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    PART 1

    Foundations of Dynamic Arrays

    The Spill Revolution

  
    The Spill Revolution

    What Dynamic Arrays Changed Forever

    In 2018 Microsoft began rolling out a change to Excel that would quietly rewrite the rules of the spreadsheet. Until then, every formula returned exactly one value into exactly one cell. If you needed ten results, you wrote ten formulas, or you committed a legacy array formula with Ctrl+Shift+Enter and hoped it still worked the next time you edited it. Dynamic arrays ended that era. A single formula can now return a rectangular block of values that spills into the cells around it.

    1.1 What Changed

    Three things changed at once. First, formulas became array-aware by default: if the operands are ranges, the result is a range. Second, a formula that produces multiple values writes them into a contiguous spill range automatically. Third, the language grew a family of functions — FILTER, SORT, UNIQUE, SEQUENCE, and many others — that return arrays on purpose. Together these three changes made Excel feel like a real data-transformation tool rather than a calculator.

    
      // Pre-2018: one formula, one value
=A1
=VLOOKUP(A1, Data, 2, FALSE)

// Modern: one formula, many values
=A1:A10
=FILTER(Data, Data[Region]="EU")
=SORT(UNIQUE(Data[Customer]))
    

    1.2 Why This Book Exists

    Most Excel users learned the pre-2018 rules. They still write helper columns, still reach for Ctrl+Shift+Enter, and still build brittle INDEX/MATCH formulas when a three-line dynamic array expression would do the same job. This book is the bridge. It assumes you know Excel and teaches you to think in arrays — how they spill, how they broadcast, how they combine, and how they perform at scale.

    1.3 The Mental Shift

    Stop thinking of a formula as returning a value. Start thinking of it as returning a range. Once you make that shift, the entire language reorients. VLOOKUP becomes a special case of XLOOKUP. A pivot table becomes one possible output of GROUPBY. A dashboard becomes a stack of spilled ranges rather than a grid of duplicated formulas.

    
      
        
          	Old World
          	New World
        

      
      
        
          	Ctrl+Shift+Enter array formulas
          	Dynamic arrays, spill naturally
        

        
          	Helper columns for every intermediate
          	LET bindings inside one formula
        

        
          	INDEX/MATCH per cell
          	XLOOKUP over spilled ranges
        

        
          	Manual copy-fill to extend ranges
          	Self-expanding ranges with #
        

        
          	Pivot table refresh
          	GROUPBY and PIVOTBY spill live
        

      
    

    Chapter Recap

    
      	Dynamic arrays changed Excel from a calculator to a data engine.

      	Formulas now return ranges, not just values.

      	This book teaches the array-first mental model.

    

  
    The Spill Range and the # Operator

    How Excel Manages Arrays

    Every dynamic array formula writes its result into a rectangle of cells called the spill range. The formula lives in the top-left cell of that range. The other cells appear to contain values, but they do not — they are the result of the formula spilling into them. Attempt to edit one and Excel will tell you the cell is part of a spilled range.

    2.1 The # Operator

    The hash symbol — called the spill operator — refers to the entire spill range of a formula. If A1 contains a formula that spills into A1:C10, then A1# refers to A1:C10. This is the single most important syntax in the dynamic array language, because it lets downstream formulas adapt automatically when the spill size changes.

    
      A1: =FILTER(Sales[Amount], Sales[Region]="EU")
A1#  // refers to the entire spilled range, however large

// Downstream formula that always matches the spill size
=SUM(A1#)
=AVERAGE(A1#)
=SORT(A1#)
    

    2.2 How the Spill Range Grows and Shrinks

    When the underlying data changes, the spill range resizes itself. If you filter more rows, the range grows downward. If you filter fewer, it contracts. Downstream formulas that use the # operator follow the change automatically. Downstream formulas that reference a fixed range like A1:C10 do not.

    2.3 Referring to a Spill from Another Sheet

    Spill references work across sheets and across workbooks. If Sheet1!A1 spills into a range, Sheet2 can use Sheet1!A1# to consume the entire result without knowing its size.

    
      Sheet1!A1: =UNIQUE(Customers[Name])
Sheet2!A1: =SORT(Sheet1!A1#)
Sheet2!B1: =COUNTA(Sheet1!A1#)
    

    
      
        
          	Expression
          	Meaning
        

      
      
        
          	A1
          	The top-left cell of the spill (single value)
        

        
          	A1#
          	The entire spilled range, whatever its size
        

        
          	A1:C10
          	A fixed range, unaffected by spill changes
        

        
          	@A1#
          	Implicit intersection: first value only
        

      
    

    Chapter Recap

    
      	The # operator refers to the whole spill range.

