform(List.Zip({S1, S2}), each _{0} * _{1}))This approach also results in the �inal SUMPRODUCT value of 25.
Solution	2:	Using	List.Accumulate()Using List.Accumulate(), you can solve this problem directly without the need for another functionlike List.Sum(). In this case, similar to the �irst variation provided earlier, you can use {0..4} (since youhave �ive items in the lists) as the �irst argument of List.Accumulate(), with the seed value set to 0.Then, in each iteration, you add the result of multiplying the corresponding items in S1 and S2 to theaccumulated value using the accumulator function (s, c) => s + S1{c} * S2{c}.You can type the following formula in the formula bar to solve the problem:
= List.Accumulate (List.Positions(S1), 0,(x,y)=> x+S1{y}*S2{y})Table 9-5 summarizes the iterations of the proposed code.
Table	9-5 Iterations of List.Accumulate()
iteration s c S1{c}*S2{c} s+	S1{c}*S2{c}1 0 0 1*0 0



iteration s c S1{c}*S2{c} s+	S1{c}*S2{c}2 0 1 3*1 33 3 2 5*2 134 13 3 2*1 155 15 4 7*1 22Although the previous formula solves the problem, it can lead to incorrect results if the two lists havedifferent lengths. Speci�ically, if the shorter list is used to create the �irst input, the formula will produceincorrect results instead of throwing an error. To handle this situation more robustly, it's recommended youuse the second variation based on List.Zip() and then use the following formula.
 = List.Accumulate (List.Zip({S1,S2}), 0,(s,c)=> s+c{0}*c{1})In this case, if one list is shorter than the other, the zipped version will pair corresponding elements, andfor the shorter list, null will be used for the missing values. After multiplying the corresponding numbers,the presence of null will result in a null value being generated. This will cause the �inal result of theformula to be null.
Applying	Transformation	Over	the	ColumnsThe data collected from a questionnaire is provided in the Source table, as shown in Table 9-6. To normalizethe table, divide the values of each column by the sum of the values in that column.
Table	9-6 Comparison Matrix
Criteria	1 Criteria	2 Criteria	3 Criteria	4 Criteria	5 Criteria	636 78 11 83 93 6379 21 54 89 18 7158 75 85 33 44 6772 12 56 54 81 5911 54 27 42 91 2918 33 20 10 97 19
Note The data in this example is provided in an Excel �ile titled 07 Apply Transformation Over
the Columns.xlsx.Two different solutions using List.Accumulate() and List.Transform() are presented here, butbefore starting the solutions, you need to know how to change the values of a column once.To divide all the values of a column like Criteria 1 by a speci�ic number, initially select that column. Then,from the Transform tab, in the Number Column section, choose Standard and then the Divide command, asshown in Figure 9-22.



Figure	9-22 Transforming a table columnIn the dialog box that appears, enter a value such as 100, so each value in the Criteria 1 column is dividedby 100, using the generated formula in the formula bar as follows:
= Table.TransformColumns(Source, {{"Criteria 1", each _ / 100, type
number}})In this formula, 100 can be replaced with List.Sum(Source[Criteria 1]) or
List.Sum(Table.Column(Source,"Criteria 1"), to divide each value of the Criteria 1 column bythe sum of the values on that column.To normalize all the columns, the same process can be applied to other columns, or the previous formulacan be rewritten as follows, resulting in the table where all the columns are normalized, shown in Figure 9-23:
= Table.TransformColumns(Source, {
      {"Criteria 1", each _ / List.Sum(Table.Column(Source,"Criteria 1"))},
      {"Criteria 2", each _ / List.Sum(Table.Column(Source,"Criteria 2"))},
      {"Criteria 3", each _ / List.Sum(Table.Column(Source,"Criteria 3"))},
      {"Criteria 4", each _ / List.Sum(Table.Column(Source,"Criteria 4"))},
      {"Criteria 5", each _ / List.Sum(Table.Column(Source,"Criteria 5"))},
      {"Criteria 6", each _ / List.Sum(Table.Column(Source,"Criteria 6"))}
})

Figure	9-23 Normalization resultThe previous formula is not dynamic, and it will result in an error if the column names change. It will notbe applied to any newly added columns. Additionally, when dealing with a table that has many columns,instead of applying the previous formula, you can use List.Accumulate() and List.Transform() tonormalize the entire table by iterating through the columns in a loop.
Solution	1:	Using	List.Accumulate()As presented, you can use the following formula to apply the transformation on a column (Criteria 1).



=Table.TransformColumns(Source, {{"Criteria 1", each _ /
List.Sum(Table.Column(Source,"Criteria 1"))}})Using List.Accumulate(), you can create a For-Each loop to apply this transformation to allcolumns in the source table. In this case, the �irst argument of List.Accumulate() is a list containing allthe column names, and the seed is the source table. In the third argument, you use the transformationformula, meaning that for each column name, this transformation will be applied to the correspondingcolumn. The formula can be written as follows:
List.Accumulate(
      {"Criteria 1","Criteria 2","Criteria 3","Criteria 4","Criteria
5","Criteria 6"}, Source, (s,c)=>Table.TransformColumns(s, {c,
      each _/List.Sum(Table.Column(s,c))}
)) In this formula:– Initially, s is the source table, and c represents the name of the �irst column.– For the column represented by c, Table.TransformColumns() is applied to normalize the value ofthat column, by dividing each value by the sum of values on that column.– The result of this iteration becomes the s for the next iteration and c will be updated to the name of thenext column.– Then, this process continues until all speci�ied columns in the �irst argument are normalized, producing atable where all the columns have been normalized.In the previous formula, the column named are de�ined manually. The formula can indeed be moredynamic by replacing the �irst input with Table.ColumnNames(Source). This way, you can dynamicallyapply the normalization to all columns in any table:
= List.Accumulate(
      Table.ColumnNames(Source), Source, (s,c)=>Table.TransformColumns(s,
      {c, each _/List.Sum(Table.Column(s,c))}
))

Solution	2:	Using	List.Transform()The previous formula solves the problem, but it is not the most ef�icient approach, as the columntransformations are applied separately in each iteration. Instead, you can use List.Transform() toapply all the transformations at once in a single formula.Consider the following hardcoded formula for transforming the columns from Criteria 1 to Criteria 6:
= Table.TransformColumns(Source, {
      {"Criteria 1", each _ / List.Sum(Table.Column(Source,"Criteria 1"))},
      {"Criteria 2", each _ / List.Sum(Table.Column(Source,"Criteria 2"))},
      {"Criteria 3", each _ / List.Sum(Table.Column(Source,"Criteria 3"))},
      {"Criteria 4", each _ / List.Sum(Table.Column(Source,"Criteria 4"))},
      {"Criteria 5", each _ / List.Sum(Table.Column(Source,"Criteria 5"))},
      {"Criteria 6", each _ / List.Sum(Table.Column(Source,"Criteria 6"))}
}) In the previous formula, the second argument is a list containing several sublists, one sublist for eachcolumn transformation. Each sublist consists of two parts (the third part, which determines the result type,is omitted for simplicity). The �irst part is the column name, and the second part is a function that appliesthe transformation to the values of the speci�ied column.In this solution, you want to use List.Transform() to generate the second argument of
Table.TransformColumns(). Since Table.ColumnNames(Source) returns a list of all the columnnames from the source table, you can use the following formula to create sublists containing the columnname as the �irst argument and the number 1 as the second argument, as shown in Figure 9-24.



=List.Transform( Table.ColumnNames(Source), (x)=> {x,  1})

Figure	9-24 The �irst step of creating the sublistsAt this point, the second argument of the sublists is the number 1. However, you need to use a functioninstead. To convert the second item in the sublists to a function, you can modify the formula. Replace the 1with a function, as shown in Figure 9-25.
=List.Transform( Table.ColumnNames(Source), (x)=> {x,  each 1})

Figure	9-25 Creating the sublists in the right formatAs presented, the result of the previous formula is a list containing several sublists, where the �irst itemin each sublist is a column name and the second item is a function. As the result is in the right format, youcan use this formula as the second argument in the Table.TransformColumns() function, using thefollowing formula.
= Table.TransformColumns(Source,
List.Transform(Table.ColumnNames(Source), (x)=> {x,   each 1 })  )In this case, the transformation function is de�ined as each 1, which converts all the values in thecolumns to the number 1, as shown in Figure 9-26.



Figure	9-26 Replacing all the values of a table with 1Instead of applying each 1 to all values, you can use the previously de�ined transformation functionand rewrite the formula as follows to achieve the desired normalized table.
= Table.TransformColumns(
    Source,
    List.Transform(
      Table.ColumnNames(Source),
      (x)=> {x,   each _/List.Sum(Table.Column(Source, x)) }
    )
  )

Adding	Multiple	Columns	SimultaneouslyThe actual cost in 2023 for different departments is provided in the Source table in Table 9-7. De�ine thebudget columns for each department in three different scenarios, with increasing cost rates equal to 3, 7,and 10 percent.
Table	9-7 Department Cost
Department Cost	2023Sales 30,462.00Marketing 40,289.00Purchase 47,141.00Finance 23,826.00HR 40,415.00Production 10,371.00Technical Support 37,704.00CRM 34,269.00
Note The data in this example is provided in an Excel �ile titled 08 Adding Multiple Columns
Simultaneously .xlsx.In Example 4 of Chapter 2, you learned how to use record de�initions to add multiple columns at once.However, in this case, since the columns follow a speci�ic pattern, you can use the functions to generate therequired record and then expand it.Following the approach from Example 4 in Chapter 2, applying the following formula in the CustomColumn window and then expanding the resulting column will solve the problem.
=[#"by 3%"=[Cost 2023]*1.03,
#"by 5%"=[Cost 2023]*1.05,
#"by 7%"=[Cost 2023]*1.07
] To create this record in the rest of this section, three solutions based on List.Transform() and
List.Accumulate() are provided.
Solution	1:	Using	List.Transform()



In this example, three different scenarios are de�ined. To represent them dynamically, you use the {3,5,7}list as the �irst input for List.Transform(). Then you will use a transformation function, converting eachitem into a record with a speci�ic �ield name and value. To create a record, you'll use the
Record.AddField() function, which takes three arguments: the base record (which, in this case, can bean empty record), the �ield name, and the �ield value.For instance, using =Record.AddField([], "X", 1) in the formula bar results in a [X=1] record.Applying this as the transformation function in List.Transform(), using the following formula in theformula bar, produces a list of three records, each identical to [X=1]:
=List.Transform({3,5,7},(i)=> Record.AddField([],"X",1))Instead of using X as the �ield name, you can dynamically generate �ield names by concatenating By with
Text.From(i), making each record's �ield name unique. So the revised formula is presented as follows,which results in Figure 9-27:
=List.Transform({3,5,7},(i)=> Record.AddField([],"By "&Text.From(i) &
"%" ,1))

Figure	9-27 The result of modifying the �ield namesThe previous formula generates three single-�ield records within a list. To combine them into a singlerecord with three �ields, you can use the Record.Combine() function. By passing the previous formula asits input, you obtain the record shown in Figure 9-28:
= Record.Combine(List.Transform({3,5,7},(i)=> Record.AddField([],"By
"&Text.From(i) & "%" ,1)))

Figure	9-28 The result of combining the recordsReturning to the main problem, adding a custom column with the previous formula results in the samerecord (with tree �ields) for all rows. Now that you have structured the records correctly, you need to replacethe placeholder value 1 with the percentage-based calculation using the Cost in 2023 column. Thepercentages originate from the list used in List.Transform(), indexed by i. Since i is in the type of
number, to convert it to percentages, it should be divided 100.The values for different growth rates, for example, a 3 percent increase in Cost in 2023, is reached bymultiplying the cost by 1.03, which translates to [Cost 2023] * (1 + i / 100).Thus, the revised formula for the Custom Column window is as follows:
=Record.Combine(List.Transform({3,5,7},(i)=> Record.AddField([],"By
"&Text.From(i) & "%" ,[Cost 2023]*(1+i/100))))After applying this formula and expanding the newly created column, you can obtain the �inal result.



Solution	2:	Using	List.Accumulate(),	Variation	1This solution follows the same logic as presented in Solution 1. However, since List.Accumulateprovides an accumulator function, you do not need to transform the values into records and then combinethem using Record.Combine(). Instead, you can add �ields to the record one by one.Here, the seed is considered a blank record, and the �irst argument remains the same as in
List.Transform(). When you use Record.AddField() in the third argument of
List.Accumulate, new �ields are added to the existing record iteratively. Therefore, the followingformula can also be used to solve this problem.
List.Accumulate({3,5,7},[],(s,c)=> Record.AddField(s,"By "&Text.From(c) &
"%" ,[Cost 2023]*(1+c/100)))

Solution	3:	Using	List.Accumulate(),	Variation	2Besides the �irst two solutions, which involved adding a column using a record, this problem can also besolved by adding each column separately within a loop using List.Accumulate(). In this approach, theseed is the Source table, and with each iteration, a new column is added to it.Before starting the solution, recall the formula for adding a column to a table. In Power Query, you canadd a new column by selecting the Custom Column command from the Add Column tab and con�iguring thesettings shown in Figure 9-29 to create a new column named By 3%.

Figure	9-29 Adding a columnThe formula bar will generate the following expression to create a new column named By 3%, which youwill use later to add the columns:
= Table.AddColumn(Source, "By 3%", each [Cost 2023]*1.03)To solve this problem with new logic, you need to loop through the values {3, 5, 7} and, in eachiteration, add a new column to the source table by multiplying the Cost 2023 column by a speci�icpercentage. So, the {3, 5, 7} list serves as the �irst argument of List.Accumulate(), and in eachiteration, you apply modi�ications to the Source table, so the Source table is used as the second argument.



To update the table during each iteration, you need to de�ine a function called (s, c) => f(s, c),where:– s represents the table at the current step.– c is a value from the {3, 5, 7} list.Using the formula for adding a column, the original table (Source) should be replaced with s, and themultiplication factor 1.03 should be replaced with (1 + c / 100). Additionally, the column name shoulddynamically re�lect the percentage, so By 3% is replaced with "By " & Text.From(c) & "%".Thus, the function inside List.Accumulate() becomes:
(s,c)=>Table.AddColumn(s, "By "&Text.From(c) & "%", each [Cost 2023]*
(1+c/100))And the complete formula for solving this problem is as follows (see Figure 9-30):
= List.Accumulate(
      {3,5,7},
      Source,
      (s,c)=>Table.AddColumn(s, "By "&Text.From(c) & "%", each [Cost 2023]*
(1+c/100)))

Figure	9-30 The result of Group By
Note This problem can be also solved using the splitting function as follows:
= Table.SplitColumn(Source, "Cost 2023", each List.Transform({0,3,5,7},
(i)=> _*(1+i/100)))In this case, you need to rename the column names after modi�ication. The revised version that willde�ine the column names is as follows:
= Table.SplitColumn(Source, "Cost 2023", each List.Transform({0,3,5,7},
(i)=> _*(1+i/100)),{"Cost 2023"}& List.Transform({3,5,7},(i)=> "By
"&Text.From(i) & "%" ))

Handling	the	SequencesConsider a company with four branches in four different locations. The distances between the branches areprovided in the Distance table, as in Table 9-8. (The distance from Branch X to Branch Y is the same as thedistance from Branch Y to Branch X.) The historical trips of staff between these branches on different datesare presented in the Travel table, as shown in Table 9-9. To calculate staff commissions, the distance traveledis required. So, add a new column to the Source table to calculate the distance traveled for each row.



Table	9-9 Travel: Travel History
Date Staff	ID Path6/04/2024 s-2 C,B12/04/2024 s-2 D,C12/04/2024 s-3 D,C,D15/04/2024 s-3 A,C,B,A,B,A,C16/04/2024 s-1 A,B21/04/2024 s-1 A,C,B,A21/04/2024 s-3 A,B,C,A,B,A22/04/2024 s-2 A,B,C,D26/04/2024 s-1 A,B28/04/2024 s-2 A,B29/04/2024 s-1 A,C30/04/2024 s-1 A,B,C
Note The data in this example is provided in an Excel �ile titled 09 List.Accumulate with
Memory Handling.xlsx.

Table	9-8 Distance: Distance Matrix

Note If the distances are stored in the format shown in Figure 9-31, right-click the �irst column andselect Unpivot Other Columns to convert the data into the format used in this example.

Figure	9-31 Another format of the Distance tableTo solve this problem, �irst load both tables into Power Query by different queries. Then, rename the �irstquery to Distance and the second to Travel.As explained in Chapter 3, to retrieve the distance between two branches (e.g., A to B), �ilter the Distancetable where Place 1 is A and Place 2 is B. Then, extract the value from the Distance column using thefollowing formula:
= Table.SelectRows(Distance, each ([Place 1] = "A") and ([Place 2] = "B"))
[Distance]{0}This formula can be rewritten using the function notation (x) => as follows. As presented in theChapter 3, this modi�ication is required, as this formula will later be used in another formula with an each
_ de�inition.



= Table.SelectRows(Distance, (x)=> (x[Place 1] = "A") and (x[Place 2] =
"B"))[Distance]{0}For the reverse case (calculating the distance from B to A), while the result should be the same, �iltering
Place 1 for B and Place 2 for A returns a blank table. As you know, the distances from A to B and from Bto A are the same, and the Distance table just includes one way. To handle both cases, you need to use an orcondition in the formula and rewrite it as follows:
= Table.SelectRows(Distance, (x)=> (x[Place 1] = "A" and x[Place 2] = "B")
or (x[Place 1] = "B" and x[Place 2] = "A"))[Distance]{0}Now that you have a formula to extract the distance between two branches, let's apply it to solve theproblem.In the Travel table, the Path column contains branch sequences in text format (e.g.,
"A,C,B,A,B,A,C"). To work with these values as separate entries, you add a Custom Column using the
Text.Split() function. Add a custom column called Path List to the Travel table using the followingformula in the Custom Column window:
= Text.Split([Path],",")This converts each path from text into a list of visited branches. So for the �irst row, the value for pathcolumn is C,B and the result of path list become {"C", "B"}. For the fourth row, the value of the Pathcolumn is "A,C,B,A,B,A,C", and the Path list becomes {"A", "C", "B", "A", "B", "A", "C"}.Based on this new column, in the rest of this section, three different solutions based on
List.Transform() and List.Accumulate() are presented.
Solution	1:	Using	List.Transform()Before solving the problem for all rows, �irst consider the value in the Path List column for the fourth row,which is {"A", "C", "B", "A", "B", "A", "C"}. You'll calculate the total distance for this journey�irst, then extend the solution to all rows. Let’s name this list ListX.In this list, the sequence of branches visited during the journey is provided. However, you need to breakit down into individual trips, each with a starting and ending branch. In other words, instead of representingthe journey as {"A", "C", "B", "A", "B", "A", "C"}, it would be more useful to structure it as
{{"A", "C"}, {"C", "B"}, {"B", "A"}, {"A", "B"}, {"B", "A"}, {"A", "C"}}. Thisformat clearly shows each leg of the journey—for example, the �irst trip is from A to C, the second is from Cto B, and so on.To generate the revised list, you need to create sublists where each element at index i in ListX is pairedwith the element at index i+1. This means that for each i (starting at 0 and including all valid indexes of
ListX), you extract ListX{i} and ListX{i+1} and place them together in a sublist as {ListX{i},
ListX{i+1}}.To achieve this transformation, you can use the List.Transform() function over the {0..6} range,applying the transformation to convert ListX into the desired format by the following formula:
= List.Transform({0..6},(i)=> {ListX{i},ListX{i+1}})In the previous formula, the {0..6} range can be replaced with List.Positions(ListX) to makethe transformation more dynamic. However, before making this change, let's analyze what happens when i
= 6.If you apply the transformation function at i = 6, it results in {ListX{6}, ListX{7}}, but sincethere is no element at index 7, an error occurs. To prevent this issue, you can either:– Use the range {0..5} instead of {0..6}, thus ensuring that ListX{i+1} always exists.– Use the range {1..6} and modify the transformation function to {ListX{i-1}, ListX{i}},effectively shifting the indexing logic.



