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∧

Function Application
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t4←2⍴⊂t3←2⍴⊂t2←2⍴⊂t1←'hi'

'^.'⎕R'\u&'⍥2⊢t3

Function Application
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t4←2⍴⊂t3←2⍴⊂t2←2⍴⊂t1←'hi'

'^.'⎕R'\u&'⍥2⊢t3
┌───────┬───────┐
│┌──┬──┐│┌──┬──┐│
││Hi│Hi│││Hi│Hi││
│└──┴──┘│└──┴──┘│
└───────┴───────┘

Function Application
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t4←2⍴⊂t3←2⍴⊂t2←2⍴⊂t1←'hi'

'^.'⎕R'\u&'⍥2⊢t4
┌─────────────────┬─────────────────┐
│┌───────┬───────┐│┌───────┬───────┐│
││┌──┬──┐│┌──┬──┐│││┌──┬──┐│┌──┬──┐││
│││Hi│Hi│││Hi│Hi│││││Hi│Hi│││Hi│Hi│││
││└──┴──┘│└──┴──┘│││└──┴──┘│└──┴──┘││
│└───────┴───────┘│└───────┴───────┘│
└─────────────────┴─────────────────┘

Function Application
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t4←2⍴⊂t3←2⍴⊂t2←2⍴⊂t1←'hi'

'^.'⎕R'\u&'⍥2⊢t4
{2≤|≡⍵:∇¨⍵ ⋄ '^.'⎕R'\u&'⊢⍵}

Function Application
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'xy'  ,       ('ab' 'cd')('AB' 'CD')

┌─────────┬─────────┐
│┌───┬───┐│┌───┬───┐│
││xab│ycd│││xAB│yCD││
│└───┴───┘│└───┴───┘│
└─────────┴─────────┘

Function Application – quiz
, ,

, ,
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'xy'  ,       ('ab' 'cd')('AB' 'CD')

┌─────────┬─────────┐
│┌───┬───┐│┌───┬───┐│
││xab│ycd│││xAB│yCD││
│└───┴───┘│└───┴───┘│
└─────────┴─────────┘

(⊂'xy') ,¨¨ ('ab' 'cd')('AB' 'CD')

Function Application – quiz
, ,

, ,
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'xy'  ,       ('ab' 'cd')('AB' 'CD')

┌─────────┬─────────┐
│┌───┬───┐│┌───┬───┐│
││xab│ycd│││xAB│yCD││
│└───┴───┘│└───┴───┘│
└─────────┴─────────┘

(⊂'xy') ,¨¨ ('ab' 'cd')('AB' 'CD')
'xy' (,¨⍥1 2) ('ab' 'cd')('AB' 'CD')

Function Application – quiz
, ,

, ,
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'xy'  ,       ('ab' 'cd')('AB' 'CD')

┌─────────┬─────────┐
│┌───┬───┐│┌───┬───┐│
││xab│ycd│││xAB│yCD││
│└───┴───┘│└───┴───┘│
└─────────┴─────────┘

(⊂'xy') ,¨¨ ('ab' 'cd')('AB' 'CD')
'xy' (,¨⍥2)   ('ab' 'cd')('AB' 'CD')

Function Application
, ,

, ,
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'xy'  ,       ('ab' 'cd')('AB' 'CD')

┌─────────┬─────────┐
│┌───┬───┐│┌───┬───┐│
││xab│ycd│││xAB│yCD││
│└───┴───┘│└───┴───┘│
└─────────┴─────────┘

(⊂'xy') ,¨¨ ('ab' 'cd')('AB' 'CD')
'xy'  ,¨⍥2⊢   ('ab' 'cd')('AB' 'CD')

Function Application
, ,

, ,
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Data Transformation

Function Application f⍥k

Function Composition

Core Language
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Data Transformation X×Y ⌽Y X⌷Y X⊇Y

Function Application f⌿ f⍣g f⍤k f⍥k

Function Composition f⍤g f⍥g f∘g

Core Language



Filling the Core Language Gaps112

Data Transformation

FunctioniApplication

f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵

⍵

⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f⍨∘g⍨

f

g

Function Composition
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Data Transformation

FunctioniApplication

f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵

⍵

⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f⍨∘g⍨

f

g

Function Composition
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Data Transformation

FunctioniApplication

f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵

⍵

⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f⍨∘g⍨

f

g

Function Composition
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Data Transformation

FunctioniApplication

f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵

⍵

⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍨∘⍨?

f

g

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵

⍵

⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g?

g

f

Function Composition
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á

?

