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PREFACE

Greetings! APL: An Introduction provides a set of self-teaching
materials which provide an informal introduction to APL.* They are called
“U-Programs” based on the belief that you will learn APL best if you pro-
gram it yourself.

The APL U-Programs are designed for students at secondary and
college levels who have a penchant for experimentation. Specifically, the
materials may be used in the following ways:

1. Problem-Solving Exercises: Begin by observing examples of how
APL functions and commands are used. Some examples show the com-
puter’s results; others {marked with an arrow —— in the margin) have
the computer’s display omitted and are exercises for you to do. Answers
are provided in the Appendix. (Note that this does not require access to a
computer; if one is available, it can be used to enter problems, observe
results, and check answers.)

2. Experimentation and Exploration: Using the problems (from 1.)
as samples, explore the nature of APL functions and commands by con-
ducting “experiments’ on the computer. For instance, an experiment might
involve systematically varying different values with the same function, or
trying different functions or combinations of functions.

3. Formalization and Generalization: Using the results of experi-
mentation (from 2.) as an intuitive basis, then formally express—either in
words (to a human instructor) or in a program definition (to the computer)
—qgeneral rules for describing the behavior of an APL function. Such
“simulations” and other programs may be written similarly to apply APL
for your own purposes.

In all of these ways, the user of APL U-Programs is encouraged to
use a “‘heuristic’” approach to learning APL. That is, by examining patterns
in the examples shown and from results of experiments conducted, the
student may make reasonable conjectures about the nature of the APL
language. These conjectures may be confirmed by subsequent experience
or by an instructor or a manual.

*APL is A Programming Language, which was developed by Kenneth E. lverson of IBM
Corporation. Originally conceived as a unifying mathematical notation in the late 1950s and
early 1980s, APL has since been implemented on a variety of computing systems and has
been used successfully in business, scientific research, and education. For a list of APL
publications, write: APL Press, Box 378, Pleasantville, N.Y, 10570.



The APL U-Programs are organized into nine units—each with a
title page/table of contents and review. The learning progression is de-
signed to be sequential but may be altered by skipping forward or back-
ward at the student’s discretion. Annotations in the right-hand margin are
intended as supplementary explanation and may be overlooked by the in-
dependent-minded student.

Beginning with U-Program 1, APL tools for problem-solving are pre-
sented, and soon thereafter sample programs are demonstrated. Each of
the U-Programs assumes a clear workspace, i.e., you enter expressions on
an empty slate. APL expressions are indented 6 spaces, and the computer’s
response is shown at the left margin. Some expressions on the page are
simply examples to be observed. Other expressions are exercises for the
student to do (here the computer’s response has been omitted and an arrow
———» shown instead). Additionally, some expressions are marked “chal-
lenge” for those who wish to stretch their understanding.

At any rate, enjoy APL.

HowARD A. PEELLE
Ambherst, Mass.
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ABOUT APL SYSTEMS

The version of APL used in this book corresponds closely to the
standard IBM program product, as implemented on the IBM 360 and 370
series time-sharing systems and the IBM 5100 desk-top computer. Other
versions of APL, such as APLUM (APL at the University of Massachusetts)
implemented on a CDC CYBER 74, differ slightly and would affect the fol-
lowing topics in this book:

page
Significant Digits 3
Attention Key 56
E Notation 59
Deleting Lines in a Program 61

Trace Command 64

Note also that the user is expected to arrange access to an APL
computing system and, therefore, that this book does not describe equip-
ment, sign-on procedures, or any aspects pertaining to interaction with a
particular machine. Rather, it assumes that one is ready to study the APL
language, per se.
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DATA REPRESENTATION AND ARITHMETIC FUNCTIONS + - x =

— Yon +ype. s

‘HELLO'

HELLO & e wmputer responds here

'THESE ARE EXAMPLES OF APL EXPRESSIONS' \A.)ko:}'ever

ym
THESE ARE EXAMPLES OF APL EXPRESSIONS
Yow wetke ‘M?e bherween
the +wo W‘re, mar ks
Ahswer '"WITH SOME FOR YOU TO DO' ie pr‘m-\reA ouf
hece
(Aot
Jou were ‘ )
Hee Wpu:fer) 2 Exa.mples of dhe arithmehc
7 . .
| . e
Punctione 4+ -
3 - 6
3
3 x 4
12
100 * 5
20
\{OW Do ‘TL\QSQ_.
4 + 8
—_—
7 - 3
—>
5 x 20
—
100 + 4
—>

2 COMMAND EXECUTION



'Declmad numbers are written
3.6 + 1.2 N Hhe normal woy

2,5 + 7.1

Yhe Symbok for neqative. numbers

8 - 9
_1(./"1/' (anove —the 2 on +Hhe ket‘\ooo.rdy

o different Lrom Hae symbool for
4 - 7 quwotractkion (above, Jhe +)

6 x 2,00

12

\2Z 5 e%uwa\en‘\’ 4o 12.00

3.0 x 5

100 * 6

16.66666667 ‘ ‘ eA
\& 3’\86\3\0.&,\(\“’ dig&s are prink

100 ¢ 3

-
100 ERROR REPORTS
SYNTAX ERROR The cowmpuber reports an error--
100% wdicating that for proper syniax

A

asme  mumber must follow =
(A poirts do dine function nearest the ervor)

No karm has been done .
Now oy eonhnue .

COMMAND EXECUTION 3



NAMES AND THE ASSIGNMENT COMMAND «

4« 13 € Command o store some. value awnd
3‘\\;& "t a name (Here (3 iy +he value;

‘——-_L-\'L‘pe. A and Als Hhe Me‘)

dhe computer prints the value of A

13

pro This can be read as "B is assisned o be 10"
B
10
A+ B Mou can use functions with
23 noamed valves.
A - B
value Hee value
Hee YRS fimes ( of
A x B
I B
A + B
1.3
B x C

VALUE ERROR
Here the Computer regorts an error
Bx(C

A ‘( \&C\.\ COJHM “HAO:" c does V\DT CL‘\ €+)
have a value. If youdo B<10
Licst, C« 5

Hen BxC

Yo
15 OK.

COMMAND EXECUTION



REASSIGNMENT AND COUNTERS

YEAR < 1974

YEAR « 2001

YEAR

2001

Several leters may be wsed
for o name, Uke YEAR

(Nm\oers omd wnderswsre _ . omd A also

mas) be uved i hames) bud'. rames
Comnot have. spaces nor becyn wiHh a_
mmloer.)

The valve of a name is determined by 4he latest &%}%nment

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER

YEAR

4

-

*

4

COUNTER

COUNTER

COUNTER

COUNTER

COUNTER is 1

CounTER bewovnes 1 plus
dhe old value of CounTER.

COUNTER is iucreased by 1
&%oln

CouvNnTER 15 lucreased b‘j 1
1o become  ?

Whot 1o Jthe value of
COUNTER  now 7

A name Ikeeps s value
(wunhil 19 re—a%iﬂv\ed)

COMMAND EXECUTION 5



VECTORS

SET + 2 SET s ‘mi~l1‘aJL1 assl.anec\ 2.
SET
2
SET « SET , 3 SET (s reassigned. H becomes +Hhe

chained on +he end

23 (, thoans values -I—o%e-l’k@\’)
SET « SET » 5 SET s reaussignad 4o be 23
SET w5 chained on +he end
2 3 5
SET « SET , 7 SET s 235 wih T chained on
SET
—
SET « SET , 11 SET s 2357411
SET
235 7 11 SET  i5 now a set of numbers
(called o “vector")
ond can be treated as o
SEP + 1 Sthole eh‘\—H\j-
346 8 12 For ey:{mp\e/
1l s added 4o each element of SET
e (2-1), (31, (s-1), (7-1)
_ SET x 2 7 Fhmes eoch element of SET

6 COMMAND EXECUTION



SET « 2 3 5 7 11 A%iﬁh\‘”ﬁ ‘oo vectors

SIX « 6 6 6 6 6 Cw‘rH/L Spaces hetween Hre MMbers)
SET x SIX .
12 18 30 42 66 Element- b\/- élement Mlﬁplim:"la'n
. SET + SIX (Z+ 6), (3+é)’ [5’+G=> ) ('7-!—@),(”-%)
SET + 6 (A'v\ e%ulvalerﬁ’ way Jpadciiuﬁ Q)

8 9 11 13 17

SET , SIX o Chains e velues
235711666 6 6 —bc‘ej’ker'
SET , 6

COMMAND EXECUTION 7



PARALLEL PROCESSING

V235711 V and W are a.'asiauecl vedues
Ve 015 3 (Notice Hal eaclh vector has 5 values)

Ve Element - by — element addi+ion
6 3 6 12 14 (Thfs |‘S " pam”el processfm'")
V- W Element- btj~€l€MeV\T' subtracton
Peret Mul“"\(?‘\j M first elemeritin V times dhe firstin W
Heen u $€Cbr\d i "\ 59C0'V\d "
vV ox W ‘hen ‘" Heird " « Haird  w
—> Hhen ] Lowrth “ W fourdn
ren I ELYa n 1 £,
— v Elemeyﬁ'—b(j-« element M\HP“C&HO‘V\
VW ehoan Hhe values -\ﬁqeifher-
—>
Vv chooin the values +00\e+b~e\"
- (W followed by V)

8 COMMAND EXECUTION



Y

CATENATION ,

is the ‘catenabon” Function. You have alreadsy seen

usesl wth numbers ( pege 6

e catenahion Lunction can be wsed with literal deta +oo:

D o« 'w! D s a.‘osiclnea e literal ¥
D
*
D, D s chains the value of D ““DC\C'\’LQ\"
* % U)\l"H/\ .\'{")e"e
D D, D, D
—>
E 'A'
S « TawA Mere &56(63{\ ments
I 'o0!
G 'A'
N 'ox!
D E, s, I,G,N
*AA*xAOOAOX m& 15 O— \1+eraJ VQC+0F
o ,E,s,I,G,QN,S .
— chain Hie symbols

*l'oo)eﬂxﬁr [in Hhe ordur shown)

COMMAND EXECUTION 9



%br\nC\ letters ( li‘rexa.\s) W names

E « "HINGT!
G « '"WAS!
0 <« '0ON'
G, E, O
WASHINGTON
A « 'ABRA'
L « 'CAD!
A, L, A
—_— Note:

Tese oare ' overstrike" $ymbols
/2/ (—Mpe ' bar,ks{;ace— )
H <« '"SE YOU, RE'

70 < 'D BAR'

T <« 'ON!!!!

S5 « '"CUR'

S+ H, 0O, T

10 COMMAND EXECUTION



A

RELATIONAL FUNCTIONS = < < > > =
The Equals Funchon
v

5 = 5 Dees 5 e al S 7
1 1 means “"Yes (frue)
4 = 6
0 O means “no' (false,)
6 = 4
0 No“' +rue—
T7.8 = T7.800
1 T(‘w@;
8 = 11
For LSGVL‘\'D do
12 = 12
53575355 =5 = WA a veetdor

10101011

S s compared wiHh  cacthh
elemevtt of the vector

1s resutt where Yhereare B3 and
Qs yvesult e\le,n.‘wkera, else.

COMMAND EXECUTION 11



The Less-Than Funchon

1s 3 less dhan 5 7
1 (-hf:e) 0 (fa\se)
“o<s Is 0 less dan 57 2&2&3

5 O (£alse)

4 1 (true)
bS5 The Less-'ﬂ«m/\ or E%uo.\ va\cﬁcn
4> 5 The Greater-Than Funchion
42 s The Ereater—Thon or E%‘Al Funchon
4 T2 5 0 g

A—y\e‘)mer 1 I‘p "H'Uke_

ond O if false

COMMAND EXECUTION



|A|

IC'

'Dl

'B!

IB'

lBI

IC'

'D'

'ABBABA'

'ABBABA'

8 is rot e%ua,l to 9 (frue)

8+ % s false (o)

No-l’——E%qus ond E%uals

con he used wHe literals +vo.

COMMAND EXECUTION

13



MAXIMUM, MINIMUM, AND RESIDUE FUNCTIONS T L |

A hew funchon Sb'mbol r
for You ‘o experiment with:

8l 5 .
Use Hhwo numbers, sne on each side.

5T 8 Tm\ them on oppesite s\des (COYWMLLf&d)

6 789 T 8 Tn\ severa\ ex()cxﬁmev\‘\'s ot ence

88289 (us‘w\a\ oC VQC:\’DV)

10 [ 8
—>

11 7 8
11

12 [ 8
—_

8 [ 12
—

P«2us6y 2

@ +3 23851

P Q r L'Ields He \eurqe\’ of all
34852 co((eseor\d‘w\c\ clements

r % Yhe Ma\ximwm Funchon

14 COMMAND EXECUTION



'Exper\mevﬁs wiHy L
56 789 10 L 8

S 6 7 8 8 8

4 L 8
8 L 10 11 3 13
8 8 3 8

12 L 8

8 L 12

P« 2 4 6 4 2

@ + 3 2851

Plag What does L do?

How does | relate 4o | 7

COMMAND EXECUTION 15



C,\Aa\\ewqe:

Here's a d«allevxﬂe,Y
F\%wre, oul  hew \ wov ks .

3] 01234586867
01201201
31 9 10 11

4 | 4 56 7 8 9 10 11 12

5 | 5 10 15 20 40 "5

0 00O0CO0O

76 5 4321 | 1y

0242200

16 COMMAND EXECUTION



REVIEW

In APL, there are two types of data which can be represented: literal
data, and numerical data. Literal data are represented with enclosing quote
marks; numbers are written in the usual way, with decimal points and nega-
tive symbols where appropriate.

A variety of functions exists in the APL language, perhaps the most
fundamental of which are the arithmetic functions and catenation. In addi-
tion to these and the relational functions (a family of functions which com-
pare data and result only in 0Os or 1s), the maximum, minimum, and residue
functions, there are many more to be explored!

All expressions in APL are composed of data and/or functions
(usually both together) and can be executed immediately by the computer.
This is called the “command execution’ mode.

Names may be used—at your discretion—to store data in the com-
puter. The assignment command is used whenever a name is created or
whenever data stored in a name are changed. One particularly useful appli-
cation of this is the use of a counter to keep track of a value which is in-
creased at certain times.

Vectors are linear collections of data and may be either literal or
numerical. Through the use of vectors, a single function may be applied to
many elements simuitaneously. This “parallel processing” is convenient
and often useful for experimentation.

Error reports occur whenever you have asked the computer to
execute some expression it “‘doesn’t understand.” At that point, you may
simply retype your expression or enter a new expression. In any event you
are not penalized. You may continue as if nothing had happened.

To test your understanding of this first U-Program, try the problems
on the next page and check your answers on the computer.

COMMAND EXECUTION
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PROBLEMS
T « 3.2 6

"7 o4+ St

L A A A
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DEFINING A PROGRAM

This is.a program
to compute the
area of a S%u,are.

vm A del ¥ s used +o boqin preqram
[1] 'THE AREA IS' definvhien and 15 Rllswed by a
name-. (This program is named AREA.)

2] § x &8
[31 v Each expression is entered on
successive lines of +he Qv‘otjmm,
[1] [2], ete.
) .
S « 6 A secord del 7 coses program defindion .
EXECUTING A PROGRAM
AREA & To execuwtre his prograry +ype ts name.

. ( ARER)
Then each line s per&rmed b‘j He ccsw\pu\-er-.

(No+e Haat Huis program re%uired avalue forS.)

S « 7 Proarom PAREA con be execnted a.rjain ,
perhaps Lor oo different value & Q.

THE AREA IS

36

AREA
THE AREA IS

49

S « 9
AREA Execute PCO%“’-’T\ RREA for S<9
—
Tt ¥ Ss ascoi%ned several values,
AREA execut AREA
THE AREA IS produces cesults for all values
Simu\+ane6uslc1 .
9 16 25 b4

20 PROGRAM DEFINITION



EDITING A PROGRAM

VAREA[1] 'THE AREAS ARE' v €—— CMV\%IE% line [1]

VAREALOIV & Commond o display e (\alre‘&)
— preqram definiHeon
(1] ‘'THE AREAS ARE' Nete ot line [1] hos been Clm»%ed
[2] s x §

S+« 1 2 3 4 5
AREA Execd—‘w\as AEA for five values of S
THE AREAS ARE

14 9 16 25

S « 3 4 5 8

AREA Nou Execule AREA wnow

PROGRAM DEFINITION 21



22

AddHoual Proorams  tay be deCned: too.

For example, here s
ancther Qrogram, named BASERALL

VBASEBALL
(1) 'THIS PROGRAM COMPUTES BATTING AVERAGE.'

(2] H + AB

(3] v
#oeol Nc-lQJ{M:\LHMdA’QMMS“"
AB + 200 he a'ss}%(\ed -C’-‘\(s'(—} before
BASEBALL e,xecwl—iu?) BASEBRALL
THIS PROGRAM COMPUTES BATTING AVERAGE.
0.305
#x63 Exconre BASEBALL for Hhese
AB + 200 values of H and AD
BASEBALL

PROGRAM DEFINITION



(11
[2]
[3]

VTRIANGLE
A« B x H
A« 5 x

v

A

VALUE ERROR

35

A
A

B « 17
H « 10
TRIANGLE

A

B « 6
H « 14
TRIANGLE

A

A

Tis s anchher program, named TRIANGLE,
whick.  tomputes the area of o ‘{’T'lw/\ﬂble-
given its base (8) and helgit™ (1),

The result will be stored 1n A

There 15 no value for A
wnhl e program \s execudted.

BExecuting TRIANGLE does net
couse OU\\/‘H/\\M) 4o be pnr\‘red»-al%oug\q
“he program did do 3ome,4hmc)

T“}?‘ ng A produces the result

Execude. TRI\ANGLE qu Hee values
ot B and H Q%l%hed'

Whot 1s A ¢

PROGRAM DEFINITION 23



(31
4]

(1]
£2]
[3]

42

VIRIANGLE & commond +o add \\06(5) +o

. B Program TRIANGLE

v The compuder pents [31 for you.
You dype e expression A
VIRIANGLE (D)7 fpon abter Lﬂ) 439@ a ¥ to end.

PRIANGLE The new definihion looks like Hais .

A« B xH - )

A+~ 0,5 x A

A

Now line [3] will print the value of A.

B + 6

H <« 14

TRIANGLE Execuh TRAANGLE pow prints

“he ' area of Ou*h'\cw\%le
wiHe base (6 and ke,ig\r\‘l" 14 .

B« 1 2345

H+« 4 8 12 16 20

TRIANGLE Execude. TRIANGLE for
“hese 5§ bases ard § \r\ei0)|r\+$

Note: When yow define a rew program) be sure —o

24

yive & o differert name:
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“MONADIC” VS. “DYADIC” FUNCTIONS

THE IOTA FUNCTION
110

123456789 10 1l 15 a funchion
whidh uses onH one
18 number —— written on
12345678 Vs Y"\ﬁlr\'\’-
1S 1 1s o “ mwmonadic' funchion
—>
whereas + —x =+ |'|_|
have been shaown as
L Wayadic'! funchons —-
123 4 WA numbers written on the
lef+ and r‘\gh'l'-
H ot tor of posihv
rns o. Vector O\ e
E ! ¢ n ¢

inteqers up 4o and ‘mcludIV\OJ ‘he
’m*e%e\' SNQJ\ (see alse P.qr)

12

11

This is called
the " null’ vector

10
/W (o blank line)

Take a qness at these ...

—>
13.5
—>
15 4
—>

PROGRAM DEFINITION 25



INDEXING [ 1]

V « 2 3 5 7 .
V s avector of four elements

Ve The Hrst clement in V
2
V(2] The gecsnd elemerd in V
3
vL3] The Had  element in V
—>
Viu] The fHouwrt element in Y
7
V[s5]
— ¢
Py P counts the number of elements

26 PROGRAM DEFINITION



W+«59 2071

Wil

wL2]

wial

WL2 3]

w2 + 31

w2 + wl3]

wlul

W(5.5]

wlel

wL7]
INDEX ERROR

wL7]
A

W s assiobned ssme. nmbers

The 2nd elemext In W
The 2rd  olemerd \n W

The 2% ond 239 clements
(an Yndex can be a vector)

An index can be $he result of an
exgression

Add dhe 2vd and 2 olements

The ndex must be an ‘,n)re(jer;l

An index connst be > Hhe Jotal
number of elements n Hhe vector.

PROGRAM DEFINITION
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THE RHO FUNCTION »

P (vhe') is anchrer monadic
funch

o on-
X« 7776 75 Tu T3 T2 1 It eomputes dhe “size!

c_xf whatevex s writfen gn
ox s right.

There are 1 elements in  vecdkor X .

Y « 6 6 6 6 6 6 66

pY .
any elemerds 2
How  many in Y <
ALPHABET <« 'ABCDEFGHIJKLMNOPQRSTUVWXYZ'
o ALPHABET
’6 26 letters \n ALPHARET
o 'ABCD"
—>
L C t
p'4 CE F Counts spoces 0.
5
SHAKESPEARE <« 'A MIDSUMMER NIGHTS DREAM!
o SHAKESPEARE
—> Count Hee lderals

TITLE<«'A MIDSUMMER NIGHT''S DREAM'
TITLE

A MIDSUMMER NIGHT'S DREAM

oTITLE
25
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LIAR

TRIAD

L « '"TRIAL!

pL
LC4] The Gurbh clement of L s ‘A’
L1] The HArst element of L s 7
L[5 3 4 2] A vedcler ndex
Lf2 417 , * * , LC1 % 3 51, 'S*
Chain these 4oc}e+ker-
L{5] « 'D" Keassiajn He Sth glement
L of L “with ‘D

= o

L[2 4 5] « '"WsT!