Thus, you can use either of the following formulas to dynamically transform ListX into the requiredformat, as shown in Figure 9-32.
= List.Transform(List.RemoveLastN(List.Positions(ListX),1),(i)=>
{ListX{i},ListX{i+1}})

= List.Transform(List.Skip(List.Positions(ListX)),(i)=> {ListX{i-
1},ListX{i}})

Figure	9-32 The result of transforming ListXIn this case, the formula results in a list of sublists, where each sublist contains two items:– The �irst item represents the departure branch for each sub-trip.– The second item represents the destination branch for each sub-trip.Instead of keeping them as separate values, you can directly use these two branches in the formula youdeveloped for extracting the distance between two branches as follows:
=Table.SelectRows(Distance, (x)=> (x[Place 1] = "A" and x[Place 2] = "B") or
(x[Place 1] = "B" and x[Place 2] = "A"))[Distance]{0}To do this, replace A in the formula with ListX{i-1} (the departure branch) and B with ListX{i}(the destination branch), ensuring that the transformation dynamically computes the distances for each legof the journey.The revised formula is as follows, which results in Figure 9-33.
=List.Transform(
  List.Skip(List.Positions(ListX)),
  (i) =>
    Table.SelectRows(
      Distance,
      (x) => (x[Place 1] = ListX{i - 1} and x[Place 2] = ListX{i})
        or (x[Place 1] = ListX{i} and x[Place 2] = ListX{i - 1})
    )[Distance]{0}
)



Figure	9-33 Distance of the travel legsIn this case, 85 represents the distance traveled from A to C, and 91 represents the distance from C tothe next branch, and the same for other numbers.To calculate the total traveled distance, you can use List.Sum() to sum up all the individual distances.Thus, the formula can be rewritten as follows to dynamically compute the total distance for the entirejourney in ListX:
= List.Sum(
  List.Transform(
    List.Skip(List.Positions(ListX)),
    (i) =>
      Table.SelectRows(
        Distance,
        (x) => (x[Place 1] = ListX{i - 1} and x[Place 2] = ListX{i})
          or (x[Place 1] = ListX{i} and x[Place 2] = ListX{i - 1})
      )[Distance]{0}
  )
) This formula can be applied to all rows in the Travel table. So, after adding the Path List column, youintroduce another column called Distance. Then, you use the previously developed formula in the CustomColumn window, by replacing ListX with [Path List], as shown here:
= List.Sum(
  List.Transform(
    List.Skip(List.Positions([Path List])),
    (i) =>
      Table.SelectRows(
        Distance,
        (x) => (x[Place 1] = [Path List]{i - 1} and x[Place 2] = [Path List]
{i}) or (x[Place 1] = [Path List]{i} and x[Place 2] =
        [Path List]{i - 1})
      )[Distance]{0}
  )
) This transformation dynamically computes the total travel distance for each row, resulting in the �inaltable displayed in Figure 9-34.



Figure	9-34 List.Accumulate
Solution	2:	Using	List.Accumulate(),	Variation	1
List.Accumulate() can also be used to solve this problem. However, since it utilizes an accumulatorfunction instead of a transformation function, you can de�ine an initial seed value of 0 and create a loopwhere, in each iteration, the distance of the next leg of the journey is calculated and added to theaccumulated value.The �irst argument of this function remains the same as the �irst input of List.Transform(). Thesecond argument is set to 0 (the initial seed value). In the third argument, instead of using (i) => f(i),you can modify it to (s, i) => s + f(i), meaning that in each iteration, the function calculates thedistance using f(i) and adds it to the accumulated sum s.The revised formula is as follows. You can use this in the Custom Column window for the table afteradding the Path List column to solve the problem ef�iciently.
= List.Accumulate(
  List.Skip(List.Positions([Path List])),
  0,
  (s, i) =>
    s
      + Table.SelectRows(
        Distance,
        (x) => (x[Place 1] = [Path List]{i - 1} and x[Place 2] = [Path List]
{i}) or (x[Place 1] = [Path List]{i} and x[Place 2] =
        [Path List]{i - 1})
      )[Distance]{0}
) To maintain consistency with the notation, replace i with c and rewrite the formula as follows:
= List.Accumulate(
  List.Skip(List.Positions([Path List])),
  0,
  (s, c) =>
    s
      + Table.SelectRows(
        Distance,
        (x) => (x[Place 1] = [Path List]{c - 1} and x[Place 2] = [Path List]
{c}) or (x[Place 1] = [Path List]{c} and x[Place 2] =
        [Path List]{c - 1})
      )[Distance]{0}
)

Solution	3:	Using	List.Accumulate(),	Variation	2



As in the previous solutions, instead of solving the entire problem at once, let’s �irst consider ListX andsolve the problem for this speci�ic case. Once you derive the correct formula, you can generalize it and applyit to all rows in the dataset. By focusing on ListX �irst, you can verify that the logic works correctly beforeextending it to the entire table.In the previous solution, you initially calculated the Path List in a helper column, then used indexes toconvert the sequence of trips into a list of sublists, where each sublist represented a departure anddestination pair for a leg of the journey. You then applied this list to the distance calculation formula.In this approach, however, you aim to solve the problem without using a helper column. Instead ofrelying on indexes (e.g., List.Skip(List.Positions(ListX)), which results in {1..6}), you willwork directly with the trip sequence {"A","C","B","A","B","A","C"}.If you use this list as the �irst input in List.Accumulate(), each iteration will pass only a singlebranch to the accumulator function. However, you need two branches in each step (departure anddestination) to compute the distance.To illustrate, consider the following formula:
=List.Accumulate(ListX, seed, (s,c)=>f(s,c))Here, c represents only one city at a time, which is insuf�icient for calculating distances.To address this issue, you modify the seed to store not just the accumulated distance but also theprevious branch. Instead of de�ining the seed as a single number (starting at 0), you de�ine it as a recordwith two �ields:– D: The total accumulated distance (initially set to 0).– P: The previously visited branch (initially set to ListX{0}, the starting branch of the trip).Since the �irst element of ListX is stored in P, you replace ListX in the �irst argument of
List.Accumulate() with List.Skip(ListX) to exclude the �irst branch from iteration. Thus, therevised formula becomes:
=List.Accumulate(List.Skip(ListX), [D=0,P=ListX{0}], (s,c)=>f(s,c))Which is equal to the following formula:
=List.Accumulate({"C","B","A","B","A","C"}, [D=0,P="A"], (s,c)=>f(s,c))To de�ine the (s, c) => f(s, c) function, let’s analyze the �irst iteration:– s starts as [D = 0, P = "A"]– c is CIn this step, the departure branch comes from s[P] (which is A), and the destination branch is c (whichis C).Thus, you can update the value of D (total accumulated distance) using the same formula from theprevious solution with small modi�ications as follows.– Instead of using ListX{c-1}, you use s[P] as the departure branch.– Instead of using ListX{c}, you use c as the destination branch.– Instead of using s directly, you update only s[D] (the accumulated distance).With these adjustments, the formula for updating D becomes:
D=s[D]+Table.SelectRows(Distance, (x)=> (x[Place 1] = s[P] and x[Place 2]
=c) or (x[Place 1] = c and x[Place 2] = s[P]))[Distance]{0}))Besides updating D, the value of P in the seed should also be updated to store the departure branch forthe next iteration. This value is exactly the same as c, meaning that for P, the update formula is P = c.Thus, the accumulator function can be de�ined as follows:
(s, c) => [



  D = s[D]
    + Table.SelectRows(
      Distance,
      (x) => (x[Place 1] = s[P] and x[Place 2] = c) or (x[Place 1] = c and
x[Place 2] = s[P])
    )[Distance]{0},
  P = c
] Using the following formula, you can extract the total traveled distance for ListX:
=List.Accumulate(
  List.Skip(ListX),
  [D = 0, P = ListX{0}],
  (s, c) => [
    D = s[D]
      + Table.SelectRows(
        Distance,
        (x) => (x[Place 1] = s[P] and x[Place 2] = c) or (x[Place 1] = c and
x[Place 2] = s[P])
      )[Distance]{0},
    P = c
  ]
) However, since the seed value in this example is a record, the formula returns a record as well. Since youonly need the value of the D �ield (which represents the traveled distance), you can extract it by appending
[D] to the end of the formula as follows. This ensures that the result is just the total traveled distance for
ListX.
=List.Accumulate(
  List.Skip(ListX),
  [D = 0, P = ListX{0}],
  (s, c) => [
    D = s[D]
      + Table.SelectRows(
        Distance,
        (x) => (x[Place 1] = s[P] and x[Place 2] = c) or (x[Place 1] = c and
x[Place 2] = s[P])
      )[Distance]{0},
    P = c
  ]
)[D]Before applying this formula to all rows, you can re�ine it further. Instead of setting the seed as [D=0,
P=ListX{0}] and using List.Skip(ListX) as the �irst argument, you can de�ine the seed as [D=0,
P=""] and use ListX directly in the �irst argument.However, this change introduces an issue: in the �irst iteration, since P="", the �iltering table for P=""returns an error. To handle this, you need to modify the accumulator function by adding an if condition.This condition checks if s[P] is "", and assigns a 0 instead of causing an error. Otherwise, the functionproceeds with the distance calculation as follows:
(s, c) => [
  D = s[D]
    + (
      if s[P] = "" then



        0
      else
        Table.SelectRows(
          Distance,
          (x) => (x[Place 1] = s[P] and x[Place 2] = c) or (x[Place 1] = c
and x[Place 2] = s[P])
        )[Distance]{0}
    ),
  P = c
] The whole formula is as follows:
=List.Accumulate(
  ListX,
  [D = 0, P = ""],
  (s, c) => [
    D = s[D]
      + (
        if s[P] = "" then
          0
        else
          Table.SelectRows(
            Distance,
            (x) => (x[Place 1] = s[P] and x[Place 2] = c) or (x[Place 1] = c
and x[Place 2] = s[P])
          )[Distance]{0}
      ),
    P = c
  ]
)[D]This formula can be applied directly in the Custom Column window of the Travel table, even beforeadding the Path List column. Simply replace ListX with Text.Split([Path], ",") as follows, todynamically generate the list from the Path column.
=List.Accumulate(
  Text.Split([Path], ","),
  [D = 0, P = ""],
  (s, c) => [
    D = s[D]
      + (
        if s[P] = "" then
          0
        else
          Table.SelectRows(
            Distance,
            (x) => (x[Place 1] = s[P] and x[Place 2] = c) or (x[Place 1] = c
and x[Place 2] = s[P])
          )[Distance]{0}
      ),
    P = c
  ]
)[D]



Implementing	Stepped	Tax	CalculationsGiven the tax rates in Table 9-10 and the income values in Table 9-11, add a new column to the people'sincome table to calculate the tax for each person using stepped tax logic.
Table	9-10 Tax_Rates: TaxRates
From To Tax	Rate$0 $18,200 0%$18,201 $45,000 19%$45,001 $120,000 33%$120,001 $180,000 37%$180,001 Over 45%

Table	9-11 People_Income: People Incomes
Person	ID IncomeA 199,920B 26,068C 106,439D 28,521E 142,566
Note In stepped tax logic, different tax rates apply to various segments of income. For instance, basedon the Tax_Rates table, individuals with an income less than $18,200 are taxed at 0%. For incomesexceeding $18,200, different rates apply to different income ranges: 0% for the �irst $18,200, 19% for theportion from $18,201 to $45,000, 33% for the portion from $45,001 to $120,000, and 37% for theamount above $120,000. For example, the tax calculation for a person with an income of $142,566(person E) is as follows:
=0*(18200-0)+0.19*(45000-18201)+0.33*(120000-45001)+0.37*(142566-120001)

Note The data in this example is provided in an Excel �ile titled 10 Implementing Stepped Tax
Calculations.xlsx.To solve this problem in Power Query, load both tables into separate queries named Tax_Rates and
People_Income. Then, you can address the problem using any of the following three solutions.
Solution	1:	Using	a	Nested	ifIn the �irst solution, select the People_Income query and change the type of column Income to number.Then, from the Add Column tab, add a Custom Column called Tax. Then use the following nested if formulain the Custom Column window to add a new column for calculating the tax:
=if [Income]<18201
      then 0
else if [Income]<45001
      then 0.19*([Income]-18201)
else if [Income]<120001
      then 0.19*(45000-18201)+0.325*([Income]-45001)
else if [Income]<180001
      then 0.19*(45000-18201)+0.325*(120000-45001)+0.37*([Income]-120001)
else 0.19*(45000-18201)+0.325*(120000-45001)+0.37*(180000-120001)+0.45*
([Income]-180001)



The previous formula can be simpli�ied by calculating the results of the arithmetic operations as follows:
=if [Income]<18201
      then 0
else if [Income]<45001
      then 0.19*([Income]-18201)
else if [Income]<120001
      then 5091.81+0.325*([Income]-45001)
else if [Income]<180001
      then 5091.81+24374.675+0.37*([Income]-120001)
else 5091.81+24374.675+22199.63+0.45*([Income]-180001)

Solution	2:	Using	List.Transform()The �irst solution was not dynamic as it hardcoded the tax rate information. Additionally, using a nested ifstatement might work for a Tax_Rates table with only a few rows (e.g., up to four), but as the table grows, theformula becomes too long and dif�icult to manage.A better approach is to use List.Transform() to calculate the applied tax for each row of theTax_Rates table dynamically. However, since the tax rate information is stored in a table, you need to convertit into a list format that List.Transform() can process.To achieve this conversion, you can use the Table.ToRows() function, which transforms the Tax_Ratestable into a list where each row is represented as a sublist. The following formula in the formula barperforms this transformation, as shown in Figure 9-35.
= Table.ToRows(Tax_Rates)

Figure	9-35 The result of Table.ToRows()You can use the result of the Table.ToRows(Tax_Rates) formula as the �irst input of
List.Transform() to calculate the tax amount applied at each tax bracket.Instead of calculating the tax for all individuals at once, �irst compute the tax for Person A, whose incomeis 199,920, with the following formula:
=List.Transform(Table.ToRows(Tax_Rates),(x)=>f(x))To determine f(x), consider an example tax bracket from the transformed Tax_Rates table, related tothe second row of the table as {18201, 45000, 0.19}:– 18201: Lower bound of the tax bracket, which is equal to x{0}.– 45000: Upper bound of the tax bracket, which is equal to x{0}.– 0.19: Tax rate for this bracket, which is equal to x{0}.



So, the tax calculation logic for this bracket is:– If income < 18201, the tax for this bracket is 0.– If income > 45000, the tax for this bracket is (45000 - 18201) * 0.19.– If 18201 ≤ income ≤ 45000, the tax for this bracket is (income - 18201) * 0.19.Which simpli�ies to:
if income<18201 then 0 else (List.Min({Income,45000})-18201)*0.19And is further refactored using List.Max() to ensure non-negative values:
List.Max({0,(List.Min({Income,45000})-18201)*0.19})In the transformation function, you replace the static values with the corresponding list elements:– 45000 → x{1} (upper bound)– 18201 → x{0} (lower bound)– 0.19 → x{2} (tax rate)– Income → 199,920 (for Person A)Thus, the transformation function becomes:
(x)=>List.Max({0,(List.Min({199920,x{1}})-x{0})*x{2}})Finally, the complete formula that calculates the tax at each tax level for Person A is:
= List.Transform(Table.ToRows(Tax_Rates),(x)=>List.Max({0,
(List.Min({199920,x{1}})-x{0})*x{2}}))This will return a list of tax amounts for each tax bracket, which can be summed up to determine thetotal tax payable, as shown in Figure 9-36.

Figure	9-36 Calculating the tax for each level
Note In the Tax_Rates table, the last value in the To column is a text value called Over, instead of anumeric value. Interestingly, the formula still works correctly because List.Min({199920,
"Over"}) returns 199,920, treating the text as a higher value. However, this behavior might not alwaysbe reliable in similar cases, so caution is advised.To get the total tax amount for Person A, you sum the tax amounts for each bracket using List.Sum().Therevised formula is as follows:
= List.Sum(
  List.Transform(
    Table.ToRows(Tax_Rates),
    (x) => List.Max({0, (List.Min({199920, x{1}}) - x{0}) * x{2}})
  )
)



This formula applies the tax calculation logic to each bracket and sums the results to determine the totaltax payable for Person A.To calculate the tax for all individuals, select the People Income table and add a Custom Column namedTax using the revised formula (replacing the hardcoded income value (199,920) with the [Income] columnreference). This will solve the problem and results in Figure 9-37.
= List.Sum(
  List.Transform(
    Table.ToRows(Tax_Rates),
    (x) => List.Max({0, (List.Min({[Income], x{1}}) - x{0}) * x{2}})
  )
)

Figure	9-37 Adding a Tax column
Solution	3:	Using	List.Accumulate()In addition to using List.Transform(), you can also use List.Accumulate() to solve this problem,following a similar logic. However, the key difference is that with List.Accumulate(), you don’t need tocalculate the tax for each bracket separately and then sum the results. Instead, you can accumulate the taxdirectly from the initial tax bracket and, for each subsequent bracket, add the tax calculated for that bracketto the total accumulated tax.For the third input as an accumulator function, you can use the transformation function in
List.Transform() with some modi�ication. In List.Transform(), you used (x) => f(x), where
f(x) calculates the tax for each bracket. In List.Accumulate(), the accumulator function is written as
(s, x) => s + f(x), where s represents the accumulated tax, x is the current tax bracket, and f(x) isused in List.Transform().The formula is as follows:
= List.Accumulate(
  Table.ToRows(Tax_Rates),
  0,
  (s, x) => s + List.Max({0, (List.Min({[Income], x{1}}) - x{0}) * x{2}})
) Using consistent notation, you can replace x with c in the accumulator function. The revised formulabecomes:
= List.Accumulate(
  Table.ToRows(Tax_Rates),
  0,
  (s, c) => s + List.Max({0, (List.Min({[Income], c{1}}) - c{0}) * c{2}})
) This formula can be used in the Custom Column window for the People Income table to calculate the taxof each person, as shown in Figure 9-38.