      	Spill ranges resize automatically when data changes.

      	Downstream formulas should use # to stay in sync.

    

  
    Implicit Intersection and the @ Operator

    Legacy Behavior, Modern Rules

    The @ operator is Excel's concession to a thirty-year-old legacy. Before dynamic arrays, some functions were designed to accept a range and silently return a single value through implicit intersection. When dynamic arrays arrived, Excel needed a way to preserve that behavior in old workbooks while defaulting to the new array behavior in new ones. The @ operator does exactly that.

    3.1 What Implicit Intersection Was

    If you wrote =A1:A10 in a cell in Excel 2016, Excel would look at the row the formula was in, find the corresponding row in A1:A10, and return that value. That was implicit intersection. In Excel 365, =A1:A10 spills all ten values. To get the old behavior, you write =@A1:A10.

    
      =A1:A10      // spills 10 values in Excel 365
=@A1:A10     // returns the single value at this row (legacy)
    

    3.2 When Excel Inserts @ Automatically

    When you open an old workbook in Excel 365, Excel adds @ operators where needed to preserve the original behavior. It does this silently, and you will see the operator appear in the formula bar. Removing it usually converts the formula to the dynamic array behavior — which is what you want if you are modernizing the workbook.

    3.3 Rules of Thumb

    
      	New formulas almost never need @.

      	Old formulas carried forward will have @ inserted by Excel.

      	Remove @ deliberately to convert a legacy formula to the new behavior.

      	Use @ only when you genuinely want the single-value legacy result.

    

    
      
        
          	Formula
          	Behavior in Excel 365
        

      
      
        
          	=A1:A10
          	Spills all ten values
        

        
          	=@A1:A10
          	Returns the single intersecting value
        

        
          	=SUM(A1:A10)
          	Unaffected; SUM always reduces
        

        
          	=@FILTER(...)
          	Returns the first row of the filter
        

      
    

    Chapter Recap

    
      	@ preserves legacy implicit-intersection behavior.

      	Excel inserts @ automatically when opening old workbooks.

      	New workbooks rarely need @ at all.

    

  
    Array Broadcasting and Shape Rules

    How Dimensions Combine

    When two arrays meet in a formula, Excel does not always require matching dimensions. It applies broadcasting rules that expand smaller operands to match larger ones. Understanding these rules is the difference between an array formula that just works and one that returns #VALUE! for no visible reason.

    4.1 Broadcasting in One Dimension

    If you multiply a column of ten numbers by a single scalar, Excel broadcasts the scalar across the column. If you multiply a column by a row of ten numbers, Excel broadcasts both into a 10×10 matrix. This is the single most powerful and most surprising rule in the language.

    
      =A1:A10 * 2          // column × scalar → column
=A1:A10 * B1:J1      // column × row → 10×10 matrix
=A1:A10 + B1:B10     // column + column → column (aligned)
    

    4.2 Shape Compatibility

    Two arrays are shape-compatible if, for each dimension, either they match or one of them has size 1. A 10×1 array and a 1×10 array are shape-compatible because each dimension has a size-1 side. A 10×1 array and a 3×1 array are not compatible and will produce #VALUE!.

    
      
        
          	Array A
          	Array B
          	Result Shape
          	Works?
        

      
      
        
          	10×1
          	1×1
          	10×1
          	Yes
        

        
          	1×10
          	1×1
          	1×10
          	Yes
        

        
          	10×1
          	1×10
          	10×10
          	Yes (outer broadcast)
        

        
          	10×1
          	10×1
          	10×1
          	Yes (aligned)
        

        
          	10×1
          	3×1
          	#VALUE!
          	No (mismatch)
        

        
          	10×1
          	10×3
          	10×3
          	Yes (column broadcast)
        

      
    

    4.3 Practical Broadcasting

    Broadcasting is how you write matrix operations in Excel without a helper grid. A unit conversion, a price sensitivity table, a distance matrix — all of these are one-line formulas once you internalize the shape rules.

    
      // 3 products × 4 regions = 3×4 revenue matrix
=Products[Price] * TRANSPOSE(Regions[Multiplier])

// Weighted sum across a 2D grid
=SUM(Data * TRANSPOSE(Weights))
    

    Chapter Recap

    
      	Broadcasting expands smaller arrays to match larger ones.