L

What is L after Hhese reasslc)nmenJrs?

oL How many elements in L 7

PROGRAM DEFINITION 29



SUM-REDUCTION +/

Ve2357 N s a vecksyr

+/V -\"/ odds (,Lp +he e\et\r\En-*s O'G o Vec-\—o\r
17

2+ 3+ 5 4 7 " s Q%ui\/a.ler\‘f' 4o Pka.dnos

17

+ %\%Y\ﬁ hetween the elements
ard oval u\aﬁm) e result

+/W +/w odde wp dhe elements in W

24

54+ 9+ 2+ 0+ 7+ 1

+/110 The sum of +he ‘nnJrec)ers from 1 4+ 10

55

+/19 Add up Yhe ‘m—\ec)ers fom 1 49
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(11
(2]
(3]
(u]

A MONADIC PROGRAM

DEFINING A PROGRAM TO FIND AVERAGES:

Y« 4809 ~—-—-—-——gO'V\AQ y\u_,mbe.rs named Y
SUM « +/Y —— The sum of +the elements tn Y
N« oY ———— The number of elements in'Y
SUM + W — The average of the elements in Y
VAVERAGE X A pasqram ‘o And the average
SUM « +/X of L vector of numbers Cx)
N« ox Note Huad Hhe name of +he proaram is
i AVERAGE and that X stands Hfov +he Aumbers
SUM + ¥ the program will use. To exeade this

program some numbers must appear to Hhe
v -

‘”“3\ of AVERAGE. AVERAGE 15, therefore,
o-Ymonadic” program.

AVERAGE & 8/9\-——-1/&%8 numbecrs are Hhe Valwes,

7 is the result.

suM SOM s e sum of the elements in X
(from tine [1])

N 15 the number of elements in X

(from line [2])

AVERAGE

AVERKEE  ssguires numbers for X

SYNTAX ERROR

AVERAGE
A

PROGRAM DEFINITION 31



For values assigned +o V) the
program Prints +he AVERAGE

V«2 357

AVERAGE V n
.2 ot the humbers in V.
W«592071
R AVERAGE W AVERAGE the numbers in W
Wwiul « 6 C}\amﬁe Hhe 4t olement o W
W
—
AVERAGE W now AVERAGE W
—
YERASE — A SYSTEM COMMAND
YERASE AVERAGE This 15 a system
command '’ whidk will
AVERAGE W €rase Any MAME.
SYNTAX ERROR Now He proaram AVERRGE
AVERAGE W s erased
(a,ul o new AVERAGE Program
cowld be defined)
Challenge:

Rewrite program AREA as a "monadic" program.
Rewnrte program BASEBALL as a “dyadic" program.
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REVIEW

The mode of APL in which programs are defined is called “program
definition” mode {or “function definition’” mode). Here expressions may be
entered—one line at a time—for execution later by the computer. The
sequence of expressions is given a name so that when execution is de-
sired, you need only use that name.

Program definition begins and ends with a del V symbol. (In fact,
dels should always be paired, since they act to switch back and forth from
command execution mode to program definition mode.) Each expression
entered is preceded by a line number, and programs—once defined—may
be edited by referring to line numbers. For example, lines may be replaced,
or new lines may be added. Only the latest version of an edited program is
stored by the computer.

Several important points about programs are:

—More than one program may be defined at a given time, but each

must have a different name.

—Programs may use values from (global) names assigned either

outside or inside a program.

—Results of executed programs may or may not be displayed, de-

pending on their definition.

Some additional primitive functions, helpful in defining programs,
are: iota 1, rho P, indexing [ 1, and sum-reduction +/. lota generates
index integers beginning with 1 (unless directed otherwise); rho computes
the size of numerical or literal data (e.g., the number of elements in a
vector); indexing is used to select individual elements of data (numerical
or literal); and sum-reduction adds up numbers. lota and rho are examples
of “monadic” functions.

All monadic functions in APL appear with data only on the right
hand side. They differ from “dyadic’’ functions, such as + - x %, which
are used with data on both sides. From syntax alone, then, you can dis-
tinguish between monadic and dyadic functions.

Programs may be defined to be monadic or dyadic or nyladic (the
latter meaning no input data).

To test your understanding of U-Program 2, execute (by hand) the
program on the next page. Check your results against the computer’s.

PROGRAM DEFINITION
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PROBLEMS
S « 9
V<« 2 35 7 11 13

L « "AEHNRSTW !

VREVIEW

(1] LL7 3 2 91 46 8 256 9 15 2]

[2] oL
[3] »pV
(4] 1S

[5] viul - Vv[1]
(6] VI[3] + pV

{71 +/v05-2 3]

(8] +/V
[9]1 +4/1S
[20] V[pV]

(111 v[p V]
[12] +/VLpV]
(131 +/VLeVl1-S
[14] +/1VI3]+4pV

v

REVIEW
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36

13

13

18

34

70

70

5 + 4 x 2

5+ (4 x 2)

(5 + 4) x 2

(10 x 3) + 4

10 x (3 + 4)

10 x 3 + 4

(6 x 4) + 5

6 x (4 + 5)

6 + (4 x 5)

RULES FOR EVALUATING EXPRESSIONS

When +wo (or more) funchions eecur
In one expression, the rules for
evaluaheon oxe :

Z.UL.E 1:
The funchon inside parentheses
\s done st

ZL)LE 2. Insde e parentheses (ov
when there are none)

He ‘Ziﬂ”’“”+ funchion s done Arst.

Do bx4 First

Yo 4r5 Hest
Po 4+5 Ffuwst
Do 4 x5 Liest

L plus (4 Hmes 5)

EVALUATING EXPRESSIONS



26

26

46

71

71

—>

(2 x 3) + (4 x 5)

(2 x 3) + 4 x 5

-C'urs‘\' 4x5

e —
“‘hen 2 4+ 20

+en 2 x 23

2 x 3 + 4 x5

1+ 10 x 8 - 2
These are
e%qulerv\' express\ons

1+ (10 x (9 - 2))

(2 x 3 + 5 x 4) = (2 x (3 + (5 x 4))) Are%fae-\wo
expressions

equl [

Challenge:
J

Z1 « 3 x 8 L 5 + 4 72
22 « 3 x (8L (5 + (4 £72)))

21 = 722

Z1

EVALUATING EXPRESSIONS
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16 + 5 | 4 x 37T 2 A Lohc) prres‘a‘ton

P32 Evaluation btj preces:
T

—>
S « 4 x T
S

—>
R« 5 | &
R

I
@ « 6 + R
4

—>
P « \q
P

—>

Evalvating expressions in AL is  different from the way
" is doe in algebra (x awd = Brst, then + and - ).
Ove reason for this is that there are so ™many fnehons

m APL (abowt 60 in al!) that it wowd be hard +o
remember which to do fAret
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30

W <

+/W

5 +

SUM

SUM

SUM

SUM

sSuM

SUM

SUM

SUM

SUM

SUM

SUM

Su!

GENERALIZED REDUCTION

5926 71 Thas 15 how sum—-reduction
\s actually evaluated:

9 + 2 + 6 + 7 + 1

(9 + (2 + (6 + (7 + 1))))

« 7 + SUM

« 6 + SUM

« 2 + SUM

<« 9 + SUM

« 5 + SUM

EVALUATING EXPRESSIONS
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cther dvadi : b 4
%xl/e\' “he :edu\é‘ﬁolvc\/ mbtlfr}s e he us€

Times - reduction
X/ & evaluated \ike

3780 -+/ (OV\\\[ with x (n (\ace.
+

5x9x2x6x7x1

—> . .
Moximum - reductien

- T/

’ S
sT 9T 27671 7T"l1

9 Q\{Ck\uxo.*ed

T RLN

MAX « 7 T 1 s HY
MAX

—
MAX « 6 [ MAX
MAX

—
MAX « 2 [ MAX
MAX

—>
MAX <« 9 [ MAX
MAX

—
MAX « 5 [ MAX
MAX

—> (This is the lamest valve

n the vector)
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Minimum - reduction

W<+59 2671

L /W \_/

a\'so
MIN « 7 |1 1 ‘p
evaluatres +rom
MIN <« 6 | MIN "
“r\gh* Yo left

MIN « 2 | MIN
MIN « 9 | MIN

MIN « 5 | MIN

e (This is the smallest valve in the vector)

Minns-veduction

-/W
Note Mt the reswlt here 15 not the same.
a5 the algebraic sum of the humbers.

D The rllhﬂy\oﬁ— operation

\\5 dor\ —P“’ﬁ‘\— )

DIFF « 7 - 1

o dhen Hae next r\%hﬁma—)

DIFF « 6 - DIFPF

DIFF

dhen dhe next r-tglr\-l’mosﬁ
DIFF « 2 - DIFF
DIFF

, and so on

DIFF <« 9 - DIFF
DIFF :

wnhil Hhe last operation
DIFF « 5 - DIFF R

T &Mp|€+€d .

DIFF
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minus -reduchion of 12 3 456

Re5 -6 gtep by step

3

Challenqvg '.

S « 16

(+/501 3 5]) - +/S[2 & 6]
—

e Keduckion (o generalized
for use with
e dyodic funchions + — x =

g \—Low\c\\d'c..

x/16
+/16
[/16
L/18

| /16
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32

—>

(:keck.\{ULUhsekf‘¢3n 4+x€'rwd€ﬁ5
" Lor evaMaHng expressons

2 x 14

14 x 2

(14) x 2

3 + 2 x 14

+/3 + 2 x 14

CENTIGRADE < 20 + 10 x ~1 + 14
CENTIGRADE

FAHRENHEIT <« 32 + 9 x CENTIGRADE % 5

FAHRENHEIT

EVALUATING EXPRESSIONS
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44

REVIEW

APL has simple rules for evaluating expressions—even those con-
taining many different functions. Basically, the rule is to evaluate the func-
tion on the far right—subject to parentheses, which dominate in the normal
way—and repeat until the entire expression is done. There is no hierarchy
of functions in APL (as there is in conventional algebra).

Another way of viewing the APL rule for evaluating expressions is
the following: Every function—dyadic or monadic—uses the entire expres-
sion on its right. (This amounts to evaluating the rightmost function first.)

Reduction operation is generalized to apply to many dyadic func-
tions, including + = x # [ L and | . The / notation is always pre-
ceded by a dyadic function which is (effectively) inserted between ele-
ments of the data following, and then the resulting expression is evaluated.

Test your understanding of these APL rules by evaluating the ex-
pressions on the next page.

EVALUATING EXPRESSIONS



R« 55 10 4 5 20
E«-é/.:;'

V+«2 357 11 13

I/« 59 26 71

19

£ ox T

(WE) x I

E + I x \F

+/E + I x F

E + I xF -1
(E + I) x F - I
(E + I)y x (E - I)
+/V x W

-/R < W

(r/w)

L/W

(+/W) + oW

RLELVLILILELW

L\/R , E ,V, I, F,

N A A A A A A A A A

PROBLEMS

EVALUATING EXPRESSIONS
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LOGICAL FUNCTIONS A v ~
L «+1100

K<« 1010

L Ak The AND function A

The result s 1
for both A and 1

—> O stherwise. .
1 A0
—>
0 A1
—_>
0 A O
—
Lovx The OR funchon v
PR The result is L
1 v g \f one or +he other
L, (orbo+h7'\sl3
—> 0 otherwise.
G v 1
—
0O v 0
—_—
. The NoT funchion ~
ot The reswlt s Hdhe
1 \oc;ical opposite .
—>
~0
—>

The. LoelCAL Lunctions (AND) OR, NOT) onhj oeerc&e_
on logical data ( 0s and 1s).
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~IL V K "noT
0001

~L A K “NoT "
—

(~L) A ~K ' Not
BN
Challenge.:

J

+/~(L A ~K) AL v ~L = K
—

(L voer k)
(L “awp" &)

L) " awn’ (Sner” k)

BRANCHING
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1100

1010

AL

AK

A/L=L

v/L

vV/K

v/L=L

50 BRANCHING

Avol - reducthon
/\/1 1. 00 15 quu‘o!c\len‘\"b lAl"O'\C)

n/ yieds 1 and only i€
all 1s Lollow, O stherwise .

)

v/ yieds L€ any 1 o llowss .-
Oc- reducthaon

\// yields 0 i all Os Hllow.




AJIVK Does L v K resuld iy all 1s7?

V/LAK ':Does L A K result .lV\ any 137
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COMPRESSION /

Q « Kk, L
Q Values of K and L are
10101100 c\,\aly\ec\—bqe_-\—l,\erm;«amed&
P<«2357 1113 17 19
P
2 3571113 17 19
& x p

The COMPRESS N {unchion /

This expressien may he read as:

Q@ / P \\& wmpress P// .
Ou,\\/ Hose elements N Pwhid,\ lr\qve__

corresponding 1 in & appear in the result

2 5 11 13

(~q) / p ‘
Here Hhe resudt is clements in € where_

1s appear on-the left:

37 17 19

¥ 4 U %
S 4 060 1 oo 11
2 3 5 77T i 3 1\7 19

‘ %u_g res \oaical vector
: COMPRESSION funchon re a leg
e l?keo nd s on the left —- one for each element
> ° on Hhe r‘ia((ﬂ'.
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1100

1010

a1

L

K

/ 6 2 8B 4

/ 6 2 8 U4

/ '"HITS'

/ 'FLIP'

ComPRESSION  works b\/':
—~keeping Volues where dhere are 1s

- om‘\“‘\mj values where there are Os

| + O O

6 2 3 4
( kee 0) (keep) (om‘d)(omﬁ’)

Keep +he values where there are 1s
in K

COMPKESSIOM works similarly
with  literals

0000101011010 0 / 'STOP THE RECORD'

BRANCHING
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11/35s \Zee()%e?)ar\c\%e‘i

10/3s Keee the 35 omit the §
—>

01/ 35 Omrt he 3)k€€p+|r\€5'
—>

00/ 35 Omit %25 OU’\A‘H/\QS
.—...>

0 / 6

K/—L_/ o blank. line
(+he null vector)

CompresSioN  of a single element
orther returns dt element -- as in 1 /(o
or  returng e null veder—- asin Of¢

This Lact s used n \oravxd/\‘mg-
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L1]
21
[3]
[4]
[5]
(6]
(71
(8]
(9]

27

81

ITERATION AND COUNTERS

Program POW cmpuies and prints

VPOW Louxr powRrs of N o
by repeated muttiplication

+
[aN]
J L ]

Z « 7 x N
z i
zZ+«z2xpy 7]

_
’ v\—_ NO"'Q‘ yObL Ma‘d ey\d .

Program deAnition with .

Ve 3 a V on +he end of the. last |ine.
POW

cowsed by line [3]
3" u f [_‘S]
i " n ['—,]
" 1" " [‘i]

N <« 4

POW

Execude PowW {for N4
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[1] 72 « 1

[2] 2«27 xy

[31 2

(4] 2 ¢

Powoy
i
16
64
256
1024
4096
1638y
65536
26214y
1048578
Y19430y
16777216
6710886y
268435456
1073741824

4294967296

56 BRANCHING

UNCONDITIONAL BRANCHING .
accomplishes

?roaram POWOW
wihat (Jro?r—a.m POW does (ard
by Heration ;

certain statem
unconditioval brarch ¢pm

€nts by usi

/

—————

Mo re)

Hhat 15 it repeats,

nmiﬁ%.q"

Line [4] —> 2 anbe read as
to line [2]" and causes +he

1o regeat lines
(indeFnitely) ..

[2] and [3]

L }

W
: 0]

()rac}mm

Push  ATTN key
(on +op cojit of  keybeard)
1o stop +he computer

pﬁnﬁnﬁ



VPOWOW [1.5]1 I « O

(1.61 [3.5] I « I + 1

(3.86] [4] (I < 9)/3V

(1]
(2]
[3]
Lu]
(s]
(el

vPOWOWLIV

POWOW

EDITING: INSERTING NEW LINES

powow skeuld be edited 5o thad
W will stop ofter a certain
humber of repihtions.

T2 ——— This command inserts a néw
line between \ines [1] and [2]

(Yow are Heen given the oppor-

dunity on [1.6] 4oinsert more
lines.

Line. [1.6] may be overcidden
doinser+t o new line between

lines [3] and [4].

( Again, [3.¢] invites you to insert
move lines.)

Overciding with a new line [4]
réplace:é)ha* was on line [47.

Now, displaying the whole
Pmﬁ"(am OPO\G\'}V&I incmd €%

dhe hew lihes.

AMso, note Hhot +he lines
have been auwlomatically
re umbered.
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(11
(2]
(3]
[u]

CONDITIONAL BRANCHING

T is o counter used 4o count
how Mmany +Himes [ines

T is initialized [2] and [4] are executed.
Z <1 / as O.
I « 0
- . T is ing ented . i L
rrad by 1 (cacn Lme/[b] 15 & (onditional branch

Z / Hreraton) cammand
ean be read as:

VPOWOWL{1v

POWOW

(5] I « I + 1 .
(61 (I < 9)/3 “branch ‘o ihe [3] ‘(‘G. 1ts
v less than 9 -~ gtherwise,
qo o +he next line"

N « 4 "ﬂ,\_e %er\g(al ‘pO\’"(Y\Q'\' 16

POWOW —_ (Co(\d(\‘HOhy/ line numbéer
y
b (No%e Hnat branching wotks this
o way hecause. of +Hhe csmpression
256 function
o Now , —the program steps
+096 mﬁer()rir\-Pma 9 powers of N.
16384
65536
26214y

-——

58
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Editing Powow agoin
3o that i+ will 6'{'0 ofer

\
VPOWOWL6] +(I < X) / 3V o Certain number 0'6 terations.

Line [{o] 1S C}\qy\aed

U X 15 a hame used by the
X< 12 program and %@re\ﬂore
ust be assigned a valve,

POWOW

8 Here X is 12 (iterations)

6u

512

4096

32768

262144

2097152

16777216

134217728 Note thatd large numbers — here, larger

1073741824 ‘Han 1O b\llqum- d\s layed in E nofod*\ov\

65890555 92 (similor to ° %enﬁpnc no’to,Jr(on Twhere

E may be read as “...+imes ten ‘o
the ... " The Same holds for very small
humbers —- like one billionth 7s 1E™9.

6.87194767u4K10

roed X can be easily cb\cmzbed (0.5 can N)

Vo execute +.
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VPOKOWLO] N POWOW X V

VPOWOW [0 N POWER X V

VPOWERLU]V
V N POWER X
[1] Z « 1
[2] I « o0
[3]VZ<-Z><I=7
(41 2z
[s] I« I+ 1

el (I < x)/3

5 POWER 4
25

125

625

60 BRANCHING

HEADER EDITING
Proaram POWOW may be
changed o Yot 4he values
for Nand X can be entered

ot the aame Hime as
“he ()ro%m.m nouMeE- -

This edi-Hnﬂ command 14
weed to change line [0]
(4he "header” of Hhe ()rogmm)

or, even the name of the
program CoNn be C,(Aa.n%ed-

Now POWER 15 o new
“d\/adicf' progrom

4 nees +wo valunes:
one on +the left (Q‘WNX
one on Hhe \"lS‘f\f (‘FO" X)

Notice +nat each value for Z is
Pr\r\'\'ed (dwe 4o line [4])



MORE EDITING: DELETING LINES

VPOWER[ 4]

This is the procedure for deleti nq
o line: coause +he Computexr
to type the line numlber and
dhen press ATTN, Lollowed
lmmedia}e\\/ by RETORN.

That line will ke deleted; and all

| oy
o5 offected n +he 109
\v\ov\\\\ be renumbere ofter +he

Liral del V.

(u]
[5] v

5 POWER 4 £ line [4] 19 de(eJchl) Vrogmn/\
PoweR will nst print

625 al%ugh ‘e Final result
can e obtained by +yping
Z.
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62

PROGRAMS WITH EXPLICIT RESULTS

VPOWER[O0] Z « N POWER X V

3 POWER 2

9 \S_\\

2 POWER 3

BRANCHING

Yexpliadt result’.

¥ 4he header of a program
assi?ns avalue, it has “an

PONER 15 chon 326\ o have an
explicit rosult

(z)-

when POWER g execu+ed now

whatever value # has Xt He

end of the p program is printed
as the result.

T—0nly *\r\e Tinal value of Z is

peinted

The program |+$81'P has +Hhis
roecit. The importance of Hhis
15 ‘hat -Hr\Q pro ra.m can NOW

(see page 68)

EXEC.LL‘"& POWER for an N of 2
and an X of 3



(1]
(2]
(3]
(4]
[51]

625

“The display of POWER

VPOWERL O]V

Z <« N POWER X

Z o« 1 Z 15 local Yo the program
I«o (a5 ave N and X ); they

are only placeholders for

Z « 4 xp -
values +he program will use

I « I+ 1 when exe,c,u}ec\ . ’The\/ do not keeP

(I < X)/3 4heir values outsde of Hhe '
program. (See also p. &L)

3 POWER 2 When POWER. s exew&ed,

Jhe reswlt is only
tempovarily qss(obr\ec{ o Z.

As sconas the program
Jerminates, Z returns o
e previously assigned
value (see p- 61)

gim'«larl\j for Noand X
(see “p. 59)
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TAPOWER « 15

5 POWER 4

POWER[ 1]
POWER[2]
POWER[ 3]
POWER[ 4]
POWER[S]
POWER[ 3]
POWER[ 4]
POWERLS]
POWER[3]
POWERL 4]
POWER[S]
POWERL 3]
POWER[ 4]

POWER[5]

1

0

5

1

3

25

THE TRACE COMMAND

— (Commard to Mroce! lines 1 thru §
6@ Proaro_m POWE R

When -the program \s Hraced, all
ceslts of execution-— Hfor each

line indicoted -- are pr‘w&ed out.

(a. nud \/€Q+Or>

625

TAPOWER « 0

5 POWER 4

625

625

64 BRANCHING

the final result (z)
Removing Hhe +race

Nermal execuhon

Proqm\m POWER simulates '\1'\6 behavior
of the primibve TuncHon »*
for posifive integers om The rignt.