Figure	9-38 Adding a Tax column using List.Accumulate()
Changing	Data	GranularityThe power consumption data of a house recorded every 30 minutes for different dates is listed in the Sourcetable, as shown in Table 9-12. Convert this data into hourly energy consumption by merging every twocolumns and summing their values. For example, in the results table, the values in columns E_0000 and
E_0030 for each row should be summed and presented in a single column named E_0000.
Table	9-12 Source: Power Consumption
Date E_0000 E_0030 E_0100 E_0130 E_0200 E_0230 E_0300 E_03301/04/2012 426 396 340 392 348 378 362 3562/04/2012 1872 1920 1620 304 230 268 198 2483/04/2012 766 528 320 474 384 338 326 3564/04/2012 696 546 408 390 362 384 186 1985/04/2012 632 490 506 330 364 308 352 3186/04/2012 734 802 716 246 166 244 202 2447/04/2012 220 234 170 234 172 228 182 1848/04/2012 1094 870 1720 1338 534 498 484 5289/04/2012 834 682 686 664 682 588 516 55610/04/2012 378 358 304 302 354 304 304 350
Note The data in this example is provided in an Excel �ile titled 11 Changing Data
Granularity.xlsx.You can use several approaches to solve this problem, and this section explains four different solutions. The�irst approach is suitable for cases where the column naming follows a speci�ic logic (like this example),while the other solutions are more general and based on unpivoting the List.Transform() and
List.Accumulate() functions. Before talking about the solutions, select all the columns that start with Eand change their types into Number.
Note As mentioned, the �irst proposed solution relies on a speci�ic column name pattern, meaning thateven small changes to column names could lead to unintended results. Therefore, in practice, it isrecommended to use more dynamic approaches, such as those presented in Solutions 2 and 3.
Solution	1:	Column	Name-Based	ApproachBy looking more closely at the column names, it becomes clear that any pair of columns that should bemerged share the same �irst four characters. By extracting these �irst four characters, you can identify andgroup columns with the same pre�ix. However, this operation cannot be directly applied to columns, as it isimpossible to have multiple columns with identical names. Instead, you need to transform the data structureso that these names are represented in rows.Right-click the Date column and select Unpivot Other Columns to transform the table, as shown in Figure9-39.



Figure	9-39 Unpivoting columns.Then, select the Attribute column. From the Transform tab, under the Text Column section, chooseExtract and then First Characters. In the open window, select four characters to get the result shown inFigure 9-40.

Figure	9-40 Select the �irst four characters



In the result table, the values on the Attribute column for every two rows are the same. Select theAttribute column. From the Transform tab, choose Pivot Column. In the Pivot Column window, set Value asthe Value column, and in the Advanced tab, select Sum as the aggregation method to produce the �inal tableshown in Figure 9-41.

Figure	9-41 The result of pivotingThis method works well if the column naming is consistent and follows a speci�ic pattern.
Note This approach works, and the output data is pivoted—making it human-readable, which is good.However, for machine processing and BI, unpivoted data is generally preferred (i.e., a structure with threecolumns: Date, Time, and Consumption). Additionally, creating a table with hundreds of columns isconsidered poor practice for data analysts, as it can lead to column limits and signi�icant performanceslowdowns when processing large datasets.
Solution	2:	Using	the	Unpivoting	ColumnThe previous solution works when the column names follow a speci�ic pattern. However, this solution isbased on unpivoted columns. Consider the unpivoted table shown in Figure 9-39.If there is no speci�ic pattern in the column names, in the next step, you can use the group command tocombine every two rows together. For grouping, you need a column with a unique value for every pair ofrows.To create this new column, add an Index column starting at 0. Then, add a custom column named Uniqueusing the following formula in the Custom Column window, to generate a unique value for every other row,as shown in Figure 9-42.



=Number.IntegerDivide([Index], 2)

Figure	9-42 Adding the Unique columnNext, right-click the Unique column and select the Group By command, using the settings shown inFigure 9-43.

Figure	9-43 Settings for the groupingClicking OK will result in Figure 9-44 and generate the following formula in the formula bar:



= Table.Group(#"Added Custom", {"Unique"}, {{"Sum", each List.Sum([Value]),
type number}})

Figure	9-44 The result of groupingAs presented in Chapter 6, to extract the Date value and the column name value, rewrite the previousformula as follows, which results in Figure 9-45.
= Table.Group(
  #"Added Custom",
  {"Unique"},
  {{"Sum", each List.Sum([Value])}, {"Date", each _[Date]{0}}, {"Attribute",
each _[Attribute]{0}}}
)



Figure	9-45 The result of revised groupingIn the next step, remove the Unique column. Then, similar to the previous solution, select the Attributecolumn and apply the Pivot command to solve the problem. This will rearrange the data by turning theunique values from the Attribute column into new columns, resulting in the desired output.
Solution	3:	Using	List.Transform()Besides what was presented in Solutions 1 and 2, the List.Transform() function can also be used tosolve this problem. In this approach, after changing the column types to numbers, you can select all thecolumns that need to be merged (all except the �irst one), right-click one of them, and choose MergeColumns. In the dialog box that appears, select None as the separator and click OK. This will concatenate thevalues, as shown in Figure 9-46.



Figure	9-46 Combining the columnsThe generated formula in the formula bar will be as follows:
= Table.CombineColumns(
  Table.TransformColumnTypes(
    #"Changed Type",
    {
      {"E_0000", type text},
      {"E_0030", type text},
      {"E_0100", type text},
      {"E_0130", type text},
      {"E_0200", type text},
      {"E_0230", type text},
      {"E_0300", type text},
      {"E_0330", type text}
    },
    "en-AU"
  ),
  {"E_0000", "E_0030", "E_0100", "E_0130", "E_0200", "E_0230", "E_0300",
"E_0330"},
  Combiner.CombineTextByDelimiter("", QuoteStyle.None),
  "Merged"
) As what was presented in Example 9 in Chapter 4, you can replace the �irst argument called
Table.TransformColumnTypes(...) with the name of the previous step, such as #"Changed
Type". Additionally, replace the combiner in the fourth argument
Combiner.CombineTextByDelimiter("", QuoteStyle.None) with each _ and rewrite theformula as follows:
=Table.CombineColumns(
  #"Changed Type",
  {"E_0000", "E_0030", "E_0100", "E_0130", "E_0200", "E_0230", "E_0300",
"E_0330"},
  each _,
  "Merged"
)



This formula will present all the values of the merged column into a list, as shown in Figure 9-47.

Figure	9-47 Combining the column after the revised formulaTo make the solution more dynamic without changing the result, you can replace the second argumentwith List.Skip(Table.ColumnNames(#"Changed Type")) and rewrite the formula as follows:
= Table.CombineColumns(
  #"Changed Type",
  {"E_0000", "E_0030", "E_0100", "E_0130", "E_0200", "E_0230", "E_0300",
"E_0330"},
  each _,
  "Merged"
) Here, the result of each _ is a list that includes the values of the row. Replacing each _ with each
List.Split(_,2) will change the result and provide every two values in a sublist, as shown in Figure 9-48.



Figure	9-48 The result of using List.Split()So each _ for the �irst row results in {426,396,340,392,348,378,362,356}, and each
List.Split(_,2) will change the result to {{426,396},{340,392},{348,378},{362,356}}.Here, you can use List.Transform() to replace each sublist with the sum of its values. Using each
List.Transform(List.Split(_,2), (x)=>List.Sum(x)) means replace each sublist by the sumof the values in it.Revising the formula as shown here will result in Figure 9-49.
= Table.CombineColumns(
  #"Changed Type",
  List.Skip(Table.ColumnNames(#"Changed Type")),
  each List.Transform(List.Split(_, 2), (x) => List.Sum(x)),
  "Merged"
)

Figure	9-49 The result of adding List.Transform()



The splitting command can be applied to the Merged column in the result table to separate the valuesinto individual columns. However, it is often more ef�icient to �irst convert the list values into records withmeaningful names, and then expand the new column to include these records.To achieve this, you can use the Record.FromList() function, which takes two arguments: the list ofvalues and the corresponding �ield names. The list of values is already generated using
List.Transform(), as demonstrated earlier. For the �ield names, instead of manually specifying a list like
{"E_0000", "E_0100", "E_0200", "E_0300"}, you can dynamically generate the names.To do this, you can use List.Skip(Table.ColumnNames(#"Changed Type")) to get all thecolumn names (e.g., {"E_0000", "E_0030", "E_0100", "E_0130", "E_0200", "E_0230", "E_0300",and "E_0330"}). Then, you use List.Alternate() to select every other item in this list, resulting in thedesired �ield names, such as {"E_0000", "E_0100", "E_0200", "E_0300"}.
List.Alternate(List.Skip(Table.ColumnNames(#"Changed Type")),1,1,1)The revised formula is as follows and results in Figure 9-50:
= Table.CombineColumns(
  #"Changed Type",
  List.Skip(Table.ColumnNames(#"Changed Type")),
  each Record.FromList(
    List.Transform(List.Split(_, 2), (x) => List.Sum(x)),
    List.Alternate(List.Skip(Table.ColumnNames(#"Changed Type")), 1, 1, 1)
  ),
  "Merged"
)

Figure	9-50 Converting the items to a recordBy expanding the Merged column, you solve the problem.
Note In this solution, you �irst combine the columns, and the values of selected columns are provided inthe list using each _ as a combiner. However, when you add a custom column and using _ as the formulain the Custom Column window, all the values of that row will be presented as a list. Using
List.Skip(_) will exclude the value from the �irst column, and then you can apply the same solutionas before in the Custom Column window to solve the problem.



Solution	4:	Using	List.Accumulate()Besides the solution presented earlier, where all columns are combined at once, you can use
List.Accumulate() to combine every two columns in separate iterations. To achieve this, let's �irstcombine two sample columns and extract the formula for combining them in Power Query.After converting the values of columns into number, select the E_0000 and E_0030 columns, right-click one of them, and choose Merge Columns. However, as shown in Figure 9-51, you cannot select Sum as amerging operation, so like the previous solution, select None as the separator and click OK.

Figure	9-51 Merge settingThis action concatenates the values of the selected columns and presents the result in a new columncalled Merged, as demonstrated in Figure 9-52 and based on the following formula generated in the formulabar.
= Table.CombineColumns(
      Table.TransformColumnTypes(#"Changed Type", {{"E_0000", type text},
{"E_0030", type text}}, "en-AU"),
      {"E_0000", "E_0030"},
      Combiner.CombineTextByDelimiter("", QuoteStyle.None),
      "Merged")

Figure	9-52 The result of mergeSince the selected columns are of type number and the merging logic speci�ied in the third argument is
Combiner.CombineTextByDelimiter, the initial step involves converting the column types to textusing Table.TransformColumnTypes. After that, the values are combined.However, in this example, the values need to be summed rather than concatenated. Therefore, the step toconvert the values type to text is unnecessary, and the formula can be modi�ied to directly summing thevalues, as shown here and resulting in Figure 9-53.
= Table.CombineColumns(
      #"Changed Type",
      {"E_0000", "E_0030"},
      List.Sum,
      "Merged")



Figure	9-53 The result of the revised formulaThis formula summed the values from the E_0000 and E_0030 columns by summing their values andplacing the result in a new column named Merged, which the column name can and will be changed bymodifying the fourth argument in the formula.To solve this problem, you need to apply a similar action for other pairs of columns as {"E_0100",
"E_0130"}, {"E_0200", "E_0230"}, and { "E_0300", "E_0330"}. To automate the process, youcan identify the pairs of columns that need to be merged as sublists of a min list, and repeat the mergingprocess for each pair of column names.Use the following formula in the formula bar to extract all column names as {"Date","E_0000",
"E_0030", "E_0100", "E_0130", "E_0200", "E_0230", "E_0300", "E_0330"}:

=Table.ColumnNames(Source)Since the Date column should not be processed, you need to �ilter it out from the to-be-processed-columns. Because the date column is the �irst one, List.Skip() will do the job. Rewrite the formula asfollows:
=List.Skip(Table.ColumnNames(Source))In the next step, to convert the list of column names for merging into several sublists for the pair ofcolumns, you can use the List.Split() function with the page of 2 (second argument). So, rewrite theformula as shown here, which results in pairs like {{"E_0000", "E_0030"}, {"E_0100",
"E_0130"}, {"E_0200", "E_0230"}, {"E_0300", "E_0330"}}:
= List.Split(
      List.Skip(Table.ColumnNames(Source)),
      2)The previous formula results in the {{"E_0000", "E_0030"}, {"E_0100", "E_0130"},
{"E_0200", "E_0230"}, {"E_0300", "E_0330"}} list, which you can use as the �irst argument of
List.Accumulate().In each iteration of List.Accumulate(), two columns from the main table should be combined, so
#"Changed Type" (the name of last step) serves as the initial table (seed) in the second argument.To create the accumulator function, such as (s,c) => f(s,c), where s is the table and c is the pair ofcolumn names, you can use the formula for combining two columns, which was presented earlier in thissection, and is shown here:
= Table.CombineColumns(
      #"Changed Type",
      {"E_0000", "E_0030"},
      List.Sum,
      "Merged")In this case, #"Changed Type" can be replaced with s, {"E_0000", "E_0030"} can be replacedwith c, and "Merged" can be replaced with c{0} to represent the meaningful name after merging. Theaccumulator formula becomes:



(s,c)=> Table.CombineColumns(s,c,List.Sum,c{0})The entire formula for List.Accumulate() can be written as �lows:
= List.Accumulate(
      List.Split(List.Skip(Table.ColumnNames(Source)),2),
      #"Changed Type",
       (s,c)=>Table.CombineColumns(s,c,List.Sum,c{0})
) Writing this formula in the formula bar will iterate through each pair of columns, combine them, andassign a meaningful name to the merged column, updating the table with each iteration.This will generate the �inal table, where every pair of columns in the Source table are merged, as shownin Figure 9-54.

Figure	9-54 The �inal table
Ef�iciency	Tips Four different solutions are provided for this problem. To evaluate their performance, atable with 10,000 rows and 101 columns was used. The execution times for the four solutions weremeasured as 6.9 seconds, 34 seconds, 3.1 seconds, and 0.6 seconds, respectively.
Product	CombinationsImagine a store with products de�ined by the set S = {"A","B","C","D","E"}. Generate all possiblecombinations of products in a customer’s basket, ignoring the order of the products.The expected solution for this problem is:
{"A","B","C","D","E","AB","AC","AD","AE","BC","BD","BE","CD","
CE","DE","ABC","ABD","ABE","
ACD","ACE","ADE","BCD","BCE","BDE","CDE","ABCD","ABCE","ABDE","ACDE","BCDE","ATo solve this problem, you can use a combination of the List.Accumulate() and
List.Transform() functions, as shown in the following formula:
= List.Accumulate({"A".."E"}, {""},(s,c)=>s&List.Transform(s,each _&c))To discover the logic behind this formula, the result of different elements in this formula for the �irstthree iterations is illustrated in Table 9-13. It begins with an initial list {""}. In each iteration, it adds allpossible combinations of the new product to each previously selected product in the list, thereby buildingthe complete set of combinations.
Table	9-13 Source: Solutions
iteration s c List.Transform(s,each	_&c) s&List.Transform(s,each	_&c)1 {""} "A" "A" {"","A"}



iteration s c List.Transform(s,each	_&c) s&List.Transform(s,each	_&c)2 {"","A"} "B" {"B","AB"} {"","A","B","AB"}3 {"","A","B","AB"} "C" {"C","AC","BC","ABC"} {"","A","B","AB","C","AC","BC","ABC"}…     To remove the initial empty string from the result list, the formula can be adjusted as follows, whichresults in Figure 9-55:
=List.Skip(List.Accumulate({"A".."E"}, {""},(s,c)=>s&List.Transform(s,each
_&c)))

Figure	9-55 All the product combinationsTo sort the result list based on the number of characters, you can place the formula inside the
List.Sort() function and use Text.Length() to de�ine the sorting logic by the following formula:
= List.Sort(List.Skip(List.Accumulate({"A".."E"}, {""},
(a,b)=>a&List.Transform(a,each _&b))), Text.Length)To sort items with the same length in ascending order, in addition to sorting by Text.Length, you canapply a secondary sorting logic as follows, resulting in Figure 9-56:
= List.Sort(List.Skip(List.Accumulate({"A".."E"}, {""},
(a,b)=>a&List.Transform(a,each _&b))), {Text.Length,each _})



Figure	9-56 Sorting the product combinations
Note In the previous formula, product names are combined into a single text string. To createcombinations as lists instead, perhaps to use the result for other application, the formula can be rewrittenas follows:
= List.Skip(List.Accumulate({"A".."E"}, {{}},
(a,b)=>a&List.Transform(a,each _&{b})))

Working	with	Set	Combinations	(Cartesian	Product)Consider a company that produces three products—A, B, and C—using two formulations—Eco and Pro—with two colors—Black and Blue—and in three sizes—X, XL, and XXL. Generate the names of all possibleproduct combinations, such as “A Pro Black XXL”.
Note This full combination is known as a cartesian product.Three different solutions based on combining the table column, using List.Accumulate() to expand thecolumns, and using a combination of List.Accumulate() and List.TransformMany() are providedfor this problem, as outlined in this section.
Solution	1:	Merging	the	Table	ColumnsThe �irst solution involves creating a table with one row and four columns, where each column contains alist of speci�ic product features. Expanding these lists will generate all possible combinations of the features.To create a table with all possible product combinations, use the following formula to generate theresults shown in Figure 9-57.
= #table(
      {"Name","Formulation","Colour","Size"},
      {
                {{"A","B","C"},{"Eco","Pro"},{"Black","Blue"},
{"X","XL","XXL"}}
      })



Figure	9-57 The #table function
Note #table is a function in Power Query used to create a table, with the syntax:
#table(columns as any, rows as any) as anyIn the simplest form, as used in this example, the column names are provided as a list in the �irstargument, and the row data is entered as sublists within a general list in the second argument.In the next step, expanding the Name column into new rows results in Figure 9-58.

