Department of Computer Science



Introduction to the J Programming Language

Peter G. Anderson, Computer Science Department
Rochester Instititue of Technology, Rochester, New York
anderson@cs.rit.edu http://www.cs.rit.edu/

January 13, 2002

Abstract
Here is my latest favorite programming language, introduced with several of my
favorite applications.




“Complexity
makes programs hard to build
and potentially hard to use;
beauty
is the ultimate defense
against complexity.”

David Gelernter
Elegance and the Heart of Technology
Basic Books, 1998
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an interactive language

an interpreted language

in the APL tradition
developed by Ken lverson
expressed in ordinary ASCII

orthogonal

my favorite language
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What is J?



From the “Dictonary”

J is a dialect of APL, a formal imperative language.

Because it is imperative, a sentence in J may also be called an instruction, and may
be executed to produce a result.

Because it is formal and unambiguous it can be executed mechanically by a computer,
and is therefore called a programming language.

Because it shares the analytic properties of mathematical notation, it is also called an
analytic language.

APL originated in an attempt to provide consistent notation for the teaching and
analysis of topics related to the application of computers, and developed through its use in
a variety of topics, and its implementation in computer systems.




Sample J Session

Linux Prompt: j

J 2.06 Copyright (c) 1990-1995, Iverson Software ...

13
19
. 28
=, 1i. 10

| (A*L) +/ (BxL)

019 10 1 20 11 2 21 12 3
13 4 23 14 5 24 15 6 25 16
26 17 8 27 18 9 0 19 10 1
11 2 21 12 3 22 13 4 23 14
24 15 6 25 16 7 26 17 8 27

9 019 10 1 20 11 2 21 12
22 13 4 23 14 5 24 15 6 25

7 26 17 8 27 18 9 0 19 10
20 11 2 21 12 3 22 13 4 23

524 15 6 25 16 7 26 17 8
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Sample J Session

Linux Prompt: j

J 2.06 Copyright (c) 1990-1995, Iverson Software ...

A 13 [ B=.19 [ C =. 28
L=.1i. 15
C | (AxL) +/ (BxL)

019 10 1 20 11 2 21 12 3 22 13 4 23 14
13 4 2314 5 24 15 6 25 16 7 26 17 8 27
26 17 8 27 18 9 019 10 1 20 11 2 21 12
11 2 21 12 3 22 13 4 23 14 5 24 15 6 25
24 15 6 25 16 7 26 17 8 27 18 9 0 19 10

9 01910 1 2011 2 21 12 3 22 13 4 23
22 13 4 23 14 5 24 15 6 25 16 7 26 17 8

7 26 17 8 27 18 9 019 10 1 20 11 2 21
20 11 2 21 12 3 22 13 4 23 14 5 24 15 6

524 15 6 25 16 7 26 17 8 27 18 9 0 19
18 9 01910 1 20 11 2 21 12 3 22 13 4

32213 4 23 14 5 24 15 6 25 16 7 26 17
16 7 26 17 827 18 9 0 19 10 1 20 11 2

12011 221 12 3 22 13 4 23 14 5 24 15
14 5 24 15 6 25 16 7 26 17 8 27 18 9 O
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J’s Operators
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Some Old Friends

monadic

dyadic

equals
less than
greater than
plus

negate

times
minus
divide
power

abs

join




Old Friends,

New Names

monadic dyadic

= assignment
=: assignment
<. floor min

>. ceiling max

<: decrement less than or equal
>: increment greater than or equal
+ conjugate
+. OR, GCD
. AND, LCM
+: double

* square

- halve
% square root

* sign

yA reciprocal

- exp

. loge log
~: not equal

| abs mod

, join

! factorial binomial coef
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New Friends

monadic dyadic

? roll deal

0. 7 times trig functions
NB. comment

_ negative sign

_ infinity

[ same left

] same right
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Precedence

J has an unlimited number of operators.

So, the designers chose right to left evaluation instead of MDAS.
They retained the old friends “(" and “)".

This takes some getting used to....

But: the rule is rigid and can be useful.
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J’s Power: It’s an APL!