THE POWER FUNCTION *

3 % 2 3 "o Hhe power" 2
9 (7) %%tw.red)
box 2 4 “o the povder” 2

16 (4 646uarec\>
L "o the power” 2

6 * 2
—>
579 x 2 Qeveral numbers -to the power 2
25 49 81
5 % 15 5 4o several powers

5 25 125 625 3125

7 89 10 * 1 2 3 4 Seve)md numbers to %evercd
— different powers
3 % 3 5 4o the (JONGII(?)
27 (3 wbed)
3 x 3 x 3
—
N i
N 2 “4p the power" 4
—>
3 x 3 x 3 x 3
—>

3 x5 ) to the St "POWQJ’

243
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25 16 49 * .5 S%(.LCU’Q, rocts

5 4 7 (V\wmbers Jm%e—;: power)
3 x .5
—
16 x .5
—
T8 % 1 s 3 Cube rost
32 % 1 % s Ffh rost
2
412 * 0,35 ‘Frac\riom\ povuefs are PGXWWH'QA
8.226u47961
. I __\_>
2+ "1 Negative pewers (2 or i
—
16 * .5
0.25
0 % 0 An  APL wiosiﬂ

(Take a @uess)
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[1]

[1]
(2]
£3]
Cu]

(1]
(2]
(31

11

Three different absslute value.
programs (M alosalute value' |4

i number )«
VABSOLUTEVALUR Yhe po&'\"\v e Yolue of o num >

(X % 2) % sy (O ARSOLUTEVALUE Uslng %
X « g Tg
ABSOLUTEVALUE
@ ABsolute value ws‘ma braV\d/\iv\%
VAB x

<0/ — 1 X s a neqative number, goto 4
stherwise, print ¥ and +hen

o P and
- inT «
o Q’Y\enr\egaﬁve of X

Note = O (or any other
AB 8 line number nc&~|q ‘he
pmaram) causes i+ 4o

3fop immediately.

AB g
@ ARSslute value uﬁin% ecpliat raoult.

VZ « ABs X

~ iHve number and
Zeyx - ﬁ&mféfm“&ﬁzr the reswit (z)
0 /0 X (s positive  stop

. - sterwise .

7 xv "Hf\Q resutgi— (Z) £ C.[AQV\%Ed ‘o ++\,e
ABS "11 he%ah\fe_ O-P X
ABS 11
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ls8.88
8.88
|73 x ~
—>
[3 x 73
—>
ls x 78
40
ABS §5 x
40
T « ABS
T
20
T « AB

20

SYNTAX ERROR

T<AB ~340:17

A

68 BRANCHING

T340 317

T340 317

THE ABSOLUTE VALUE FUNCTION |

returns o positive number

The defined funchon ABS
performs identically o

and can be used i expressions

whereas pregram AR cannct
(vecouse # has no explicit res ult)



Chal \Qm@ﬁ‘-

Defined m KES
r\v%\cg?lam%e residue Lunction  (see p-16 )

(see also p.200 for the formal definrhon of /)

VR « A RES B
(13 >4 = 0) A B < 0) / o W Ais 0O and B 15 n a.+\ve

(2] R « B
(31 (4 =
(4] R « R
[5] (R >
(6] R « R

(71 (R <

TARES

5 RES
RES[1]
RES[2] 13
RES[3]
RES[u4] g
RES[5] 4
RES[4] 3
RES[5] 4
RES[4] 2
RES[S]
RES[6] 3
RES[7]

3

TARES « 0

Stop (residue is not defined)’

0 /0o f A s O, branch e O (stop); the resuwltis B

- 14 ~ s %0 , subtract absolute
] hc sz?(ues of A re,(aea.+ed\~j

0) / u

ol lte values
W R is neaative  add abso
0) / 6 v] ‘ep re()eg—l—ed(\/ unbil R s v\mneqahve

13

You try '+ for 5 and 13

7 'T%axﬁ¢\5 QI?S

13

Qemoviy\ﬁ +he Hrace
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5 RES 13 DR |

—_>
5 ] 13
—>
1 RES 3.1y
0.14
3.14 - 1 RES 3.1y4
—>
3.14 - 1 | 3,14
3
emge :
Cha enge

VD « FLOOR N
(1] D <« W - 1|w
%

FLOOR 3.14

70 BRANCHING

These are éi%ui velent

This y\elds ~the frache ml oot

RES can be wsed tn an
exXpresSien .. .

\\\M“ like the l 'C\mc‘h'm.

VS « CEILING N
(1] S <« N + 1]|-W
v

CEILING 3.1u



THE FLOOR AND CEILING FUNCTIONS | T

—ﬂf\e FLoor Funchen L

L3.14

L6.2 6.4 6.6 6.8 7.0 7.2

Floor \}‘\e\ds +he nearest ‘
wnteger down the viumber line.

6 6 66 7 7

L8.0 8.3 8.6 8.9 9.2 9.5 (5)
The CeiLiNe Funchion [
[3.14
I
[6.2 6.4 6.6 6.8 7.0 7,2
777778 Cei(ima \)ields the nearest
\'n'\-e_qer up Yhe wvwwber \ine.
re.o 8.3 8.6 8.9 9.2 9.5 (>/)
SHERLOCK <« 'SCOTLAND YARD' /Am exa,mp\e sf
H+« 74 11215 12 usi:\? f N
1N exi
SHERLOCK[[35 x H ++/H] V\q
Lonpon (Hh aS5ures youl
Hhot e Indices
are \ mLeq) ers)
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H ()RB%VOJh 4o KOOND Pt

integer
V@ <« ROUND N “LLMbe'rs -{—O‘H(\'e' r\QQrQE)'(' ‘ 23

(1] @ « LN + 0.5 V

ROUND 3.14
—>
ROUND 3.6
—_>
ROUND ~2.55%
—_—>
ROUND ~2.0904
—
Challenge: Oe  displays +he result
0« X «10: 6 of Hhe QX()(Q%SISH o UtS
Tﬁgffr.
1.666666667

(10 * "3) x 0.5 + X x 10 * 3

1.667

(10 * "4) x L 0.5 + X x 10 * 4
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REVIEW

Branching is an important programming technique. It permits you
to indicate the sequence of commands to be executed in a program. Both
unconditional and conditional branching can be expressed. A popular form
of conditional branch commands is - (condition) / (line #) although any
expression which evaluates to an integer or null may follow the branch
symbol .

The logical functions A (AND), v (OR), ~ (NOT), and the compres-
sion function / are often used within branch commands. Also, the power
function = , absolute value | (monadic), residue | (dyadic), ceiling I ,
and floor L are useful mathematical tools available on the keyboard. It
should be noted that some APL functions serve double duty—that is, they
can be used monadically or dyadically.

Additional program editing procedures include inserting new lines
between existing lines, deleting lines. and changing the header of a
program.

Programs with “explicit results” can be used within expressions just
as if they were primitive functions on the keyboard. You may define such
programs with local names—names which have values only while the pro-
gram is being executed. The complete execution of a program (or any
specified lines) may be traced automatically by the computer.

Test your understanding of branching and related functions with the

exercises on the following page.

BRANCHING
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PROBLEMS
0000110000011110000 0 0/'BEFORE YOU VIEW MORE,'

—>
(4 = 4) A 5 =5
—
(3 2 4) v 5 2 5§
—>
LOGICAL « 01 1 0 0 1
(~ A/LOGICAL) = v/~LOGICAL
—_—
2 | +/LOGICAL
—
2 * +/LOGICAL
—
| +/LOGICAL
—_—
| -/LOGICAL
—
<« S « 3
—
0«7« (5 215 + 1) / S + 1
—_—
T * 5
—_—
S = 7
—
(s 2 )T 2 x5
—_—
((S + 1) = 2) = (5 * 2) + (2 x 8) + 1
—_—
(8§ x x/8 - T) = .5
R —.
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O« P «2

O« X « 20 5 3
—p>

(10 * =P) x | .5 + X x 10 * P

—>

Embody Hhe above expressionin o program
(with an  explicit reswlt) which will round-cff
a number X to P places.

—>

Examine he program below
VZ « L MAX R

(1] =+ (L > R) /4
[2] 2 « R
(3] -0

(4] 2 « 1

\%
and Hen prite a similar program (erh Iora.nd/\‘mzf))
4o find Hhe  MiNimum of fwe numbers L and K .

-»
Then,
TAMIN <« 1 4
R « 1.667 MIN 2
TAMIN <« 0

S MIN R MAX T [8]

BRANCHING
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RANDOM NUMBER GENERATOR 7
72
27 returns o lorl
(rardomly ) —— 11 is had
1o predu‘c'f which -

22

72

72

—>
73 33 3 33 3 3
11231213 andom ‘m+ecjers from 1403
’6 6 6 6 6
6 4 5 4 3
752 A random number from 1 4o S2
— ( picked out of 152)
(?52) = 752
You may net get Hhe same humber
’ 1€ you execute 752 “wice
)« 750 £ N s some integer berween 1and 52,
(1 < N) A (N <52)A0=11W %f\”‘s‘}'l
and
' N is £ 52
ond

i Seg, ? N is a whele vxwvbe\r
29 . (vemoinder ofter dividing
by 1is 0)
~~_ )
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[1]

11

gim«,dod"m% 4he voll of two dice

? 6 6
©e Two random numbers, each between
1 and 6
W] "

VZ <« ROLL A prsgram 4o ROLL 4wo “dice
Z « 4/ 7 6V ond add them up.

(ROLL is a “nyladic"

proqlmm with \ ’?V\Z )
ROLL expliat resv .

Lucky ‘.

ROLL
ROLL
ROLL * Roll ” 4we dice and add 4he humbers
ROLL Aaa\m —_— (H— May be a di(l(eren'\' resu.lﬂ
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ALPHABET <« 'ABCDEFGHIJKLMNOPORSTUVWXYZ'

ALPHABET([ ?226] Qanéoml\/ P\‘C’kjnﬂ Q (eter ‘Cron/\
X the ALPHABET
ALPHABETL ?pALPHABET] A randem ‘ndex (1 +o 26)
—
ALPHABET[ 726 26 26 26] 4 vrandem indices
QVAR
ALPHABET[ 726 26 26 26]
—
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V RANDOMWORDS N

[1] J <« 0 ———T.n'uﬁal\\j T is O

.
1]

LOCAL NAMES

N /s a local name.

Additional local names

d may be listed ofter semi-

Colens in Hhe progrom

4 random letters h@C\.d er.

[2] ALPHABETL?26 26 26 26] — orp print -
o J 15 a lecal name
[3] J « d + 1 —Jisincremented by 1 hsed bd e Oroaram
[4] > (J < §) /2 V == branch do line 2 i¥ RANDOMWORDS (in
T<N  Gtherwise laddihon 4o N)

RANDOMWORDS 6

QPXL
KJDG
ROHJ
RSCK
XBVE
CSXY

J
VALUE ERROR

J

A

29

end the proqram

CALDOMWERDS prints
N randemly %emra+ed
4- (eter “werds”

T is nsed o count (irside
4he program) -the. rendem
“Vﬁdﬂiﬁu

Nete +hat T has ne value
outside the pregram

Ard N is net changed
(This is +he valuest N
from page 78 )

APPLYING FUNCTIONS
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THE MEMBERSHIP FUNCTION ¢

b e 2 46 8 Iﬁ4qmemberof'24(o%-?
1 (Ves)
5 € 2 4 6 8 I‘a 5&M€mb€r0‘€24(og?
0 (NO)
T o member of | 2 3457
—_—
2 € 15 IsZamember-cPllEb"rG?
—_>
VOWELS <« 'AEIOU!
'A' ¢ VOWELS Ts 'A' a memherof ‘AELOU! 7
) (Ves)
'B' ¢ VOWELS 16 ‘Q! a vowel ?
—>
'"CAT' ¢ VOWELS 3 %e,sﬁov\s: ls '¢' o vewel 7 (no)
010 ls ‘A' a vowel 7 (yeﬁ\
ls \T' o vowel 7 (( ne)
. "COMPUTER' ¢ VOWELS %\we 3 answers (Os and 1S)
v/ 'COMPUTER' € VOWELS There 1s at least sne vewel
1 in ‘CoMpuTER'
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v/ "LINGO' ¢ VOWELS

VZ <« VOWELCHECKER WORD

(1] 2z <« v/ WORD € VOWELS V

VOWELCHECKER 'CONSONANTS'

VOWELCHECKER 'WHYZZ'

v/olool

A program o chheck.
if 0. WORD has a VOWEL

ls 4here oo vowel in
[0 ANSONANTS' 7

( yes or no)

O or 1 7

APPLYING FUNCTIONS
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SUB-PROGRAMS

Proarams may he used
wiHAin other programs .

They are colled
V RW W _ (|

sub gregrams™.
(1] WORD « ALPHABET [726 26 26 26]

CHECKER,

+ (0 = : R Program VowEeL

[21] (o VOWELCHECKER WORD) /1 is ased Wrﬁ“r\ ng

sl wen RW as o Sub- pregram.

(4] =1 candsm
Remember that It checks ‘\(Joﬁzu(a o

! VOWELCHECKER | 4 - leter "wor aslgh l
mus‘t+havt an e,)f'%\‘g: on lihe DT) Lor a Vowel.
it in order '

\ﬁseot in\ an expressvon, I{: i+ doesn'+ have a-

vowel (0= vOWELCHECKER

i WORD) e program

Now, here are beandhes backito line [1]

gﬁg 1o P(CK ancther woril).l

YRVO sSome  ravdowm it does have. a vowei,

sar0 H - letter words +he next line [31 paints

CNAO i dhe WORD before oping

oo with vowels back +o line [i] agoln,

FJPE o

ARTS

EZ0H °

OPRM

OPLD 6

NTAB

NIAG °

CcJop

PUxR * Unh oh. This program has no way

XGQA o
CL%{ of %+°?("n?)
TIIB
OMFC
URER

LKQI \/Ou M\6h+ edit Aw 4o count Hhe

XUEQ

AU , + and ‘o $+OP
WORDs mﬁed out Q \
?ggé when Hg reoches a certain number

gg% (like RANDOMWORDS on paqe 81)
Uoxw

e Yor now, use —+the ATTN ke\] o

o %P H‘ .
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,f

4

-

59 26 71

THE TAKE FUNCTION +

2 “take' W

(toke the first 2 from the frontof W)
3 “Hake W
4 Vyaker W

W s campared ‘o 6

When taking more Han +he Hstal number
ot elements JOs are used (or spaces  with

literal arvays).

“take"W

Take 2 Hfrom dhe rear of W

Take +he last 3 of W

The lost 5 of W

(Guess)

APPLYING FUNCTIONS
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THE DROP FUNCTION +

2 v W 2 " AVO(J” W
( drop +the Licst 2 From the Loont of W)

A Drop the first 3 from W

(4 + W) = "2 + W 'D\’bpp‘mcj “+he first 4 from W 1S
Qckuava\ev\-{' +o 4alqm3 the last 7 Prom W

(T2 ¥+ W) = 4 ¢+ W

1111
Twov Drop the last 4 from W
—>
6 v W 'Dmp “he last © of W
—
“3 v 'APLOMB! 'Drop and doake work with
APL |terals doo.

3 + YAPLOMB'
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A Program using DRoP )

VITRI N
Pr’\n'\' 4+he value of N
N becomes 1 “drop” N
branch +o line 1 0 < N
(i NSHIl has semething

(11 w

(2] NV« 1+ N

[3] =+ (0 < pW) /1 V

Init)
TRI 'CHEAT'
CHEAT Pro(i)ra_m TRI prints a
HEAT
4T ‘triangle ~shape of whatever
T -~
7 Je %‘\VQ it for N

(here \CHEART')

TRI 'ANYTHING'

TRLongle ‘ANYTHING'
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THE DEAL FUNCTION 7

>0 5 numbers are randemly selected fram
1345 2 \ Z 3 4 5 thout replacement

(ﬁ\e numbers are surambled)

There are no repec& S.

5 2 5 "Deal” Hee integers 15 ot random.
—>
'"STONE'[I <« 5 2 5] Serambled  [ethers by \ndexdna
NOTES
I What value for T was ra%uirecl for Hhe
—> above result ?
1?2 5 1_ l\dQDJ” ‘S
4 (1 vandom number from 15)
2 7 s 2. rondem numbers from 25
—>
375 3 vondem numbers fram 15
—
4?5 4 randem Numbers from 15
514 2
5 7 s 5 randem numbers frem 19
—_—
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A simwlated deal of a deck of cards

52 7 52
b3 47 13 7 49 14 25 26 12 19 30 17
40 33 31 9 28 37 39 1 52 6 42

8 29 16 5 34 15 3 23 32 50 24

13 72 52

25 45 43 41 30 48 40 S5 17 42 4y 10

48 44 36 35 22 20 18 2 4

11 10 27 46 41 45 51 38

( A brtd%e_ “hand")

v e

13 7 52 <A, different “kcmd")
13 7 13 D “dealt”! sut of 113
b7 13 14 “dealt’ sut of 213 (guess)

APPLYING FUNCTIONS
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Challenge:

"NOTES'[I[I <« 5 ? 5171

STENO

I What must I have been for
Hhe above to happen 7

U <« PER « 1pI

—> eated indexin
gﬁgdudv\ﬁ per mutations

U « PER « PER[I]

U « PER « PER [I]

0 « PER « PER([I]

[l « PER « PER[I]

0 « PER « PER[I] Tt comes back +o iHsetf .I

12 3 45
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THE GRADE-UP FUNCTION 4

T is o " permutation vector!

315 24
whidh happens 40 <ort D1
D1 « "1 7 T4 g 2 \nto OLSCZV\C\‘IY\Q order.
D1LI]
"4 "1 2 7 8
4D1 .
31524 The ?}rad@up function A
ocan be used ‘o prodwce >
.
b1l4D1] dhe came  fesult A
4712 7 8 A ond \
D2 « 6 9 2207
402 A yields a permutahien vector--
—> which will arrange a vector in ordec
D2[4D2]
e The ascending order of D2
VZ « SORT X A wNCise ra!Y\*l'o SORT any/
v numericod \emm’ into atscer\dtnq
(11 2 <« x(4x] order

SORT V « 5 13.2 "4 9 7 0 3.5

4 0 3.5 5 7 9 13.2

SORT VIL(pV) ? pV]

—> SORT Scrambled V
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THE GRADE-DOWN FUNCTION V

D2 ‘
_ overstnke ¥ and \
6 9 2 2 07

D2 % produces q parmwfc:\;\on vector for
descendir\g order

26 145 3

D2[yD2]

— Accange D2 in deﬁcendtnq order
What are +he TIndices which will arrange
¥6 5 7 8 9 . . ”)
s these in descendmg order 7
e Suppese N is some
S < 'NEPTUNE' [N] pzrmud-aﬂon vector
—s ’ Q 1s 'NEPTONE' scrambled
ST4N] Q can be unscrambled by
—> ustng grade-up 4 -
N« 7277
S « 'WEPTUNE' [N] .
T i+ ooalin .
S [An] rlj 6
—
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THE INDEX-OF FUNCTION 1
ALPHABET

ABCDEFGHIJKLMNOPQRSTUVWXYZ

ALPHABET 1 ‘A" 1 (uﬁ,ed dyad[ca[l\/) \/(Q\ds the
1 index -of ‘A’ in ALPHARET
ALPHABET 1 'BAT' '8! s +the 2 |eller in ALPHARET

"Al 1 Hhe 157 |eHer \n ALPHARET
Tl s +he 2t leter tn ALPHARET

21 20

ALPHABET 1 'MAN! NM+ are \Lhe"r\dl‘cesaf» |Ml and
‘A and ‘N' in ALPHABET?

ALPHABET 1 '"ROBIN'

18 15 2 9 14

ALPHABET[18 15 2 9 14] |4 yo use Hhe indices wi+h
ALPHARET \ow get ... 7

ALPHABET 1'.! ln case +he value onHhe r\%fﬁ'
” s not found in +he values on
+he left, index-of gives 1+ the
Number of values on the €T
1 + pALPHABET

In case of duplicates, index-of
only gives —he first index.

20 16 12 8 8 6 v 8
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Prsaram LSORT
« LSORT X
" w‘lll%%or-l- (Iterals

(1] 2 « X [ A ALPHABET 1 X] in+o'0.\(7hqb¢+1‘c_
Vv order-
LSORT 'CAT'

ACT

LSORT 'SLOT!
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INDEX ORIGIN — A SYSTEM VARIABLE 010

0ro <« o

4 0 3 1 2

18

012 3 4567

'ZERO' 1 'ONE'

3 4 1

'ZERO'[ 2]

A6 9 "2 2 0 7

—>
¥6 9 "2 2 0 7
—>
Oro <« 1
5 ? 5
2 3145
18
§>
'"ZERO'[2]
—

This command changes +he erigin of
indices frem 1 +0 O

T affects Hhe deal funchion,

+he index-generader,

Hhe ndex-of function

a5 well as all indexi opera'Hons
(see also:
it 55

Q_y\d %rqde-—up chapter

and ﬁmde—dowr\

The command o change Hhe
origin back +o 1.

Normal execuhion

te: 0OIO is one of several “system variables"
No a.\:\[ of whieh begin  with . See 214

APPLYING FUNCTIONS
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96

REVIEW

APL has a rich resource of functions—you may consider them
“tools”’—to apply in programming. The random number generator 7 , for
example, is convenient for simulating real-world processes, experiments,
and, of course, games. Other useful functions include: membership € , take
+ ,drop +,deal ?,grade-up A, grade-down ¥, and index-of 1 .

Programs may have several local names (in addition to those
needed for syntax). They are listed following semicolons in the program’s
header and are used to keep track of values—such as in counters—which
are only needed while the program is being executed. In fact, all local names
lose their values after execution is completed.

Programs may have sub-programs. (And sub-programs may have
sub-programs, etc.) They may be used within expressions, but only with the
proper syntax. A main program continues execution exactly where it left off

after a sub-program is completed.
Some system variables affect certain APL functions.[JI0 is one such
system variable which acts to change the index origin.

change the index origin.
To test your understanding of U-Program 5, begin writing programs
of your own choosing using these tools. See U-Program 6 for examples.
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U-Program 6

INTERACTIVE PROGRAMS
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DATA INPUT: NUMERICAL O

\\
3 x [ d (Jrhe— %uad” 6ymbo\) re(gueﬁ’s ‘mpﬂ.
y The computer priats 2 and 4hen waits.