Figure	9-58 Expanding the Name columnExpanding all the other columns will result in Figure 9-59.



Figure	9-59 Expanding all the columnsIn this next step, select all the columns (the selection order is important), right-click one of them, chooseMerge Columns, select space as the separator, enter the new column name as Product Names, and click OK.Figure 9-60 shows the �inal table.



Figure	9-60 The result of merging
Solution	2:	Based	on	List.Accumulate()In the previous solution, where all the columns were expanded manually, this task can be automated using
List.Accumulate().After applying all the steps in the previous solution, select the Advanced Editor to see the steps, asfollows :
let
    Source = #table({"Name","Formulation","Colour","Size"},{{{"A","B","C"},
{"Eco","Pro"},{"Black","Blue"},{"X","XL","XXL"}}}),
    #"Expanded Name" = Table.ExpandListColumn(Source, "Name"),
    #"Expanded Formulation" = Table.ExpandListColumn(#"Expanded Name",
"Formulation"),
    #"Expanded Colour" = Table.ExpandListColumn(#"Expanded Formulation",
"Colour"),
    #"Expanded Size" = Table.ExpandListColumn(#"Expanded Colour", "Size"),



    #"Merged Columns" = Table.CombineColumns(#"Expanded Size",{"Name",
"Formulation", "Colour", "Size"},Combiner.CombineTextByDelimiter(" ",
QuoteStyle.None),"Product Names")
in
    #"Merged Columns"In this code, the expansion of columns is applied in four steps, each over a different column name usingthe Table.ExpandListColumn() function. However, by de�ining the column names as a list in the �irstargument of List.Accumulate() and considering the source table as the seed, the expansion can beperformed through a loop over the column names, making the process more ef�icient and dynamic. So, byusing List.Accumulate(), the code can be rewritten as follows:
let
    ColNames={"Name","Formulation","Colour","Size"},
    Source =List.Accumulate(
        ColNames,
        #table(ColNames,{{{"A","B","C"},{"Eco","Pro"},{"Black","Blue"},
{"X","XL","XXL"}}}),
         (x,y)=>Table.ExpandListColumn(x, y)),
    #"Merged Columns" = Table.CombineColumns(
        Source,ColNames,
        Combiner.CombineTextByDelimiter(" ", QuoteStyle.None),
        "Product Names")
in
    #"Merged Columns"

Solution	3:	Combining	List.Accumulate()	and	List.TransformMany()In this solution, a combination of List.Accumulate() and List.TransformMany() is used to solvethe problem.Before addressing the problem for all product features (Name, Formulation, Color, and Size), let's �irstfocus on just the Name and Color features and explore how to generate their Cartesian combination. Thiswill help simplify the process and establish the method for handling the full set of product features later.In this case, you need two nested loops: one for iterating over all the Names and the other for iteratingover the Colors, and as a function, you can concatenate the name and colors of all iterations. This can beachieved using the List.TransformMany() function.To do this:– The �irst list (Names) will be placed as the �irst argument.– The second list (Colours) will be placed as the second argument.– A concatenation function will be applied to combine each Name with every Colour, creating the desiredcombinations.You can use the following formula:
= List.TransformMany(
      {"A","B","C"},
      each {"Black","Blue"},
      (Product,Colour)=>Product &" - "& Colour)In this example, {"A", "B", "C"} is the list of product names in the initial argument, and each
{"Black", "Blue"} is a function in the second argument. This function speci�ies that for each product,you should consider the list {"Black", "Blue"} list of colors. The third argument is also a function as
(Product, Colour) => Product & " - " & Colours. This function combines each product witheach color to generate the �inal strings.For each product in {"A", "B", "C"}, the each {"Black", "Blue"} function generates the listof colors {"Black", "Blue"}, and the third argument function (Product, Colour) => Product



& " - " & Colour then combines each product with each color.So, the output is a list, combining all products with colors as follows: {"A - Black","A -
Blue","B - Black","B - Blue","C - Black","C - Blue"}.

List.TransformMany() can combine two lists, but in this case, you are dealing with four lists:Product Name, Formulation, Color, and Size. To handle all four lists and generate all possible combinations,you can use List.Accumulate() in combination with List.TransformMany().Here's how this combination works:– Each of the four lists (Name, Formulation, Color, and Size) is provided as a sublist within the �irstargument of List.Accumulate().– At the beginning, a list with one blank item is considered the seed, as {""}.– In each iteration, a sublist of the �irst argument and the seed are passed to List.TransformMany().– List.TransformMany() combines this sublist with the seed value (which is equal to all thecombinations generated so far) and provides the new combination as a new seed.The formula for solving this problem is as follows:
= List.Accumulate(
      {{"A","B","C"},{"Eco","Pro"},{"Black","Blue"},{"X","XL","XXL"}},
      {""}, (s, c) => List.TransformMany(s, each  c, (L1, L2) =>
       L1 & " "& L2))You can use this formula in the formula bar; it results in Figure 9-61.



Figure	9-61 The result of List.Accumulate and List.TransformManyLet's examine how this formula operates. Initially, s (state) in List.Accumulate() is {" "}, and c(current) is {"A", "B", "C"}. By substituting s and c into List.TransformMany(), the functionbecomes:
=List.TransformMany(
      {""},
      each {"A","B","C"},
      (L1, L2) => a & " "& b)In the third argument of this formula, L1 is "" and L2 is {"A", "B", "C"}, resulting in a list thatcombines L1 with each item in L2, which yields {"A", "B", "C"}.In the subsequent step, where s is {"A", "B", "C"} (the result of the previous aggregator) and c is
{"Eco", "Pro"}, substituting s and c into List.TransformMany() results in the following formula:
=List.TransformMany(
      {"A","B","C"},



      each {"Eco","Pro"},
      (L1, L2) => L1 & " "& L2)This formula produces {"A Eco", "A Pro", "B Eco", "B Pro", "C Eco", "C Pro"}.In the next iteration, where s is {"A Eco", "A Pro", "B Eco", "B Pro", "C Eco", "C
Pro"} and c is {"Black", "Blue"}, substituting s and c into List.TransformMany() results in thefollowing formula:
=List.TransformMany(
      {"A Eco","A Pro" "B Eco","B Pro" "C Eco","C Pro"},
      each {"Black","Blue"},
      (L1, L2) => L1 & " "& L2)And results in this list: {"A Eco Black", "A Pro Black", "B Eco Black", "B Pro
Black", "C Eco Black", "C Pro Black", "A Eco Blue", "A Pro Blue", "B Eco
Blue", "B Pro Blue", "C Eco Blue", "C Pro Blue"}.The same process is then repeated in the next iterations for the sizes and provides a list including all thecombinations of product names.
SummaryThis chapter introduced looping concepts in Power Query, covering how to implement For-Next, For-
Each, and Do-While loops. Since Power Query lacks a user interface for loops, they are executed throughM-code functions like List.Transform(), List.TransformMany(), List.Accumulate(), and
List.Generate().

List.Transform() works like a For-Each loop and applies a transformation function to each itemin a list. It iterates through the list and returns a new list with the transformed values. On the other hand,
List.TransformMany() is an advanced version of List.Transform(). It functions similarly tohaving two nested List.Transform() calls, providing two levels of iteration (nested loops). This allowsyou to apply a transformation to one list, and within each transformation, you can apply anothertransformation to another list or to nested items, making it ideal for handling more complex combinationsor multi-level operations.

List.Accumulate() is a more �lexible function because it allows you to carry forward the result ofeach iteration into the next iteration. This means that you can build upon the results from previous steps asyou move through the list. It operates by taking an initial value (the seed) and applying a function iterativelyto each item in the list, accumulating the result. This feature makes it ideal for scenarios when you need tomaintain state or accumulate value for performing complex transformations that require previous results toin�luence the next steps.Similarly, List.Generate() is a powerful function for loops in Power Query. It accepts four function-type arguments: the initial value, a condition de�ining when the loop continues, a “next” function to updatethe value per iteration, and an optional selector for transforming or selecting each iteration’s output.The next chapter explores external integrations with Power Query, including the use of R, Python, andJavaScript.
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10.	Leveraging	Scripting	and	External	Integrations	in	Power
QueryOmid Motamedisedeh1  Coorparoo, QLD, Australia 
This chapter addresses additional common challenges in Power Query and demonstrates solutions usingAPIs and scripting with R, Python, and JavaScript.
Using	a	Regex	Function	Based	on	JavaScript	in	Power	QueryConsider the Source table, which contains a single column called Text, as shown in Table 10-1. Extract allemails, dates, numbers, and times from the text.
Table	10-1 Source: Text
TextOn 2023-05-14, John Doe (john.doe@example.com) received an email from his colleague, Jane Smith (jane_smith@workplace.org). The emailmentioned a meeting scheduled for 2024-07-20 at 2:30 PM. During the meeting, they planned to discuss the budget, which had a preliminary �igureof $150,000.Jane also mentioned that the project’s milestones needed to be reviewed by the end of the �iscal year on 2024-12-31. John replied with acon�irmation: “Let’s meet @ 2:30 PM sharp and make sure we cover all agenda items.” He also added: “Please cc to mark.spencer@department.govand �inance@of�ice.com for their input.”John had a note in his calendar to call the supplier at +1-800-555-1234 and inquire about the order #987654321.Meanwhile, the team was informed via the internal messaging system that the server maintenance would be conducted on 2024-08-15 @ 10:00 PM.The project management tool also sent automatic reminders to everyone involved, highlighting the importance of completing their tasks by thespeci�ied deadlines.
Note The general idea of this solution came from the website of TheBICCOUNTANT, written byMicrosoft MVP Imke Feldmann. See https://www.thebiccountant.com/2018/04/25/regex-
in-power-bi-and-power-query-in-excel-with-java-script/.To address such problems, most software uses Regular Expression (regex or regexp) functions to extractsequences of characters that match a speci�ic search pattern. Unfortunately, Power Query does not nativelysupport regex functions. While Power BI users can utilize regex through Python or R scripts, this code is notyet supported directly within Power Query inside Excel.If you are an Excel user, the good news is that you can use JavaScript within Power Query to achieveregex functionality, using the Web.Page() function in Power Query, which allows you to execute JavaScriptcode.
Note To learn more about regex, check out this website: https://regex101.com/.Here is a simple JavaScript example that de�ines a variable x and provides it as a result value:
x = ' My email Address is Example@Outlook.Com';
document.write(x);

https://doi.org/10.1007/979-8-8688-1288-0_10
https://www.thebiccountant.com/2018/04/25/regex-in-power-bi-and-power-query-in-excel-with-java-script/
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To use this JavaScript code within Power Query, you can embed it using the Web.Page() function. ThePower Query formula for this looks like the following and results in Figure 10-1.
= Web.Page( "<script>
x = ' My email Address is Example@Outlook.Com ';
document.write(x);
</script>")

Figure	10-1 Example of JaveScript code processed by Power QueryTo achieve the desired result, you need to navigate through the �irst row under the Data column. Thenavigation path is started by appending {0}[Data] to the previous formula. However, this navigationalone is not suf�icient, and further steps are required. The �inal result is obtained after the followingnavigation: {0}[Data]{0}[Children]{1}[Children]{0}[Text].Rewriting the formula as follows will result in a table where the output matches the text contained invariable x, as shown in Figure 10-2:
= Web.Page( "<script>
x = 'My email Address is Example@Outlook.Com';
document.write(x);
</script>"){0}[Data]{0}[Children]{1}[Children] {0}[Text]

Figure	10-2 Result of the x variable (bottom), addressed in Web.Page() output hierarchy (top)To extract only the email addresses from the text, you can modify the JavaScript code within the
Web.Page() function to focus solely on extracting emails. Here’s the revised formula, which results inFigure 10-3.
= Web.Page( "<script>
x = 'My email address is Example@Outlook.Com';
document.write(x.match(RegExp('^ [A-Za-z._%+-]+@[A-Za-z]+.[A-Za-z]{2,}$',
'g')));
</script>"){0}[Data]{0}[Children]{1}[Children]{0}[Text]



Figure	10-3 Regexp that extracts an email address from some text, wrapped in Power Query codeBy changing the value of the variable x to include two email addresses, the formula will return bothemail addresses, as shown in Figure 10-4.
= Web.Page( "<script>
x = 'My email address is Example@Outlook.Com & anotheremail@outlook.com';
document.write(x.match(RegExp('^ [A-Za-z._%+-]+@[A-Za-z]+.[A-Za-z]{2,}$',
'g')));
</script>"){0}[Data]{0}[Children]{1}[Children]{0}[Text]

Figure	10-4 Extracting all the email addressThis formula can be converted into a custom function in Power Query by de�ining an input parameter.Here’s how you can rewrite the formula to include an input parameter, as shown in Figure 10-5:
= (input)=> Web.Page( "<script> var x='"&input&"';
document.write(x.match(RegExp('^ [A-Za-z._%+-]+@[A-Za-z]+.[A-Za-z]{2,}$',
'g')));
</script>"){0}[Data]{0}[Children]{1}[Children]{0}[Text]Using a single line of text, such as “My email address is Example@Outlook.Com &anotheremail@outlook.com,” works with the proposed function. However, it does not handle multiline textor text that includes single quotes ('). To address these issues, you can modify the formula to replace linebreaks (which usually appear as #(lf) in Power Query and are equal to Character.FromNumber(10),but other line breaks can also appear in the text) and single quotes with spaces. Here’s the updated formula:
= (input)=> Web.Page(
        "<script> var x='"
        & Text.Replace(Text.Replace(input,"#(lf)"," "),"'"," ") &
        "'; document.write( x.match(RegExp('^ [A-Za-z._%+-]+@[A-Za-z]+.[A-
Za-z]{2,}$', 'g')));
</script>"){0}[Data]{0}[Children]{1}[Children]{0}[Text]



Figure	10-5 Converting the formula into functionThe de�ined custom function takes a text input and returns all the email addresses found within that text.You can use this function to extract emails from the text in Table 10-1.For the example with a single-row table, you can use Source[Text]{0} as the input for the customfunction. (As long as it does not exceed Power Query’s ability to handle approximately 30,000 ASCIIcharacters per cell.) Alternatively, you can add a new column to the Source table using the following formula,which results in Figure 10-6:
=Web.Page( "<script> var x='"
        & Text.Replace(Text.Replace([Text],"#(lf)"," "),"'"," ") &
        "'; document.write(x.match(RegExp('^ [A-Za-z._%+-]+@[A-Za-z]+.[A-Za-
z]{2,}$', 'g')));
</script>"){0}[Data]{0}[Children]{1}[Children]{0}[Text]

Figure	10-6 Extracting the emails of textThis formula adds a new column named Emails to the Source table, displaying the extracted emailaddresses.In this example, the pattern '^ [A-Za-z._%+-]+@[A-Za-z]+\\.[A-Za-z]{2,}$' de�inescommon email formats. Here’s a breakdown of the pattern:
^ and $ are used to mark the beginning and end of the pattern, ensuring that the entire string conforms tothe format.
[A-Za-z._%+-]+@ matches the local part of the email address, which includes any uppercase orlowercase letters, as well as the ., _, %, +, and - characters. In practical scenarios, numbers can also beincluded.
@[A-Za-z]+\\. speci�ies that after the @ character, there should be one or more uppercase orlowercase letters followed by a dot.
\\.[A-Za-z]{2,}$ indicates that after the dot, there must be at least two uppercase or lowercaseletters, representing the domain suf�ix.



This pattern ensures that the string matches the typical structure of email addresses.You can use such functions to extract text with regular formats by replacing the relevant part of theformula with the appropriate regex pattern for each data type, as shown in Table 10-2.
Table	10-2 Regex Pattern Examples

Purpose PatternEmail ^[A-Za-z0-9._%+-]+@[A-Za-z0-9.-]+\.[A-Za-z]{2,}$Date ^(?:19|20)\d\d-(?:0[1-9]|1[0-2])-(?:0[1-9]|[12][0-9]|3[01])$Number ^\d+(?:\.\d+)?$Time ^(1[0-2]|0?[1-9]):[0-5][0-9] (AM|PM)$ZIP Code ^\d{5}(?:[-\s]\d{4})?$File Extension ^.+\.(jpg|jpeg|png|gif|pdf )$
Integrating	Python	with	Power	QueryConsider the Source table, which contains several sentences, as shown in Table 10-3. Extract the names ofcities and countries from each row.
Table	10-3 Source: Texts

SentencesTokyo is the capital of Japan.Sydney is a major city in Australia.Berlin is the capital of Germany.New York is located in the United States.Paris is known as the city of love in France.Rio de Janeiro is a famous city in Brazil.Toronto is a large city in Canada.Moscow is the capital of Russia.Solving this problem without using an API or additional tools in Power Query is quite challenging.Therefore, this example uses Python to address it. At the time of writing this book, Python is not available inPower Query for Excel, but you can use Power BI to tackle this issue.To use Python in Power Query, you need to complete some setup, including installing Python and therequired libraries (such as pandas and spacy), and con�iguring Python scripting options in Power Query,as explained at https://learn.microsoft.com/en-us/power-bi/connect-data/desktop-
python-in-query-editor.Before tackling the main problem, let’s explore a smaller example and see how to use Python in PowerQuery. Select the Source table, then from the Transform tab, select Run Python Script to open the window forentering Python script, as illustrated in Figure 10-7.

https://learn.microsoft.com/en-us/power-bi/connect-data/desktop-python-in-query-editor


Figure	10-7 The Run Python script dialog box in Power Query, a place for entering Python codeThe �irst line of the open window states, # 'dataset' holds the input data for this
script. This means you can refer to the result of the previous step of Power Query in the Python scriptusing the name dataset (which can be changed by modifying the script).Consider the following script. The �irst line imports the pandas library. The second line converts theSource table (referred to as dataset) into a structured data format in Python, named df. The last line addsa new column to the df, called WordCount, by applying the len function to the text.split() version ofthe text. Enter the following script in the open window and click OK, which will result in Figure 10-8.
import pandas as pd
df = pd.DataFrame(dataset)
df['WordCount'] = df['Sentences'].apply(lambda text: len(text.split()))



Figure	10-8 The result of Python code that counts words in a sentenceThe result of this script is a table with two columns, named Name and Value. In this table, the Valuecolumn for the row with the name dataset is identical to the Source table. However, the table where thevalue is df represents the result of executing the Python code on the Source table. The code adds a newcolumn called WordCount to the Source table, which displays the number of words in each row.Now, let’s update the Python script with the following script, which will result in Figure 10-9.
import pandas as pd
import spacy
nlp = spacy.load('en_core_web_sm')
df = pd.DataFrame(dataset)
df['Locations'] = df['Sentences'].apply(lambda text: ', '.join([ent.text for
ent in nlp(text).ents if ent.label_ in ['GPE']]))



Figure	10-9 The result of Python-based extraction of geopolitical entities (city name, country name) by extracting the city names from textIn this script, the spacy library is used to extract labels related to GPE (geopolitical entities), whichinclude cities, countries, and states from the sentences (to use this code, make sure the spacy library isinstalled). The output is a table with two columns and two rows. By selecting the table in the row with thename df, you can view the desired result, which is shown in Figure 10-10.