Function Composition
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Behind

⍛f g

Function Composition
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Behind

⍛
X(f⍛g)Y

f g

Function Composition
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Behind

⍛
X(f  )g Y

f g

Function Composition
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Behind

⍛
(f X)g Y

f g

Function Composition
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Behind

⍛f g

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺ ⍵

f∘g

f

⍺ g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g g

⍺ ⍺ ⍺ ⍵

f g⍛

g

f         ⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺ ⍵

f∘g

f

⍺ g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺ ⍺   ⍵

f⍥g

f

g g

⍺ ⍺ ⍺ ⍵

f g⍛

g

f         ⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺ ⍵

f∘g

f

⍺ g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺ ⍺   ⍵

f⍥g

f

g g

⍺ ⍺ ⍺ ⍵

f g⍛

g

f         ⍵

f⍛g ⍵ g ⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺ ⍵

f∘g

f

⍺ g

⍺   ⍵     ⍺ ⍵ ⍺   ⍺   ⍵

f⍥g

f

g g

⍺ ⍺ ⍺ ⍵

f g⍛

g

f         ⍵

⍺

f⍛g ⍵ f⍛g⍨⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺ ⍵

f∘g

f

⍺ g

⍺   ⍵     ⍺ ⍵ ⍺   ⍺   ⍵

f⍥g

f

g g

⍺ ⍺ ⍺ ⍵

f g⍛

g

f         ⍵

⍺

f⍛g ⍵ f⍛g⍨⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺ ⍵

f∘g

f

⍺ g

⍺   ⍵     ⍺ ⍵ ⍺   ⍺     ⍺   ⍵

f⍥g

f

g g

⍺ ⍺ ⍺ ⍵

g

f

⍵

f g⍛

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition

∘
preprocess right
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition

⍛
preprocess left

∘
preprocess right
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition
pre/postprocess

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f⍤g

f

g g

⍺   ⍵ ⍺   ⍵

f∘g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f⍥g

f

g         g

⍺ ⍺     ⍺ ⍵

f g⍛

g

f         ⍵

f g⍛

g

f

⍵

Function Composition
pre/postprocess

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess preprocess left
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Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess
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Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess
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Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess



Filling the Core Language Gaps142

Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess

⍢
preprocess both

postprocess
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f⍛g Behind with X⊇Y Select/Permute

Function Composition
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f⍛g Behind with X⊇Y Select/Permute
Sort    ← (⍋⊇⊢)

Function Composition
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f⍛g Behind with X⊇Y Select/Permute
Sort    ← ⍋⍛⊇

Function Composition
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f⍛g Behind with X⊇Y Select/Permute
Sort    ← ⍋⍛⊇

Sorts   ← ⊇⍨∘⍋⍨      ⍝ "sort Y by X"

Function Composition
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f⍛g Behind with X⊇Y Select/Permute
Sort    ← ⍋⍛⊇

Sorts   ← ⍋⍛⊇ ⍝ "sort Y by X"

Function Composition

!
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f⍛g Behind with X⊇Y Select/Permute
Sort    ← ⍋⍛⊇

Sorts   ← ⍋⍛⊇ ⍝ "sort Y by X"

Shuffle ← (?⍨∘≢⊇⊢)

Function Composition
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f⍛g Behind with X⊇Y Select/Permute
Sort    ← ⍋⍛⊇

Sorts   ← ⍋⍛⊇ ⍝ "sort Y by X"

Shuffle ← ?⍨∘≢⍛⊇

Function Composition
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f⍛g Behind
 SameAsFirst ← ⊃⍛=

 HasDuplicates ← ∪⍛≡

 Palindrome    ← ⌽⍛≡

 IsPermutation ← ⍋⍤⍋⍛≡

Function Composition
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f⍛g Behind
 Integer   ← ⌊⍛=

 Split     ← (⊃⍛≠⊆⊢)

 Scale     ← ⌈/⍛(÷⍨)

 Deviation ← (+⌿÷≢)⍛(-⍨)