<__—‘;"\/ML must enter o numbex before

21
5% O can be evaluated

4 < U Ke%uesh‘na input for A
(i:
5 *'-—L____._Yow enter 5
A A s now 5
5
3« @eq»esknc) nput for B
e
; q is entered
—> ’ What is +he value of B 7
C o« 4 x U C s 4 tmes +he “W” (+0 be some
U: humber
g 3 15 entered for Hhe quad
¢ Then C1s 32
32
¥ o<« N 154 he <eme ‘\’\n'm%
s
17 x 2 Evaluade His.
i
—> N 15 4t number
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£ you entexr an impropex”
oxpression (one which presduces
on evver (eport) | the rec%vxes-{'
forinput 15 repeated .

|55
;r
-

3 u &4
SYNTAX ERROR
3uy

A

Lis
I vou enter o right - pinting arvow
R \/(om ook b mtg\df\)) the. e%ues'f‘

’ s terminatea .

[ value.
VALUE ERROR And S will nat have o val

9]

Challenge:
5 x 8 [ U+ 2
1 With 10 in place of O
0: +he expression evalunates to be ©O.
10 '
60
5 x 8 [ 0+ 2
U:
7 . .
What 1 the evaluation of +he
N expression for T in place of O 7
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DATA INPUT: LITERAL [

Overstrike Oond ' 4o form M

/

P M (w&e-%uad> requests literal input
IERALS The keyboard epens atthe (ef4 margin.
v
LITERALS are entered.
’ A row has the value ' LITERALS'
LITERALS
oA There are ¢ elements (le#ers) in A
8
B« U] M rcqoues'%s literad nput
ENTER
g What 1s in B 7
—>
0B @ has 5 olements
5
wy O ‘ANY' 1S evidered for C
c
—>
pC
—>
— s B,C, A What did you ex()gc+?
B v o Iod 1o A

( sp0ce5 (0 be%ween)
ENTER ANY LITERALS
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X <« 'TYLENE'

X« , X ' iCE' goes where M s
ACE
! TIr\EIr\) what 15 4he value of X7
Yy « (1
o
oY o backspace v backspace r

VALUE ERROR

pY
A

This " satisfigs tHhe re%ueef-
Lor literal wnpud... but Y
do®s net have a value .
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AN ARITHMETIC DRILL-AND-PRACTICE PROGRAM
VDRILL

[11 '"MULTIPLY'

[21 X « ? 20 ——— X 15 a random number fom
. | to 20

(31 x

(41 ¥ <« ? 20 —— V15 a randem number fFem
(5] 7 | +o 20

accept +Hhe student's answer

[6] ANSWER <« U
[7]1 =(ANSWEZR = X x Y) / 1 —— f his ANSWER 15 corred' go

[81 'NO, TRY AGAIN' -‘f(})rc{t;?:ml) g{ﬁ\&:}%&nﬁgﬁa
el oee NO, TRY AGAIN and 4hen 00
back.+o line G.
DRILL
MULTIPLY Execution of program DRILL
16
11
0:
176
MULTIPLY
14
13
U:
143

NO, TRY AGAIN
U:

272
NO, TRY AGAIN
0:

182
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There's a problem with Hhis pregram

MULTIPLY
11 .
4 the shudent has no way o step it
U:
" (1€ he gets o problem corcect, he
: , S Q{WBV\ ansther one
/ I .
e £ he moakes & Mts‘faKQ.) he
+ 15 given ancther 4y
’ This will go on and on ... )
e
> anless — 15 entered
Let's insert o line which
3 permits +he studertt
VDRILL[6.5) > (ANSWER=STOP)/0V “’Ds'('OP _+he Pro%ram’
5T0P«989.9 3TOP 15 assigned
some humbee not
DRILL likely to be o
MULTIPLY res ‘n‘s\e_.-}\o%€$€.
J multiplication problems
10
1
:
10
MULTIPLY
17
10
e
1170

NO, TRY AGAIN
U

STOP

when +he student enfers STOP |
“HMZ.Prografn 19 +€rﬂnwvx¥€d.

INTERACTIVE PROGRAMS
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VDRILLLUIV The current definition of DRILL

V DRILL
1] 'MULTIPLY'
f2]1 X<«?20
3] X
fu] Y<«?20
[51 Y

(61 ANSWER<[]

{71 +(4ANSWER=5T0P)/0
{81 -~>(ANSWER=XxY)/1

[9]1 'WO, TRY AGAIN!

[10] »6
v LINE EDITING
—- allowine, you o dg\omae_ singl&
characters ona ine 4 -
VDRILL[8{121]
Lol lAnSHER=XxI)/L Hhis elides +the character 1 .
[8] ~(ANSWER=XxY)/NEWPROB &— —then Yo -k/pe iNn hew Chgxg.%sr
(9] [107]
[1] 'MULTIPLY' . :
8 & ————this will place § spaces n
(1] NEWPROB:'MULTIPLY' front of ‘MULTIPLY'
[2] (607]
[6]1 ANSWER<[] where Jou +\”7e in hew characters

6
(6] GUESS:ANSWER<L R R .
[7] [10]1 >GUESSV The general form of line editing s .

V program name [ n O m]

VDRILLLU1V where n = line numbeyr
and m = number of Spaces frsm

[1] ngggfL?gB' "MULTIPLY! \% {Y\QI'D‘)H'\ o POS("HCV\
(2]  x<?20 the Hype” ball
[3] x The new definrhion of DRILL
[u] Y+«?20
[5] v
6 UESS :ANSWER<{]

71 ~(ANSWER=STOP)/0
(81l >(ANSWER=XxY)/NEWPROB
L9l 'NO, TRY AGAIN'
Li10] -GUESS
v LINE LABELS

L——“NENPRDQ and GUESS axe line labels.

Line labels are names followed by a colon
and an expression on a line in a program.

+ on +he volue GF-Hr\g [ine humbet™ .
mecil mg\lje be used for convenience. in brancning .
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DRILL

MULTIPLY

13

9

U:
STOP
NEWPROB

VALUE LERROR

NEWPROB
A

GUESS

VALUE ERROR

GULSS
A

Line labels are local 4o
the program;

ek i +Hhey have no values
ofter ’Qorhple-ﬁon of +the program.

o may, Hherefore Sapel\ Use.
J\r/l/xe Sam\e/., line labels in dti‘@eren‘t'
programs without interference .

INTERACTIVE PROGRAMS
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Now we uwill change DRILL

\ ‘LL . * \ _‘.\‘
etinements 1o DR o display wvlhplicahon
ﬂz {; ;wnbk};s W o dd%ftmew+
woy.

VDRILLL1U] display line [\]
(1] NEWPROB:'MULTIPLY' chavae line 0]
[py CrEROBRT tiries dolols line [21  (push ATTN key)
[3] 'x ';Y«?99 g:a e ?h%. Ei%

{2 | e lin
E:% e dectxe:i%_ line 1% (()Lk‘gl'\ ATTN V.ex{)
[6] v ‘
@ (Al gther lines remain the same)

VDRILLL{]V
o V DRILL ) 7]l This is whet DRILL
1] NEWPROB:' ';X<?99 .
[3] bp 't

(4] GUESS:ANSWER<(

(5] ~(ANSWER=5TOP)/0

(6] +(ANSWER=XxY)/NEWPROB
(71 '*NO, TRY AGAIN®

[8] ~GUESS | .
! s 15 used for mixed oubpu -~
t is, when you want +o print out
e e o erat © dotm
on the same line,
DRILL (see lines [1] and [2] of DR“—‘-)
42
x 39
O: o ‘
1260 Mulbplicahion pm\)\ems
74 & new format
x 89
g
STOP
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(o1l
[0]
[1]
[0.6
(0.7
(0.8
(0.9
[1]

(1]
2]
(7.6
£sl]

[8]
(9l
[10]
(11]

(1]
[2]
£3]
[u]
[5]
[6]
(71
(8]
(9]
(10]
[11]
[12]
[13]
[14]
[15]
[16]

Further refinements +o DRILL

VDRILL[0lJ]
DRILL
DRILL N ¥
[.5] n<0

1 NEWPROB:W<«0
1 Neli+1
1 >(N>5)/END
1 [10s6]

NEWPROB : !

/11171117
v, X«?99
[7.5] WelW+1

] [s8ls]
+>GUESS
6

':X<?99

+(W<3)/GUESS
'"LATER.
-+0

END: 'THAT''S ALL,

VDRILLL[J]V

V DRILL;N:;W

GET SOME HELP

'v

Editing DRILL o keep trock of the
dotal number of problems completed
cocrecHy (N) and Hhe number of
consecutive wrong answers (w).

Now!!

The revised proqram

N<0

NEWPROB: V<0

N<ll+1

wihalize N B be
hinalize W R " 3

ent N b
branch 4o Hhe END (line [\a])

+(N>5)/END
' ' X+?99
'x ':Y«?99 }
L}p'-'
GUESS : ANSWER<[]
+(ANSWER=5T0P)/0

display

+he prublem

+(ANSWER=XxY)/NEWPROB

'NO, TRY AGAIN'

ofter § correct peoblers
the student's ANSWER

W wrmng emert W by L

We<W+1

branch +o GULESS [lir\e [8])

+>(W<3)/GUESS
'LATER.
+0
END:
v

'"THAT''S ALL.'

GET SOME HELP NOW!'

after 3 or fewer repeated
WKBhG ANSKers

(q)o 4o line [i4] ofter
the 4 \rong answer)

INTERACTIVE PROGRAMS
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DRILL Execution of DRILL

53
x 22

-————

1166
20
x_93
U:
1860
17
x_11
0
177
NO, TRY AGAIN
Cs
1207
18
x_41
s
738
60
x_30
O:
THAT';O.ZgL. Terminotes atﬁomc&ica.\\\l after §
orcblems are completed correcty.

DRILL
57
x_33
s
1551
NO, TRY AGAIN
U:
2521
NO, TRY AGAIN
U:
2831
NO, TRY AGAIN
{d:
2921 —_— .
NO, TRY AGAIN lerminotes MOM“CQH\I after
LATER. GET SOME HELP NOW! 4 con%ecw{"we wronq onswers

‘o ()\'ob(em .

o Does line label END have a value now ¢

INTERACTIVE PROGRAMS



[16]
[16]
[17]
(18]
[19]

N
D ot Ve O
e)}h AP Wi ‘
/ NSQ# With Hhese
o chanag @
VDRILLL16(]] M% fb
END:'THAT''S ALL.!
END:"CONGRATULATIONS! WOULD YOU LIKE 5 MORE?'
‘ENTER Y FOR YES, N FOR NO.'!
('Y 'eM) /1
'‘0.K. NO HARD FEELINGS. SEE YOU NEXT TIME.'V
DRILL o execute
the program

ofter %e:\—tiv\g ) r\gh‘l’ )
4ﬂ{ew@ﬁnq\ror YES or ANYTHING

INTERACTIVE PROGRAMS
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VDRILL [17014]
(17] ‘'ENTER Y FOR YES, N FOR NO.'
/117777 /777
(17]1 ‘YENTER YES OR NO.'

(18] [18U10] N . . .

[18] »('Z'el)/1 When you line edi+ here)s en\; elided,
2/1 +he e inthe E = .

[18] =~>('YES'=[)/1 V\YO‘*"’YP n o

191 v

N
DRILL \%\\\6‘)' X\\"

90

x 62 Q/C}.
T ™
L C/
90 x 62 a
8u
x_33 AN \\9\\()-“A ..XO
0 V- ~
84 x 39 C§§> (af>03§feng§>;\
67 et -H .
x_51 %“(\W\ 5\00/)2‘;\6
O: N CD& b\Q/
67 x 51 \:§> \éﬁb
49
x_62 '
U
X x Y
32
x_18
U:

X x Y
CONGRATULATIONS! WOULD YOU LIKE 5 MORE?
ENTER YES OR WO
No
LENGTH ERROR .
DRILLL18] ~('YES'=[0)/1 This error s(xseer\ds Hhe procaraW\
" (LENC:TH ERROR. vesults because +the
\Qy\qH(‘\ (6[2.9_)( of ‘YES' 1o not Hhe
sane as ‘No'.)
)ST This S_‘hx\'e l_hdiCQ"’O\’ commond "
DRILLL18] * wdicotes Hhat program DRILL is
suspended oh line [1=].
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SUSPENDED PROGRAM

)SI When o proaram s suspended, s execution
DRILLL18] = has \oeerg th,Qd before Comp?e-hor\.

y The values of local nawmes
oxre o\va‘\(able_)

i

GUESS and line labels +4oo.

NEWPROB

END

16

Mest importantly, o suspended program
Moy be resumed  |oter—- perf\ap
after correcting error(s)-~ by -Lyping

o branch command, e.q. 1%
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STATE INDICATOR

)SI _
[o clear a program Hrom o

DRILLL18] = State of Suspension,

R enter o r‘m{k\{'— pointing arcow —
(one for each suspension *) .

)5I

Now Hhe state Indicater is empty,

W
anrd local variables do net have
VALUE ERROR V&lbkes avq”able_ .

i
A

Note: The state iwdicator is helpful in keeping frack
| of the status of proqrams - as  yov execvte them.
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VDRILLLOIV The current definition

V DRILL;N;W of PRILL
(11 W<0
(2] NEWPROB:W+0
(3]  d«l+1
(4]  »(u>5)/END

{51 t 1. X«?99
(6] tx ';Y«?99
£71] Yp ' -1

[8] GUESS:ANSWER<[]

(9] +(ANSWER=STOP) /0

[(10] >(ANSWER=XxY)/NEWPROB

[11] 'WNO, TRY AGAIN!

[12] wW<«W+1

[13] -+(W<3)/GUESS

(14] 'LATER. GET SOME HELP NOW!'

[15] =0

(161 END:'CONGRATULATIONS! WOULD YOU LIKE S5 MORE?'

[17] 'ENTER YES OR NO.'

(18] ~('YES'=[M)/1

[19] '0.K. NO HARD FEELINGS. SEE YOU NEXT TIME.!'
v

Challenge

DRILL may be edited +‘O\r\
VDRILL[18] \—ecHF\/ Hae Pmblem whnic

consed e previons
Susgemion.

Then execute DRILL.

DRILL
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\%

A SIMPLE GAME PROGRAM

LOL
VWELCOME TO THE GAME OF LasT-onr roseps!' LAST-ONE-LOSES |5 o

[1]

[2] ' variont of +the ancient

[3]  'DO YOU KNOW THE RULES?' N

o1 apaxiryrel ntellectual game, NIM

[5]1 RULES

[6] ©L1:'T0O START WITH THERE ARE '3;N«5+?10;' BOXES'

7] (2xN)p '[!

[8]  'WANT TO GO FIRST OR SECOND?'

(9l >L2x1'F el

(101 L3:'MY HOVE.' X .

[11] N<N-MMOVE LOoL i1s5+he main pregram.

[12] (2xm)p 'O .

13] »WINx1N=1 . Ty

Eiu] >LOSEX\ =0 Note Hhe use of null literal

[15] L2:'YOUR MOVE.' snline [21, line lakels
«N-PHOVE

Ei?/} 11L05Ex1f]=1 en lines [6] [\o] [“53 [7—‘3

[18] ~WINx1N<0 [23] and [7,4]&\ &@Feren'\i

(191 (2xW)p 'Ll ! es 4

[20] ~L3 bm‘“d\m@ ot on lin

(217 WIN:'I WIN THIS TIME.' [ﬂ] [21 [4] etc., and the

(221 ~Lu wse of suo- pro%mms

[23] LOSE:'RATFINK!'!! YOU WIN.'

[24] Lu4:'TYPE LOL TO PLAY AGAIN.'

{1]
(2]
(3]
Cu]
(5]
(6]
(7]

1]
(2]
£3]
Cul

(1]

114
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\Y

KULES {5 a sub-program
(self-explanatory)

RULES
L ]
VLAST-ONE-LOSES IS A GAME OF TAKING AWAY BOXES.'

'WHEN IT IS YOUR TURN, YOU MAY TAKE 1 2 OR 3 BOXES.'
'YOU AND THE COMPUTER WILL TAKE TURNS TAXING BOXES AWAY'

"UNTIL THERE Iu ONLY ONE BOX LEFT. WHOEVER TAKES THE'

PMOVE 15 o
Z«PMOVE Sub- Pm%d/\m "ﬁ“%hr I
+0x1Z2€13 move.. “'ha+ T checks
'"PLEASE ENTER A 1 2 OR 3' +Qbe.6wr al Lor 3
>1 15 entere
MMOVE 15 o
7 «MMOVE sub - program wh\c\f\ males +the CoMpquer'
Z<Nl?3 move. The meve 15 simply o random
number £from | 40 3 but less thaner
(MLl*b N dhe number of lboxes.
mldem\n movre Sop‘m'v‘h ted s&mdegcés
Couud be programme heref)a
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LOL A %amg\e game.

WELCOME T0 THE GAME OF LAST-ONE-LOSES!

DO YOU KNOW THE RULES?
NOPE

LAST-ONE-LOSES IS A GAME OF TAKING AWAY BOXES.

WHEN IT IS YOUR TURN, YOU MAY TAKE 1 2 OR 3 BOXES.

YOU AND THE COMPUTER WILL TAXE TURNS TAKING BOXES AVAY
UNTIL THERE IS ONLY ONE BOX LEFT. WHOEVER TAKES THE
LAST QUE LOSES!

TO START WITH THERE ARE 13 BOXES

goobupbuboobubuod
WANT TO GO FIRST OR SECOND?

FIRST
YOUR MOVE.
Uz

2
ocobouobocuoobouan
My MOVE.
goocogooou
YOUR MOVE.
s

3

Cuocou
MY MOVE.
U g
YOUR MOVE.,
U
2
RATFINK!!! You WIN.
TYPE LOL TO PLAY AGAIN.

LOL
WELCOME TO THE GAME OF LAST-ONE-LOSES!

DO YOU KNOW THE RULES?
YES
TO START WITH THERE ARE 6 BOXES
guaoogoano
WANT TO GO FIRST OR SECOND? \
SECOND @(/.
MY MOVE.
DOo0o0oOo N
YOUR MOVE. v co
:

1 \,XFL
gooaono
MY MOVE.

(
I WIN THIS TIME.

TYPE LOL TO PLAY AGAIN,

o

INTERACTIVE PROGRAMS
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(1]
2]
(3l
[ul
(5]
(6]
(7]

HOW DO YOU FEEL ABOUT ME?

[BE

A SIMPLE SIMULATION PROGRAM

VTEMPER . .
EMOTION<«O TEMPER. 15 o groﬁram which
"HOW DO YOU FEEL ABOUT ME?' . o . o

ENTER: NEW<[ 3‘"“*\&*@3\\ a{ e Crf"de\‘f
EHOTION<NEW+EMOTION 2 an emononal reaction.
~(EMOTION>10) /HAD
SENTER

MAD: "% 12 'x!12"

V +

This program will--under

cectoin onditions ——

“get mad at you" |
TEMPER )

T begins by asking you to
exprges hew you @eel ~+oward
the program. Numbers are used
4o indicate. the stfengtih of
Your feelings: low numbers
are very Kind ot loving,

h‘!‘gh numbers are. hestile

) 'Prbks{'ra'\—‘ma.

ax171%17 \/ou_ may ENTER a sequence.

of NEWN pumbers —-— gne at

a Hme. Each number causes
TEMPER EN\OT(QN 4o be QJnar\o)ed

according 4o o simple’ math-

ematical “model :

EMOTION becames —the New

value plus spe. half +he

previous value of EMOTION.

I¥ EmoTioN exex becomes
ceatexr -tHhan 10, He pProgram
2286 to MAD (where +he |
mputer's vernacular 1o
printed)

Tey differont seanences
(lke. S 64 o:w@z’r@
or T2 71 or 2 7 7, €+c..>
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TEMPER

HOW DO YOU FFEEL ABOUT MLE?
U:

5

How many 5% do \/om%‘m%’
“+his program con “Holerate /
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REVIEW

Interactive programs permit you to enter data during their execution.
In APL, the quad 0 and quote-quad [l symbols are used to request input—
the latter accepting only literal input.

A drill-and-practice program is one which interacts with a student
in order to improve his skills, say in multiplication. A prototype of such a
program would give directions, present problems, request the student’s
answers, and judge the answers for correctness. Based on whether an
answer is right or wrong, the program branches and gives the appropriate
response.

Line editing allows you to change single characters on a line in a
program and is helpful in refining a program after it has been defined. Line
labels are particularly convenient when a program is to undergo further
editing changes. A line label is local to a program and takes on the value
of the line number with which it is currently associated. Hence, even after
new lines have been inserted or deleted, branching commands using line
labels will still be valid.

When a program is executed and produces an error, it is said to be
“suspended.” The remainder of the program—not yet completed—is tem-
porarily held in abeyance. By checking the ‘“state indicator” ) SI , you can
find out where, when, and how many suspensions have occurred. Execution
can be resumed with a branch command.

A game is ideal for writing as an interactive program, especially
one in which a player competes against the computer. Strategies for mak-
ing the computer’s moves can be programmed, perhaps the simplest of
which is by random selection.

A simulation is an approximation of some real-world phenomenon.
Simulating something as complex as human behavior is extremely chal-
lenging, although simple mathematical models can be expressed easily
in APL.

