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3 Answers:

 (⊂¨A)⌷¨⊂B

 {B[⍵]}¨¨A

 Don't do that!

Indexing with Nested Vectors

Possibilities:

 A⌷¨¨⊂⊂B

 ⌷∘B¨⊂¨A

 A⌷⍨∘⊂⍨¨⊂B
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3 Answers:

 (⊂¨A)⌷¨⊂B

 {B[⍵]}¨¨A

 Don't do that!

Indexing with Nested Vectors

Possibilities:

 A⌷¨¨⊂⊂B

 ⌷∘B¨⊂¨A

 A(⊂⍤⊣⌷⊢)¨⊂B
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Language Enhancements
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Data Transformation X×Y ⌽Y X⌷Y

Function Application f⌿ f⍣g f⍤k

Function Composition f⍤g f⍥g f∘g

Axis Manipulation ,Y ⍪Y X⍉Y

Core Language Enhancements

⌸ & ⌺
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Simple Indexing
Choose Indexing
Reach Indexing

t←3 8⍴⎕A

t[2;4]
L

2 4⌷t
L

Data Transformation



┌→───────┐
↓ABCDEFGH│
│IJKLMNOP│
│QRSTUVWX│
└────────┘
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Simple Indexing
Choose Indexing
Reach Indexing

t←3 8⍴⎕A

t[2 1;4 1 7]
LIO
DAG

(2 1)(4 1 7)⌷t
LIO
DAG

Data Transformation



┌→───────┐
↓ABCDEFGH│
│IJKLMNOP│
│QRSTUVWX│
└────────┘
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Simple Indexing
Choose Indexing
Reach Indexing

p←8⍴⎕A

p[2]
B

2⌷p
B

Data Transformation



┌→───────┐
│ABCDEFGH│
└────────┘
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Simple Indexing
Choose Indexing
Reach Indexing

p←8⍴⎕A

p[2 1 7]
BAG

2 1 7?p
BAG

Data Transformation



┌→───────┐
│ABCDEFGH│
└────────┘
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Simple Indexing
Choose Indexing
Reach Indexing

Data Transformation



t←3 8⍴⎕A

t[⊂1 8]
H

1 8⌷t
H

┌→───────┐
↓ABCDEFGH│
│IJKLMNOP│
│QRSTUVWX│
└────────┘
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Simple Indexing
Choose Indexing
Reach Indexing

Data Transformation



t←3 8⍴⎕A

t[(1 8)(2 7)]
HO

(1 8)(2 7)?t
HO

┌→───────┐
↓ABCDEFGH│
│IJKLMNOP│
│QRSTUVWX│
└────────┘
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┌→────────┐
↓ ┌→──┐   │
│ │Dad│ 3 │
│ └───┘   │
│ ┌→──┐   │
│ │Mom│ 5 │
│ └───┘   │
└∊────────┘

Simple Indexing
Choose Indexing
Reach Indexing

Data Transformation



s←'Dad' 'Mom',⍪3 5

s[⊂(2 1)3]
m

(2 1)3⊃s
m
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┌→────────┐
↓ ┌→──┐   │
│ │Dad│ 3 │
│ └───┘   │
│ ┌→──┐   │
│ │Mom│ 5 │
│ └───┘   │
└∊────────┘

Simple Indexing
Choose Indexing
Reach Indexing

Data Transformation



s←'Dad' 'Mom',⍪3 5

s[((2 1)3)((1 1)2)]
ma

((2 1)3)((1 1)2)?s
ma
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Data Transformation

á

?



Language Enhancements18

Data Transformation

Select

⊇X Y
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3 Answers:

 (⊂¨A)⌷¨⊂B

 {B[⍵]}¨¨A

 Don't do that!

With Select X⊇Y:

 A⊇¨⊂B

 ⊇∘B¨A

Indexing with Nested Vectors

Possibilities:

 A⌷¨¨⊂⊂B

 ⌷∘B¨⊂¨A

 A(⊂⍤⊣⌷⊢)¨⊂B

Data Transformation
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X⊇Y Select
 Sort    ← (⊂⍤⍋⌷⊢)

 Sorts   ← ⌷⍨∘⊂∘⍋⍨    ⍝ "sort Y by X"

 Shuffle ← (⊂⍤?⍨∘≢⌷⊢)

 Grade   ← ((⊂bounds∘⍸)⌷grades⍨)

Data Transformation
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X⊇Y Select
 Sort    ← (  ⍋⊇⊢)