Figure	10-10 The �inal results
Note When working with Power Query, it is important to note that you can leverage external tools likeR, Python, and JavaScript multiple times within a single query. For instance, you can access external datavia Power Query, preprocess it using Python, join the result with other data in Power Query, apply post-processing in Python, and �inally utilize the output from Python in an R statistical package for furtheranalysis.



Integrating	R	with	Power	QueryConsider the Source table, which includes X and Y values, as shown in Table 10-4. Some values in the Ycolumn are missing. Use the rows with complete Y values and create a regression model based on theselected data. Apply it over the rows with missing Ys and de�ine new values for the missing Ys.
Table	10-4 Source: Parameters
X Y126 73150 85210  420 229500  810 430900 500This problem can be addressed in various ways, but this example demonstrates how to use R scripts inPower Query to solve it.Like Python, R can be utilized in Power Query within Power BI as of the time of writing this book. Thisrequires some setup, which is outlined in https://learn.microsoft.com/en-us/power-

bi/connect-data/desktop-r-in-query-editor.In this example, after loading the data into Power Query, go to the Transform tab and select Run R Scriptto open a new window for entering R code, as shown in Figure 10-11 (at this time R can be applied to PowerQuery in Power BI, but not in the Excel version).

Figure	10-11 The Run R Script dialog box, a place for writing R scriptsAs with Python, the last table is referred to as the dataset. Enter the following script into the Run RScript window and click OK, which will result in Figure 10-12.
dataset <- dataset
model_data <- na.omit(dataset)

https://learn.microsoft.com/en-us/power-bi/connect-data/desktop-r-in-query-editor


model <- lm(Y ~ X, data = model_data)
X_missing_row <- dataset[is.na(dataset$Y), "X", drop = FALSE]
predictions <- predict(model, X_missing_row)
result <- cbind(X_missing_row , Y = predictions)

Figure	10-12 The result of running the R script that �its missing data points (using linear interpolation) to the data inputIn this script, the second line �ilters out rows with blank values in the Y column, and the remaining datais used in the third line to determine the regression model. Rows with missing Y values are extracted into avector named X_missing_row. In the �ifth line, the predicted Y values for these X values are calculatedbased on the regression model, and in the �inal line, the X and Y values are combined.The output of running the R script in this example is a table that includes three variables: mode_data,
result, and X_missing_row. You only need the data from mode_data and result, so �ilter out therows related to X_missing_row using the �ilter command in Power Query. Expanding the tables in theValue column in the last row of the resulting table will yield the rows for missing the Ys (which came fromthe result step) and the other rows (which came from the model_data step). This is shown in Figure 10-13.

Figure	10-13 The result of expanding the column value



By removing the Name column, the program replaces the missing values with the predicted regressionvalues.
Translating	Text	Using	the	Google	Translate	APIConsider the Source table shown in Table 10-5, which contains customer comments for an online shop invarious languages. Use Power Query to translate these comments into English.
Table	10-5 Source: Customer Comments
Customer	ID CommentsC-094 The product is great, but the delivery was too slowC-052 No estoy satisfecho con la calidad del productoC-055 商品の品質は素晴らしいです。C-065 El producto es bueno, pero la caja llegó dañadaC-091 Je ne suis pas content du service après-venteC-069 C-094خیلی راضی ھستم، دقیقاً ھمان چیزی است کھ نیاز داشتم The product didn’t meet my expectationsC-069 .In Power Query, you can use APIs to modify tables. This example uses the Google Translate API fortranslation. To use this API frequently, you’ll need to log in to the Google Cloud Platform, activate the GoogleCloud Translation API, and create an API key for use in Power Query. This example uses the free version ofthe API, which has some limitationsمحصول خوب است، اما قیمت کمی بالاست
Note It is crucial to be well aware of the potential risks of sending data to third parties through APIcalls. This issue is not speci�ic to Power Query, but rather pertains to data security, and for suchsituations, consider your company policies.The free version can be accessed using the following URL format, where parameters are indicated with XXX:
https://translate.googleapis.com/translate_a/single?
client=gtx&sl=XXX&tl=XXX&dt=t&q=XXXThere are three parameters for using this API, called sl, tl, and q. Here, sl speci�ies the sourcelanguage, tl speci�ies the target language, both in ISO codes, and q is the text to be translated.For instance, to translate "Hello World!" from English to French, you would use the parameters
sl=en, tl=fr, and q=Hello World! So, the URL would be:
https://translate.googleapis.com/translate_a/single?
client=gtx&sl=en&tl=fr&dt=t&q=Hello World!In Power Query, you can use the Web.Contents() function to apply APIs. Since the result will be inJSON format, use Json.Document() function to process JSON output to Power Query-friendly datastructure. So, to translate "Hello World!" into French, you use the following formula in the formula bar,which results in Figure 10-14.
= Json.Document(
      Web.Contents(
      "https://translate.googleapis.com/translate_a/single?
client=gtx&sl=en&tl=fr&dt=t&q=Hello World!"))



Figure	10-14 The result of calling the APIGiven the result from the previous formula as Source, the following formula will extract the translatedtext by navigating over the result list, as shown in Figure 10-15.
= Source{0}{0}

Figure	10-15 The result of calling the APITo directly get the translated text, use the following formula:
= Json.Document(
      Web.Contents(
      "https://translate.googleapis.com/translate_a/single?
client=gtx&sl=en&tl=fr&dt=t&q=Hello World!")){0}{0}{0}If you encounter any credential warnings during this process, such as the one shown in Figure 10-16,edit the credentials and connect, as shown in Figure 10-17.



Figure	10-16 The Access Web Content window
Figure	10-17 Credentials warning from the �irst connection to a sourceReturning to the original problem, if you have a table with text in various languages and the sourcelanguages are not prede�ined, you can set sl to auto-detect so it can determine the language.Based on this explanation, let’s return to the main problem. Add a new column to the Source table namedTranslated Text and use the following formula to solve the problem and get the translated text.
=Json.Document(Web.Contents("https://translate.googleapis.com/translate_a/sing
client=gtx&sl=auto&tl=en&dt=t&q="&[Comments])){0}{0}{0}This formula will populate the new column with the auto-translated text, as shown in Figure 10-18.

Figure	10-18 The result of auto-translated text (the input language is automatically detected)In this problem, rather than adding a new column, you can directly apply the translation to the existingComments column using the Table.TransformColumns() function. If you are a seasoned Power Queryuser, you can add a new transformation step directly, where you’ll transform the column(Source[Comments]) using Google API translation. However, I recommend using a “lazy dev” approach,where you call an arbitrary transformation on the column of your choice and then adapt the automaticallygenerated Power Query code to run the auto-translation.To see this function setting, right-click the Comments column and choose a transformation option, suchas converting text to uppercase. In this example, using the uppercase transformation will result in thefollowing formula in the formula bar:



= Table.TransformColumns(Source,{{"Comments", Text.Upper, type text}})This formula applies the Text.Upper() function as the transformation function over all the values inthis column.Instead of changing the text to uppercase, you want to translate the text. You can achieve this by creatinga custom function for translation and applying it to the Comments column. To convert the translationformula into a function with one input parameter named text, use the following formula:
(text)=>Json.Document(Web.Contents("https://translate.googleapis.com/translate
client=gtx&sl=auto&tl=en&dt=t&q="& text)){0}{0}{0}Now replace Text.Upper with this translation function in the Table.TransformColumns()formula. The updated formula will look like this:
= Table.TransformColumns(
      Source,
      {{"Comments",
      (text)=>Json.Document(
                         Web.Contents(
"https://translate.googleapis.com/translate_a/single?
client=gtx&sl=auto&tl=en&dt=t&q="& text)){0}{0}{0}, type text}})This formula will directly translate the text in the Comments column and provide the translated result, asshown in Figure 10-19.

Figure	10-19 The result of the translation
Automating	Query	Export	to	CSV	FilesAdd a query step to export the results from the previous step into a CSV �ile.For Power BI users, solving this task is straightforward with the use of R and Python scripts. To save theprevious query results to a �ile named test in the C:/other/ directory as a TXT or CSV �ile, you can usethe following R scripts in the Power BI version of Power Query:
write.table(dataset, "C:/other/test.txt", sep = "\t", row.names = FALSE,
quote = FALSE)

write.table(dataset, "C:/other/test.csv", sep = "\t", row.names = FALSE,
quote = FALSE)Alternatively, to achieve the same result using a Python script, you can use the following scripts:



import pandas as pd
data = pd.DataFrame(dataset)
data.to_csv('C:/other/test.csv', index=False)

import pandas as pd
data = pd.DataFrame(dataset)
data.to_csv('C:/other/test.txt', index=False)For Excel users, who cannot use Python or R scripts (as of the time this book was written), JavaScriptmust be utilized instead. However, this requires changing ActiveX control settings, which can involve certainrisks (it is not recommended and in most of companies can be changed by IT only). Proceed with thesechanges only if necessary for saving the data as a CSV �ile.The process of enabling ActiveX controls might be different in different versions of Windows. InWindows 10, go to the Internet Options settings, navigate to the Security tab and select Custom Level. In theSecurity Settings, locate “Initialize and Script ActiveX Controls Not Marked As Safe...” and set it to Enable, asshown in Figure 10-20.

Figure	10-20 ActiveX-speci�ic security settingsAfter applying these settings, a warning window like Figure 10-21 will appear. Click Yes.



Figure	10-21 Warning alarmsOnce the initial settings are con�igured, you need to convert the Power Query table to JSON before savingit in a CSV �ile. Assuming the previous step of Power Query is named dataset, use the following formula toconvert it to the JSON format. Create a new step, rename it JSON, and type the following formula in theformula bar.
   =
Text.FromBinary(Json.FromValue(Table.ToRows(Table.DemoteHeaders(dataset)))),Next, use the following formula to export the JSON table to a CSV �ile.
    Export = Web.Page("<script>
                            var fso=new
ActiveXObject('Scripting.FileSystemObject');
                            var
f1=fso.CreateTextFile('C:/other/test.csv',true);
                            var arr="&Json&";
                            f1.WriteLine(arr.join('\n'));
                            f1.WriteBlankLines(1);
                            f1.Close();
                    </script>")

SummaryThis chapter explored how to run Python, JavaScript, and R scripts within Power Query to extend itsfunctionality. Using Python and the spacy library, you extracted city names from text data, while R wasemployed to predict and replace missing values through regression. JavaScript enabled you to use regularexpressions (regex) to extract email addresses from text. Additionally, you learned how to export the outputof a Power Query step as a CSV �ile. Beyond these scripting techniques, you also integrated Google TranslateAPIs to automatically translate text from various languages into English.The next chapter explains the techniques related to error handling in Power Query.
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11.	Error-Handling	StrategiesOmid Motamedisedeh1  Coorparoo, QLD, Australia 
Dealing with errors is an inseparable part of the data-cleaning process, andPower Query provides several functions to handle them. Errors in Power Querycan be categorized into two groups: step-level errors and cell-level errors.A common cause of step-level errors is referencing a column, table, datasource or a query that does not exist. For example, consider the Source table inTable 11-1.
Table	11-1 Source: Historical sales value

Date Sales4/07/2024 217/07/2024 1012/07/2024 X15/07/2024 2221/07/2024 7If a Power Query developer addresses the Sales column by the wrong name(e.g., Sale or sales, because Power Query is case-sensitive), like in the followingformula, it leads to error, as shown in Figure 11-1:
= Table.RenameColumns(Source,{{"Sale", "Daily Sales"}})

Figure	11-1 Step-level error example

https://doi.org/10.1007/979-8-8688-1288-0_11


A step-level error prevents the query from loading and consists of threeparts:– Reason for the error (the part before the colon)– Message (the part after the colon on the �irst line)– Details (the section following the message)Given the variety of situations that can lead to step-level errors, there is nouniversal solution for handling all of them. However, most of the time, step-levelerrors are caused by hardcoding or mismatched column names, so be mindfulof these situations.In the case of mismatch column names, you can use
MissingField.Error (or value 1) and MissingField.UseNull (orvalue 2) as an additional argument in some functions to prevent errors.The previous formula leads to an error, and rewriting it using
MissingField.UseNull, as shown in the next formula, results in Figure 11-2. This says that if there is a column called sale, rename it Daily Sale. Otherwise,ignore it.
= Table.RenameColumns(Source,{{"sales", "Daily
Sales"}},MissingField.Ignore)

Figure	11-2 Using MissingField.IgnoreThe MissingField.Ignore argument can also be used to rename andremove columns, including:
Record.RemoveFields()
Record.RenameFields()
Record.ReorderFields()
Record.SelectFields()
Record.TransformFields()
Table.FromRecords()
Table.RemoveColumns()



Table.RenameColumns()
Table.ReorderColumns()
Table.SelectColumns()
Table.TransformColumns()Cell-level errors typically occur due to a data type mismatch. For instance,consider the Source table from the earlier example. To add a new column forcalculating tax equal to 10 percent of sales, add a Custom column using thefollowing formula in the Custom Column window Since the value in the thirdrow is non-numeric (x), the result for that row in the new column will be anerror, as shown in Figure 11-3:

= 0.1*[Sales]

Figure	11-3 Cell-level errorIn such conditions, you can use the try-otherwise function to handleerrors. By rewriting the formula in the Custom Column window as shown here,the error for non-numeric values will be replaced with a placeholder value,resulting in Figure 11-4:
= try 0.1*[Sales] otherwise "-"

Figure	11-4 Using try-otherwise



Note This example uses a placeholder to replace the errors, but thisapproach is not recommended. Using non-numerical placeholder values(such as “N/A”, “-”, or “Missing”) in numerical columns can lead to severalissues in data processing and reporting, including:
Calculation	errors: In some cases, functions expecting numerical inputs(e.g., aggregations, arithmetic operations) will fail or produce incorrectresults if non-numeric placeholders are present.
Performance	overhead: Additional transformations (e.g., replacingplaceholders, handling errors) might be required in the later steps or afterloading data into the Data Model.
Visualization	problems: BI tools like Power BI might struggle with mixeddata types, affecting sorting, �iltering, and chart rendering.

Note In the Custom Column window, this example used the try 0.1 *
[Sales] otherwise "-" formula. However, using just try 0.1 *
[Sales] changes the results, as shown in Figure 11-5.

Figure	11-5 Result of using try 0.1 * [Sales]As demonstrated, this formula returns a record with two �ields:– The HasError �ield, which is present in all rows.– A second �ield, which is either Value (for rows where 0.1 * [Sales]does not result in an error) or Error (for rows where 0.1 * [Sales]results in an error).For rows where 0.1 * [Sales] does not result in an error,
HasError is false, and the Value �ield contains the calculatedresult of 0.1 * [Sales]. But, for rows where 0.1 * [Sales]does result in an error, HasError is true, and the Error �ield is arecord containing details about the error.



If you drill down into the Error record for the third row (whichcauses an error), you can view the error details, as shown in Figure 11-6.

Figure	11-6 Values of the Error �ieldBesides using the try-otherwise combination, you can also use try-
catch. In this approach, the expression after the try keyword is evaluated andreturned as the result. However, if it results in an error, the value of the Error�ield is passed as input to the function de�ined after the catch keyword.So, in the previous example, if you use the following formula to calculate thetax, it will result in Figure 11-7.
=try 0.1*[Sales] catch (x)=>x

Figure	11-7 Using try-catch
Note While the try keyword can be useful for handling errors byconverting them into alternative results, it might come to your mind to use itfor all the formulas to reach error-free results. But this would signi�icantlyimpact query performance, especially when working with large datasets.To demonstrate the performance impact, I expanded the Source table to1 million rows and tested three different scenarios. In each case, I added acolumn to calculate the tax value and then summed all the tax amounts:



Scenario 1: The Sales column contains some text values, and I added aTax column using the following formula:
= try 0.1*[Sales] otherwise "-"Scenario 2: The same table of scenario 1 was used, but instead of “-”, Ireplaced errors with null using the following formula:
= try 0.1*[Sales] otherwise nullScenario 3: The Sales column contained only numeric values, so I used thefollowing formula:
= try 0.1*[Sales] otherwise nullThe results showed a signi�icant performance difference. Execution time forthe different scenarios were as follows:
Scenario 1: 27 seconds

Scenario 2: 18 seconds

Scenario 3: 3 secondsAs you can see, using try-otherwise increases processing timeconsiderably.In real-world scenarios, where tables contain millions of records, it is crucial toremove rows with errors and to determine the reasons for cell-level errors inqueries. However, for the purpose of this chapter and to enhance readability,small tables are used in the rest of this chapter.
Removing	Rows	with	ErrorsConsider the Source table, which includes historical sales transactions, asshown in Table 11-2. Calculate the average daily sales for each row (withoutcleaning the data) and remove the rows with errors from the resulting table.
Table	11-2 Source: Historical Sales Value

Start	Date End	Date Sales4/07/2024 12:00:00 AM 6/07/2024 12:00:00 AM 217/07/2024 12:00:00 AM 11/07/2024 12:00:00 AM 1012/07/2024 12:00:00 AM 16/07/2024 12:00:00 AM 24*17/07/2024 12:00:00 AM 07/20/2024 22



Start	Date End	Date Sales21/07/2024 12:00:00 AM 23/07/2024 12:00:00 AM 724/07/2024 12:00:00 AM 29/07/2024 12:00:00 AM 5To calculate the daily sales without cleaning the data, you can add a newcolumn to the Source table named AVG Daily Sale using the following formula inthe Custom Column window. This results in Figure 11-8:
=[Sales]/Number.From([End Date]-[Start Date])

Figure	11-8 Result of daily salesIn this case, the de�ined formula results in errors in rows 3 and 4. In row 3,the sales value is entered as 24*, which is not a number. Since the formulaattempts to divide this value by the duration, it results in an error. On the otherhand, in row 4, the value in the Start Date column is in the format of
DD/MM/yyyy hh:mm:ss and the value in the End Date column is in theformat of MM/DD/YY. Because these values are entered in different formats,subtracting [Start Date] from [End Date] causes an error in this row.To remove rows with errors from the resulting table, select all columns inthe table, then as shown in Figure 11-9, go to the Home tab. Under the ReduceRows section, click the Remove Rows command, then select Remove Errors toproduce Figure 11-10.