INTERACTIVE PROGRAMS



U-Program 7

ARRAYS

Contents

The Restructuring Function P 120
Matrices 121
The Ravel Function , 124
Functions on Arrays 125
Array Indexing 127
Summary of APL Data Structures 133
Programs Using Arrays 135
Review 138

119



THE RESTRUCTURING FUNCTION ¢

5 p 3 (This is +he dyadic use of +he rho symbel p)

33333 6p?) cbe,r\eracles an armw of 5 3'5 .,
a \vector”)

L 5 4's
b4y oy oy
4 p 5 4 5's
5 5 5 5
3 p 5 3 S'Q
.—} )
Cenerally +he form 52 (structure) » (elemernts)
7 p 8 9
8 9 8 9 8 9 8
6 8910 wWhen “there are 4oofew elements,
— re()ea:t +Hem unti| +Hhe %h’ud—ure_
is filled wp-
S p 89 10 11
8 9 10 11 8
4 p 8 9 10 11 12
8 9 10 11
308 9 10 11 12 13 ‘g’kle'\ g't‘\ﬁreh&gfe:‘c\eor&% ‘-&file
Y\ S n
~ g St 4
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o

W W o

O P OO

oo

® ® o

O Or O

Uy

@0 o

o ot n

0001101100

MATRICES

With wo numbers gn 4he \eft —he
arroy produced 15 “wo-dimensional -

(& “matrix")
Hero} 2 vows and 4 columns of 5lg

4 rows 3 columns of R's

3 vows 5 columns of 2's

5 by 2 structure,
0s and 15 as elements
Ll wp Hhe matrix row by row

(re‘ﬁ(mc-iwma a vector m‘b Qa ma:h'ng

2 rows B wlumns

of
4he elements 1 2 3 4 ... 10

ARRAYS 121



Movre examples c@ numext ca\ marhﬂces

2 3 p 12
121
2 1 2
Note +hat +he rows are filled
up ohe at a Hime.
3301000 (This is called
\ ’ ’ \"
—_ FN'VV\A,\OT
order)
2 3 p 111
1 2 3
4 5 6
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Pyadic P with li+erals:

500t B dashes
y p ! 4" do‘f’S
3 p 'x! 3 %'{'G.r-s
20 p 'O A dotal of 20 symbels, aHerm“ﬁ
O*O*[0*0*0xD*0*0x 0% Os ond ¥g,
7 o 'T00T! A 4otal of 1 elemervfs, repeaﬁng
when necessary
5 p '"PHOTOGRAPHY' The —C‘trs* 5 elemen+s
PHOTO
The first 3

3 p 'SEXTUPLE'

12 o '0H! ! |2 elements in dotal

I is an overstrike symbool
Tvee ' backspoce o

ARRAYS 123
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3 4 p '"FREEFROMDEBT' A 3 b\/ 4 lteral madrix

FREE
FROM
DEBT
2 30 p 'AND MILES TO GO BEFORE I SLEEP' 2 by 30
—>
(repeat 30 characters)
6 3 o 'TO BE OR NOT' ﬂepec& in order +o £l
— up & by 3 madtrix
L « 34 p '"GOODPLAYBILL' L e speci@ied +o be a
L moérri(x of 3 rows and
olumns
s 4
L P L (~Mor\aclic.) cb}ves +he structure
3 4 of L-- 2 rows,4 columns
oL THE RAVEL FUNCTION ,
GOODPLAYBILL

s Converts o matrix (or any arcay)
into a vector

ARRAYS



FUNCTIONS ON ARRAYS

M« 34 p 112 M s a fYKr*r‘X)

I
1 2 3 4
5 6 7 8
9 10 11 12

ol its structure 15 3 by 4 )
3y

and

Ny s elements are —D
1234586 789 10 11 12 <

Pl (-How many elements ~- +otal ?2)

Mo+ o1 YOUL oy per—Form ’QJ-'\C+10Y\5
2 3 4 s on M (n an e{emen“nb\/-
6 7 8 9 .
10 11 12 13 element gash\on.

M x 3

Each element of M Himes 3

(M) = (x/pM)pi

ARRAYS 125



Try Hhese functions

Wit MATRIX
MATRIX <« 3 4 P 9506 2 4 11 3 16 8 20 7
MATRIX
e
pMATRIX
—>
TMATRIX
—_—
HATRIX - 2
—_—
6 [ MATRIX
—_—
MATRIX = 3
—_—>
3 € MATRIX
—
MATRIX € 3
e
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ARRAY INDEXING

[« MATRIX « 3 4 0 9 50 6 2 4 11 3 16 8 20 7 Spec‘t@\/t‘r\g
05 o6 ~and
2 4 11 3 d(splu\/m%
16 8 20 7 MATRIX
MATRIX(2;3] Indexing the 2 row, 3 oolumn of MATRIX
11
MATRIX[1 ;4] The |5—+ \’OW) 4 column e\emen+
6
HATRIXC3:2] The 237 oW, 204 eolumn element
MATRIX[1:] Tke l‘aj— row (O.V\A G.“ CO‘MMHS)
3506
MATRIX[ ;3] The %r_d column (&.YIC( all Y‘OW‘.s)
0 11 20 ((J(M'md as o vector)
MATRIX[3;] The 3™ vow
MATRIX[ ;2] The ZV-A column
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MATRIXC 52 4] The ZVLAQV\A 4% columng

5 6
4 3
8 7
MATRIX[2 332 4] The 2'}.‘\ ond 3@\ row elements
4 3 of Hhe 249‘ ond 4™ columns
8 7
MATRIX[2;u4 2 3] Q_"‘—A YOW} 4'&‘) 7.""—4 and gr_d columnsg
—>
d gud pnd 39 rows of 3™ column
MATRIX(3 2 3;3] 2 ) 2—) a Yow
—
Challenge :
MATRIX[1 2 3;1 2 31=MATRIX[2;2]
— There will be 4 answers
4o this-—ina 3 by 3
tri
Challenge: Marrix
I « oMATRIX
MATRIX[IT11;IL21]]
—>
MATRIXC ;1 IC211=MATRIX{1I(1];]
—>
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CEDLCTION WTTH ARRAYS

O« MAT « 2 3 p 16 MAT has +wo dimensiong
2 3 (rows and columns)
5 6

FEREN

The sum-reducHon of the first
+/01] HAT dimension of MAT
(adding dewn the columns)

579

+/[2] MAT The sum-reduction of the secwond
dimension of MAT
(0dding ocross e rows)

(+/MAT)=+/[2]4AT '
+/ MAT is an abbreviated way

11 of wr‘d—mg +/ [2] MAT

+/MAT . .
(The last dimension 1 understood)

+4 s the abbreviahon for +/01)
(adding verh‘calh«)

(+#AMATY=+4+/[11MAT

111

(The st “dimension s understoad )

+#AMAT

+/+/MAT (\_M“_q UP aU WQ G\QMQV\t

21

+/,MAT
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MAT

(+/+/MAT)

-/-/MAT

The produdr-redu&ion of MAT

Difference- reduction

(1-2-3) y (4-5-¢)

To +his true ?

(1 x 3 x 5:2 x4 x 6) = +/,MAT (I—ZZ%S-%‘};.'S'—.‘-C,)

12 3
45 6
xAMAT
4 10 18
x/MAT
—>
~£MAT
_—>
-/MAT
25
—_—
__?
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(&)

SOLD
OHIO
FINE
TOES

K/

1

THE COMPRESSION FUNCTION APPLIED To ARRMANS

o r

7[

(@]

o Lo compressecl on

3 3 p 9
+he rows (4he first
dimension
o 19 > 1 0 15 compressed on
the columns (Hhe last
dimension)
o 'SOLDOHIOFINETOES!

Qompress —he tows

Compress the columns

ARRAYS
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Take 4 and Dro_e Y

applied +o mortrices:
U « MATE < 3 4 p '"JIBEFORESAIL'
JIBE
SA1L A \iteral matriy MATE
22 A Take Hhe Lirst 2 rows and
JIB the Qirst 3 columns.
FOR
T2 T3 4+ MATE Take ‘+the last 2 rows and
+he last 3 oolumns.
ORE
AIL
3 71 + MATE Toke +he Lirst B rows and
—> 4+he last 1 column.
2 3 ¥ MATE Drop the Lirst 2 rows and
L +he first 3 columns.
2 1 v MATE DFOP +he frs L fows and
; the Arst 1 column,
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SUMMARY OF APL DATA STRUCTURES
0«5« 14 S is a salar  (ho dimension)

14

DeVe235711 13 Vis a vedor [or\e dimension )

2 35 7 11 13

Ue e 340112 M 15 a matrix (two-dimensisnal)
1 2 3 4
5 6 7 8
9 10 11 12
DeH<«32b 07 H 1sa 3-arcy (%ree-dtmenslom\)
77 7 7
77 77
77 7 7
7 7 77
77 77
77 77
4 - arvays
Q- arcays
otc.

are allowed ‘oo

ARRAYS
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pH

p

pV

pS

N

134

ppH

ppM

ppV

ppsS

ARRAYS

of an array 19 118 structure”
ﬁ v

H hos % planes of 2 rows 4 columns

M has 3 vrows and 4 columns

V hos b elements / columns)

3 has no structure

2

— (blank line)

PP of an array is its rank’
(how many dimensicns)

H s a 3-array

M is o 2-array (matrix)
Visa f-array (vector)

Sie a O-array (scalar)



PROGRAMS USING ARRAYS
ALPHABET <« 'ABCDEFGHIJKLMNOPQRSTUVWXYZ'
ANDOM is o program

VN RANDOM LETTERS;J which prints N randomly
11 geo qer\eraj-ed “word%”p wg&:\‘E ;
[2]  ALPHABET[ ?LETTERSp26] a certain number of L RS.
(3] Jed+1
[4]  ~(J<i)/2V LETTERS p 26 _generates
an array of 2b's which
are +hen used as randsm
indices of the ALPHABET.
Tisa local name used
4o count upto N.
7 RANDOM 3
aFa T randomly generated
RKG i\ ‘)
LGC 6—1€ﬂ+er' words
DI T
KLW
DKD
NSA
3 RANDOM 7
2 random '
- letter “words'
ALPHABETL? 3 7 p 26] A more dired—wa ‘o
S produce —H\Je( sam result
ZUP - SQly .
RVBMATT using a matrix index
KICJEXL
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v SPELLING Proaram  SPELLING* drills o

[1]  'SPELL';Y<?8 entt in spelling the numbers
e e | through 8 (presented randomly).

(4] >(A/WLY;]=54X)/1
[5] "THE CORRECT SPELLING IS ':;W[Y;]
[6] +>1
W « 8 5 p '"ONE TWO THREEFOUR FIVE SIX SEVENEIGHT'

W 15 o matrix of the

SPELLING correct %pélhquﬁ

SPELL 7

SEVEN

SPELL 5

FIVE

SPELL 8

ATE

THE CORRECT SPELLING IS EIGHT
SPELL 1

UNITY

THE CORRECT SPELLING IS ONE
SPELL 5

FIVE

SPELL 4

FORE

THE CORRECT SPELLING IS FOUR
SPELL 4

FOURTEEWN

THE CORRECT SPELLING IS FOUR

SMMLB__———r~————Hmmm.
EIGHTY Enter nothing and +he program steps.
SPELL SI
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VMDRILL N
[1] Y+2?N

[2] YL1d;' x ';102]
[(3] +0x1A/'STOP' e A«

(4] +>14=x/Y

[s5] ‘DUMMY . LOOK:'!
[6] Yp'o!
£71 ‘NOW TRY IT.'

(8] »1=x/Y

(9] 'YOU BLEW IT.'

pro@ram MDRILLY aives A
shudent drill in mutiplicatisn
with hints, Nete Hat line
A prm’fs o. matrix of small

eivreles.

[10] 'THE ANSWER IS ';x/Y

[11] =1V
MDRILL 15 10

g x 3
BE

29
DUMMY. LOOK:

co0oo0
o000
000
ocoO
[ 2 -]
[N -]
oo
ocoo0oo0

o000

NOW TRY IT.
0:
27
12 x 9
{:
108
3 x 7
J:
37

DyMMY. LOOK:

0000000
00000O0O0
0O0O0O0COoOO0CO
NOW TRY IT.
0:

22
YOU BLEW IT.
THE ANSWER IS 21
1 x 4
U

m
7 x 5
B

'sTopP!

\5 and 10 are limits for the
randem numbers

Here's a hint (a matrix of small circles)

You get —we chances befere
You. are +old the answer~.

* These rams are te similar 4o ones
first defi e%m&/ Kenneth | %‘aon in his paper
“The fote of emputers in Teaching", Aueen's

ORiverstly, (368,
ARRAYS 137



138

ARRAYS

REVIEW

APL treats arrays as whole entities. Any array—literal or numerical
—may be restructured into another array (of the same type) in any speci-
fied size. Many APL functions,suchas + - x =+ [ L | = 2 <> < 2
*x A v ~ extend to arrays; that is, the function applies to each element
of the array, and the result is an array of the same size.

The term “array” includes scalars (single elements), vectors (one-
dimensional arrays), matrices (two-dimensional arrays), 3-arrays, 4-arrays,
etc. In APL the structure of arrays is always rectangular, and elements fill
up the latter dimensions of the structure first. For matrices, this amounts to
filling up row-by-row. Data structures in APL are related—as seen by the
use of 0P, the “rank” of an array.

The use of arrays-as-wholes greatly facilitates programming. Many
programmers claim that APL array-handling capabilities make problem-
solving considerably easier.
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THE REVERSAL FUNCTIONldD (MONADIC)

v« 'EVIL ¢ is 4he reversal funchon
¢V (formed by sverstriking oand \)
LIVE b veverses the alements of o vector.
¢ 'NOSLIW' N
— F\\p A
& '"DOCNOTEIDISSENTAFASTNEVERPREVENTSAFATNESSIDIETONCOD!
—> (one of 4he worlds lon%esjf pqlindrcmes)
O« M« 34 p 112 ¢w\+hqma+r‘|x
1 2 3 L
5 6 7 8
9 10 11 12
¢ Each row s reversed
v o3 2 1 (Saw\e as C\)[ﬂ M)
8 7 3) 5
12 11 10 9
PR N Eoch column 15 reversed
' oversimke M)
9 10 11 12 o and — (SQW\Q as ‘b[‘]
5 6 7 8
1 2 3 y

Peversals in both dimensiens
doy

NO’\'e 'ﬂl\e 'FUY\C“\‘GY\ SL'YV\bO\ Shows ‘me Q)(ig Q‘F reversaj:

® (reversal abowt a verheal axis)

o (reversal obowt a honzontal axis)
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THE TRANSPOSE FUNCTION & (MONADIC)

u & ogverstnke
O and \
1 2 3 i
5 6 7 8
9 10 11 12
0« M « &
2 6 10 Each rew 1s “ransposed 4o a alumn,
37 11 and each column becsmes o row .
4 8 12
(plf) = dpM R .
The dimensiens of M are compared
wikh -the reversed dimensions of M.

QN <« 4 3p 'FOEANDICELEN'

—> Form a 4 by 3 vatrix (N) and +hen
erint 4he elements 4ransposed so

ot cach row 1S a calumn and vice
versaa.

Note: *the Lunchon  symbol  shows the axis of transposition:
X ('\'run8pose abovt The wain d)'aqcma.\)
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THE ROTATION FUNCTION ¢ (DYADIC)

A « 3
B « '"TENFLAT' For Ved'bt‘s*.
¢ Cotated 3 eclements frsm +Hhe Hront ot
U« R« A9B 4he elements of & o +he back
FLATTEN
Compare the dimension of +he result+ R
(0R) = pB oikh 4he dimensgien of 8
—>
Qkallehgg:
MEE U RB 9 E €2 A ue o the use of
! negcd—\ve numbers with retahion
"1 ¢ 'TOPS!
—_
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5

2 oM

6

2 e M

7 8

g 10 11 12

1

Challen

—_—

2

1 e M

ge:

3 4

2 ¢ 1

=]

® 5 2 p

Retahon works %im'l\arl\; with
matrices .

3 colamns ystated Gam cach row
(front 4o back.)

Cotate 2 columns Prom e front
of each raw to the back

2 rews rotated from each column
(petom o top)

Retate 1 vow from +he bottem 4o the
top of cach column

'UPCLEESAAP!
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?Ferem' nvmw bers
oU WM votate di \
\O,'G e\ema;j\'\'s o different r:\:,rs

" columns .
1 2 3 &
5 6 7 8
9 10 11 12
123 ¢ M aﬁﬂe L from the first vrow
2 from +he second row
78 5 o 3 from +he third row
12 9 10 11
32 7116eH Rotate 3 from the Arst column
110 11 8 9 Lromthe gecond column
s 5 o ~1{ Hrom Hhe ird column
9 6 7 4
(bottom o top)
1 Prom the fowrth wolumn
(op o betem)
2 36 2 50 '"LESTA'
—
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THE TRANSPOSE FUNCTION ® (DYADIC)
0« L «5 8 p "4PL '

APL APL
APL APL
APL APL
APL APL
APL APL

O« L« 2181

AAAAA
oPPPP Nsrmal Jcrah‘apc?sa\ |
PLLLL (Hne 22 dimension 15 switched
AnaAA with +he 1 dimengien)
PPPPP
LLLLL
(aL) =2 18 L 2 1 w(melrix)is equivalent
11111 o ] (matrix)
11111
11111
11111
11111
11111
11111
11111
(/L) = 2 1 Q [
(pL) = (pL)[2 1]
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21 8 [0+« 5@ « 4 4 p 116
1 2 3 4 A modrix SQ
5 6 7 8
9 10 11 12
13 14 15 16 __
1 5 9 13 "] 4
2 6 10 1u n .
3 7 11 15 \+6 a 3@03
4 8 12 16 _
1 1 & (matrix)
U«D<«1185Q yieds s diagenal elements
1 6 11 16
I « 74
DLI] = SQLI;I]
—
(pD) = L/p5Q
—p
1 1 & 3 3 p '"IRSNBAACM'
—=> The d\agona\ of His madrix
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A REVIEW OF ARRAY FUNCTIONS

0« LM « 2 2 p '"oxoo!

LM

eLM

berLM

QLM

dQLM

Qb LM

dQPLM

10 ¢ LM

01 e LM

118 LM

ARRAY FUNCTIONS

147



148

X « 14
Y « 15

X + Y

LENGTH ERROR
X + 7Y
A

U FEWN
[o2 BN &, IS 3\ ]
I T I
® 30w
W Wam

O O OoOr
(ool Ve
Or OO
e NeNel
[oNelNeolNe)

ARRAY FUNCTIONS

OUTER PRODUCT -

Outer praduct is used 4o create.
z&ra:)ﬁs by performin o\c{i'\/a(d'tc‘ "
unctHon on ever Ay of elemenTs
given on the leﬁ\{ar(\)d rght.,

Normal element-by-element™ addition (s not possible.
becanse. vecters X and Y are of differen
\QV\oyHr\s.

Outer product Q{;ves all Hhe sums of

eoclh element X with eaclh
clement of Y —— a\rm.yuaed n q
toble. (matrix).

Other dyadic funchons may be used with
outer product,

Fill in +his table:
Y

xj L 2 3 4 5
\
2
X9 s
1-
=] 2 3 4 &

(1=0) (1=2) (=3) (i=4) (1=5)
(2=1) (22) (23)(2=4) (2=5)
(3=1) (3=2) (3=3)(3=4) (3=5)
(4=1) (4:2) (4-3) (4=4) (4=5)

> v -




X The geneval form of owrer product

12 3y 15 (array) °.+ (array )
where £ s any dyadic function
Y which extends +o arrays.
A3 (*-"X TH=ce2>F L[] eh;:>
X o.%x Y

(=i« NeNeoNe)

COocoRr

Note Haat dhe size f +he

1 1 1 1 1 .
2 4 8 16 32 resutt s <ﬂx)s/)\/
3 9 27 81 243
Y 16 81 256 1024
pY o.x X

L[ 234 5
X o L Y

{

2

3

4
Y o,< ¥

Ll t 2 3 4 %
111 I o | { 1 \
111 2]l e o | 1 |
011 3{e o o 1 |
00 1
000 410 © © o |

sieOOOO
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(110) o.x 110

OpPp <« 4

(110) o.x 1 2

1

uy

9
16
25
36
49
64
81
100

QWO JOUE WN

[N

OrPpP <« 10

.5

WWNRONNN P R

L41u
.732

.236
ELE
.646
.828

.162

The. mudh plicahion +abole

N )
" Prinhing_Precision

A system variable 4o change
+he number of s‘\%niﬁcan-l' digits
N oudput +0 4.

(Previously T was 10)

The integers from | 4o 10, their

Squares and square oots
‘\n O mb\e

Changing *Hr\i& ‘C)\:t‘{—:% precision

%llgﬂ%g :
00 « VEGETABLE <« 'PEARS' o.2 ‘'APPLES'!

150

SN o JREEN

00111
11101
11111
11111
11110

(V/~VEGETABLE) / 'PEARS"
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INNER PRODUCT 1.g

[nnev pvoduct is an o{)e(ochor\ whicla
reduces arcoys oy applying -we
dyadic Lunchons,
104 X 32 The netahien 1s:
38 (array) £.q (array) .
where £ and gla:e dyadic funchens
which extend 41>CIVFOA/$.

+ x ctors, Inner product s +Hhe
SR ;f&e‘feas +he. Pirsc fFunction reduceq{
over 4ne result of +he second function

V10 4 s For a vecter and a mairix, inner
M+« 32p365172 Produc‘t’ 15 e p{rsf'-P r‘Qd(ACQd oveyr
+he result of the secsnd q apphed +>

Vo+.x i +he vertor and eadh column' of Hre
moctri x 3 ¢
60 84 5 i

+.x‘ 2 4
IO4SIGO 84"‘"‘""’1

’(T;,Q...(‘H{)‘V (5’;;)\
(1ox3) + (4&‘5)+(€x2)

(+/V x M[;11), +/V x ML;2]

—s
, . Gther dyadic. funchons used
o N inner Preduct:
21 12
Vi.+ M
9 s Minimum  sums
V +. M .
— Sums  of maximums
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For a matrix and a vec-l—or_inne\’
product is the Airst function re-

ver the resubts of each rew
(3390 10)v.no o1 gfwfﬁe'Gm-l—y}x applied with Fhe

10 1 second function to the vector
a
V. A |

V/1. 01 A0 0 1

| o |
o | o
| © |

V/OlOAOOl
-—L

V/1.0 1 A0 0 1

[r—
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O« X« 3 4 p 112

U« VN« u4 5 p 120
1 2 3 y 5
6 7 8 9 10

11 12 13 14 15
16 17 18 19 20

U« R« M +.xn

110 120 130 140 150
246 272 298 324 350
382 424 486 508 550

pR

(T1+pM) , 1vpN

+/M[13] x N[;1]

RL2;3] = +/M02;] x N[;3]

For two Ma’h’tces inner praduct s +he

Lirst funchon reduce d pver the results

of each row of Hae nadri X

a plied with +he sewnd -Qund-lof\ to
cth column of +he rcgh'f vatrix .