 Sorts   ← ⊇⍨  ∘⍋⍨    ⍝ "sort Y by X"

 Shuffle ← (  ?⍨∘≢⊇⊢)

 Grade   ← (  bounds∘⍸ ⊇grades⍨)

Data Transformation
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X⊇Y Select
 Sort    ← (⍋⊇⊢)

 Sorts   ← ⊇⍨∘⍋⍨      ⍝ "sort Y by X"

 Shuffle ← (?⍨∘≢⊇⊢)

 Grade   ← (bounds∘⍸⊇grades⍨)

Data Transformation
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X⊇Y Select/Permute
 Sort    ← (⍋⊇⊢)

 Sorts   ← ⊇⍨∘⍋⍨      ⍝ "sort Y by X"

 Shuffle ← (?⍨∘≢⊇⊢)

 Grade   ← (bounds∘⍸⊇grades⍨)

Data Transformation
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I have
A←(1 2 3)(3,2,1) ⋄ B←'ABC'

I would like
┌→────────────┐
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Indexing with Nested Vectors
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I have
A←(     )( ) ⋄ B←

I would like
┌→────────────┐
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Indexing with Nested Vectors

1 2 3 3 2 1 ABC
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I have
A←        ⋄ B←

I would like
┌→──┐
↓ABC│
│CBA│
└───┘

Indexing with Nested Vectors

1 2 3
3 2 1

ABC
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I have
A←        ⋄ B←

I would like
┌→──┐               B[A]
↓ABC│
│CBA│
└───┘

Indexing with Nested Vectors

1 2 3
3 2 1

ABC
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I have
A←        ⋄ B←

I would like
┌→──┐               A ⊇ B
↓ABC│
│CBA│
└───┘

Indexing with Nested Vectors

1 2 3
3 2 1

ABC
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I have
A←        ⋄ B←

I would like
┌→──┐              A(⊇⍤1)B
↓ABC│
│CBA│
└───┘

Indexing with Nested Vectors

1 2 3
3 2 1

ABC
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I have
A←(     )( ) ⋄ B←

I would like
┌→────────────┐    A(⊇?1)B
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Function Application

1 2 3 3 2 1 ABC
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á

?

Function Application
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Depth

Function Application

f⍥k
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⍥

I have
A←(     )( ) ⋄ B←

I would like
┌→────────────┐    A(⊇ 1)B
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Function Application

1 2 3 3 2 1 ABC
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I have
A←(     )( ) ⋄ B←

I would like
┌→────────────┐    A(⊇¨1)B
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Function Application

1 2 3 3 2 1 ABC

Watch this!
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I have
A←        ⋄ B←

I would like
┌→────────────┐    A(⊇¨1)B
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Function Application

1 2 3
3 2 1

ABC

Watch this!
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I have
A←(     )( ) ⋄ B←

I would like
┌→────────────┐    A(⊇¨1)B
│ ┌→──┐ ┌→──┐ │
│ │ABC│ │CBA│ │
│ └───┘ └───┘ │
└∊────────────┘

Function Application

1 2 3 3 2 1 ABC

Watch this!
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Fp←!
Fp 4 (5 6)

┌──┬───────┐
│24│120 720│
└──┴───────┘

Function Application

Scalar 

function!
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Fd←{×/⍳⍵}
Fd 4 (5 6)

DOMAIN ERROR
Fd[0] Fd←{×/⍳⍵}

∧
Fs←{×/⍳⍵}⍥0
Fs 4 (5 6)

┌──┬───────┐
│24│120 720│
└──┴───────┘

Function Application

Scalar 

function!
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Fd←{×/⍳⍵}
Fd 4 (5 6)

DOMAIN ERROR
Fd[0] Fd←{×/⍳⍵}

∧
Fs←{×/⍳⍵}⍥0
Fs 4 (5 6)

┌──┬───────┐
│24│120 720│
└──┴───────┘

Function Application

Scalar 

function!
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⎕←t1←'hi'
hi

Function Application
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⎕←t2←2⍴⊂t1←'hi'
┌──┬──┐
│hi│hi│
└──┴──┘

Function Application
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⎕←t3←2⍴⊂t2←2⍴⊂t1←'hi'
┌───────┬───────┐
│┌──┬──┐│┌──┬──┐│
││hi│hi│││hi│hi││
│└──┴──┘│└──┴──┘│
└───────┴───────┘