Arrays
Tables
Matrices

Lists
Strings
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Constants & Operations

Linux Prompt: j

J 2.06 Copyright (c) 1990-1995, Iverson Software ...

a=.123454321
b=.77889900 _3

a+b
89 11 12 14 13 3 2 _2
a*b
7 14 24 32 45 36 0 0 _3
a<b
111111000
b~a
7 49 512 4096 59049 6561 0 0 _3
#a
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Array Operations, Cont.

10 10 11 11
11 11 12 12
12 12 13 13

N P O, NP, O L, DN

12 12 13 13
11 11 12 12
10 10 11 11
9 9 10 10
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Array Operations, Cont.

123454321

8 9 9101011 _2
9 10 10 11 11 2 2 _1
10 11 11 12 12 3 3 O
11 12 12 13 13 4 4 1
12 13 13 14 14 55 2
11 12 12 13 13 4 4 1
10 11 11 12 12 3 3 O
9 10 10 11 11 2 2 _1
8 9 9101011 _2
+/c
88 97 97 106 106 25 25 _2
+/ "1 ¢

63 72 81 90 81 72 63 54



Subscripting

123454321

8 9 9101011 _2
9 10 10 11 11 2 2 _1
10 11 11 12 12 3 3 O
11 12 12 13 13 4 4 1
12 13 13 14 14 5 5 2
11 12 12 13 13 4 4 1
10 11 11 12 12 3 3 O
9 10 10 11 11 2 2 _1
8 9 9101011 _2
24{c

10 11 11 12 12 3 3 0

4 {24{c



247 {c
10 10 11 11 12
12 12 13 13 14
9 9 10 10 11

1 {247/
12 12 13 13 14

Subscripting

1233 0
14 55 2
11 2 2 _1
C

14 5 5 2

17



Array Creation Ops: “i.

i. 10
0123456789
i. 4 6
0 1 2 3 4 5
6 7 8 9 10 11
12 13 14 15 16 17
18 19 20 21 22 23
25

o
o T
~N N W

3 4
8 9

10 11 12 13 14
15 16 17 18 19

20 21 22 23 24
25 26 27 28 29



Array Creation Ops: “#”

10 # 6
6 666666666
4 56#123
111122222333333
34%$456#123

1111
2222
2333

a
123454321
b
77889900 _3
a<b
111111000
(a<b) # a
123454
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Operators

monadic dyadic
# count copy
$ shape of shape
{ subscript
{. head take
{: tail
}. behead drop
}: curtail
| . reverse rotate
| : transpose
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The Adverb “/”

|/

monadic dyadic
+/ sum of addition table
-/ alternating sum of subtration table
x/ product of multiplication table
>./ max of comparison table
<./ min of comparison table

comparison table
remainder table




x f~ y meansy f x

f~y meansy f y

H
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The Adverb “~”
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Find Primes

Example

. 2357 |/ L=.8+1i. 30

(P
01010101010101010101010101010°1

201201201201201201201201201201

340123401234012340123401234012
123456012345601234560123456012

|/ L =. 8+ i. 30

2357)

(P =.
010101010101010101010101010101

1 T-=.

201201201201201201201201201201

340123401234012340123401234012
123456012345601234560123456012

/ * T

.k,

1M
00010100010100010000010100000°1

M#L

Q =.

]

11 13 17 19 23 29 31 37

b

1 P =
235711 13 17 19 23 29 31 37

23



Find Primes “Functionally”

Now that we know how this works, we can express it J-functionally. Note:

Right to left evaluation
Use of >./ for “maximum”
Use of 27~ for “square of”
Use of #~

B

49
] P=.P,L# *x./ P |/ L=.2+i. 2°7 >./P
2 357 11 13 17 19 23 29 31 37 41 43 47

24



Define Named Functions

“Functions are first class objects.”

sqr =. &2

max =. >./

P=.2357

] P=.P,L# %x./ xP |/ L=. 2+4i. sqr max P
2357 11 13 17 19 23 29 31 37 41 43 47

We “bound” 2 on the right of ~
Alternatively:

TwoToThe =. 2&~
P=.2357
TwoToThe P

4 8 32 128




Function Composition: @

P
2357 11 13 17 19 23 29 31 37 41 43 47
sum =. +/
sqr =. "&2
SumOfSquares =. sum @ sqr
Square(0fSum . sqr @ sum
SumOfSquares P
10466
Square0fSum P
107584
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Function Composition: Forks

fun =. f gh

fun y |means| (f y) g (b y)