(This is the conventional
matrix produc+ !
in linear a\gebra)

A 3 by 4 matrix nner product
with a 4 by 5 matrix

The resultis a 3 by 5 madrix

M N
3 4 15
A_A

-+he 4wo matrices must be
‘confermable” hevre

The first olement of the result

(15 row, [¥ column)

Another element of +he result
(second row, +hird olumn)

R[;5]=(+/M[1;]XN[;5]).(+/H[2;]><1V[;5]).+/M[3;]><1V[;5]

111

The fifth column of Hhe
result
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U*P<-230612305

—>
U«M « 34 p 112
—
D«@«P+.x Try s inner product
—>
o What 15 its siz7e 7
—
I 2 3 4
| s ¢ 7 s
qQ 1o It 12
+.X Yow can qer Q
b\{ %\\\‘V\q in the rest
of this tuble.

« 2 |0000 \
. 1S alrn
sos looen (QL2;3) s d;j;

+/3205x3 7
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U<« R « (23 u0p

10 10
10 10
22 23
25 26
31 33
37 38
37 40
45 47
4O  4u4
50 53
4O uu
52 56
pR
2 3 2 3
ppRR

I

10
10

24
26

35
39
43

49

47
56

ug
60

124) +.L 4 2 3 p 124

lnner pmdud- demenshrated

with 2-arrays

The size of +he resut”

4 - dimensional

ARRAY FUNCTIONS
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[64]

O W U

CATENATION OF ARRAYS ,

(]« M <« 3 4 p 112

ARRAY FUNCTIONS

y and —

Coérencﬂ'mg a single el lement 4o
o motrixs

(Alengthe last dimension  +he

cleerit extends o a new
eolumn)

Outenate O onto Hhe front of M

Ootenakin ng asm% e element o
q Matrix -

Alo +he Arst dimension, he
h@vﬂ’s extends into a new
vow

Codenate O onto the Hopof M



-y o - Where are “‘hese Hhree

Mo, 1 2 3
elements catenated ?
M 5 "1 72 73 7u These —Powr' elemervfs are
catenated as a new row
s 6 7 (+he |* dimension)
9 10 11 12
172 73 Ty
M, M MOA""H( M calremfed “(’b N\(ﬂ'ﬁz( M
1 2 3 4 1 2 3 & (Noﬂ.%“’%ey are Con(:ormable.)
5 6 7 8 5 6 7 8
g 10 11 12 9 10 11 12
o M L M The resuHﬂ‘ncﬁ hew size
3 8
M5 M Catenate M +o M aloh(b +he
— > |t dimension
o M5 H New rows.
6 4
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1

O ;

O O;

M, L.5] #H

2 3 4
6 7 8
10 11 12

2 3 4
6 7 8
10 11 12

o M ,[.5]

M ,[2.5] /I

o M ,[2.5] M4

V<« 2 357

v ,[.51 Vv

o V ,L.5]1 7V

v ,[1.51 V

o V ,[1.51 7V

ARRAY FUNCTIONS

THE LAMINATION FUNCTION , [ ]

The same symbol as for catenation
15 used o bt with a fractional
SwoscripT.

Laminatisn ﬁrqures a new) dimemion
10 the result by “Stacking’/
oxro.\/s.

(The arroys must be cm@ormable)

[.5] means create o new dimension
pefore the 1 dimension

[2.5] means credte a new dimension
ofter the 2+ dimension

The size of +Hhe new array

Laminobing Hwo vectors
hori zcm'l“al\%

Laminating vertically



N REVIEW OF CATENATION AND LAMINATION

U<« L « 4 3p "ABCDEFGHIJKL'
—>

Tt 5 ('*', L , 'sx') (]

!

L & & &1
*ABC %
*DEF %
*GHI %
*JKL *

*k Kk k %k

L ,[1]1 L

L ,[2] L

L ,[.5]1 L

L ,[1.5] L

L ,[2.5]1 L
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THE MATRIX INVERSE FUNCTION £ (MONADIC)

C <« 33p2 1512140 "1

The [ symbol isformed by
overstriking < and [

AN )
Ec preduces dhe inverse”

Bl of C
_0.04081632653 0.02040816327 0.2244897959
0.1020408163 0.4489795918 T0.0612244898
0.1632653061 0.08163265306 ©0.1020408163

. The nner preduct of C

TR and Hhe nverse of C

100 15 an idQVH‘H\[ matrix .
010
0 01

(BC) +.x ¢
1 0 0
010
0 0 1
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<« C =<+ 33 p 2

0« B <« 13 0 11

(BC) +.x B

1

B

B C

THE MATRIX DIVIDE FUNCTION & (DYADIC)

SOLVING SIMOLTANESUS LINEAR EQUATIONS

1512140 "1

If a medrix () represents the co-
effcients of a set of linegr
Hons:
2,)(‘ - X+ 5)(3 =12
Xg, + 1%y + Xoy = O

4X, - Xy = W\
and a vector (B) represents
the constants

+he <oludhion 4etis found by +he
vatrix (inner) product of +he
nverse of the coefficients
modeiX and +the constonts vectat.

Dyadic use of E (+he " matrix
division” {uncﬁoﬂ yieds the
Blutions directy’

X, =3
X, = 2
Xa =1
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REVIEW

Several primitive APL functions are especially designed for array
operations. For instance, the reversal ¢ (monadic) and rotation ¢ (dyadic)
functions rotate elements of an array. The transpose & (monadic and
dyadic) function interchanges specified dimensions of an array and pro-
vides a convenient expression for array diagonals.

Two special operators—“outer product” and “inner product”—are
particularly powerful. Outer product provides an alternate way to create
arrays by performing a specified dyadic function on every pair of elements
drawn from the arrays on the left and right. Inner product reduces two ar-
rays by applying two dyadic functions—the first function reduced over the
result of the second. {+. x is the conventional “matrix product.”) Both outer
product and inner product are generalized to accept any dyadic functions
which extend to arrays.

The catenation function—previously used with vectors and scalars
—also applies to arrays. New rows or columns may be appended, depend-
ing on the dimension indicated in brackets [ 1. The , symbol may also be
used to laminate arrays, stacking them along a specified dimension.

Finally, an overstrike symbol H is the matrix inverse/matrix divide
function. It can only be used with matrices—to find their inverses (monadi-
cally) or to solve linear equation systems and least squares regressions
(dyadically).

ARRAY FUNCTIONS
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ARITHMETIC FUNCTIONS + - x : (MONADIC)

[dentty Funchion +

+4

O« Ve<s+2 723,70 "12 13 The result 15 idenhical
‘o the numbers on +Hhe
\r‘tgh‘f

3.7 0 T12 13

+5

same as O+5

-5 Nega-F\on Function —

HeW<-2723.70 1213 “he resuH' 15 +he
“3.7 0 12 T13 eaachion a’F‘Hf\Q numbers
on +He rtgh

Same as O-L

MISCELLANEQUS



x 7

VR <« SIGNUM B
[1] R « (0 < B) - 0 > B

SIGNUM B

B x SIGNUM B

BxxB

3 4.2 0 5.8 0 9

SIGNUOM FUONLCTION X

The result indicates the
<3‘wy\ of +the numhens) on

e r‘lgh*' :

1 for a positive number

O Loe zere
.-1 _por O f\eﬁaﬁ\/e, r\U\-Mbe,\('

This expresses +he
3(Qnum function for
ary number(s) R

Nbsoluvte values.

MISCELLANEOQUS
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RECIPROCAL FONCTION

The result is the reci &roca\
0.5 of the pumber(s) an the Vlf)

_ Same a4 1"‘3

T4 5 .125 7

0.25 0.2 8 0.1428571429

+10

+100
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EXPONENTIAL. EONCTION ¢

The reswlt 15 ¢ ($he natural

" @%rd'hm base) raised to the
2.718281828 e on the h%h"r

e (2 TI3 2318 2% )mwed%-khepowerl

-2 o raised to +he power 2

7.3839056099

2.718281828 % 2 e 3%0&"911

7.389056096

e (4o 10 significant diqits)

2.718281828 * 1

. Usina 8 PoweRs of 10 for
POWERS 8 M)oers N)

N « 10 = POWERS - 1

+his expression converges
(1 + +8) % ¥ on +he value of e

2 2.59374246 2,704813829 2.716923932 2.7181459327
2.71828237 2,718280469 2,718281688
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® 7.389056099 2.718281828

0.9999999998

*2 1

.389056099 2.7

B <« 10
N <« 100

N

.605170186

@B

.302585093

(eN) + @ B

(B o N) =

MISCELLANEOUS

LOGARITHMIC FUNCTIONS e

18281828

(eN) + @& B

overstrike O and X

The Natwral Logar‘rlflf\ m lr\nonc\dic_ @)

The reswts are Hhe natural
ogan‘HamoP +he numbers on
he N%‘fﬁ'

2 and (1) are +he powers to
bhich  you must raise e

to get the numhers shown.

What is —he natuml logarithm of
e raised tothe 3 power?

e raised tothe &3 poweris 3

A base B
oand o number N

The dyadic nse of @15
ngalen+ +5 dividing +Hhe
fweal |03arc+hms of +Hhe
Number N and the tase 8.



10 & 100

10 @ 10 * 2

10 @ 1000

10 @ 10 = 3

THE LOGARITHMIC FONCTION (d\/adic ®)

The resuld (s Hhe power 1o which +He
number on He left must be raised
in order to et e numbey oh +he

r‘\%\f\'f.

(The. numbex on the left is usually
colled -the “base")

Whet 6 +he loodar‘ﬁrl«\m of 10%2 to
‘He hase 107?

ond -the logar‘.’rhm of 1000 +o
the base 167

10 @ 10000 100000 1000000 10 Nb‘a‘\'()ower‘SO’F 10 are thes e ?

7@ 7 % 3

3 & 81

( 210) @ 1

The logarithm of 25 4o +he hase.
5 (s 2 (5 raised tothe L
power io 25)

Whet 15 the Iogari‘Hnm of 7%3
4o the base '{?

What is the (aﬁaﬁ%m of 31 +o
+he base 3 ?

The legarithm of L 4o any Posi‘ﬁve
base 15 O

MISCELLANEOUS 169
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CIRCULAR FUNCTIONS o

The Pi-Himes funchon

(monadic o)
SR The. result 15 i ("ﬂ’) +fimes
.141592654 the number onthe right:
©2 {i Himes 2

63 4 10 20

424777961 12.56637061 31.41592654 62.83185307

The systemn variable changes +he

e number of sgnificant diits dis—
played in ‘e output-

o1
L1t Now only 3 d(o)rfs are printed
RADII <« 15
01 hmes each of +he KADI -5%uared
ORADII =* 2

.14 12.6 28.3 50.3 78.5

MISCELLANEOUS



THE TRIGONOMETRIC. FUNCTIONS  (dyadic 0)

The resuwlt 15 evaluated for the parhcnlar
frigonemetric function indicated on the

tnd: % sine
\ef+ where é‘md‘c‘:(a-'re e

u tangent ete.
1 o o1 and Hhe number(s) onthe r(g are ex pressed
w radians,
T3.43FE 15 . )
The sine of 1 rodians (1802 is close to O.
. fn’ . ¢
The sihe of  vadians (45°)
10 oz (+o % siﬁn}@{can‘f d'tg]fs)
.707
. w S
0 « RADIANS « o + 6 & 112 several amjles- %,135-,%, -7‘5-,-—2—7,11’
—_— ‘7£T,!i%17;§;F’»§§I,!%}[,2Tf

The sine of each angle

1 O RADIANS

0.5 0.866 1 0.866 0.5 0 0.5 0.866 1 ~0.886 0.5 O

2 o RADIANS The cosine of each ahgle,

0.866 0.5 0 ~0.5 0.866 1 0.866 0.5 0 0.5 0.866 1

3 O RADIANS The ‘(’QY\%QY\.‘— O'€ each anafé..
For any one of the an(jles)

ANGLE <« RADIANS[? p RADIANS]

The +ancert of the ANGLE equals
%&Siné of the ANGLE dtum( by
the cosine ot Hhe ANGLE.

(3 o ANGLE) = (1 o ANGLE) + 2 O ANGLE

MISCELLANEOUS 171



(1]

[1]

L11

(1]

(1]

(1]

[1]

(11

172

It may be cenvenient +o embedy

‘ZIZ:1S£N§N%§LE ‘Hhese Hrigsnomeiric —Func{'io.ns
v a5 monhadic defined fundctons.

VZ « COSINE ANGLE
2 « 2 O ANGLE
v

VZ « TANGENT ANGLE
Z <« 3 o0 ANGLE
v

VZ « TRIG4 ANGLE To make +h!:>-€am«l ot

Z « 4 O ANGLE —Funchone c@mple+ Hhe foll owlmﬁ

v oce avallable.

(4 © ANGLE) = (1 + ANGLE * 2) * .5

VZ « TRIGO ANGLE
Z <« 0 O ANGLE
v

(0 O ANGLE) = (1 - ANGLE * 2) * .5

VZ « SINI ANGLE The h\/()erbohc. -‘—r\%onomeh'tc

Z « 5 0 ANGLE
v Sunctions

VZ « COSH ANGLE
Z « 6 O ANGLE
v

VZ + TANH ANGLE

Z « 7 o ANGLE
v

MISCELLANEOUS



(1]

(1]

(1]

(11

(1]

(1]

[1]

VANGLE <« ARCSINE X
ANGLE « ~1 0 X
v

VANGLE « ARCCOSINE X
ANGLE + "2 O X
v

VANGLE « ARCTANGENT X
ANGLE « 3 O X
v

VANGLE <« ARCTRIG4 X
ANGLE <« "4 o X
v

VANGLE <« ARCSINH X
ANGLE « "5 o0 X
v

VANGLE « ARCCOSH X
ANGLE + "6 0 X
v

VANGLE <+ ARCTANH X
ANGLE « "7 o X
v

The a_rc,~+rigonome+r1c
functions

where “40oX 15
(-1+X *2) *.5

MISCELLANEOQOUS
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Defined proarams for

converh‘vw_\ arales in

clegrees 2o radians
and vice versa, .

VRADIANS « DEGREES ANGLE
(1] RADIANS « OANGLE+180
v

DEGREES 45

0.785

SINE DEGREES 30

0.5
DEGREES 60
—_>
COSINE DEGREES 60
S
(2 o0 60 x 0 ¢ 180) = COSINE DEGREES 60
1
(DEGREES 45) x 360 * O 2
—>
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This attempt at- de@in‘mg o
erogram produces a

VDEGREES < RADIANS ANGLE
PEFINI(TION ERROK because
DEFN ERROR e name RADIANS has
VDEGREES<RADIANS ANGLE a\readj heen assigned !
" (see p. 171

RADIANS

0.524 1.05 1.57 2.09 2.62 3.14 3.67 4.19 4,71 5.24 5.76 6.28

The DERASE system command will

) erase any names--includin
)ERASE RADIANS oOramS ~- iisted ummedta‘f(jel\{
afFrerward.

VDEGREES <« RADIANS ANGLE RADIANS 14 erasec\) 40 O new

[1] l\;EGRE’E'S « ANGLE:0+180 PrOCbr&M with —l—hq,‘}‘f\QW\e N
now’ be defined .

RADIANS o1 Ol radians 15 eq;uiva(er\’f o %0

180 de,ﬁ'reeﬁ

%r- rodians = ¢ a\e(jrees

RADIANS o4
(0:3) = DEGREES RADIANS 0%3 An |deY\M\/

30 = RADIANS DEGREES 30
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RECURSION

&gumioo 19 A process

wehéch \_?D rt? d(egcﬁ(rﬁor\

Yetrers mself - - hence causin
repeated use of the J
3ame process, For example:

VZ « A MEMBER B ey ‘ )

[1] +(0 = pB)/Z « O :Tke Jd"ﬂjhon& MEMBER. include

(2] Z « (A4 =1 4 B) v A MEMBER 1 + BV (‘i‘sel'F in s ewn deﬁn‘rﬁon. MEMBa

IS o Yecursive program which
4 MEMBER 15 determines wh ‘e element(«
On-the leff are members of +hos«

1 on the caht.  mame as dyadic ¢)
TAMEMBER « 12 Tracing lines | and 2
Y« 12 + X« 3 fssigning both X and Y values n e expression
X MEMBER Y

MEMBER[1] +he first | execuhon of MEMBER

MEMBER([ 1] ~+he ﬁe@\i“f‘

MEMBER[ 1) Hhe +n

MEMBER[ 1] m wat\h

MEMBER[ 1] £t . \ .

MEWBER(1] 0 4he Sixth derminakes immediakely on fine Dl% o)

MEMBER[2] © Jhe Fiéth %rm‘-(xﬂﬁﬁ (with GV‘\. expl‘«o‘!- r‘eﬁt&H"‘o .

MEMBER[ 2] © Yhe fourth—lerminates ( N o 1)

MEMBER(2] 1 +he Hurd deminates (with an explicet resutt

MEMBER[2] 1 e Second terminates (¢ o v v v

MEMBER[2] 1 He fiest —Aderminates (v v

1 @_ﬁ’_—_—____ -H'\
Untraci ng

TAMEMBER < 10

X MEMBER Y « 2 x Y

e final resultt--yes, X (3) 15 a member sf

Y(iz345)

Execute MEMRER Hfor the same X buct
dwice —the V.

MEMBER with literals

—

'R' MEMBER 'WORD'
—_—

"RAW' MEMBER 'WORD'
101
176  MISCELLANEOUS



(1]
(2]
£3l

120

VZ « FAC N
Z « 1
+(¥ = 0)/0

Z « N x FAC N-1V

FAC 5

FAC 4

FAC v alsy Recurswe. His a
program which computes the “factora
of Wonneaative inteaer N by repeated

mu.,\-HP\ ication,

i

Z (4he final resutont) |5 the valug of
N Hmes Hhe result of the execuhon of

EAC {for N-—|

AJ(FAC 3)=(3xFAC 2),(3x2xFAC 1),(3x2x1xFAC 0)

FAC ©

x/13

x/14

(!s5) = x/15

!5

5x 4 x 3 x 2 x|
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FACTORIAL FUNCTION! (MONADIC)

. The result 15 the product of dhe integers
120 {from | 4o +he number given on —he ‘6h+'

!'531 Foctorials of 5 3 and |
120 6 1

142 Factorals of 4 and 2 ?

112 Facterual of 12 15 éQPPrCK'> 419 x 10®
4L,79F8

$2.6 Estimate —his one

(This unchen extends o Ws)

COMBINATIONS FUNCTION! (DYADIC)

1! 8 .
The result 15 the number of combindtions
’ which may be formed by daking +he rumber
of things on the left 1 the nuwber
2 1 8 of fhms on the mgnt.
How tany comoinations can be farmed from 3
Hhings taking 2 at a Hme!
(3! 8) = (!8) # (!13) x !8-3 "Valerﬂ"expf%bl‘ons o +Hhe
1 binations of §-things,faking 3
at a. Hime.
318

what value dogs Hhis have ?

what meqritnlﬂ could s have 7
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(1 x 2%x4)

(1 x 5%3)

5 11 4 2

+

+

BASE VALUE FUNCTION .

The reswlt is Hhe value st

Hae number on Hhe rtgh‘l'
A, Expressed 10 the kase of
% the hamber en the left.

(0 x 2%3) + (1 x 2%x2) + (1 x 2%1) + 1 x 2%Q

(4 x 5%2) + (2 x 5%x1) + 3 x 5%0

The base 5 Value of | 4 2 3
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1339 = +/2 4 7 3 x 8 * 3 2 1 0

8 L 2 4 7 3

(s

(8

(8

10

10

10

10

10 10

10 10

MISCELLANEOUS

3) -8 14 2 4 6 3

3) - 812 373

3) -8 11111

10 L. 1 7 7 6

Pase %

@ace 1O

A scalar on-he lefd exdends
1o 0 Vector on-the r%vﬂ—)

o matches (in Size) a
vector on —+he left.



3782

3782

24 60 60 L 1 3 2

The base value function can be.
wed wikh several different bases.
For example, 24 (howrs/d
P& o (W./h‘é‘sl)
6o (sec./ min.)

Cwa
+ 44

W <« 3600 60 1
O« R« W +.x B

A He number of seconds n
| howr 3 minutes 2Z sec.

Netce +hat the laft-most elemenl
of A does not affect 4he resy (+.

Ancther way of ioo(u‘r? att —-
W 4 a “wei%hlf" vectsr.

This example shows (more
ererally) how W moy

S H e /)L Gdzea) L /3 L 1 S andliced.

—_>
A« 7 24 B0 60
B « 2 10 3 4
0
—>
(0« A4 1B) =W +.x B
208384
1
1780 3 12 L 5 2 6
—>
1780 3 12 T 210
5 2 6
24 60 60 T 3782
—>

The number of seconds in 2 days 10 heurs
BN, 4sec. (20%3984) —- found by hase
value—- 14 identical 4o dhe inner product”
of Wand B.

v of inches (n 6 yards 2 feet
Z\iet—\c?\gb%we that 12 19 Inches pex feet;
3 is feet peryard, and +he 1780 15
inconseguental )

% T 4o convert back 1o vyards, feet

inches. [

Convert 31871 Seconds tnto [

_ lhowrs —— minutes —_ sec.
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REPRESENTATION FUNCTION T

rosult is +he represemtation |
Tre :\C i+(r\oe r\umng onthe right in

Jhe. base system on the left.
200 Bose- 1O represerﬁahoﬂ of 360

10 10 10 T 360

(4 p 20) T (4 p 10) L 2 0 0 1
What 1o the base-(0 refre/;ewtochon of
+Hie base-(6 value of .

(5 p 2) T 23

(3 p2) 7 23 The representohion i< +runcated
£ there are vot enough places
wode available on the left of 7.

—> A ,
L,
2 271 3 %\pé?
%
G,)G
11
Y %
2272 ’/;6
10 >
%
<
2 T 1
1
2 70
-
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o

o

[ U S N e e NeNel

O O

[

PP OORP OO

O O

R o

PO ORP O+ O

2 2 2 T4 4 4 4y

O O =
O O

222 71T 456 78

2 2 2 7T 8
11110
0 0110
01010

N <« 3

(Np2) T (12%xN)-1

R(Np2) T (12%xN)-1

With a vector on the rlah’l’,
each element |4 represeiited
In-the bases on the left (and

disployed a5 columns. )

Wit are He boste 2 repre -
gentations & 4 5 ¢ @lpqnd%?