Figure	11-9 Removing errors

Figure	11-10 The result of removing the errorsThe �inal step removes all the rows containing errors in any column, whichgenerates the following formula:
= Table.RemoveRowsWithErrors(#"Added Custom", {"Start
Date", "End Date", "Sales", "AVG Daily Sale"})In this example, you can simplify the formula by omitting the list of columnnames to check for errors in all the columns and rewrite it as following :
= Table.RemoveRowsWithErrors(#"Added Custom")

Extracting	the	Causes	of	ErrorsIn the previous example, instead of removing the rows with errors, extract allthe rows with errors and identify the causes of those errors.
Note In the previous example, after adding the Custom column, if you loadthe data (with the errors) into Excel (or Power BI), you may notice that theresulting table contains two errors, as shown in Figure 11-11.



Figure	11-11 Loading a table with an error in Power QueryIf you click the error message text, a query will be generated, which willdisplay the rows that cause the errors, as shown in Figure 11-12.
Figure	11-12 Automatically generated query showing the error

In the previous example, after adding the AVG Daily Sale column, instead ofremoving errors, you can extract rows with errors and identify their causes. Todo this, you would select all the columns. (Although in this example, the errorsare caused by the AVG Daily Sale column, so instead of selecting all the columns,you can select this column only.) Go to the Home tab, under the Reduce Rowssection, click Keep Rows and select Keep Errors, as shown in Figure 11-13. Thiswill result in all the rows with an error value in any of selected columns beingshown, as in Figure 11-14.

Figure	11-13 Using the Keep Error command



Figure	11-14 The result of using Keep ErrorsAfter extracting the rows with errors, you can extract the cause of theerrors. In the next step, add a new column named Err using the followingformula, resulting in Figure 11-15:
=try [AVG Daily Sale]

Figure	11-15 Results of tryThe formula used for each row results in a value of type record, whichcontains information about the cause of the error. This record has two �ields:
HasError and Error. The HasError �ield is set to true if the expressionfollowing try leads to an error; otherwise, it is set to false. If HasError is
true, the details of the error are stored in the Error �ield within the record.To extract the information about the errors, expand the Err column. You’llsee the table shown in Figure 11-16.

Figure	11-16 Results of expanding the Err columnThe values in the Error column are of type record and contain several�ields related to the error. Expanding this column will result in the table shown



in Figure 11-17.

Figure	11-17 Expanding the Error column and extracting the error messageOver the expanded �ields, the Detail column is in the type record. Toextract its values and convert them to text, you need to add a new CustomColumn called Detailed Text. Do this using the following formula in the CustomColumn window:
=Text.Combine(List.Transform(Record.FieldNames([Detail]),
(x)=> x &": " & Text.From(Record.Field([Detail],x))))Finally, by removing all columns except Start Date, End Date, Reason,Message, and Detail Text, you will obtain Figure 11-18.
Figure	11-18 The result of extracting rows
Note In this example, adding a custom column introduces errors in somerows, so all the errors appear in a single column. However, in practice, errorsmay occur in multiple columns.To extract the cause of errors across different columns for multiple rows,follow these steps before removing the rows without errors:1. Add an Index column to your table.  2. Right-click the newly added column and select Unpivot Other Columns.Applying this step leads to a table with three columns related tothe index value (representing the origin row), column titles, and rowvalues.

Applying these steps in the example presented in this sectionresults in the table shown in Figure 11-19.

 



Figure	11-19 Result of unpivoting columnsIn the transformed table, the errors are now on a column, and you cancontinue with the steps presented in this example. If, in the �inal table, theIndex column is not useful for tracking the original rows, you can merge the�inal result table with the original table (before unpivoting) using the Indexcolumn as a key. This will extract all the information of the row representedby each index.
SummaryThis chapter explained that, during the data-cleaning process, certain actionscan lead to errors in Power Query. These errors fall into two categories: step-level errors and cell-level errors. Step-level errors stop the entire query fromrunning, whereas cell-level errors allow the query to complete, although somecells may display errors.As presented, to handle cell-level errors, you can use the try-otherwisefunction to catch errors and replace them with appropriate values. For step-



level errors, it’s best to avoid hardcoded values and take advantage of functionsthat allow �lexibility, such as those that can ignore mismatched column namesor de�ine the column names dynamically.
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12.	Custom	FunctionsOmid Motamedisedeh1  Coorparoo, QLD, Australia 
Despite Power Query offering over 700 built-in functions, there are instances wherecreating custom functions is necessary. There were many situations in the previouschapters where you used custom functions, such as using the �ifth argument of
Table.Group() in Chapter 6, Example 7 in Chapter 7, Example 5 in Chapter 8, andusing the third arguments of List.Accumulate() and List.Generate() inChapter 9. In this chapter, you learn more about custom functions in Power Query.When you think about custom functions, it doesn't necessarily mean you need toput in a lot of effort to create a complex function. There are many scenarios—such as�iltering, splitting a column, or combining columns—where simply applying acommand through the UI automatically generates a custom function in the formula ofthat command. For example, consider the historical sales transactions in the Sourcetable shown in Table 12-1.
Table	12-1 Source: Historical Sales Value

Date Customer	ID Quantity18/07/2023 C-2 4031/07/2023 C-3 3131/07/2023 C-3 353/08/2023 C-3 2530/08/2023 C-2 1131/08/2023 C-3 253/09/2023 C-1 368/09/2023 C-3 2814/09/2023 C-1 122/10/2023 C-1 342/10/2023 C-1 2521/10/2023 C-1 3323/10/2023 C-3 2310/11/2023 C-2 35

https://doi.org/10.1007/979-8-8688-1288-0_12


Date Customer	ID Quantity26/12/2023 C-3 151/01/2024 C-2 2110/01/2024 C-2 3014/01/2024 C-3 2426/02/2024 C-2 2328/02/2024 C-3 101/03/2024 C-2 1512/04/2024 C-3 3727/04/2024 C-3 18If you select the Customer ID column and �ilter for C-2, the following formula willbe generated to �ilter the rows of the table related to Customer ID equal to C-2:
= Table.SelectRows(Source, each ([Customer ID] = "C-2"))Examining the syntax of the Table.SelectRows() function on the Microsoftwebsite (https://learn.microsoft.com/en-us/powerquery-m/table-
selectrows), presented as the following, reveals that its second argument is acondition, and it is in the type of function.
Table.SelectRows(table as table, condition  as function) as
tableSo, in the generated formula, each ([Customer ID] = "C-2") is a(custom) function used within the Table.SelectRows() function.As you know, every function in Power Query has its own characteristics, de�inedfor a speci�ic purpose. Some functions accept arguments of type number, whileothers take arguments of type table, list, record, date, text, or other datatypes. Additionally, some functions require a single argument, while others acceptmultiple arguments, and there are also functions like DateTime.LocalNow() thatdo not require any arguments at all. In Power Query, function arguments can beoptional or mandatory.Similarly, custom functions in Power Query follow the same principles. They aredesigned for a speci�ic purpose, and depending on that purpose, they may take noarguments, a single argument, or multiple arguments of different types.At this point, the question arises: If each ([Customer ID] = "C-2") is acustom function tailored for the second argument of the Table.SelectRows()function in this example, what is its argument? How many arguments does it have,and what should the argument type be? Additionally, how can you address itsargument?

https://learn.microsoft.com/en-us/powerquery-m/table-selectrows


Some of these questions have been answered implicitly when using the formulasin the previous chapters. However, this chapter discusses these issues in greaterdepth. To address these questions, you �irst need to explore custom functions inPower Query. Then the chapter will return to these questions and answer them.Let’s build a basic custom function. Go the Power Query Editor and create a blankquery. Then type the following formula in the formula bar, which results in Figure 12-1.
= each 1

Figure	12-1 Creating a basic custom functionAs shown, after you press Enter, the query icon changes from a standard queryicon to a function icon, indicated by the fx symbol next to the function name (in thisexample, the name of the function is Query1). Additionally, the details of the createdfunction are displayed in the preview window.In the Enter Parameter section, there is a box where you can write a value as theinput of the de�ined function. You can then see the function's result for the enteredvalue by clicking the Invoke button. Above this box, the parameter name ishighlighted as an underscore (_) followed by "(optional)". This indicates that thename of this argument in the de�ined function is _ and this argument for the de�inedfunction is optional.
Note Number.Abs() is a prede�ined Power Query function. If you open a blankquery and write the following formula (without closing the parentheses andentering any input) in the formula bar, and click OK, it results in Figure 12-2. Thisis similar to the result when you write =each 1 in the formula bar, but



Number.Abs() is a prede�ined function. More detailed documentation for thisfunction is provided.
= Number.Abs

Figure	12-2 Documentation of Number.Abs()To check the result of the de�ined function, over different inputs, insert 1234 in thefunction box shown in Figure 12-1 and click Invoke. This generates a new query,which presents the result of a de�ined function for the value 1234, as shown inFigure 12-3 (see the formula bar).



Figure	12-3 The result of invoking a functionIf you change the input value, even if you do not enter a value as input and invokethe function again, it results in 1, as shown in Figure 12-3.In this case, you've de�ined a function with one optional argument. Regardless ofthe input type or value entered, the function will always return 1 in all cases.In the de�ined function, the result of invoking does not relate to the inputparameter. Now let’s de�ine a custom function whose result depends on the inputvalue. Write the following formula in the formula bar of a blank query.
= each _In this case, entering the number 1234 as the input for the de�ined customfunction will lead to 1234 as the result, as shown in Figure 12-4.
Figure	12-4 The result of invoking 1234 in the custom functionWhen you're trying to invoke the function with other inputs, you will notice that itreturns the same value as whatever you input. For example, entering 2 as the inputwill result in 2, and entering a list such as {1,2,3} will result in the same list asoutput.
Note Entering {1,2,3,4} in the input box and invoking it will result in the text
"{1,2,3,4}", as shown in Figure 12-5. This is because, after invoking thefunction, the input value is treated as text, not as a list.



Figure	12-5 The result of invoking {1,2,3,4}Revising the input value in the formula bar and removing the text sign willchange the result into a list, as shown in Figure 12-6.

Figure	12-6 The result of revised formula after invoking {1,2,3,4}
In the previous step, the de�ined function simply returned the exact input value. Now,it's time to create a custom function that performs some modi�ications on the inputvalue. Create a blank query and write the following formula in the formula bar:
= each "Hello: " & _In this case, if you invoke the function after entering a name like Omid in theparameter box, the result will be Hello: Omid, as shown in Figure 12-7. But if youinvoke the function for the input record like [Name= "Omid", Family=
"Motamedi"], an error is returned, as shown in Figure 12-8. This is because the &operation cannot be used to concatenate the text ("Hello") shown a record([Name= "Omid", Family= "Motamedi"]).
Figure	12-7 Invoking the custom function for Omid



Figure	12-8 Invoking the custom function for a recordTo de�ine a custom function that extracts the Name �ield from a record andconcatenates Hello to it, you need to use this formula:
= each "Hello: " & _[Name]Now you can use [Name= "Omid", Family= "Motamedi"] as the inputvalue of the de�ined function, which results in Figure 12-9.
Figure	12-9 Invoking the revised custom function for a recordYou can try to revise the function by removing the underscore and rewriting it asfollows:
= each "Hello: " & [Name]Unexpectedly, the result of invoking this function for the record does not change.It seems that when you use the each _ expression to de�ine a custom function, if theinput value is of type record, the underscore can be omitted, and Power Queryautomatically knows how to handle it.Based on the de�ined custom functions you've seen so far, this list sums up whatyou have learned about the each _ expression:– You can use each to de�ine a custom function.– When using each to de�ine a custom function, you can de�ine up to one optionalargument for the function.– If each is used to create a custom function, the argument is represented with theunderscore (_).– When creating a custom function to handle data of type record, the underscorecan be omitted without affecting the result.



Based on this explanation, let’s return to the initial example of this section, where
each ([Customer ID] = "C-2") was used as a custom function within the
Table.SelectRows() function. Based on the Table.SelectRows() logic, thede�ined custom function in its second argument will be evaluated for all the rowsseparately. If the custom function returns true for a row, it will remain in the �inalresult after �iltering. Otherwise, that row will be removed.The custom function will be evaluated for each row separately, and in PowerQuery, each single row in the evaluation process is considered as type record.Therefore, the input of the de�ined custom function is in type record. Based onthese tips, when you de�ine a custom function using each _ logic for the case withinput parameter in type record, the underscore can be omitted without affectingthe results.In another words, the whole version of the custom function in this example is
each (_[Customer ID] = "C-2"), whereby the underscore is removed. In thiscustom function, for each row each _[Customer ID] extracts the value of theCustomer ID of that row, and each _[Customer ID] = "C-2" returns true ifthe value of Customer ID is C-2 and false otherwise.For instance, consider the �irst row of the Source table as a record
[Date=18/07/2023, Customer ID="C-2", Quantity=40]. Using each _will result in the same record. Using each _[Customer ID] will return C-2, and
each _[Customer ID] = "C-2" will return true, so this row will be presentedin the �inal table.Despite all the advantages of using the each _ expression to create a customfunction, it has a limitation—it can only be used when your custom function requiresjust one argument. There are situations, such as when de�ining the �ifth argument ofthe Table.Group() function, where you need to create a custom function withmultiple arguments. In such situations, you need to use the general de�inition of thecustom function, as shown here:
(input 1, input 2,….., input n) => calculation logicIn this de�inition, the function is indicated by the => sign, with inputs de�inedbefore it and the calculation logic de�ined after. For example, the following formulade�ines a custom function that receives two inputs, called A and B, as shown in Figure12-10, and results in the sum of inputs.
=(A,B)=>A+B



Figure	12-10 Custom function with two inputsGiven this general de�inition, you can say that the each _ syntax presented atthe beginning of this chapter is a shorthand version for de�ining a custom functionwith a single input argument named _. So, all the previous custom functions de�inedwith each _ in this section can be rewritten using this general de�inition, asprovided in Table 12-2.
Table	12-2 Comparing each _ and the General De�inition of the Custom Function

each =>
= each 1 ()=> 1
=each _ (A)=>A

=each "Hello: " &  _ (A)=> "Hello: " & A
= each "Hello: " & _[Name] (A)=> "Hello: " & A[Name]
= each "Hello: " & [Name] (A)=> "Hello: " & A[Name]Besides what's mentioned in the introduction of this chapter, in the customfunctions, you can de�ine the type of input parameters as well as the type of result,and de�ine optional parameters. Additionally, custom functions can perform multi-step calculations, which you explore further later in this chapter.
Implementing	Sumproduct	as	a	Custom	FunctionDe�ine the Sumproduct function in Power Query, which receives two lists as inputand returns the sum of the products of the corresponding items in both lists (similar



to the Sumproduct function in Excel, but here it's applied to just two inputs).To de�ine a Sumproduct function in Power Query, create a blank query. Name it
Sumproduct and use the following formula to de�ine the function that leads toFigure 12-11, assuming the lists have the same length.
(L1 as list ,L2 as list) as number =>
      List.Sum(
                  List.Transform(List.Positions(L1), each
L1{ _ } * L2{ _ })
                         )

Figure	12-11 De�ining SumproductIn this function, the input parameters L1 and L2 are de�ined as type lists. (Whenusing the function in the Power Query UI, you need to select a column from a table asinput, as the parameter type should be set to list.) The function's output type isspeci�ied as a number, just by entering a number after the list of input parameters.The de�ined function can be written on a single line, but for better readability, itcan be broken into several steps using records, as the following:
(L1 as list ,L2 as list) as number =>
      [
      Step1=List.Positions(L1),
      Step2=List.Transform(Step1, each L1{_} * L2{_}),
      Step3=List.Sum(Step2)
      ][Step3]You can also use the let expression, as shown in the following formula, wherethe Power Query snippets are identical in output:



(L1 as list ,L2 as list) as number => let
      Step1=List.Positions(L1),
      Step2=List.Transform(Step1, each L1{_} *L2{_}),
      Step3=List.Sum(Step2)
      in
      Step3To understand this custom function, consider the example where L1 =
{1,0,4} and L2 = {4,5,6}. Here’s the breakdown:Step 1: List.Positions({1,0,4}) returns {0,1,2}.Step 2: List.Transform({0,1,2}, each L1{_} * L2{_}) calculates theproducts of corresponding elements: {L1{0} * L2{0}, L1{1} * L2{1},
L1{2} * L2{2}}, resulting in {1*4, 0*5, 4*6} = {4,0,24}.Step 3: All the items in the list from the previous step are summed and the result ispresented as the �inal result of de�ined custom function.If you create a new blank query and use the Sumproduct({1,0,4},

{2,5,6}) formula, the function will calculate the Sumproduct of these two lists,resulting in 28. Similarly, if you use Sumproduct({1,0,4},{2,5,6,8}), youwill reach the same result. While the lists have different lengths, the function shouldideally result in an error.Since in the de�ined function, the dimension is determined by L1 (using
List.Positions()), the function does not consider the extra elements in L2 andpresents the same result as Sumproduct({1,0,4},{2,5,6}). To address thisissue, the function can be modi�ied to use the list with the largest dimension forcalculations as follows.
(L1 as list ,L2 as list) as number => let
      Step1={0..
(List.Max({List.Count(L1),List.Count(L2)})-1)},
      Step2=List.Transform(Step1, each L1{_} *L2{_}),
      Step3=List.Sum(Step2)
      in
      Step3In the revised version, using the =Sumproduct({1,0,4},{2,5,6,8})formula in a blank query will result in an error, as shown in Figure 12-12. However,the error message provided is not very helpful or meaningful. It doesn't give clearinformation about the cause of the issue.



Figure	12-12 The result of using =Sumproduct({1,0,4},{2,5,6,8})To provide a more meaningful error when entering lists of different lengths, theformula can be revised by modifying the term after the expression:
(L1 as list ,L2 as list) as number =>
let
      Step1={0..
(List.Max({List.Count(L1),List.Count(L2)})-1)},
      Step2=List.Transform(Step1, each L1{_} *L2{_}),
      Step3=List.Sum(Step2)
In
      if List.Count(L1) <> List.Count(L2) then error "The
lists have different lengths" else Step3Now, instead of the generic error, if the lengths of the lists do not match, theformula will return a more descriptive error, as shown in Figure 12-13.