We could write: | (f g h) y

P

2357 11 13 17 19 23 29 31 37 41 43 47
sum =. +/
average =. sum / # NB. The "fork"
average P

21.8667
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Function Composition: Hooks

fun =. gh

fun y [means| y g (h y)

We could write: | (g h) y

normalize =. % average
normalize P

0.0914634 0.137195 0.228659 0.320122 0.503049 0.594512 0.777439 0.868902 1.05183

#P
15
3 5 $ normalize P
0.0914634 0.137195 0.228659 0.320122 0.503049
0.594512 0.777439 0.868902 1.05183 1.32622
1.41768 1.69207 1.875 1.96646 2.14939

28



average
sum % #

stddev

stddev

stddev
0.745356

1

Statistics Examples

. %: @ average @ sqr @ ( - average )

11

11232

29



ave =.

rms =.

geoMean

harmMean

(ave , rms
149.5 152.261

Statistics Examples

average

%: @: ave Q: *:

~ Q@: ave Q:

. % @: ave @: Y

, geoMean , harmMean) 100+i.100
146.642 143.75

The material inside parentheses is a “fork”

30



Statistics Examples

In other words . . .

sum =, +/
average =. sum /, #
rms =. %: @: ave Q@: *:
ave =. average
ave 1 2 3
2
rms 1 2 3
2.16025
stddev =. rms Q@: ( - ave )
stddev 1 1 1 2 3 2
0.745356

31



cos =. 2 & o.
,. cos 0.1 % i.16
1
.995004
.980067
.955336
.921061
.877583
.825336
.764842
.696707
0.62161
0.540302
0.453596
0.362358
0.267499
0.169967
0.0707372

O O O O O o o o

Cosine

32



Power of a Function

cos ": 5 (1.1)
0.687737
cos “: 15 (1.1 )
0.738116
cos ": 115 (1.1 )
0.739085
,. cos ": (x: 1. 10) (1.1 )
1.1
0.453596
0.81243
. 728675
.739738
.739066
.739085
.739085
.739085
.739085

O O O O O O O



The Drunk Hat-Checker: How Many Might Get Their Own Hat?

20 ? 20

17 4 97 12 14 18 13 06 151 16 10 2 8 3 19 5 11
?7 20

671218 13 4 153 0 16 19 12 17 14 8 10 11 5 9
(77 20) =1i. 20

1000000000011 0000000
+/(?~7 20) =i. 20

0

+/(?7 20) =1i. 20
0

+/(?7 20) =1i. 20
0

+/(?7 20) =1i. 20
2

+/(?7 20) =1i. 20
2




The Drunk Hat-Checker: How Many Might Get Their Own Hat?

+/(?” N) = i. N =. 1000
0

+/(?7 N) = i. N =. 1000
3

+/(?7 N) = i. N =. 1000
0

+/(?7 N) = i. N =. 1000
1

+/(?7 N) = i. N =. 1000
0

+/(?” N) = i. N =. 1000
0

+/(?7 N) = i. N =. 1000
1




The Drunk Hat-Checker: A Tacit Function

dhc =. +/ @ (7?7 =1i.)
dhc 100000

dhc 100000
dhc 100000
dhc 100000
dhc 100000
dhc 100000
dhc 100000

dhc "0 [ 30 # 10000
1120011011011 2010113111003210



Fibonacci Computing

Extend a list of Fibonacci numbers.

last2 =. _1 _2 & {
last2 456 5 4 3
3 4
(sum @ last2) 4 566 5 4 3
7
NextFib =. , sum @ last2
NextFib 0 1
011

NextFib 0 1 1 2 3 5
0112358

NextFib NextFib NextFib NextFib 0 1
011235

NB. Apply the function 15 times.