Nohce That there are not

enaugh places b represent
] mq ,s0 1t is Truncated,

For Nd€?>)

evaluate s expression

s dranspose reveals o familar
pattern —- base 2 represerations
of successive. ‘integers -~ {ound

(N the roWsS.
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TRUTH s o prearam which
produces atable of all e
legical (base 2) comoinations

VTABLE <« TRUTH N ot evrder N.
[1] TABLE « & (Np2) T (12*N)-1
v

TRUTH 2 '_[?Eplay —m%Q
oT
— of order 2.
TRUTH 3
The TRLTH

00 toble of ovrder 3
010
01 1
100
10 1
110
11 1

o TRUTH 4 What 15 e Size

—> of +he TRUTH Hable.

ot order 4 7
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(1]
[2]
[3]

(11
[2]
(3]

DECODE i/s a
recursive definihon
VVALUE < BASES DECODE VECTOR of the base- valve

VALUE < 1+VECTOR foreron (1),
>(0=pBASES«14+BASES) /0
VALUE <« (VALUExx/BASES) + BASES DECODE 1+VECTOR

' Note: VDECODE[.S] BASES‘-(PVECTOR)PBASESV

witl permit scalar BASES.
1780 3 12 DECODE 5 2 6

How wany inches in
S Yards, 2 feet, b inches?

VVECTOR <« BASES ENCODE VALUE ENCODE is a .
VECTOR « BASES & recursive definithon
VECTOR <« BASES|VALUE of Yhe represen'\u’h‘cm
>(0=pBASES<«14BASES)/0 'FUV‘C'\"O“ (T) .

VECTOR < (LVALUE+x/BASES) , BASES ENCODE (x/BASES)|VALUE

Y

Note: scalar VALVE CN\\\‘

1780 3 12 ENCODE 210

How many Y ards, feet, inches
in 210 inches 7

MISCELLANEOUS 185



3+l

EXECUTE FUNCTION ¢

e Normal execvtion of a nuwernc expression
R " " a Wterat "
. Ccmver’n'vxq a literad o a numenre
A L] S‘\T"sps off  the wote marks

4 ond executes the e,xpressicm W Side

¢ can be used 1o assign vafiables

¢(A>10) /' D«tix5"
o execvte programs vnder

D
cerfain  condithons
FORMAT FUNCTION ~
" Cmver'\-w\q a numeric 1o a lhiterad

b5

T (space_s wcluded)

' i '\' O'F \)W
e 7 s the effect of Bt the

L ' 4 representh 1t in
exypressionn  an ) P V\n‘
‘\’ﬁe Simplest Literad format,

2715
4 5

F and & are (kind of) inverses

Fa'r5!
4 5

(DQWIS) = pviY]’SY
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1.0 2,

DYADIC FormMAT &

% has a dyadic usage:
4o rgpresen‘\' Valves

1% 15 (as \iterals) in a sPeci‘Ffec\
format.
0 3.0 4.0 5.0 _—

1 place aften +he decimal paint

2 7 15
Display 2 places after the decimal point
Genera)l Formathing More qenerdlly, ¥ can be
used with a vector left
V<« 10 2
argument :
A < (110) o.x 1 2 .5
\l(\] 'S ’W\e v ber O'FS ces
V¥ 4 in the Whorizontal feld
1.00 1.00 1.00 for eacn element of A
2.00 4.00 1.41
3.00 9.00 1.73 o h
soc oon 22 N[2] indicates how wany
6.00 36.00 2.45 p\aces G'H‘CF ’H’\e
sl enlge 2 decimal  poiwt  (+)
9.00 81.00 3.00 o use O'G E-nofahon
10.00 100.00 3.16 (_)
Vs4
p The integeas from 1+ 1o,

{Cow\pamz with table

their squares \] Squase roots
formatted n o toble

with 10 columns each
and 2 places afted the

decimall powt for each
nwwhoer,

on p. 150 ]
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SCAN OPERATOR \
+/110 Sym reduchon

55

#\110 Sum Scan
1 3 6 10 15 21 28 36 45 55 S'NQS a\l ’W\e cumviahve sums,

(+/12),(+/12),(+/13), (+/14) , (+/15) ,(+/16) ,(+/17),(+/18),(+/19),+/110

(x\110) 1110

il

\ ™oy be wused
with any dyoadic scalar funchion

1111111111

J\110
——*

vi0o 01 01 1 0
-a

A\1 1 01 0 0 1
a

An  alternative definition
VVALUE « BASES DFCODE ARRAY  Soer DECODE (.L)

[1]  VALUE < ARRAY +.x Ox\$1+BASTS,1 usiv\a‘ Scan \

(T\nis program qenem\{zes
‘o ARRAYs.)

v
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EXPANSION FUNCTION \

e resutt 1s an array expanded +o the
;[h_e,rge +he..bmmber:>\lon f&\e left

(alwoys Os and 1s) withspaces (for
fiterals) or Os (for numericals) inserted

10101/ '"ABCDE' inthe array on e rlgl/\'f'.
ACE Expansion \ and compression [ are
related
Pt o e Spaces are 1nserted in +he literal
ACE resv\t,

O« R« (g« 10101100)/V<«2357121 13 17 19
A numerical vector 19 eomereﬁseé-

2 5 11 13
A numeriaal yector 1t ex()qnded L
Q\ R clemerts of R oorres(xsr\dl +o 1sin
2 05011 13 00 & are (}re"erved) Os reP‘ e the
others .
o What is Hihe size of £ 7
te How many 1s in Q?
(pQ) = pQ\R X
—s The size oF Gand Q\R compared.

L «1111011111001100111111

L \ '"BACKSLASHOREXPAND'

—> Proserve Hhe elements of the
\"K%V\T where —here are 1s'in L
$ replace +he elements where

+here are Os.
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U\ 33 p Expandion with matrices
10230 . . .
4056 0 Expanding Hhe last dimension
708 9390

(columns)

Ex panding -Hhe frst dimensien
(rows)

O N F O
O uU;moN
O WO ow

0) V'APL\' ; (3 p 10) T 212 x 30

o

(12 p 1

—> An expressian of Hribute +o q
certain computer system. . .
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REVIEW

Numerous functions are available in APL for special purposes:
monadic use of + - Xx <+ | the logarithm @ function (monadic and
dyadic), pi-times o (monadic), all the circular functions o (dyadic)—includ-
ing sine, cosine, and tangent—factorial and combinations ! , base value L
and representation T , execute ¢ , format ¥ , scan \, and expansion \.

Recursive programs may be defined in APL by including a program
name within its own program definition. Such a program will execute itself
in the process of executing itself, etc. Recursion is an extremely powerful
programming technique . . . and a powerful concept!
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APL Bogglers

Contents

A collection of APL expressions which boggle the mind. Some are special
cases; some are implementation anomalies; and some are open mathemat-

ical questions—but all are syntactically allowable APL expressions which
have results you can try to predict.
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APL BOGGLERS

(10) =

(10) p

1 4 10

6 4+ 15

6 + 15

10

Y8 8 8 8 9

01 T 98.6

10 10 10 7

2

1

11 0

2 72

T3y

1

T2 T 13



+/10

-/10

x/10

+/10

=/10

</10

</10

>/10

>/10

z2/10

/10

L/10

l/10

A/10

v/10

*/10

@/10

'/10

APL BOGGLERS
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APLBOGGLERS

tYrt

QICAN‘| v

=\ "444"

+\0 0 0 0 O

0\10

O\!!

po+,U

p(lpu)+1 1p3

p’7pll

+/[113 0 4p2

+/[213 0 Hp2

+/03313 0 4p2



A <« 10p5 M <« 3 4 p 112
A[10p1]1 <« 110 pM[1;]

A
oM[32]

oM[1 332 4l«1+M[1 332 41«9

V « 2 3 57

vl 1] 1 0 ¢+ M
V{101
1 0 v M
0 0+ M
VL 1«9
1’4
0 0 + M
4 5 4+ M
V[101<«9
v
L 5 4+ M
VE3]«10
v 2 2 & M
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[11

[1]

APLBOGGLERS

(5«8) x §

T <« 8.8

(T«5) x [T

VZ<F X

Z<X+Y

VZ<G Y

Z<F Y




Summary of APL*
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some places (marked *). For complete details consult a reference manual such as APL/360
Reference Manual, 2nd edit., by Sandra Pakin, S.R.A., 1972; or APLUM Reference Manual,
2nd edit., by Clark Wiedmann, University of Massachusetts, 1977,
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SUMMARY OF DYADIC SCALAR FUNCTIONS

"Dyadic scalar functions" are those dyadic APL primitive functions
that extend the way they perform on scalars to higher order arrays.

SYMBOL NAME DEFINITION EXAMPLE
+ Plus Standard (3+4)=7
- Minus Arithmetic (8-3)=5
X Times (2x3)=6
+ Divide (10+5)=2
= Equals (4=1)=1
< Less-Than Result is 1 1if (h<5)=1

the relation 1is
< Not Greater true; result is (4<3)=0
0 if the relation
2 Not Less is false,. (4=3)=1
> Greater-Than (4>5)=0
z Not Equal (4=z4)=0
[ Maximum Result is the (578)=8
larger
L Minimum Result 1is the B
smaller (5L8)=5
Residue Result 1s remainder
(5{8)=3
(A]B)=B-Ax|LB+A4+4=0
A And (001 1A0101) =200D01
v Or (0 01 1v0o1l101) =0111
» Nand (001 1~0101)=1110
N Nor (001 10 101)=1000
* Power Exponentiation (3%2)=9
® Logarithm (Base) log (Number) (3®9)=2
! Combinations (RIN)=(IN)+ (!'R)x!N-R {[(3!8)=56
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SYMBOL NAME DEFINITION EXAMPLE
Circular lo(radians) is Sine (1001)=0
o)
2o(radians) is Cosine (2001)=1
3o(radians) is Tangent (300:4)=1

Yo(radians is
(1+(radians)®2)%5

5o(radians) is
Hyperbolic Sine

6o(radians) is
Hyperbolic Cosine

7o(radians) is
Hyperbolic Tangent

-70(number) is Arc
Hyperbolic Tangent

~-bo{(number) is Arc
Hyperbolic Cosine

-5o0(number) is Arc
Hyperbolic Sine

-Yo(number) is
(-1+(number)®2)% 5

-30(number) is Arc
Tangent

-2o(number) is Arc
Cosine

-lo(number)is Arc Sine

Oo (number)is
(1- (number)*2)*,5

(T301)=0%4

(T201)=1

(T100)=1

SUMMARY OF APL
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SUMMARY OF MONADIC SCALAR FUNCTIONS

'""Monadic scalar functions" are those monadic APL primitive functions
that extend the way they perform on scalars to higher order arrays.

SYMBOL NAME DEFINITION EXAMPLE
+ Identity (+(number))=(number) (+4)=4
- Negation (-(number))=0-(number) (-4)="14
x Signum (x(number))s= (x=u)="
((number)>0)-(number) <o )= 1
+ Reciprocal (+ (number))=1: (number) (#4)=.25
~ Not (~ (number) ) =1~ (number) (~0 1)=1 0
Absolute (number)f -(number) (17 8)=8
Value
L Floor (number)-1| (number) (L3.4)=3
[ Ceiling (number)+1| -(number) (F3.u)=un
Random A random choice from
? 1 (number) (210)=7
* Exponential (2.71828...)*{number) (%1)=2.71828
‘ Natural (2.71828...)8(number) ~
* Logarithm (2.71828)=1
o Pi-times (3.14159...)*x(number) (01)=3.14159
! Factorial x/t1(number) (!3)=6
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SUMMARY OF MIXED FUNCTIONS

"Mixed functions'" are those APL primitive functions which have certain
requirements for the arrays they use as arguments (and, hence, do not
extend the way they perform on scalars to higher order arrays).

SYMBOL NAME DEFINITION/SYNTAX EXAMPLE
Catenation Chainings "AB','CDE"
. (array),(array)
ABCDE
Tota Index generators 1l
1 1 (scalar) 1 931
Indexing Selection of specified 2 3 5 7031
[ 3] elements: 5
vector [array] (2 3p16)[2;2]
matrix [arrayjarray] 5
arraylarray;...sarray] (2 3 upr124)L2:31]
21 22 23 24
Rho Size of array: p2 3 5 7
P p (array) mn
Compression Selection of specified
/ elementss 011 0/2 3 5 7
(logical vector)/(array) 5 s
Membership Result is 1 if element(s)
€ on 1efF are found on right; 3¢2 3 5 7
otherwise Os
(array)e(array) 1
Take Take first (+) or last (-) 342 3 5 7
4 elementss
(vector) +(array) 2 35
Drop Drop first (+) or last
¥ (-) elements: 3¥2 3 5 7
(vector) y(array) 7
Deal (scalar) unique random
? integers from i(scalar): 5?5
(scalar) 7 (scalar) 315 24
-~ Continued --
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204 SUMMARY OF APL

SYMBOL NAME DEFINITION/SYNTAX EXAMPLE
Result is the permutation
integers which order a
vector
A Grade-up A30 20 40 10
~ascending:
A (vector) 5213
-descending:
30 20 40 10
¥ Grade-down ¥ (vector) ¥
31 2 4
Result is
. Index-of ?.east indices of (array) "ABCDE'1'AX"
in (vector)
(vector) v (array) 16
Puts (array) in new 2 3p16
0 Restructure structure
(vector) p (array) 123
4 5 6
Strings out (array) into ,2 3p16
a vector
, Ravel , (array) 123456
Reverses elements of an
o Reversal (array) about axis I $L212 3016
¢ (1] (array) 3 21
g b 4
Revolves specified numbers -
o Rotate of elements of an (array) 1 7160212 3016
(array) ¢ [I] (array) 2 31
6 4 5
8 Transpose Reverses order of axes ®2 3p16
& (array) 1 4
2 5
Axis I of (array) becomes 3 6
, axis (vector)[I] of result 1 182 3p16
® Dyadic Transpose
(vector) & (array) 15
g Matrix Inverse Result is inverse of matrix M+ . xBM<2272p10
B (matrix) 10
0 1
Result is Solution to simultaneous
linear equations with
. . . (@ (matrix B) )+.x (matrix A) | coefficients B and
B Matrix Divide constants A
(matrix A) § (matrix B)
-- Continued --




SYMBOL

l NAME

DEFINITION/SNYTAX

EXAMPLE

Base-value

ecoding base~10 value of right

(array) in base system of left
(array)
(array) 1 (array)

24 60 6021 2 3

3723

Representation

ncoding right (array) in base
ystem of left (array)
(array) T(array)

24 60 6073723

Execute

emoves quote marks and eval-
ates (vector)

¢ (vector)

$'3+47

Format

Displays (array) as a literal

¥ (array)

2

3 45

Dyadic Format

T

Displays (array) as a literal

and (vector) [2] significant

digits° (vector) ¥ (array)

Expansion

with (vector)[1l] column spacing

2

.0

6 1v2 3 4
3.0 4.0

Expansion of (array) by
(logical vector)

logical
i (vector)\ (array)

P

1 01 0 2\'APL'
L

SUMMARY OF APL
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SUMMARY OF OPERATORS

An APL "operator" requires a function or functions (given as argument(s)) to apply
to arrays. The functions must be scalar dyadic functions.

SYMBOL NAME DEFINITION/SYNTAX EXAMPLE

The result is obtained by
inserting the (dyadic function)
between the elements of the +/0112 3p16

/ Reduction
(array) along a specified axisIf 7 g
| (function)/[1] (array)
The result is an array obtained (15)e.15
by applying the (dyadic function)
to every pair of elements in 12 3 4% 5
°o. Outer Product [the (arrays) given g g g 12 12
4L 8 12 16 20
(array)e. (function) (array) 5 10 15 20 25
The result is an array obtained .
by reducing (/) the left (3 2p16)+-.x2 3p16
(dyadic function) over the g 12 15
result of the right (dyadic 9 26 33

Inner Product Jfunction) applied to rows of thg9 40 59
left (array) and columns of the
right (array)

(array) (function) . (function) (array)

The result is an array of the
same size as the given (array)
where each element is obtained +\[212 3p16
by reducing (/) the elements
: . . 1 3 6

up to and including it along a

P . 4 g 15
specified axis [I]

\ Scan

(function)\[I] (array)
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SUMMARY OF COMMANDS

An APL command causes the computer to carry out some action which has an effect
on programming activity.

SYMBOL NAME DEFINITION/SYNTAX EXAMPLE
Gives a name to some data.
SERIES+9000
* Assignment or
(name) < (data) NAME<'HAL®
Changes order of execution +(COUNTER) /7
> Branch of statements in a program. or
+ (line number) >4x14=0
or or
> (line label) SEND
The result of each
A Trace (line ?umb?r) in (program
name) is displayed as the
program is executed. TASOLVE«<1 & 5 6
program .
name 5 * (line numbers)
The (program) automatically
halts at each (line number).
A Stop SASOLV7<3 12
program A<(line numbers)
name
For input: . N<{]
[0 in an expression : 7
. Quad For output: (<N
0 <« (expression) 7
For literal input: VORDS L«
M Quote-Quad 1 in an expression
For output (without a
carria : O«L
ge return):
WORDS4

M « (expression)

(position of type ball)
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SUMMARY OF PROGRAM DEFINITION SYNTAX

The syntax of an APL program determines how it may be used. Syntax may be dyadic
(2 arguments), monadic (1l argument), or nyladic (0 arguments) and may have an

explicit result or no explicit result,

are shown in the program definitions below:

Examples of these six different syntaxes

208

WITH EXPLICIT RESULT NO EXPLICIT RESULT
DYADIC VVALUE<X POLY C VH BASEBALL AB
[1] VALUE<+/X*xC*1pC [11] "YOUR BATTING AVERAGE
v [2] H:AB
\%
MONADIC YX<«AVERAGE X VAREA S
[1] X<(+/X)+0X (1] "AREA OF SQUARE S IS
V. [2] S*x?2
v
YROLL
NYLADIC VVALUE<PIT [17] "THE DICE ARE'
[11] VALUE<01 [21] ?6 6
v v
SUMMARY OF APL



SUMMARY OF FUNDAMENTAL PROGRAMMING CONCEPTS

CONCEPT EXPLANATION EXAMPLE

Data Constants: numerical values or 3.18

literal values. "ABCT
Function A specific computational operation: . g

"monadic" (one argument) or "dyadic"

(two arguments) or both. 3+4
Variable An entity, with a name, containing

data which may be changed N
Command An explicit order which causes the

computer to take some action. N<5
Expression A combination of data and function(s)

or command(s) or program(s). Ixl4+5
Evaluation Giving the value resulting from sub-

stituting values for variables,
executing programs, and performing

functions (rightmost first) in an 3xb+5
expression. 27
Error Report Brief diagnostic information about
the tyge and location of t?e cause 2 4x1 3 5
for failure of an expression to be
Array Rectangular-structured data: scalar,
vector, matrix, 3-array, 4-array, etcl T
Parallel Use of functions on arrays in an
Processing element-by-element fashion. 2 4 6x1 3 5
Program An ordered sequence of expressions.
Definition "Writing'" a program. (Entering a VZ<MEAN X
program in the computer.) (11 Z«(+/X)*p XV
Execution "Running'" a program. (The computer
evaluating expressions in a program, MEAN 70 75 95

line-by-line.)

Result The "answer™, (The consequences of
executing a program,) 80
Sub-program Programs which are used in expressions VIZ<VARIANCE X
within other programs, l[lj Z«MEAN(X-MEAN X)%21
-- Continued --
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CONCEPT EXPLANATION EXAMPLE
VSUM<ZAUSS N
Recursion A program using its own name in its| [1] SUM<«0
definition. (A program executing [2] +(N=0)/0
itself repeatedly.) [3] SUM«N+GAUSS N-1
Y
Iteration A program executing certain expres-
. . - VTRIANGULAR N;I
dl - lll .H ]
sions repeatedly--in a oop [1] I<0
[2] TI<I+1
. 3 PRINT: +
Names Identification of programs and E’-l% +(I<N)/2/1I
variables (beginning with an v
alphabetic letter):
Local - variable names within a program N and I and PRINT
only in TRIANGULAR above
Global - variable names within the entire
active workspace N<5
Workspace The working area in the computer
available for (disk) storage of YCLEAR
programs and variables. CLEAR WS
Suspension The condition of a program after TRIANGULAR 'NUMBER'
encountering an error in one of its| 1
expressions: partially completed, SYNTAX ERROR
"suspended" on a particular line. TRIANGULAR[u4] ~(I<N)/2
A
Debugging Any methods of pinpointing errors from above
("bugs") in programs and fixing N<5
them.
>4
Interactive | A program which interacts with the DRILL
Program user, i.e. typically pr%nts output, WHAT IS 3xu4 ?
accepts input, alternatingly. 0:
Input -Data entered in the computer WHAT }; 9x7 ?
O:
Output | -Data displayed by the computer 63
etc.
Simulation A program which simulates some (1] Zggé{?gl};(_gHRFSHOLD
real-world phenomenon via a .
. . [2]1 NEW: EVENT<?10
mathematical/computational model-- o
. e . {31 EMOTION<EVENT +
usually a simplification and EMOTION:2
possibly a distortion. [4] +(EMOTION>THRESHOLD)/ MAD
[5] ~>NEW
[6]1 MAD: 'xx!2!x!!
[7] =1
\Y
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Error reports give general diagnostic information about the type and

SUMMARY OF ERROR REPORTS

location of errors in expressions.

TYPE INTERPRETATION EXAMPLE
SYNTAX Faulty syntax in an express- b+3x
ion, i.e. a function or prg— SYNTAX ERROR
gram used without value(s) in 3
the proper place A
VALUE A name used without having 8xX
been assigned a value VVALUE ERROR
8xX
A
INDEX Improper indexing, e.g. an "ABCD'[5]
index using a negative num- YNDEX ERROR
ber, a non-integer, or an "ABCD'[5]
integer larger than the size A
of an array
DOMAIN A val ide of the d 070
value outside o t ? o- DOMAIN ERROR
main of values used with a 520
particular function A
LENGTH The size (length) of one 2 3 x 2 3 4
array does not match the LENGTH ERROR
size of the other array 2 3 x 2 3 4
used with a function A
DEFN Improper attempt at de- DEFN F;gOg ¢ D
fining or editing a - ABCD
program. Z
i
CHARACTER Improper formation of a >
CHARACTER FERROR
character 1y
A
RANK A function used with 5 6
value(s) of the wrong RANK ERROR
rank 14 5 6
A
LABEL Improper use of line 7 VSTART
labels in a program (1] START :
ABFL ERROR
WS FULL Workspace capacity too small (11000)°.%x11000

to complete computation

Vs ruLL

(11000)°.x11000

SUMMARY OF APL
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SUMMARY OF EDITING PROCEDURES

Editing procedures are used to define, refine, or change a program.