Function Composition
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f⍛g Behind
 Integer   ← ⌊⍛=

 Split     ← (⊃⍛≠⊆⊢)

 Scale     ← ⌈/⍛(÷⍨)

 Deviation ← (+⌿÷≢)⍛(-⍨)

Function Composition





Filling the Core Language Gaps153

f⍛g Behind
 Integer   ← ⌊⍛=

 Split     ← (⊃⍛≠⊆⊢)

 Scale     ← ⌈/⍛(÷⍨)

 Deviation ← (+⌿÷≢)⍛(-⍨)

Function Composition

'/' (≠⊆⊢)  'hi/how/goes'
(⊃⍛≠⊆⊢)'/hi/how/goes'

'/'(⊃⍛≠⊆⊢)'/hi/how/goes'
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f⍛g Behind
 Integer   ← ⌊⍛=

 Split     ← (⊃⍛≠⊆⊢)

 Scale     ← ⌈/⍛(÷⍨)

 Deviation ← (+⌿÷≢)⍛(-⍨)

Function Composition

'/' (≠⊆⊢)  'hi/how/goes'
(⊃⍛≠⊆⊢)'/hi/how/goes'

'/'(⊃⍛≠⊆⊢)'/hi/how/goes'

{
⍺←⊃⍵
⍵⊆⍨⍺≠⍵

}
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f⍛g Behind
 Integer   ← ⌊⍛=

 Split     ← (⊃⍛≠⊆⊢)

 Scale     ← ⌈/⍛(÷⍨)

 Deviation ← (+⌿÷≢)⍛(-⍨)

Function Composition
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f⍛g Behind
Filters ←

Function Composition

⍛⌿⍛⌿
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f⍛g Behind
Filters ←
>∘5 Filters 2 7 1 8 2 8

7 8 8

Function Composition

⍛⌿⍛⌿



Filling the Core Language Gaps158

f⍛g Behind
Filters ←
>∘5 Filters 2 7 1 8 2 8

7 8 8
⌽⍛≡¨Filters 'racecar' 'racer' 'toot'

racecar  toot 

Function Composition

⍛⌿⍛⌿
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f⍛g Behind

>∘5 ⍛⌿ 2 7 1 8 2 8
7 8 8

⌽⍛≡¨⍛⌿ 'racecar' 'racer' 'toot'
racecar toot 

Function Composition
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f⍛g Behind
 Whence ← ⍳⍛∊      ⍝ {(⍳⍺)∊⍵}

 InPoly ← ⍪⍛⊥      ⍝ {(⍪⍺)⊥⍵}

 Shapes ← ⍴⍛⍴      ⍝ {(⍴⍺)⍴⍵}

 ToFile ← ⊂⍛⎕NPUT  ⍝ {(⊂⍺)⎕NPUT ⍵}

Function Composition



Filling the Core Language Gaps161

f⍛g Behind
 FCat ← ⍕⍛,

 RIndex ← ⊖⍛⍳      ⍝ {(⊖⍺)⍳⍵}

 RDrop ← -⍛↓      ⍝ {(-⍺)↓⍵}

 RndSfx ← -⍤?⍛↑ ⍝ {(-?⍺)↑⍵}

Function Composition
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f⍛g Behind
 FCat ← ⍕⍛,

 RIndex ← ⊖⍛⍳      ⍝ {(⊖⍺)⍳⍵}

 RDrop ← -⍛↓      ⍝ {(-⍺)↓⍵}

 RndSfx ← -⍤?⍛↑ ⍝ {(-?⍺)↑⍵}

Function Composition
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f⍛g Behind
 FCat ← ⍕⍛,

 RIndex ← ⊖⍛⍳      ⍝ {(⊖⍺)⍳⍵}

 RDrop ← -⍛↓      ⍝ {(-⍺)↓⍵}

 RndSfx ← -⍤?⍛↑ ⍝ {(-?⍺)↑⍵}

Function Composition

APL\360: 'abc';42;'def'
Dyalog: 'abc',(⍕42),'def'
19.0?: 'abc',42⍕⍛,'def'
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f⍛g Behind
Split-compose X Y