NextFib ~: 15 (0 1) NB. Need the parens
0112358 13 21 34 55 89 144 233 377 610 987

37



LPS Computing

Extend a list of Fibonacci-like numbers.

last31 =. _1 3 & {

MySegNext =. , sum @ last31

MySeqgNext 0 1 1
0111

MySegNext MySeqNext MySeqNext MySeqNext 0 1 1
0111234

MySegNext ~: 15 (0 1 1)
011123469 13 19 28 41 60 88 129 189 277




Pascal’s Triangle

A row is the sum of shifted copies of the previous row.

row =. 1 46 41
(0,row) + (row,0)
1510 105 1

NextRow =. (0&,) + (,&0)

NextRow NextRow NextRow row
1721 353 2171
NextRow ~: 10 (1)
1 10 45 120 210 252 210 120 45 10 1
+/ NextRow™:10(1)
1024

39



Poker

i. 52 =01 2 ... 51 represents a deck of cards.
Divide a card’s number by 4 to get the value.
Remainder it mod 4 to get the suit

value =. <. @ % & 4 NB. define the functions
suit =. 4 & |
(value 5 ? 52) =/ i. 13
0O00000O00O0O0O0O01
0O00010000O0O0OO00O0
0O000000O0O0OO0OO0O01
1000000000O0O0O
O00000010O0O0O00O
+/(value 5 7 52) =/ i. 13 NB. how many of each value?
0010011000011
+/(value 5 7?7 52) =/ i. 13
0000101100011
+/(value 5 7 52) =/ i. 13
1100120000000
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Poker: Deal Some Hands & See Their Types

(*M)

(M)

(*M)

(M)

(M)

(M)

(M)

(*M)

(*M)

. +/(value

. +/(value

. +/(value

. +/(value

. +/(value

. +/(value

. +/(value

. +/(value

. +/(value

? 52)

? 52)

? 52)

? 52)

? 52)

? 52)

? 52)

? 52)

? 52)

. 13

. 13

. 13

. 13

. 13

. 13

. 13

. 13

. 13

41



Poker Deal & Evaluate Routine

Create a routine, “DealValue” and call it with one (necessary) argument in a file named “deal.j”

value =. <. Q % & 4

DealValue =. 3 : O
c=. (xM) # M =. +/(value 5 7 52) =/ i. 13
NB. The last computation is returned.

DealValue
DealValue
DealValue
DealValue
DealValue
DealValue
DealValue
DealValue

T e e




Try Several Poker Hands

Run the program and see the reults:

Linux Prompt: j < deal.j

11111
1112
11111
11111
1112
11111
11111
11111
Linux Prompt:




Get Clever!

We have extracted a short list of numbers whose sum is five to summarize poker hands.

description code product | 4-count | value
bust 11111 1 0 1
one pair 2111 2 0 2
two pair 221 4 0 4
three of a kind 311 3 0 3
full house 32 6 0 6
four of a kind 41 4 1 5

Add the product and 4-count to get a unique code.

Straights and flushes are left as exercises.

o Conpier S




Add a Driver Loop

11:2 & 2
. <. 0% & 4

print

value

DealValue =. 3 : O
c=. (xM) # M =. +/(value 5 ? 52) =/ 1i.
((x/c) + (+/4=c)) { 0013254

)
RunDV =. 3 : O
while. (y. =. <: y.) >: 0 do.
print DealValue 1
end.

trash =. RunDV 100

13

45



Test Results

Run the program and see the reults:

Linux Prompt: j < deal.j | fmt -40

01001000101111020101
00130010100102100110
10111200100020000011
31101121001101011011
11102000000000000011

Run the program with 1000 calls, use Unix tools, and see the reults:

Linux Prompt: j < deal.j | sort | uniq -c
496 0
429 1
48 2
24 3
3 4

46



Run it:
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Avoid Explicit Loops: Use a List of Arguments

value =. <. @ % & 4
DealValue =. 3 : O

c=. (xM) # M =. +/(value 5 ? 52) =/ i. 13
((x/c) + (+/4=c)) { 0013254

DealValue "O (30 # 0) NB. run the program 30 times

Linux Prompt: j < deal.j
010010001011110201010013001010

47



Frequency Calculation in J

Use tricks we learned about: build a table and sum it. (Is this efficient?)