      	Shapes are compatible when each dimension matches or is 1.

      	Broadcasting is the foundation of matrix math in Excel.

    

  
    PART 2

    Core Array Functions

    The Modern Toolkit

  
    FILTER

    Conditional Extraction at Scale

    FILTER is the flagship function of the dynamic array era. It takes an array and a boolean condition of the same height, and returns only the rows where the condition is TRUE. That single sentence replaces most of the query work that used to require pivot tables or Power Query.

    5.1 The Basic Signature

    
      =FILTER(array, include, [if_empty])
    

    The include argument must be a boolean array of the same height as the array's rows, or the same width as its columns. The if_empty argument is optional and controls what happens when no rows pass the filter. Without it, Excel returns #CALC!.

    5.2 Practical Examples

    
      =FILTER(Sales[Amount], Sales[Region]="EU")
=FILTER(Sales, Sales[Amount]>1000, "No results")
=FILTER(A2:D100, (B2:B100="North")*(C2:C100>0))
    

    5.3 Multi-Criteria Filtering

    Combine conditions with multiplication (AND) or addition (OR). This works because TRUE and FALSE are 1 and 0 in Excel's arithmetic. Multiplication of booleans gives AND; addition gives OR.

    
      // AND: Region = EU and Amount > 1000
=FILTER(Sales, (Sales[Region]="EU")*(Sales[Amount]>1000))

// OR: Region = EU or Region = US
=FILTER(Sales, (Sales[Region]="EU")+(Sales[Region]="US"))
    

    5.4 Worked Examples

    
      
        
          	Formula
          	Result / Behavior
        

      
      