Function Application
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⎕←t4←2⍴⊂t3←2⍴⊂t2←2⍴⊂t1←'hi'
┌─────────────────┬─────────────────┐
│┌───────┬───────┐│┌───────┬───────┐│
││┌──┬──┐│┌──┬──┐│││┌──┬──┐│┌──┬──┐││
│││hi│hi│││hi│hi│││││hi│hi│││hi│hi│││
││└──┴──┘│└──┴──┘│││└──┴──┘│└──┴──┘││
│└───────┴───────┘│└───────┴───────┘│
└─────────────────┴─────────────────┘

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

'^.'⎕R'\u&'⊢t1
Hi

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

'^.'⎕R'\u&'⊢t2
┌──┬──┐
│Hi│Hi│
└──┴──┘

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

'^.'⎕R'\u&'⊢t3
DOMAIN ERROR: Invalid input source

'^.'⎕R'\u&'⊢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││
│└───┴───┘│└───┴───┘│
└─────────┴─────────┘

(⊂'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
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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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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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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 ⍵ 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
pre/postprocess

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess preprocess left
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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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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



Language Enhancements73

Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess
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Function Composition

⍛
preprocess left

∘
preprocess right

⍥
preprocess both

⍤
postprocess

⍢
preprocess both

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

Function Composition





Language Enhancements76

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





Language Enhancements80

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

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

'/'(⊃⍛≠⊆⊢)'/hi/how/goes'

{
⍺←⊃⍵
⍵⊆⍨⍺≠⍵

}
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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
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f⍛g Behind
 FCat ← ⍕⍛,

 RIndex ← ⊖⍛⍳      ⍝ {(⊖⍺)⍳⍵}

 RDrop ← -⍛↓      ⍝ {(-⍺)↓⍵}

 RndSfx ← -⍤?⍛↑ ⍝ {(-?⍺)↑⍵}

Function Composition

APL\360: 'abc';42;'def'
Dyalog: 'abc',(⍕42),'def'
20.0: '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 Pre-18.0: g⍨∘f⍨∘h
18.0: (f⍤⊣ g h⍤⊢)
20.0: f⍛g∘h



Language Enhancements93

f⍛g Behind
Split-compose X Y

Function Composition

f⍛g∘h Pre-18.0: ((f⊣)g(h⊢))
18.0: (f⍤⊣ g h⍤⊢)
20.0: f⍛g∘h
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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∘|⊢⍤/⊢)
20.0: 2∘| ⍛/
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Data Transformation

FunctioniApplication

Function Composition f⍛g

Language Enhancements
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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

Language Enhancements
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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

Language Enhancements
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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

Axis Manipulation

Language Enhancements
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⊃,/⍪⌿A×⊂B

5  6 10 12
7  8 14 16
15 18 20 24
21 24 28 32

,/⍪⌿A×⊂B

┌───────────┐
│ 5  6 10 12│
│ 7  8 14 16│
│15 18 20 24│
│21 24 28 32│
└───────────┘

⍪⌿A×⊂B

┌─────┬─────┐
│ 5  6│10 12│
│ 7  8│14 16│
│15 18│20 24│
│21 24│28 32│
└─────┴─────┘

A×⊂B
┌─────┬─────┐
│5 6  │10 12│
│7 8  │14 16│
├─────┼─────┤
│15 18│20 24│
│21 24│28 32│
└─────┴─────┘

1 2
3 4

⊗
5 6
7 8

=
1 ×

5 6
7 8

2 ×
5 6
7 8

3 ×
5 6
7 8

4 ×
5 6
7 8

=

5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

Axis Manipulation
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A×∘.⊂B
┌─────┬─────┐
│     │     │
│     │     │
├─────┼─────┤
│     │     │
│     │     │
└─────┴─────┘

Axis Manipulation

5 6
7 8

15 18 
21 24

10 12
14 16

20 24 
28 32

5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32
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A⊂∘.×B

Axis Manipulation

15 18 
21 24

20 24 
28 32

5 6
7 8

10 12
14 16

5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

A⊂∘.×B

15 18 
21 24

20 24 
28 32

5 6
7 8

10 12
14 16
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

1 2 3 4⍉A⊂∘.×B

15 18 
21 24

20 24 
28 32

5 6
7 8

10 12
14 16
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

1 3 2 4⍉A⊂∘.×B
5  6
10 12

7  8
14 16

15 18
20 24

21 24
28 32
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

,[1_2] 1 3 2 4⍉A⊂∘.×B
5  6
10 12

7  8
14 16

15 18
20 24

21 24
28 32
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

,[12_3] ,[1_2] 1 3 2 4⍉A⊂∘.×B_
5  6 10 12
7  8 14 16
15 18 20 24
21 24 28 32
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