Linux Prompt: cat deal.j
value =. <. @ % & 4

DealValue =. 3 : 0O
c=. (xM) # M =. +/(value 5 7?7 52) =/ i. 13
((x/c) + (+/4=c)) { 0013254 NB. Re-code the values

+/ (DealValue "O (10000 # 0)) =/ i. 5

Linux Prompt: j < deal.j
5038 4235 499 209 16

48



Linux Prompt: j < deal2.j | sort | uniq -c

50322
42107
4808
2064
339
184
149
25

2

0

0 N O Ol b W N -

Simulate & Count All

49
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Hand codes:

0O ~NOoO 1~ WDN BHFH O

bust

1 pair

2 pair

3 of a kind
straight
flush

full house

4 of a kind
straight flush

50



The Full Program

print =. 1!:2 & 2

value =. <. @ % & 4

suit =. 4 & |

flush =. 3 : ’1 =# 7. suit y.’

straight =. 3 : 0
t =. +/ (value y.) =/ i. 13
2 =+/ (0,t) 7: (£,0)

DealValue =. 3 : O
c=. (xM) # M =. +/(value y.) =/ i. 13
((x/c) + (+#/4=c)) { 0013276

NB. . . . continued on next slide .



The Full Program, Cont.

RunDV =. 3 : O
while. y. > 0 do.
v =. DealValue hand =. 5 7 52
if. v = 0 do.
s =. straight hand
f =. flush hand
if. s *x. £ do. v =. 8
else. if. s do. v =. 4
else. if. f do. v =. b
end. end. end. end.
print v
y. =. <! y.
end.

trash =. RunDV 100000



Cows and Bulls

| have a secret: 5-digit number. You try to guess it. Secrets and guesses have 5 uniques digits.

A “bull's eye” is a right digit in right place. A “cow’s eye" is a right digit.

] secret =. 5 7 10 NB. Create a secret.
82437

] guess =. 5 7 10 NB. Make a guess.
92803

bull =. sum @ ( [ =1 )
secret bull guess

cow =. sum @ sum @ ( [ =/ 1 )
secret cow guess
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Permutations & Queens

Try to place 8 non-attacking Queens on an 8 X 8 chessboard:
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:
S| b
g .
i

878

61325407

row column 0 1 2 3 4 5
0 )
1 1 Q
2 3 Q
3 2 Q
4 5 Q
5 4 Q
6 0 Q
7 7

54



Attacking Queens

Queen at (T) C) attacks (T‘/, Cl) if r +c = 7"/ + C, orr —c = fr'/ — C/

x=. 61325407

X - 1i. # x NB.
601 _11_1 _60
x + i. #x NB.

6255996 14

look for any duplicates here

or here

row column 0 1 2 3 4 5 6 7
0 6 Q

1 Q

2 3 Q

3 2 Q

4 5 Q

5 4 Q

6 0 Q

7 7 Q

g .
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x=.613254017
JR=.x-1. # x

601 _11_1_60
] L=.x+1i. #x
6 255996 14
“. R
6 01 _1_6
“. L
6 259 14
# ". R

# 7. L

Permutation x solves the queens problem

if length of nub of R = length of x
and length of nub of L = length of x.

NB. Look at the

llnubll

of L and R

56



Permutation Evaluator

A function solvesQ to evaluate a permutation.

solvesQ =. 3 : O
R=.".y. -1. #y.
L=.".y.+1i. #y.
((#y.) = (#L)) *. ((#y.) = (#R))
)
solvesQ 878 NB. Try 5 random permutations.
solvesQ 878
solvesQ 878
solves) 878
solvesQ 878

Running this program yields the expected:

Linux Prompt: j < queens.]j
000O0O

57



IIA.!!

Permutation Maker

4

i.

(i.14) A.
0123
0132
0213

0231

0312

0321

1023
1032
1203
1230
1302
1320
2013

2031

2103
2130
2301

2310

3012

3021

3102
3120
3201

3210

58
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Try All Permutations

solvesQ =. 3 : O
R=.".y. -1. #y.
L=.".y.+1. #1y.
((#y.) = (#L)) *. ((#y.)

(#R))

solvesQ "1 (i.'4) A. i. 4

b b

solvesQ "1 (i.!5) A. i. 5
+/solvesQ "1 (i.!'N)
+/solvesQ "1 (i.!N)
+/solvesQ "1 (i.!N)
+/solvesQ "1 (i.!'N)
+/solvesQ "1 (i.!'N)

S

S

=== =
I

©~N oo



Try All Permutations

And the answer is....

j < queens.j | fmt -24

Linux Prompt:

00000000001O0

0100000000O0O

00000000O0O01O0

01 000000000O0O
0000000000O0O

100000001000
00100000000O0O

0000000001 O00O

000100000001
00000000O0O0O0O
000000000010O0

0100000000O0O

2 10 4 40 92

60



Neural Nets: Perceptrons

The input is a vector, £ = (x1, x2, -, xn) (prepend a "bias” value zg = 1).
The output is a truth value z = +1.