Function Composition

f⍛g∘h
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Function Composition

g

f         h

⍺         ⍵

f⍛g∘h
preprocess both
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f g

f

g g

⍺   ⍵ ⍺   ⍵

f g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f g

f

g         g

⍺ ⍺     ⍺ ⍵

f g

g

f         ⍵

f g⍛

g

f

⍵

Function Composition
pre/postprocess

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess preprocess left

g

f         h

⍺         ⍵

preprocess both
f⍛g∘h
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f⍤g f∘g f⍥g

f

g g

⍺   ⍵ ⍺ ⍵

f g

f

g g

⍺   ⍵ ⍺   ⍵

f g

f

⍺         g

⍺   ⍵     ⍺ ⍵ ⍺ ⍺     ⍺   ⍵

f g

f

g         g

⍺ ⍺     ⍺ ⍵

f g

g

f         ⍵

f g⍛

g

f

⍵

Function Composition
pre/postprocess

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess preprocess left

g

f         h

⍺         ⍵

preprocess both
f⍛g∘h

⍺ g⍛f⍛g ⍵

⍺ f⍥g ⍵
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Function Composition

g

f         h

⍺         ⍵

f⍛g∘h
preprocess both
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f⍛g Behind
Split-compose X Y

Function Composition

f⍛g∘h
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f⍛g Behind
Split-compose X Y

Function Composition

f⍛g∘h Pre-18.0: g⍨∘f⍨∘h
18.0: (f⍤⊣ g h⍤⊢)
19.0?: f⍛g∘h
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f⍛g Behind
Split-compose X Y

Function Composition

f⍛g∘h Pre-18.0: ((f⊣)g(h⊢))
18.0: (f⍤⊣ g h⍤⊢)
19.0?: f⍛g∘h
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f⍛g Behind
Split-compose X f⍛g∘h Y

Hybrid mitigation 2∘| ⍛/

Function Composition
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f⍛g Behind
Split-compose X f⍛g∘h Y

Hybrid mitigation 2∘| ⍛/

Function Composition

Pre-18.0: (2∘|{⍺/⍵}⊢)
18.0: (2∘|⊢⍤/⊢)
19.0?: 2∘| ⍛/
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BQN, which is my 
favourite language

Conor Hoekstra's Opening Talk (https://youtu.be/8oKAHQsh1oM)
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BQN, which is my 
favourite language

Conor Hoekstra's Opening Talk (https://youtu.be/8oKAHQsh1oM)
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(2|⊢)⊸/

BQN, which is my 
favourite language

Conor Hoekstra's Opening Talk (https://youtu.be/8oKAHQsh1oM)
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(2|⊢)⊸/
2⊸|⊸/

BQN, which is my 
favourite language

Conor Hoekstra's Opening Talk (https://youtu.be/8oKAHQsh1oM)
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(2|⊢)⍛/ (2|⊢)⊸/
2⊸|⊸/

BQN, which is my 
favourite language

Conor Hoekstra's Opening Talk (https://youtu.be/8oKAHQsh1oM)
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(2|⊢)⍛/
2∘|⍛/

(2|⊢)⊸/
2⊸|⊸/

BQN, which is my 
favourite language

Conor Hoekstra's Opening Talk (https://youtu.be/8oKAHQsh1oM)
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f⍛g Behind
Split-compose X f⍛g∘h Y

Hybrid mitigation 2∘| ⍛/

Function Composition

Pre-18.0: (2∘|{⍺/⍵}⊢)
18.0: (2∘|⊢⍤/⊢)
19.0?: 2∘| ⍛/
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f⍛g

Function Composition
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Data Transformation

FunctioniApplication

Function Composition f⍛g

Core Language
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Data Transformation X×Y ⌽Y X⌷Y X⊇Y

FunctioniApplication f⌿ f⍣g f⍤k f⍥k

Function Composition f⍤g f⍥g f∘g f⍛g

Core Language
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Data Transformation Select Y[X;;] X⊇Y

FunctioniApplication Depth X f¨¨⊂⊂Y X f⍥k Y

Function Composition Behind (f X)g Y X f⍛g Y

Core Language
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Data Transformation Select Y[X;;] X⊇Y
apl.wiki/select

FunctioniApplication Depth X f¨¨⊂⊂Y X f⍥k Y
apl.wiki/depth_operator

Function Composition Behind (f X)g Y X f⍛g Y
apl.wiki/behind

Core Language

Questions?

Want it?


