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Glyphs
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Symbols

Play three notes with frequencies of 
130.81, 155.56, and 196 Hertz 
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import java.util.HashMap;
import java.util.Map;
class Solution {
    public int[] twoSum(int[] nums, int target) {
        Map<Integer, Integer> numToIndex = new HashMap<>();
        for (int i = 0; i < nums.length; i++) {
            if (numToIndex.containsKey(target - nums[i])) {
                return new int[] {numToIndex.get(target - nums[i]), i};
            }
            numToIndex.put(nums[i], i);
        }
        return new int[] {};
    }
}

TwoSum
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import java.util.HashMap;
import java.util.Map;
class Solution {
    public int[] twoSum(int[] nums, int target) {
        Map<Integer, Integer> numToIndex EQUALS new HashMap<>();
        for (int i EQUALS 0; i LESSTHAN nums.length; i PLUS PLUS) {
            if (numToIndex.containsKey(target MINUS nums[i])) {
                return new int[] {numToIndex.get(target MINUS nums[i]), i};
            }
            numToIndex.put(nums[i], i);
        }
        return new int[] {};
    }
}

TwoSum
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import java.util.HashMap;
import java.util.Map;
class Solution LEFTBRACE
    public int LEFTBRACKET RIGHTBRACKET twoSum LEFTPARANTHESIS int LEFTBRACE RIGHTBRACE nums, int target 
RIGHTPARANTEHSIS LEFTBRACKET
        Map LESSTHAN Integer, Integer GREATERTHAN numToIndex EQUALS new HashMap LESSTHAN GREATERTHAN 
LEFTPARANTHESIS RIGHTPARANTHESIS;
        for LEFTPARANTHESIS int i EQUALS 0; i LESSTHAN nums.length; i PLUS PLUS RIGHTPARANTHESIS LEFTBRACE
            if LEFTPARANTHESIS numToIndex.containsKey LEFTPARANTHESIS target MINUS nums LEFTBRACKET I
RIGHTBRACKET RIGHTPARANTHESIS RIGHTPARANTHESIS LEFTBRACE
                return new intLEFTBRACKET RIGHTBRACKET LEFTBRACE numToIndex.get LEFTPARANTHESIS target MINUS 
nums LEFTBRACKET i RIGHTBRACKET RIGHTPARANTHESIS, i RIGHTBRACE;

RIGHTBRACE
            numToIndex.put LEFTPARANTHESIS nums LEFTBRACKET i RIGHTBRACKET, i RIGHTPARANTHESIS;
        }
        return new int LEFTBRACKET RIGHT BACKET LEFTBRACE RIGHTBRACE;
    }
}

TwoSum
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Notation: Math vs APL
a×b

x÷y

*x

b⍟a

f g x

+/2×⍳100

×/2×⍳100

𝑎 𝑏

𝑥

𝑦

𝑒𝑥

log𝑏 𝑎



𝑛=1

100

2𝑛

𝑓 𝑔 𝑥

ෑ

𝑖=1

100

2𝑛

2 𝑥 x*÷2



Generic Glyphs, Different Domains10

 1 2 3

1 2 3
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 ⌽ 1 2 3

3 2 1
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 0 ⌽ 1 2 3

3 2 1
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 1 ⌽ 1 2 3

2 3 1
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 ¯1 ⌽ 1 2 3

3 1 2
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⌽ 1 2 3

3 2 1

      ⌽ 'colorado estes park'

krap setse odaroloc
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⌽ ⍳3

3 2 1
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2 3 ⍴ ⍳ 6 

1 2 3

4 5 6
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m ← 2 3 ⍴ ⍳ 6 m

1 2 3

4 5 6
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m ← 2 3 ⍴ ⍳ 6 ⌽ m 

3 2 1

6 5 4
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m ← 2 3 ⍴ ⍳ 6 ⊖ m 

4 5 6

1 2 3
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 Rank

 Type

 Domain

Polymorphism
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Evolution via Industrial use 

We believe that the design of APL was also affected in 
important respects by a number of procedures and 
circumstances. Firstly, from its inception APL has been 
developed by using it in a succession of areas. This 
emphasis on application clearly favors practicality and 
simplicity. The treatment of many different areas 
fostered generalization …

— Falkoff and Iverson, The Design of APL, 1973
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Quantum Computing
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“…we demonstrate how features provided by APL, such as native 
support of complex numbers and matrix operations, naturally 
capture quan-tum operations while bringing a less cluttered 
syntax that encodes and encapsulates the linear character of 
quantum circuit execution…”

https://ieeexplore.ieee.org/document/10313845

quAPL

https://ieeexplore.ieee.org/document/10313845
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'.',(⍣2) 3 4 ⍴ ⎕A
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Text matching
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'.',(⍣2) 3 4 ⍴ ⎕A

..ABCD
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mL2L ← ÷∘1000

      L2mL ← mL2L ⍣¯1

      C2F ← (32∘+)∘(×∘1.8)

      F2C ← C2F ⍣¯1

      C2F ¯40 0 100 

¯40 32 212

      F2C ¯40 32 212

¯40 0 100

Chemistry [Dimensional Analysis]
F2C(⍣isMetricSystem)  

     ⍣
    ┌┴┐
    ⍣ 1
   ┌┴┐
   ∘ ¯1
 ┌─┴──┐
 ∘    ∘
┌┴─┐ ┌┴┐
32 + × 1.8
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d ← 'ATCG'

      r ← 'UAGC'

      dna2rna ← {r[d⍳⍵]}

      dna2rna 'AAGCTGGTTTTGACGAC'

UUCGACCAAAACUGCUG

      dna2rna ← {(r,'?')[d⍳⍵]}

      dna2rna 'AAG#!2⍟TTTTGACxyz'

UUC????AAAACUG???

BioInformatics: DNA to mRNA 
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Bioinformatics: DNA-view

https://dnaview.com/
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s ← 'a (qu)ick de(mo(nstra()ti)o)n’

+\1 ¯1 0['()'⍳s]

0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 2 2 2 2 2 2 3 2 2 2 1 1 0 0

⍉s,⍪+\1 ¯1 0['()’⍳s]

0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 2 2 2 2 2 2 3 2 2 2 1 1 0 0

a   ( q u ) i c k   d e ( m o ( n s t r a ( ) t i ) o ) n

Text Analysis
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Image Processing Unet CNN 
{⌈⌿,⍵}⌺(2 2⍴2)⊢m

https://stanford.edu/~shervine/teaching/cs-230/cheatsheet-convolutional-neural-networks



Generic Glyphs, Different Domains70
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 Mastering Dyalog APL, Bernard Legrand
 Mark Wolfson
 Dr. Charles Brenner 

 https://www.dyalog.com/uploads/conference/dyalog18/presentations/U13_Si
mplicity_May_Be_Confusing.pdf
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QuantumComputingLibraryInAPL.pdf
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