The transfer function is given by: z = sign ZZT-L:O W;x;

In J:

mp =. +/ . * NB. Matrix product.

61



Perceptron Training

Given a “training set” of in-out pairs {(f(p), t(p)) ; p=1,---, P} Goal: determine a weights vector
W so that Vp : () — sign (10 - f(P))

The training algorithm:

initialize W randomly, and repeat the following
pick a training pair (:E’(p), t(p));
if +(P) % sign(w - f(p)),
then add t®) #(P) to &

until the system gets them all right.

3
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mp =. +/ .

Perceptron Training

* NB. Matrix mult.

perceptron =. 3 : O

X =.
W
steps

1,x. [ Y=y.
(0{$X)$0 NB. W is global.
=. 0

whilst. ((steps =. >: steps) <: 1000) *. 0 < +/ errVec do.

er
W
end.
steps
)
input =.
] wTarge

output =.

input pe
W NB.

rVec =. Y neq * W mp X
=: W+ +/ errVec # Y x |: X

NB. Return iteration count.

M%" 7220 % M-=. 1000

t =. 20 15 _30 NB. For comparison.
* wlarget mp 1 , input

rceptron output

Print the global variable W.

63



Perceptron Training

The output of the program is:

20 15 _30
42
10 11.187 _16.527

H
R
<
S| e
s

g

H]
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From the “Dictonary” —Grammar & Six Parts of Speech

fahrenheit=: 50
(fahrenheit-32)*5%9
10

prices=: 3 1 4 2

orders=: 2 0 2 1

orders * prices
6 08 2

+/orders*prices
16

+/\1 2345
1 36 10 15

bump=: 1&+
bump prices
4 253



g .
:
S| b
g .
i

From the “Dictonary” —Grammar & Six Parts of Speech

50 fahrenheit
- * 7 bump
\

)

N ~ & N +

Nouns/Pronouns
Verbs/Proverbs
Adverbs
Conjunction
Punctuation
Copula

66



From the “Dictonary” —Parsing

Parsing proceeds by moving successive elements (or their values except in the case of proverbs and
names immediately to the left of a copula) from the tail end of a queue (initially the original sentence prefixed
by a left marker M) to the top of a stack, and eventually executing some eligible portion of the stack and
replacing it by the result of the execution. For example, if a=: 1 2 3, then b=:+/2*a would be parsed
and executed as follows:

+ + + + + +
~N N NN N
N NN
* %
NN
~N NN NN
* X ¥
N NN EFP = = =
PR DND NN
OO O W W W Ww

o oo o oo oo
I
+ +

=: 12

EEERRERERER R EREER

12
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From the “Dictonary” —Parse Rules

The executions in the stack are confined to the first four elements only, and eligibility for execution is
determined only by the class of each element (noun, verb, etc., an unassigned name being treated as a verb),
as prescribed in the following parse table. The classes of the first four elements of the stack are compared
with the first four columns of the table, and the first row that agrees in all four columns is selected. The
underlined elements in the row are then subjected to the action shown in the final column, and are replaced
by its result. If no row is satisfied, the next element is transferred from the queue.

EDGE VERB NOUN  ANY 0 Monad
EDGE-+AVN VERB VERB  NOUN 1 Monad
EDGE-+AVN NOUN VERB  NOUN 2 Dyad
EDGE-+AVN VERB+NOUN  ADV ANY 3 Adverb
EDGE-+AVN VERB+NOUN CONJ  VERB+NOUN 4 Conj
EDGE-+AVN VERB VERB  VERB 5 Trident
EDGE CAVN CAVN  CAVN 6 Trident
EDGE CAVN CAVN  ANY 7 Bident
NAME+NOUN  ASGN CAVN  ANY 8 Is
LPAR CAVN RPAR  ANY 9 Paren

Legend: AVN denotes ADV+VERB+NOUN; CAVN denotes CONJ+ADV+VERB+NOUN;
EDGE denotes MARK-+ASGN-+LPAR
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