Figure	12-13 The result of revised formula for =Sumproduct({1,0,4},{2,5,6,8})
Documenting	Custom	FunctionsConsider the previous custom function and de�ine its documentation.First, let’s review what function documentation looks like and why it's importantto add it to your custom functions, which you and your colleagues use frequently.Documentation provides important information about the function, including itsinput parameters, calculation logic, expected results, examples of how to use it, andmore. Without documentation, if you share a custom function with others, you willneed to explain its application, parameters, and how to use it verbally (e.g., in anemail or a meeting). However, if you create documentation that explains thefunction's characteristics, this documentation will always be available with thefunction, allowing users to refer to it whenever they need more information. It alsohelps you in the future when you revisit the function and need to modify it.



Therefore, it's best to add documentation to your most frequently used customfunctions.All prede�ined Power Query functions have their own documentation as well. Tosee the function documentation, create a blank query and write a prede�ined functionlike List.Sum without parentheses in the formula bar. Press Enter to display thedocumentation, as shown in Figure 12-14.

Figure	12-14 Documentiont for List.SumAs presented, the documentation of this function includes several sections, suchas the function's name, its description, its parameters, and examples of how to use it.Writing the custom-de�ined Sumproduct function in the formula bar results inshowing its documentation, as shown in Figure 12-15.



Figure	12-15 Documentation for SumproductBy comparing the documentation of List.Sum and Sumproduct, it is clear thatthe documentation on List.Sum is more detailed. The names of the differentsections are shown in Figure 12-16.

Figure	12-16 Names of function documentation sectionsThe documentation sections you see in List.Sum can be added to any customfunction within a record, with prede�ined �ield names. The most commonly used�ields in the record for de�ining a function documentation are
Documentation.Name, Documentation.LongDescription, and
Documentation.Examples.



Note There are more �ields for documentation. You can check them out at
https://learn.microsoft.com/en-us/power-query/handling-
documentation.The �irst step in documenting a custom function, after creating it, is to create a recordthat includes the mentioned �ields for the documentation. In this record, the
Documentation.Name and Documentation.LongDescription �ields arecommonly used in type text, and the Documentation.Examples �ield is in thetype list, including several sub-records, each for one example. This includes theDescription, Code, and Result �ields.In the following snippet, you can see a record including the required �ields fordocumentation:
[
    Documentation.Name = "Sumproduct",
     Documentation.LongDescription = "This function received
two list as inputs and returned the sum of the products of
corresponding items into lists",
    Documentation.Examples = {
     [Description = "Considering the case which list 1 and 2
are {1,2,3} and {1,2,3}", Code = "Sumproduct({1,2,3},
{1,2,3})", Result = "14"],
     [Description = "Considering the case which list 1 and 2
are {1,0,4} and {4,5,6}", Code = "Sumproduct({1,0,4},
{4,5,6})", Result = "28"]
    }
  ]After de�ining the documentation �ields, you can add them to your customfunction. Consider the custom function de�ined in the previous example, as follows.
(L1 as list ,L2 as list) as number =>
let
      Step1={0..
(List.Max({List.Count(L1),List.Count(L2)})-1)},
      Step2=List.Transform(Step1, each L1{_} *L2{_}),
      Step3=List.Sum(Step2)
In
      if List.Count(L1) <> List.Count(L2) then error "The
lists have different lengths" else Step3All these steps are required to execute the de�ined custom function, and youcannot add the documentation record within the steps needed to execute the

https://learn.microsoft.com/en-us/power-query/handling-documentation


function. The documentation should be added at the same level as de�ining thefunction. In other words, they should both be de�ined in the same let expression.So, without changing the result, the previous formula can be rewritten as follows.This de�ines the step name as Sumproduct for the custom function and places it in a
let expression:
let
    Sumproduct=(L1 as list ,L2 as list) as number =>
    let
        Step1={0..
(List.Max({List.Count(L1),List.Count(L2)})-1)},
        Step2=List.Transform(Step1, each L1{_} *L2{_}),
        Step3=List.Sum(Step2)
    in
    Step3

in
SumproductNow you have a let block with one step, Sumproduct. You can add another stepto it, called Doc, as shown here:
let
    Sumproduct=(L1 as list ,L2 as list) as number =>
    let
        Step1={0..
(List.Max({List.Count(L1),List.Count(L2)})-1)},
        Step2=List.Transform(Step1, each L1{_} *L2{_}),
        Step3=List.Sum(Step2)
    in
    Step3,

  Doc = [
    Documentation.Name = "Sumproduct",
     Documentation.LongDescription = "This function received
two list as inputs and returned the sum of the products of
corresponding items into lists",
    Documentation.Examples = {
     [Description = "Considering the case which list 1 and 2
are {1,2,3} and {1,2,3}", Code = "Sumproduct({1,2,3},
{1,2,3})", Result = "14"],
     [Description = "Considering the case which list 1 and 2
are {1,0,4} and {4,5,6}", Code = "Sumproduct({1,0,4},
{4,5,6})", Result = "28"]



    }
  ]

in
  SumproductBased on the previous modi�ication, the result does not change, as the de�ineddocumentation has not been applied to the custom function yet. To apply thisdocumentation, the Sumproduct after in should be replaced with the followingformula.
Value.ReplaceType(Sumproduct,
Value.ReplaceMetadata(Value.Type(Sumproduct), Doc))The entire formula, including the custom function and its documentation, is asfollows:
let
    Sumproduct=(L1 as list ,L2 as list) as number =>
    let
        Step1={0..
(List.Max({List.Count(L1),List.Count(L2)})-1)},
        Step2=List.Transform(Step1, each L1{_} *L2{_}),
        Step3=List.Sum(Step2)
    in
    Step3,

  Doc = [
    Documentation.Name = "Sumproduct",
     Documentation.LongDescription = "This function received
two list as inputs and returned the sum of the products of
corresponding items into lists",
    Documentation.Examples = {
      [Description = "Considering the case which list 1 and
2 are {1,2,3} and {1,2,3}", Code = "Sumproduct({1,2,3},
{1,2,3})", Result = "14"],
      [Description = "Considering the case which list 1 and
2 are {1,0,4} and {4,5,6}", Code = "Sumproduct({1,0,4},
{4,5,6})", Result = "28"]
    }
  ]

in
  Value.ReplaceType(Sumproduct,
Value.ReplaceMetadata(Value.Type(Sumproduct), Doc))



This change is re�lected in the function's documentation, as shown in the examplein Figure 12-17.

Figure	12-17 The result of the revised documentation for Sumproduct
Note In the documentation, instead of using Power Query's special characters,you should use JavaScript tags. For instance, if you want to insert a line break, youshould use <br> instead of #(lf).
Sharing	Custom	Functions	Across	FilesHow can you share these custom functions across multiple �iles?To use a custom function in another �ile, you typically need to copy and paste thecode and rede�ine the function in the new �ile. However, this approach can becomecumbersome, especially if you have multiple custom functions that you usefrequently in different �iles. In this case, you should be aware of which functions areused within each function, and if you apply modi�ications to a function, you need toensure that the same modi�ications are applied consistently across all �iles wherethat function is used.



A more practical approach is to save the function code in a text �ile and share this�ile between Power Query instances. In this scenario, any changes made to the sharedtext �ile will automatically be applied to the �iles where this function is used, duringthe next refresh.To manage multiple custom functions, save each custom function in a separatetext �ile, naming the �ile according to the function. For example, save the
Sumproduct custom function as Sumproduct.txt, as shown in Figure 12-18.

Figure	12-18 Saving a custom function as a text �ileThen import the text �ile into Power Query using the following code or using theFrom Text command, which leads to Figure 12-19.
=
Table.FromColumns({Lines.FromBinary(File.Contents("C:\Custome
Functions\Sumproduct.txt"), null, null, 1252)})



Figure	12-19 Loading the text �ile into Power QueryIn the next step, use the following formula to merge all the text lines into onecontinuous text value, as shown in Figure 12-20.
= Text.Combine(Source[Column1])



Figure	12-20 The result of Text.CombineThe result of Text.Combine() is in type text. To convert it into an executablefunction, you can use Expression.Evaluate(). It converts text into a PowerQuery formula. For example, "1+1" is text, and entering ="1+1" in the formula barresults in text equal to "1+1". However, using =Expression.Evaluate("1+1")in the formula bar—which means to convert "1+1" from text to the formula =1+1—returns 2. Similarly, Expression.Evaluate("{1,2,3}") returns a {1,2,3}list, as shown in Figure 12-22. The result of
Expression.Evaluate("List.Sum({1,2,3})") is shown in Figure 12-21.

Figure	12-21 The result of Expression.Evaluate("{1,2,3}" )This function is straightforward for simple expressions. However, when dealingwith functions in text, such as "List.Sum({1,2,3})", directly using
=Expression.Evaluate("List.Sum({1,2,3}") in the formula bar willresult in an error, as shown in Figure 12-22. To resolve this, you need to specify
#shared as the evaluation environment in the second argument of this function, likeso:



=Expression.Evaluate("List.Sum({1,2,3})",#shared )

Figure	12-22 The result of Expression.Evaluate("List.Sum({1,2,3})" )Based on this explanation, =Text.Combine(Source[Column1]) results inthe custom function in type text, so the following formula will convert this text intothe executable functions shown in Figure 12-23.
= Expression.Evaluate(Text.Combine(Source[Column1]),#shared)

Figure	12-23 The result of using Expression.EvaluateThe result of this query is a de�ined custom function (Sumproduct), which youcan use in other queries.



Note In Power Query (M language), #shared is a special keyword used to referto a collection of all shared objects, such as functions, queries, and values that areglobally available within the current Power Query environment.
#shared is essentially a special record that contains references to allfunctions, queries, and variables that are de�ined and made available in the PowerQuery environment. When you type =#shared in the formula bar, it returns a listof shared elements in the current workbook or query, as shown in Figure 12-24.

Figure	12-24 The result of #shared



Creating	Recursive	FunctionsCreate a custom function that takes a number n as input and returns the �irst n valuesin the Fibonacci sequence (In the previous chapter, the Fibonacci sequence wascalculated using various methods, and here, you de�ine a custom function for it, byusing basic operations.)The general term for extracting the nth value in the Fibonacci series is an=an-1+an-2 with initial values a0=a1=1. So, calculate the fourth value in this series, presented bya4, n=4. So, a4=a3+a2. To �ind a3, use a3= a2+a1. To �ind a2, use a2=a1+a0. As mentioned,a0=a1=1, so a4=a3+a2=((a1+a0)+a1)+(a1+a0). So, in this series, to extract the nth value,you need the (n-1)th and (n-2)th values, and this chain will continue to reach n=0 orn=1.In other words, if you named the function to calculate the nth value of this seriesas Fibonacci, to calculate Fibonacci(n), initially, you need to calculate
Fibonacci(n-1) and Fibonacci(n-2) �irst, which for Fibonacci(n-1), thevalues of Fibonacci(n-2) and Fibonacci(n-3) are required and for thecalculation of Fibonacci(n -2), the values of Fibonacci(n-3) and
Fibonacci(n-4) are required.For this function, you can say that if n=1 or n=2, then Fibonacci(n) is equal to1 for other values of n. Fibonacci(n) is equal to Fibonacci(n-
1)+Fibonacci(n-2). So in M language, you can say:
Fibonacci (n)= if n=0 or n=1  then 1 else Fibonacci(n-1)+
Fibonacci (n-2)To change this into a custom function to compute the nth value of Fibonacci seriesin Power Query, create a new blank query and name it Fibonacci. Then in theformula bar, write the following formula, which results in Figure 12-25.
(n)=> if n=0 or 1 then n=1 else Fibonacci(n-1)+ Fibonacci
(n-2)

Figure	12-25 The de�ined custom function



In the de�ined function, entering n as 2, 3, and 4, yields the results 2, 3, and 5,respectively.In this de�ined custom function, the function is named Fibonacci, and within itsformula, you call the Fibonacci function again. This means that during execution,the function may call itself depending on the scenario. Such functions that callthemselves as part of their execution are known as recursive	functions.
Note It is recommended to avoid using recursive functions whenever possible,as they are often time-consuming.The stop condition (also called the base case) is a crucial part of a recursivefunction. It is a speci�ic condition that halts the recursion and prevents thefunction from calling itself inde�initely. In a recursive function, the function callsitself repeatedly. If an appropriate stop condition is not de�ined, the function willcontinue calling itself, leading to an in�inite	loop, which consumes all availablecomputer memory and results in a stack over�low memory error.In the de�ined function, the based cases are n=0 or n=1. In such cases, the functiondoes not recall itself and the recursion will stop. If you remove the base case andwrite the custom function as (n)=> Fibonacci(n-1)+ Fibonacci (n-2),invoking the function for any value, such as 5, results in a stack over�low errormessage, as shown in Figure 12-26.

Figure	12-26 Stack over�low error message
Using	Optional	Input	ParametersCreate a custom function with two arguments—salary and tax rate—tocalculate the tax based on multiplying salary by the tax rate. If a tax rate is notprovided, assume a default rate of 10 percent.In this question, you are asked to create a custom function with an optionalargument, similar to many prede�ined functions in Power Query. For example,Chapter 6 explains that the fourth and �ifth arguments of the Table.Group()function are optional. By default, Table.Group() applies global grouping, but youcan modify the grouping logic by using the fourth arguments.The same concept applies to this function. The tax rate is generally set at 10percent. However, if you want to use a different tax rate, you can specify a customvalue using the function’s second argument.



In Power Query custom functions, optional parameters can be de�ined using the
optional keyword before the parameter name. So, the parameters for this customfunction can be de�ined as follows, which means taxRate is optional:
(salary as number, optional taxRate as number) as number =>In this case, you cannot simply use the salary * taxRate formula because
taxRate is an optional argument and might not be provided by the user. If the userdoes not enter a value, taxRate will be null, causing the entire formula to return
null.To handle this, you need to assign a default value (e.g., 10 percent) when
taxRate is null, ensuring that the calculation works correctly even if the user doesnot specify a value. So, instead of using taxRate directly, you can use taxRate ??
0.1. This means that if taxRate has a value, it will be used; otherwise, if it is null,it will be replaced with 0.1 (which represents the default 10 percent tax rate). Thisensures that the calculation works correctly even when the user does not provide avalue for taxRate.The revised formula is as follows.
(salary as number, optional taxRate as number) as number =>
salary *(taxRate ??0.1)You can de�ine a custom function with multiple optional arguments, as shown inthis example. This approach allows you to create a function with three arguments,where two of them are optional. However, an important rule must be followed inde�ining an optional argument: all optional parameters must come after the requiredones.
SummaryPower Query provides a wide range of built-in functions, but there are situationswhere custom functions are necessary to meet speci�ic needs. In this chapter, youlearned how to de�ine custom functions using the each _ syntax or by creating ageneral function structure like (x) => .... You also explored how to specifyparameter types and return types by appending the type keyword, and how tode�ine optional parameters and add documentation to functions, making them moreversatile and user-friendly.



Appendix	APower Query offers a versatile toolkit for data transformation, and aswith any powerful tool, there are multiple ways to tackle challenges.For each challenge presented in this book, you can explore a wide rangeof potential solution, enhancing your understanding of Power Query’scapabilities. While this book provides comprehensive solutions for eachchallenge, you can also explore other approaches for some of thechallenges through Table A-1.To �ind solutions to these challenges, simply append the challengenumber from the “No” column to the following URL:
https://www.OmidBI.com/chFor example, to access the solution for the challenge titled “AddingMultiple Columns at Once,” append the challenge number 20 to theURL, as so:
https://www.OmidBI.com/ch20

Table	A-1 Other Solutions for These Challenges
Section Title No.2.4. Adding Multiple Columns at Once 202.6. Extracting Data from Price List Table 873.3. Filtering Across Multiple Columns, Part 3 673.6. Filtering Based on Sequence 423.7. Using Random Selection 933.8. Using Advanced Filtering Criteria 364.3. Splitting Text by Position 454.4. Extracting Text Between Parentheses 274.5. Extracting Email Addresses 714.6. Using a Multiline Splitter 644.7. Splitting Text by Changing Character Type, Part 1 634.8. Splitting Text by Changing Character Type, Part 2 734.10. Merging Instead of Adding a Column 85.1. Managing Product IDs 395.2. Value Repeated in Several Columns 11

https://www.omidbi.com/ch
https://www.omidbi.com/ch20


Section Title No.5.3. Removing Blank Columns 795.4. Transforming Columns, Part 1 415.5. Transforming Columns, Part 2 315.6. Transforming Columns, Part 3 326.3. Matching Items in Groups 556.4. Identifying All-Season Products 146.11. Transformations Within Table.Group() 167.1. Combining Tables 447.2. Calculating Weighted Averages 237.6. Conditional Merging 697.7. Self-Merging 618.2. Handling Missing Rows 548.4. Linear Interpolation for Missing Data 628.5. K-Nearest Neighbors for Imputation 869.4. Generating the Fibonacci Sequence by List.Accumulate() 729.7. Applying Transformation Over the Columns 129.10. Implementing Stepped Tax Calculations 589.11. Changing Data Granularity 59To further broaden your expertise, I provide links to some otherchallenges on my website, with solutions. See Table A-2.
Table	A-2 Complementary Challenges
Chapter Topic Challenge	Title No.2 Referencing Last Inventory 952 Referencing Compare Rows 1023 Sorting and Filtering Sort Table Columns 433 Sorting and Filtering Custom Ranking 853 Sorting and Filtering Top Products 963 Sorting and Filtering Random Selection Part 2 993 Sorting and Filtering Custom Rank 1063 Sorting and Filtering Custom Rank 112



Chapter Topic Challenge	Title No.4 Column Splitting and Merging Custom Splitter 3 834 Column Splitting and Merging Data Cleaning 984 Column Splitting and Merging Column Splitting 1364 Column Splitting and Merging Column Splitting 1465 Pivoting and Unpivoting Tables Transformation 155 Pivoting and Unpivoting Tables Transformation 215 Pivoting and Unpivoting Tables Transformation 485 Pivoting and Unpivoting Tables Transformation 655 Pivoting and Unpivoting Tables Merged Cells 665 Pivoting and Unpivoting Tables Normal Distribution 845 Pivoting and Unpivoting Tables Table Transformation 1225 Pivoting and Unpivoting Tables Transformation 1265 Pivoting and Unpivoting Tables Table Transformation 1315 Pivoting and Unpivoting Tables Table Transformation 1375 Pivoting and Unpivoting Tables Table Transformation 1425 Pivoting and Unpivoting Tables Table Transformation 1476 Grouping Rows with Table.Group Number Grouping 466 Grouping Rows with Table.Group Custom Grouping 1096 Grouping Rows with Table.Group Custom Grouping 1196 Grouping Rows with Table.Group Custom Grouping 1236 Grouping Rows with Table.Group Custom Grouping 1296 Grouping Rows with Table.Group Custom Grouping 1336 Grouping Rows with Table.Group Custom Grouping 1396 Grouping Rows with Table.Group Custom Grouping 1437 Merging and Appending Tables Match Payments 607 Merging and Appending Tables Matching Tables 1077 Merging and Appending Tables Reconciliation 1107 Merging and Appending Tables Merge 1147 Merging and Appending Tables Payment Durations 1208 Handling Missing Values Find Missing Numbers 528 Handling Missing Values Linear Interpolation 97