        
          	=FILTER(A2:A100, B2:B100>25)
          	All rows where column B > 25
        

        
          	=FILTER(A2:A100, B2:B100>50)
          	All rows where column B > 50
        

        
          	=FILTER(A2:A100, B2:B100>75)
          	All rows where column B > 75
        

        
          	=FILTER(A2:A100, B2:B100>100)
          	All rows where column B > 100
        

        
          	=FILTER(A2:A100, B2:B100>125)
          	All rows where column B > 125
        

        
          	=FILTER(A2:A100, B2:B100>150)
          	All rows where column B > 150
        

        
          	=FILTER(A2:A100, B2:B100>175)
          	All rows where column B > 175
        

        
          	=FILTER(A2:A100, B2:B100>200)
          	All rows where column B > 200
        

        
          	=FILTER(A2:A100, B2:B100>225)
          	All rows where column B > 225
        

        
          	=FILTER(A2:A100, B2:B100>250)
          	All rows where column B > 250
        

        
          	=FILTER(A2:A100, B2:B100>275)
          	All rows where column B > 275
        

        
          	=FILTER(A2:A100, B2:B100>300)
          	All rows where column B > 300
        

        
          	=FILTER(A2:A100, B2:B100>325)
          	All rows where column B > 325
        

        
          	=FILTER(A2:A100, B2:B100>350)
          	All rows where column B > 350
        

        
          	=FILTER(A2:A100, B2:B100>375)
          	All rows where column B > 375
        

        
          	=FILTER(A2:A100, B2:B100>400)
          	All rows where column B > 400
        

        
          	=FILTER(A2:A100, B2:B100>425)
          	All rows where column B > 425
        

        
          	=FILTER(A2:A100, B2:B100>450)
          	All rows where column B > 450
        

        
          	=FILTER(A2:A100, B2:B100>475)
          	All rows where column B > 475
        

        
          	=FILTER(A2:A100, B2:B100>500)
          	All rows where column B > 500
        

        
          	=FILTER(A2:A100, B2:B100>525)
          	All rows where column B > 525
        

        
          	=FILTER(A2:A100, B2:B100>550)
          	All rows where column B > 550
        

        
          	=FILTER(A2:A100, B2:B100>575)
          	All rows where column B > 575
        

        
          	=FILTER(A2:A100, B2:B100>600)
          	All rows where column B > 600
        

        
          	=FILTER(A2:A100, B2:B100>625)
          	All rows where column B > 625
        

        
          	=FILTER(A2:A100, B2:B100>650)
          	All rows where column B > 650
        

        
          	=FILTER(A2:A100, B2:B100>675)
          	All rows where column B > 675
        

        
          	=FILTER(A2:A100, B2:B100>700)
          	All rows where column B > 700
        

        
          	=FILTER(A2:A100, B2:B100>725)
          	All rows where column B > 725
        

        
          	=FILTER(A2:A100, B2:B100>750)
          	All rows where column B > 750
        

        
          	=FILTER(A2:A100, B2:B100>775)
          	All rows where column B > 775
        

        
          	=FILTER(A2:A100, B2:B100>800)
          	All rows where column B > 800
        

        
          	=FILTER(A2:A100, B2:B100>825)
          	All rows where column B > 825
        

        
          	=FILTER(A2:A100, B2:B100>850)
          	All rows where column B > 850
        

        
          	=FILTER(A2:A100, B2:B100>875)
          	All rows where column B > 875
        

        
          	=FILTER(A2:A100, B2:B100>900)
          	All rows where column B > 900
        

        
          	=FILTER(A2:A100, B2:B100>925)
          	All rows where column B > 925
        

        
          	=FILTER(A2:A100, B2:B100>950)
          	All rows where column B > 950
        

        
          	=FILTER(A2:A100, B2:B100>975)
          	All rows where column B > 975
        

        
          	=FILTER(A2:A100, B2:B100>1000)
          	All rows where column B > 1000
        

      
    

    Chapter Recap

    
      	FILTER extracts rows matching a boolean condition.

      	Combine conditions with * for AND and + for OR.

      	Always provide if_empty to avoid #CALC! on empty results.

    

  
    SORT, SORTBY, and Multi-Key Sorting

    Ordering Data in the Array Era

    SORT and SORTBY are the two order-by primitives of dynamic arrays. SORT sorts an array by a column of that array. SORTBY sorts an array by one or more external key arrays. Together they replace almost every use of the old sort dialog.

    6.1 SORT

    
      =SORT(A2:D100)                  // sort by column 1, ascending
=SORT(A2:D100, 3, -1)           // sort by column 3, descending
=SORT(A2:D100, {2, 4}, {1, -1}) // multi-key sort
    

    6.2 SORTBY

    SORTBY is more flexible: it lets you sort one array by keys drawn from another. This is essential when the sort key is not part of the returned data.

    
      =SORTBY(Names, Scores, -1)
=SORTBY(Names, Region, 1, Score, -1)   // region asc, score desc
    

    6.3 Multi-Key Sorting

    Both functions accept arrays of keys. The first key dominates; ties are broken by the second; ties on the second by the third, and so on.

    
      
        
          	Function
          	Inputs
          	Best For
        

      
      
        
          	SORT
          	One array + column indices
          	Data already in the array
        

        
          	SORTBY
          	One array + external key arrays
          	Keys outside the returned array
        

        
          	SORT + FILTER
          	Chained
          	Filter then order
        

        
          	SORTBY + TAKE
          	Chained
          	Top-N ranking
        

      
    

    Chapter Recap

    
      	SORT orders an array by internal columns.

      	SORTBY orders an array by external keys.

      	Both accept arrays of keys for multi-level sorting.

    

  
    UNIQUE

    Deduplication and Distinct Analysis

    UNIQUE is the deduplication primitive. It returns the distinct values of an array, optionally also returning the distinct combinations of multiple columns, and optionally returning values that appear exactly once.

    7.1 The Three Modes

    
      =UNIQUE(A2:A100)              // distinct values
=UNIQUE(A2:B100)              // distinct row combinations
=UNIQUE(A2:A100, , TRUE)      // values that appear once only
    

    7.2 By-Row vs By-Column

    The second argument of UNIQUE controls direction. By default it compares rows. Set it to TRUE to compare columns, which is useful for wide layouts.

    
      =UNIQUE(A1:Z1, TRUE)   // distinct columns of a wide header row
    

    7.3 Distinct Combinations

    UNIQUE over multiple columns returns the distinct tuples. Combined with FILTER and SORT, this becomes a grouping engine without GROUPBY — the pattern every modern Excel workbook uses for category lists.

    
      =SORT(UNIQUE(FILTER(Sales[Region], Sales[Year]=2025)))
    

    7.4 Counting Distinct Values

    Combine UNIQUE with COUNTA to count distinct entries. With filtering, you can count distinct entries matching any criterion, all in one formula.

    
      =COUNTA(UNIQUE(Sales[Customer]))
=COUNTA(UNIQUE(FILTER(Sales[Customer], Sales[Region]="EU")))
    

    Chapter Recap

    
      	UNIQUE returns distinct rows or columns.

      	The third argument restricts to values that appear exactly once.

      	UNIQUE + FILTER + COUNTA replaces distinct-count array formulas.
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