,[1 32]⍤¯1 ,[1_2] 1 3 2 4⍉A⊂∘.×B_
5  6 10 12
7  8 14 16
15 18 20 24
21 24 28 32
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

,[31 42]⍤2 ,[1_2] 1 3 2 4⍉A⊂∘.×B_
5  6 10 12
7  8 14 16
15 18 20 24
21 24 28 32
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Axis Manipulation
5 6 10 12
7 8 14 16
15 18 20 24
21 24 28 32

,[1 2]?⍤2 ,[1 2]? 1 3 2 4⍉A⊂∘.×B_
5  6 10 12
7  8 14 16
15 18 20 24
21 24 28 32
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á

?

Axis Manipulation

á

?
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Axis Manipulation

Demote

∨Y
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Axis Manipulation

Y

Demote

∨Promote
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Axis Manipulation

Y
Promote

∧

CC
 B

Y-
SA

 3
.0

:
co

m
m

on
s.

w
ik

im
ed

ia
.o

rg
/w

ik
i/F

ile
:L

D_
B_

22
_S

ta
bs

un
te

ro
ff

iz
ie

r.s
vg'Hallo'
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Axis Manipulation

Y
Promote

∧

CC
 B

Y-
SA

 3
.0

:
co

m
m

on
s.

w
ik

im
ed

ia
.o

rg
/w
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i/F
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:L

D_
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_S
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r.s
vg⍴'Hallo'

5
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Axis Manipulation

Y
Promote

∧

CC
 B

Y-
SA

 3
.0

:
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m
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s.

w
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r.s
vg≢⍴'Hallo'

1



Language Enhancements116

Axis Manipulation

Promote
≢⍴∧'Hallo'

2

CC
 B

Y-
SA

 3
.0

:
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Axis Manipulation

Promote
≢⍴∧∧'Hallo'

3

CC
 B

Y-
SA

 3
.0

:
co

m
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on
s.

w
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∧'Hallo'

'Hallo'⍪⍥∧'Welt!'
Hallo
Welt!

⍉⍪'Hallo'
↑,⊂'Hallo'
1 5⍴'Hallo'
,[÷2]'Hallo'
,[⎕IO-÷2]'Hallo'

↑'Hallo' 'Welt!'

Axis Manipulation

⎕ML>1: ⊃

⎕ML>1: ⊃
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∧'Hallo'

∨ ,[⍳2]
,[f2]

'Hallo'⍪⍥∧'Welt!'
Hallo
Welt!

⍉⍪'Hallo'
↑,⊂'Hallo'
1 5⍴'Hallo'

∧ ,[÷2]'Hallo'
,[⎕IO-÷2]'Hallo'

↑'Hallo' 'Welt!'

Axis Manipulation
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∧'Hallo'

∨ ,[⍳2]
,[÷
⍳2]

'Hallo'⍪⍥∧'Welt!'
Hallo
Welt!

⍉⍪'Hallo'
↑,⊂'Hallo'
1 5⍴'Hallo'

∧ ,[÷2]'Hallo'
,[⎕IO-÷2]'Hallo'

↑'Hallo' 'Welt!'

Axis Manipulation
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∧'Hallo'

∨   ,[⍳2]
,[÷
⍳2]

'Hallo'⍪⍥∧'Welt!'
Hallo
Welt!

⍉⍪'Hallo'
↑,⊂'Hallo'
1 5⍴'Hallo'

∧   ,[÷2]'Hallo'
,[⎕IO-÷2]'Hallo'

↑'Hallo' 'Welt!'

Axis Manipulation



Language Enhancements122

(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

(∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

(∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ( (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ( (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ( (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0 )

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ( (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0 )

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

↑ b ( (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0 )

Axis Manipulation

▏
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(∨\b)∧⌽∨\⌽b←0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

b ⍪⍥∧ (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

↑ b ( (∨\b)∧⌽∨\⌽b←0_1_0_0_1_1_0_0 )
0 1 0 0 1 1 0 0
0 1 1 1 1 1 0 0

Axis Manipulation

▏
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Data Transformation

FunctioniApplication

Function Composition

Axis Manipulation ∨Y  ∧Y

Language Enhancements
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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

Axis Manipulation De/Promote ,[÷
⍳2]Y ∨Y  ∧Y

Language Enhancements

Questions?
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