Chapter Topic Challenge	Title No.8 Handling Missing Values Custom Average 1039 Looping in Power Query Calculate Spending Time 269 Looping in Power Query Identifying Customers StapleProducts 29
9 Looping in Power Query Risk Analysis 309 Looping in Power Query Noise Removing 339 Looping in Power Query Connected People 379 Looping in Power Query Cross-Selling 409 Looping in Power Query Assignment Problem Part 1 499 Looping in Power Query Assignment Problem Part 2 509 Looping in Power Query Purchasing Together 519 Looping in Power Query Coin Change Problem 709 Looping in Power Query Fibonacci Sequence 729 Looping in Power Query Manage Duplicate Values 1009 Looping in Power Query Subsets 1019 Looping in Power Query Merge 1249 Looping in Power Query FIFO 1309 Looping in Power Query Golden Period 14010 Leveraging Scripting and External Integrations inPower Query Cluster Values 28
- Other Customer Return Cycle 34- Other Up and Down Grades 35- Other Duration Since Last Visit 38- Other Multiple Text Replaces 47- Other OEIS Sequence 53- Other Process Ef�iciency 56- Other Fuzzy Numbers Calculation 57- Other Simulation 104- Other Character Repetition 105- Other AVG Cooperation Time 108- Other Increased SALES 111- Other Manage Duplicate Values 113



Chapter Topic Challenge	Title No.- Other Multi Replacement 115- Other Remove Rows and Columns 116- Other Add Index Column 117- Other DSO 118- Other Power 121- Other Pad Middle 125- Other Add Index Column 127- Other Cartesian Product 128- Other Merge 132- Other Final Week of the Month 134- Other Identify the Pattern 135- Other Periodic Sales Summary 138- Other Fill Up and Down 141- Other First Transaction in EachMonth 144
- Other Length of Pattern 145- Other Filter Dates 148

Index
AAccess Web Content windowAccount reconciliationActiveX controlsAge groupsAggregate functionAggregation functionAggregation sectionAllRowsData queryAppendingchoosing new queriesde�initionqueries, missing values



sales in 2022 tablesales in 2023 tableselecting column listsettingApplied Steps pane
BBank reconciliationBase caseBlank cellsBuffering
CCartesian productde�inedList.Accumulate()List.TransformMany()merging table columnsCase sensitivityargumentscolumn headerscolumn namescombined tablesconverting column names to lowercaseedit function message�inal tablegenerated queriesqueriesquery 02 resultsectionsTransform Sample FileCell-level errorsColumn mergingadding columnadding signcustom operationdate informationde�inition



�inal inventory levelsresultssettingsetting group bysource tablesplitting columnsColumn namescase sensitivitycomprehensive solutionconsistentvariationsColumn splittingafter adding new IDsafter adding new rowafter reordering stepsargumentschanging character typeargumentsdigit to non-digit valuesexpanding info.2 columnresultsrevised splitsource tabletransactionstransitionsvalueschanging column namecharacteristicsdefault valuede�initiondelimiterextracting email addressesmultiline splittermultiple delimitersoptionspositionremoving fourth argument



resultrevising resultsettingsource tabletext extraction between parenthesesCombiner.CombineTextByDelimiter() functionComprehensive solutioncolumn headers, same number and order of columns�iltering settingremoving changed typeremoving promoted headersresult of promoting headerscombining and loading datanumber and order of columns, different �ilesadding MissingField.Ignorecreating new queryexpanding columnformula barremoving stepsrenaming column headersTable.ToRows() functionsource �ilesConcatenation operationConditional mergingCustomer Info tableextracting last rowextracting states�iltering previous date�inal tableHistorical Sales Info tablemodi�ied formulareplacement settingresultssettingsCustom functionscharacteristicscomparison



creating recursive functionscreationde�initiondocumentationdescriptionexampleslet expressionList.Sumnames of sectionsprede�ined functionSumproducteach expressionevaluation processhistorical sales transactions tableinput parametersinvoking functionloading text �ileNumber.Abs()saving text �ilesharing �ilesSumproducttwo inputsCustom mapping
DData-cleaning processData extractionadding columns to queryadding new commentsadding new task in CSV �ileexpanding comment columnloaded tableloading connected tableloading tasksmerging tablesrefreshing after adding taskstask assignments table



choosing foldercombined tablecombining �ilescreating date tablede�initionExcel �ilesfunctionshandling multi-row headersloading tables, Excel �ileExcel.CurrentWorkbook() function�iltering query resultfour tables in queryincreasing row number by each refreshloading resultthree sheetsonline sourcesPriceList tableresultant tablesample tablestore numberstable valuesadding custom columnAdvanced Editorcombining and loading datacustom column windowdrilling downpromoting headersreferring previous stepsremoving promote headerssource �ilesview Advanced Editortype detectionUIusing data load tracker
See	also Column names; Data loadingData granularitycolumn names



power consumptionusing List.Accumulate()using List.Transform()using unpivoted columnsData loadingwebpageData load tracker (Log)adding date columnadding new value to historical valuesappend settinghistorical valuesNavigator panePower Query Editorpromoting headersqueries and connectionremoving extra columnsresult of appendsettingtransposed tableusing From WebData manipulationData previewDatasetData transformationDate.AddDays() functionDate.AddMonths() functionDate.AddQuarters() functionDate.AddWeeks() functionDate.AddYears() functionDate.EndOfMonth() functionDate.From() function#date() functionDate tablecolumnsformulaTable.FromList() functionusing second and third argument, Table.FromList



using second argument, Table.FromListusing third argument, Table.FromListDateTime.LocalNow() functionDate.WeekOfYear() functionDefault valueDomination criteriaDo-While loopDuration.Days() function
EEmail addressesconverting table into textextracting�iltering listreference listregex functionselection criteriasource tableText.Split() functionEnergy consumptionError-handlingcalculation errorscauses of errorscell-level errorsdaily salesextracting rows�ieldsMissingField.Ignore argumentperformance overheadremoving rowsscenariossource tablestep-level errorstry-otherwise functionunpivoting columnsvisualization problemsEuclidean distance



Excel.CurrentWorkbook() functionExecution timeExpression.Evaluate() function
FFibonacci seriesList.Accumulate() functionList.Generate() functionFill Down commandFilteringadvanced criteriaargumentscustom functiondatedominant solutioneach expressionextracting purchasing dategroupingsorting�irst rowlist of valuesextracting patient IDs�iltering patient IDs�inal resultspatients source tableperformancevariationmultiple columnsall columnshistorical sales, source tableinitial �ilteringProduct_ID columnpurchase info, source tableresultsales info, source tablesettingunpivoting and group by



values less than or equal to 7non-dominated IDsresultsequencegroup by settingreferral patternsreplaced formularesultssetting �iltering optionsolutions source tableusing random selectionFor-Each loopFormula barFor-Next loopFull outer joinFuzzy matchingFuzzy mergingchallengesHistorical Sales Info tableinconsistent patterns and variationsProduct Price Info tableresultssetting
GGeopolitical entities (GPE)GoldPrice.org websiteGoogle Translate APIauto-translated textcallingcredential warningscustomer comments tableJSON formatlimitationsparametersresultupdated formula



uppercase transformationURL formatGroupingconsecutive dateson dateevery ten days in each monthevery ten days starting from beginning of yearevery week starting Wednesdaygroup by weekscenariossource tableignoring case sensitivitysecond iterationusing Value.ComparerGroupKind.Local
HHasError �ieldHelper columnHigh-quality data
IIn�inite loopin keywordInner join
JJson.Document() function
KKeep Error commandK-nearest neighbors (KNN)applying tableargumentscalculating distancesconverting query to functionde�inedextracting nearest rows



processquery after converting to functionquery before converting to functionquery steps after changingquery steps before changingreferring sixth rowreferring to Maintablereplacing null values in all rowsreplacing null values in Row6reusable functionrevised formulaselecting rows without null valuesselecting two nearest neighborssource tablesteps
LLeft anti joinLeft Outer Joinlet expressionLinear interpolationList.Accumulate() functionaccumulation processadding multiple columnsargumentsCartesian productdata granularityde�inedelementsextracting square of numberFibonacci sequenceFor-Each loopFor-Next loophandling sequencesiterationsstepped tax calculationssyntax



transformation over columnsList.Average() functionList.Buffer() functionList.Combine() functionList.Contains() functionList.Count() functionList.Difference() functionList.Distinct() functionList.FirstN() functionList.Generate() functionapplicationsargumentsbasic optionde�initionDo-While loopef�icient optionextracting datesextracting even numbersFibonacci sequenceparametersresultsquared even numberssyntaxList.Intersect() functionList.Last() formulaList.Last() functionList.Max() functionsListofCharactersList of functionsadding null valuecombiningconverting tableCustom1�inal resultremoving last itemsolutionsource table



Table.ToColumns()List.RemoveItems() functionList.RemoveNulls() functionList.Select() functionList.Skip() functionList.Sort() functionList.Split() functionList.Sum() functionList syntaxList.Transform() functionadding multiple columnsargumentscreating list of tablesdata granularitydata typeextracting �irst dates of monthsextracting last dates of monthsextracting name of monthshandling sequencesloaded tablesrange of datesstepped tax calculationsSUMPRODUCTsyntaxtransformation functiontransformation over columnstransformed version of tablesList.TransformMany() functionargumentsCartesian productcombining nested loopsdynamic selectionextracting dates in 2023extracting dates in yearextracting �irst dates of quartersFor-Each loopsinstance



iterationnested loopresultssecond argumentsyntaxthird argumenttransformation functionList.Union() functionListXLoadTopCompanies() functionLoopingadding multiple columnsdepartment costList.Accumulate()List.Transform()changing data granularityDo-While loopFor-Each loopFor-Next loophandling sequencesdistance tableList.Accumulate()List.Transform()notationtravel tableimplementing stepped tax calculationsimplementing SumproductList.Accumulate()List.Generate()List.Transform()List.TransformMany()product combinationstransformation over columnscomparison matrixList.Accumulate()List.Transform()normalization result



table columnworking set combinations
MMerge Queries commandMergingcalculating weighted averagesexpanding grouped rows columnGroup By commandproduction tableresultssamples tablesettingsstepscombining tablesconditionalcon�igurationde�initionfull outer joinfuzzyGroup By commandHistorical_Sales tableinner joinleft anti joinleft outer joinmissing valuesoptionsProduct_Info tablereconciliation

See Reconciliationresulting tableright anti joinright outer joinsales in April tablesales in March tablesales in May tablesetting query



settingssteps
See	also Self-mergingM functionsMissing datesMissingField.Ignore argumentMissingField.UseNullMissing valuesdata-cleaning processextractingappending/mergingconverting dates to numbergrouping rowsusing merging�illing nulls with previous valueshandling missing rowsappending queriesconverting date typeexpanding Project columnformulaloading source tablemultiple projectssource tableusing merge commandKNNlinear interpolationmodel performancescenariosand zerosMultiline splitterdelimiterresultssettingsetting splitting commandsource tableunpivotingMulti-objective optimization models



Multi-row headersappending queriesbudget/cost dataduplicating querykeeping top rowsmerging columnsnavigation Excel �ilenavigation stepsPower Query Editorremove top rowssource tabletransposing commandtransposing tabletwo table resultsusing Fill Downusing �irst row
NNon-domination criteriaNumber.From() functionNumber.IntegerDivide() function
OOrder.AscendingOrder.Descending
PPivotingcomponentsde�initionresultsetting columnssource table

See	also UnpivotingPower QueryAdvanced Editorappendingcomplementary challenges



data extraction
See Data extraction�iltering rowsGroup By commandgroupinginstancesintegrating Rlistloops
See Loopingmathematical algorithmsoperationsPythonreferencing cellssample �ilesolutions for challengessorting commandUIuser-friendly interfacePower Query Editordata load trackerdatasetmulti-row headersqueriessettingPrediction modelsProduct combinationsPythoncount wordsdataset�inal resultsgeopolitical entitieslibrariesscriptscript dialog boxsource table



QQuery export to CSV �ilesQuery paneQuery Settings pane
RRandom selectionadding custom columnlast character of valuesreordering rows and removing duplicatesselected rowsselecting staffstaff info, source tabletable rowsReconciliationargumentsbank statementscomparing recordsconverting result to tablecustom equalityde�inition�inal table�inance department’s records�inancial dataformulasleft anti joinmismatched itemsreshaping tablesresultsswapping argumentsswapping tablesRecord.AddField() functionRecord.Combine() functionRecord.Field() functionRecord.FromList() functionRecordsRecord.ToList(_) function



Recursive functionsReferencingadding multiple columnsadding product familiesexpanding�ilteringremoving errorssource codingusing recordcellsadding new columncodingdistancerevised formulausing Distancecell valueschanging value typesformulafunctionsmultiple previous rowsprevious rowchanging value typeexpandingFill Down function�ilteringgrowth ratelist of functionsmergingsourcevalue in same columnvalue of next monthPriceList tableadding new column�iltering product A�iltering product and From Date columnhistorical datamaking formula dynamic



productstransaction dateand removing functionsremoving unwanted columnssourcespeci�ied columnsyntaxTable.ColumnTable.FirstNTable.RangeTable.SelectColumnsTable.SelectRowsusing Source {0}using Source {[From to=“C”]}VLOOKUPRegex functionconverting formula into functionemail addressesemail formatsexamplesextracting emails of textJavaScript codenavigationsource tableupdated formulavariable xRegression modelRegular expressionRepetitive_Self_Merge queryRibbonRight anti joinRight outer join
SSelf-mergingcomplexityCustomer Info table



Historical Sales Info tableList.Generate() functionmerging logicAdvanced Editorcalculating �inal IDchanging tableconverting query to functionCustom Column windowdata structurein expressionformulasGroup By settingimplementationnew queryrecursionrecursive cycleresultsRevised_Info querysettingsSortingascending orderdescending order�inal resultproduct columnremoving duplicate Customer_ID valuesremoving duplicatesremoving duplicates after bufferingsource tabletwo columnSplitter functionsSplitter.SplitTextByAnyDelimiter() functionSplitter.SplitTextByCharacterTransition() functionSplitter.SplitTextByDelimiter() functionSplitter.SplitTextByLengths() functionSplitter.SplitTextByPositions() functionSplitter.SplitTextByRanges() functionStack over�low error message



Step-level errorsStepped tax calculationspeople incometax ratesusing List.Accumulate()using List.Transform()using nested ifSumproduct functioncustom functionsdocumentationList.Accumulate()listsList.Transform()
TTable.AddColumn() functionTable.AlternateRows()Table.Buffer() functionTable.Column() functionTable.ColumnNames() functionTable.CombineColumns() functionTable.Combine() functionTable.Distinct() functionTable.ExpandListColumn() functionTable.FirstN() functionTable.FromColumns() functionTable.FromList() function#table functionTable.Group() functionAdvanced Group Byargumentsconsecutive datessource tableand timesusing �ifth argumentusing helper columndata analysis



elementsexecution time�ifth argumentGroup By weekGroup By windowGrouping By settingsidentifying all-season productscomparison matrixconverting date to monthdate groupingGroup By commandrevised Group Byinputsmatching itemsmodifying third inputeach _[Colour]Group Byrepetitive colorsrow operationsorting colorssource tableText.Combine(_[Colour],",," 307updated formularevised formulasource tablestepssyntaxtransforming tablesconverting result into tabledynamic groupingexpanding column 1formulagrouping settingsitemspromoting headersreturn 0second argument



source tablesublistssub-tableUIusing �ifth input on group itemsadding custom columnadding index columnadvanced groupingBoolean valuebufferingcodinggrouping logiclist of complaintsM-coderesulting tablerunnings and c stepssecond argumentsource tablestepssum of complaintsusing �ifth input on one valuecalculationchanging group kind to localconversionf(s, c)Fill Down commandnon-null valueresultstotal sales per monthusing �ifth input on two valuesusing fourth inputTable.Last() functionTable.LastN() functionTable.MinN() functionTable.Pivot() functionTable.PromoteHeaders() function



Table.Range() functionTable.RemoveColumns() functionTable.RemoveFirstN()functionTable.RenameColumns() functionTable.RowCount() functionTable.SelectColumns() functionTable.SelectRows() functionTable.Sort() functionTable.SplitColumn() functionTable.Split() functionTable.ToColumns() functionTable.ToRecords() functionTable.ToRows() functionTable.TransformColumnNames() functionTable.TransformColumns() functionTable.TransformColumnTypes() functionTable.Transpose() functionTanble.Group()Tax rateText.BetweenDelimiters() functionText.Combine() functionText.Contains() functionText functionsText.Length() functionText.PositionOfAny() functionText.Split() functionText.StartsWith() functionText.Upper() functionTransformation functionTransformationsfeaturespivot column settingrevised group byshipment data source tablesplitting resultssplitting settingsTry-catch keyword



Try-otherwise function
UUnpivotingcolumn headerscolumnsde�initionmanaging product IDscombining sublists and removing duplicatesremoving duplicate valuesresultssource tableusing M functionsmerging rowsmerging several tablesCombine Files windowCSV �ilesmain querymain query after removing stepNavigation windowprede�ined stepsqueriessample �ileremoving blank columnsrepetition value in columnscountingextracting IDs�iltering 1 on column count�iltering 4 on column countinvaluableM-code generationremoving duplicate commandssetting group bysource tableresultssource tabletransformations



transforming columnscity distances tablecombining tablesextracting �irst characters�ilteringformulaFrom-To tablemachinery and product codesnull values with zerosother columnsremoving Sakes text to Attribute columnresultssource tablesplitting product code columnusing group byUser interface (UI)
VValue.Compare() functionValue.Compareradding decade of agesgroupingmodi�ied groupingsource tableSum operationTable.Group() functionusing custom columnVLOOKUP functionapproximate match logicdependencyeach keyworderror result�iltering tableformulanested functionsnotationPeople_Income table



tax rateTaxRates table
WWarning alarmsWeb.Contents() functionWebpageaccessing web contentAdvanced Editorappearancechoosing From Webconverting query to functionList.Generate() functionList.Transform() functionNavigator panenext pageresultant tableresult of all companiesresult of functionURL second pageWeb.Page() functionWordCount
X,	Y,	ZXLOOKUP function
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