TYPE NOTATION EFFECT EXAMPLE
General Change from command
execution mode to VPROGRAM
program program definition (11
name mode.
Display Display éiine number) Y PROGRAMI 3001
program line Display whole program or
name [ number U1 ] if (line number) is VPROGRAM[[O]
omitted.
Override Replace an expression
. on a given (line number)
program line with a new (expression)
name | number 1 " P VPROGRAM[51B+<1
in program (name).
(expression)
Add Add new line(s) on to a
program previously defined program VPROGRAM
name (name) .
[7]
Insert Insert a new line between
. (decimal line number)
program decimal . .
C . J and (decimal line number) JPROGRAMI?2.5]
name line in program (name) ‘ '
number prog *
(expression)
Delete program [ 1ine] Remove (line) from
name number program (name). VPROGRAM[ 4]
[ line ] [4] ATTN
number ATTN
Change y program [ 07(header) Give program (name) a o
Header name new(header). VPROGRAMLOINEW
Character Prepare for changing specific
1 ?E characters on a (line) in a
program IN€ 1 o7} program (name) by displaying the
YPROGRAMT 2071
name “number g‘ line and spacing the type ball over 1
— | a certain number of (spaces). Then
/ is used to strike out characters,
and numbers insert spaces in front
of characters,
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LIST OF SYSTEM COMMANDS

A '"system command" is used for workspace control and library management.
(A library is a collection of workspaces,)

NOTATION DEFINITION EXAMPLE

)SAVE (work-space name) | Store the current (workspace) YSAVE MYWORK

on disk memory. All programs MYWORK SAVED 07/08/77
and variables are saved.

YLOAD (work-space name) | Retrieve the (workspace) from YLOAD GAMES

d131_< memory to become the GAMES SAVED O4/14/77
active workspace.

)COPY (library number) § Copy particular (programs
and/or variables) from a

‘ particular (workspace) in a
(program or particular (library) into
variable names) |the current active workspace,

(work-space name) YJCOPY 123456 PLOT GRAPH

—1

)FNS iList alphabetically the names
of all defined functions in
‘the active workspace,

YFNS
GRAPH HANGMAN NIM [MOVE

) VARS List alphabetically the names YVARS
of all global variables in 18 x ¥
‘the active workspace.

JLIB List the names of workspaces MYWOR;LIB
i 's lib . ’
in user's library CAMES

YWSID Workspace Identification. YWSID
Result is the name of the CAMES
current active workspace =

)sI State Indicator. VST
Lists all suspended programs
(including "pendant' programs ;§Z§g§N529:] *
which have yet to be completed WO?E[l]
due to the suspended programs) ‘
marked with astericks.

) CLEAR Clear the active workspace. ' YCLEAR

CLEAR
YERASE (program or Remove a’ (program) or global
variable names) (variable) from the active JERASE GRAPH
workspace.,
o

)DROP (work-space name) |Permanently remove the contents YDROP MYWORK

and name of a (work-space). MYWORX DROPPED 07/08/77
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LIST OF SYSTEM VARIABLES

A "System variable" is a special variable which contains information
relevant to the computing system and which may be used in APL expressions.

NOTATION NAME DEFINITION EXAMPLE
Index Origin Value is O or 1; Uro<o
aro used as the beginning -
of indices. 01 2 3 4
Printing Precision Value is number of OpPpP+«3
gpp significant digits o1
displayed in numerical
3.14
output,
Printing Width Value is the number O0PW<10
0pw of columns used in
printing across the 19
page/screen on a terminal. 1 2 3 4 5
6 7 8 9
Comparison Value is the number to
Tolerance which the difference of (OCT<.01
fer two numbers is compared 3. 14=01
in order to judge if 1 )
they are equal,
Latent Value is vector of characterﬁ iLX*J "YHIY Y
0LX Fxpression executed immediately (using )SAVE MYWORK
P $) upon loading a workspace. HI! JLOAD MYWORK
Random Link Value is used by 7 to ORrRL<+16807
ORL generate random numbers. 210
2
Accounting Values are: identification # OAT
OAT Information computer time, connect time, 193456 25 689200 8716
keying time (milliseconds).
Line Counter Values are statement numbers 0OLC
0Lc of programs being executed 18
(esp. suspended programs).
Time Stamp Values gre: year, month,day,
07s hour, minute, second, and grs
millisecond of current time.}] 1977 12 24 23 58 59 9
Terminal Type Value is: 1 - selectric; 2 -
Orr PTTC/BCD; 3 - 1050; 4 - 3270 urr
1
User Load Value is the numbers of qur
LuL users currently on the 5
(time-sharing) system, 2
_
Working Area Value is the number of OwA
(WA bytes of storage space 32000

remaining in the current

active workspace,
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LIST OF SYSTEM FUNCTIONS

A "system function' is a special function which affects how the
computing system performs and which may be executed in APL expressions,

NOTATION NAME DEFINITION EXAMPLE
Canonical Result is literal matrix , :
Representation with rows of expressions Z+Avv35g§ A/QVERAGE’

Ucr from each line in a defined el ;}V)fj
program, given as a (literal). <(+/N)zpl
Ocr (literal)
Fix Result is defined program
with expressions on each OFx 2 11 o
OFx line from rows of a , - o
(literal matrix). giﬁzjgéquN'
[}FX¥ (literal matrix) TP
Expunge Result is erasure of
OEX pFogram or }ocal variable OFX 'AVERAGE
given as (literal) name. 1
O0ZX (literal)
Name List Result is vector list of 1 ONL 3
first (n) names of labels AVERAGE
(1), variables (2), or saaE
UNL programs (3): or
(n) ONL (1,2, or 3) (NL
or all names: AVERAGE
Ove (1,2, or 3)
Name Class Result is 0 if name is
unused, 1 if used as a
awc label, 2 as a variable, 3 ONC 'AVERAGE
as a program, 4 other. 3 h
ONC (name)
Delay Postpone execution a
specified number of
ODL ODL 60

(seconds).
(0DL (seconds)
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kkkhkhkhkhdkkkkhkkkh

Page 2

'WITH SOME FOR YOU TO DO'

WITH SOME FOR YOU TO DO

4 + 8
12

7 - 3
I

5 x 20
100

100 *+ 4
25

hhkhkkkkkkhkdkkdkhkikhhk

Page 3

2.5 + 7.1
9.6

- 7
-3

3.0 x 5
15

100 * 3

33.,33333333

khkhkkkhkhkhkRAkkkhkkkk

Page 4
A - B
3
A x B
130

218 APPENDIX: ANSWERS

U-PROGRAM 1 -

khkrhkkkhrhkhkhkhhkkhkk

Page 5

COUNTER

COUNTER

YEAR
2001

khkhkkkhkhkhkkkkkhkkik

Page 6
SET

2 3 5 7
SET - 1

4 6 10 14

RhEkAKIAAE KRRk Xk &k

Page 7

SET + SIX

8 9 11 13 17

kA AAAAkKA Rk X A KA K

Page 8

W x V

kAR AAhkAkkhkkrkk

Page 9

* % &k

*AAXAOOAOXAXA

khAkdhhkdkhkhkhdhkdhdthkikk

Page 10

A, L, A

ABRACADABRA

sS,H, o0,

CURSE YOU, RED BARON!!!

AhkhkAkkkhkkhkkhhkk

Page 11

8 = 11
0

12 = 12
1

khkkkkhkhkkkhkkxhkkktx

Page 12

T



kA Akhk kX kA kX kxkk

Page 13

4 =2 4
0

4 = 7
1

g o= 10
0

P ox Y
1

'B' = 'ABBABA'

i 0 0 1 0 1

'BY = 'ABBABA'
0 1 1 0 1 0

Khkhkhkkkkhkhkkkkkhkkxk

Page 14

10 [ 8
10

12T 8
12

8 [ 12
12

2 AR AR RS RS R R RS

Page 15

v L o8

12 L 8

3 4 8 5 2

KAKkkxkkXhkkhkkkkkkk

Page 16

3 1 9 10 11

4 | 4 56 78 9 10 11 12

dhkhkhkhkkxhkhhkkikhxi

Page 18-Problems

T + S
7.2 4

'T + S
T + S

T - S
“0.8 8

T x §
12.8 12

T + S
0.8 73

T
3.2 6
T
0 0
T
10
T
0 1
T
1 0
T
0 1
T
1 1
T
4 6
7
3.2 ~
T
0.8 4
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U-PROGRAM 2

Ahkhkhhkhkhdhhkkhhkok kn

Page 20

AREA
THE AREA IS
81

hkhkkhkhhkhkhkkhkkkkk

Page 21
AREA

THE AREAS ARE
9 16 25 64

Ahhkhkkhkhkhkhkhkhkhhkkdkh
Page 22

BASEBALL

THIS PROGRAM COMPUTES BATTING AVERAGE.
0.315

khhhkhkhkhkkhhkhkhkhxk
Page 23

A
42
dekkodkokhokohkkohkkdkkh
Page 24

TRIANGLE
2 8 18 32 50
Ihhkhkkhkhkhhhkhkth

Page 25

15

13
1 2 3
171
DOMAIN ERROR
1T1
A
13.5

DOMAIN ERROR
13.5
A
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15 4

RANX ERROR
1 5 4
A

kX kkhkhkhkhkhkkkkkhk

Page 26

Vi3]

VLs]
INDEX ERROR

vis5]

A

kAT Ak ok ko k ok ok kokk ok

Page 27

wi2]
g

w[3]
2

w2 + 3]
7

W21 + w31
11

W[5.5]
DOMAIN ERROR

W{5.5]

A

wie]

1

22 AR 2 2R LR SRR T

Page 28

pY



Q'ABCD' khkkdkhkkkhkkkkkkkkhkdh

4 Page 32
0 SHAKESPEARE AVERAGE W
24 n
[XZEEEEEZEES LR R
%
Page 29
5 9 2 0 7 1
Ll1]
AVERAGE W
p
5
{2 411, ' ', L[1 4 35], 'S’ hhkhkhkh kR kkhkkkh*
RAT TAILS Page 34-Problems
L REVIEW
TWIST THE ANSWERS ARE
9
6
pL 1 2 3 4 5 6 7 8 9
5
> 11
8
dhkkkhkhkhkkkkkhkkkk ‘41
45
Page 30 13
2 3 5 7 11 13
u
54+ 9+ 24+0+ 7+ 1 u1
24 66
+/19
45

Ahkhkkhhkkhkkhkhxhkhh

Page 31
SUM + N
7
SUM
21
N
3
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U-PROGRAM 3

TRERAKRKRRRARR AR AR K P

Page 36 1 2 3 4 5 6 7 8 9

KKk khkkkhkkdxkk
(6 x 4) + 5

Page 39
29
5+ 9+ 2+ 6+ 7+ 1
6 x (4 + 5)
30
54
S + (9 + (2 + (6 + (7 + 1))))
6 x 4 + 5
30
5y
SUM
6 + 4 x §
1
26
SUM
6 + (4 x 5)
8
26
AkAkhkhkhkRhkrkhkhdkd SUM
Page 37 14
(2 x 3 +5x4)=(2x(3+(5x1))) SuM
zZ1 SUM
9 25
kAR AkhARkAkkhkkhkkk
SUM
Page 38 30
T hkkhkhkhkkkhkhkkhkhkkhh
) Page 40
s S x 9 x 2 x 6 x 7 x 1
: 3780
R MAX
3 7
Q MAX
7
9
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MAX
7

MAX
9

MAX
39

KhkhhkhkXhkhkhkhkkhkkdkhkx

Page 41

L/W
1

MIN
1

DIFF
6

DIFF
0

DIFF
2

DIFF
7

DIFF
“2

Y1222 22222 &3 3]

Page 42

-/16

(+/8[1 3 51)-+/50[2 4 6]

+/16

21

-/16

3

x/16
720

/16
0.3125

/18
6

L/w8
1

[/16
0

AhkhkkhkkAAKkRRkIXhkRK

Page 43

14
1 2 3 4
2 x 14
2 4 6 8
4 x 2

CENTIGRADE

10 20 30 490

FAHRENHEIT

50 68 86 104

AhkXkhkhkkhkhhkhkkhkhkk

Page 45-Problems
1B

1 2 3 4
I x F

2 4 6 8
1E o x T

E + I x E

+/E + I x \E

36
E+IxE-1T
8
(FE + I) x E - I
12
(E + I) x (B - I)
12
+/V x W
179
-/R < W
1
(r/wy - L/w
8
(+/W) +pW

RLELVLILELW
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U-PROGRAM 4

A wk kR KRk hkhhhhkk khkkkkxkhhkhkkhxk

Page 48 Page 50
1A1 A/K
1 0
1A0 v/K
0 1

khhkhhkkkhkhkhhkhkkkhki
oAl

Page 51
0
A/L v K
oAQ
0
0
v/L A K
1v
! 1
1
[ EXEX SRS R R R AR
1vo Page 52
1 QP
3 0 o0
ovi 2 0 5 0 11 1
1 AhkkXhkkhkkRkkkkXk*
Page 53
ovo
K/ 6284
0
6 8
~1
XK / 'FLIP'
0
Fr
~0 10000101011 0100 /'STOP THE RECORD'
1 STEREO
gk ok Rk dk ok kok ok kokkk Khkhkhkkkkkkkkhkkkrk
Page 49 Page 54
~L A K
10/ 35
6 1 1 1
3
(~L) A ~K
01/35
0 0 0 1
5
+/~(L A KY AL Vv ~L =K
00/ 35
3
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Xhkkkhhkhkkkxhhkkkk

Page 55
POW

[N

16

64

256

AKhkkhkkkhhkhkkkkxtkk

Page 59
POWOW

5

25

125

625

hkhkkkkhkhkkkhkkhkkhk

Page 62

2 POWER 3

hhkkhkhkkkxkhkkitkkkkk

Page 65

36

789 10«12 3 4

7 64 729 10000

3 x 3 x 3
27

3 x4
81

3 x 3 x 3 x 3
81

hdkhkhkxhkkhkkhhkkkkkk

Page 66

DOMAIN ERROR

“16%0,5
A

8 x 1 : 3
2

2« 1
0.5

0 x 0
1

KRk XKXAKRRKR KRR AR KK

Page 67

AB 8
8

AB "8
8

ABS 11
11

AEXkkIk Ak XA AR XA K

Page 68

173 x 73
9

13 x 73
g

Fk ok kodkokkk kokokk ok ok koK

Page 69

5 RES 13

LA AR AR R RE LSS

Page 70

5 RES 13

5 | 13
3

3.14 - 1 RES 3.14
3

FLOOR 3.
3
CEILING 3.

[

khkkhkhkhkhkkkhkhkhkhhkhk

Page 71

1y

14

8.0 8.3 8.6 8.9 9.2 9.5

8 8 8 8 9 9

f8.0 8.3 8.6 8.9 9.2 9.5

8 9 9 9 10

Ahkkhkhkhkkkhkkhhkhxhkx

Page 72

ROUND 3.14

(10 » "4) x L0.5 + X = 1

10

3

ROUND 3.6
n

ROUND 2,55
-3

ROUND ~2.0904
T2
1.6667
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KEAkAXKKkIRAR KA X kK

Page 74-Problems

0000110000011 110¢000O00 /'BEFORE YOU VIEW MORE,'

REVIEW

226

n
w

(4 = 4) A 5

(Sxx/5-T)*.5

(3 2 4) v5 =35 DOMAIN ERROR
(Sxx/8~T)*0.5
A

(~A/LOGICAL) = v/~LOGICAL O«P<2

21+/LOGICAL O«X+20+3
6.666666667

2%+ /LOGICAL (10*-P)x| .54Xx10%P
6.67
|+/LOGICAL V OFF«X ROUND P
{(1] OFF«(10#%=P)x[ 0.5+Xx10%P
v
VZ«L MIN R
|-/LOGICAL [11 >(L<R)/4
[2]) 2Z+R
[3]1 =0
(4] Z<LV
O«S5+3 TAMIN«14

R+1.667 MIN 2
MIN[1] &
MINC4] 1.667

O«T«(S5=15+1)/15+%1

4 S MIN R MAX T(S]

64

S « T

81

(8 »2)T 2 %8

((5+1) = 2) = (8 * 2) + (2 x S) + 1
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U-PROGRAM 5

kkkkkkkhkhd kokk kK *B' ¢ VOWELS 4 ¥ W
Page 78 0 5 9
22 tCOMPUTER' ¢ VOWELS 6 v W
1 01 0 0 1 0 1 O
Kk kkkkohkdhkkkkdkkkk
252
Page 83 3 4 YAPLOMB'
40
APL,
2222 R X222 23] v/ '"LINGO' e VOWELS
Page 79 1 TRI 'ANYTHING'
ANYTHING
NYTHING
? 4 ] St
76 6 VOWELCHECKER ‘'CONSONANT YTHING
THING
3 M 1 HING
ING
ROLL VOWELCHECKER 'WHYZZ' ga
3 0
AhkAAXEARAA A AR AKX AKX
kAhkkhkkkhkrhkkkhkkkkh
ROLL Page 88
Page 85
10
525§
AhkkhkhkhkkAhkdhkhkkkik 4 4 W
5 2 1 4 3
Page 80 5 9 2 6
I
ALPHABET[{ ?pALPHABET] W o=6 4+ W
4 3 2 5 1
Y 1 1 1 1 1 1
2 75
ALPHABET{?26 26 26 26) "3 4 W
5 3
JNVA 6 7 1
22 R XS ESEESERE S X 3 ? 5
5 ¢+ W
Page 82 2 5 1
9 2 6 7 1
6 € 15 5 2 5
8t W
0 1 2 3 5 4
0 0 5 9 2 6 7 1
2 € 15 AhkhkkXkXR A Kk hkkokk
1 Page 86
3+ W
6 7 1
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AKXk hkXEhkhkhhkkkkik

Page 89

13 ? 52

16 5 12 37 46 13 31 17 11

13 ? 13

4 3 13 10 11 1 & 9 2 12

14 7 13
DOMAIN ERROR
14213
A

kAKX KKAR I A KR KKK

Page 90

I

315 24

1 « PER « 1pI

1 2 3 4 5

0 « PER <« PER[I]

3 1 5 2 &4

0 « PER + PER[I]

S 3 4 1 2

(0 « PER « PERLI]

4 5 2 3 1

0 « PER « PERL[I]

2 4 1 5 3

KA AKKRKAR ALk kXK

Page 91

AD2

SORT VI(pV)2?pV]

4 0 3.5 5 7 8 13,2
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27 48 43

AR ARk kkhkhkhhk

Page 92

D2[¥D2]

¥y6 5 7 8 9

5 2134

S

TUNPEEN

SLAN]

NEPTUNE

SCAN]
NEPTUNE

Ahkhhkkkhkhkkhhkrhkik

Page 93

ALPHABET 1 'MAN!

13 1 14

ALPHABET[18 15 2 9 14]

ROBIN

1 + pALPHABET

27

dodkkdkdkkhhkkkdkkkkk

Page 94

LSORT 'SLOT!
LOST

kA Kk Aok khkkkhkhdkhkk
Page 95

46 9 T2 2 0

¥6 9 "2 2 0

'ZERO'[2]



U-PROGRAM 6

ek hkdkRhkhkdhhkhkhkhdd Ahkkhhkhhkhkkkkkikhkkk Khdkkhkhkhkhkthkhkd ik
Page 98 Page 109 Page 116
B DRILL TEMPER
9 14 HOW DO YOU PEEL ABOUT ME?
x 75
-2 O:
N a: 8
1050 o
3y 6
ug a:
Ahkhkhkhkhkkhkhhkhkhkhkkhkx x 53 D ‘4
Page 99 O: >
2438
ARXX A AT XAARTA Kk Ak Kk
5 x 8 r D + 2 292
x 5 Page 117
0: --=-
7 O
45 110 ANO LIMIT
khkkhkkkhkkkhkkhkhkk 68
Page 100 .28
O:
4624
B
93
ENTER x 38
a:
¢ 353y
ANY
CONGRATULATIONS! WOULD YOU LIKE 5 MORE?
c ENTER Y FOR YES, N FOR NO.
e YES
52
: x_83
O:
B,C¢, 4 sToP
ENTERANYLITERALS
ARAkkAhk kR hkkdkkikkdkik
kkkhkkkkhkhhkkkxkkk Page113
Page 101
VDRILL[18] +(A/'YES'e[M)/1V
X DRILL
ACETYLENE 15
khkhkhhkkkkkkhkhkhkhkih x 36
Page 108 0:
END sTOP
VALUE ERROR
END

A
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KAkEXRKAKRXRRRAX N KR

Page 120
3p5
5 5 5
6p8 9 10

8 9 10 8 9 10

3p8 9 10 11 12

8 9 10

kkkhkkhkkkkRkAkAhkR

Page 121
3 5p2
2 2 2 2 2
2 2 2 2 2
2 2 2 2 2
2 5p110

dedokk gk ok okode ok dkok dkokkokok

Page 122

3p1 0 0 O

3
o]
0
1

QO O =
O RO

KX RKk XA KA AR AkKXRR K

Page 123

3ptx!
* %k *

7p *TOOT!
TOOTTOO

3p '"SEXTUPLE"
SEX

12p'0H! !

OH! OH! OH!

U-PROGRAM 7

AKX RKAXAA KA KA A X

Page 124

2 30p'AND MILES TO GO BEFORE I SLEEP!

AND MILES TO GO BEFORE I SLEEP
AND MILES TO GO BEFORE I SLEEP

6 30p'TO BE OR NOT'

GooD
PLAY
BILL

khkhkhkhkdhkkhkhkhhkkhhk

Page 125
pL.M
12
Mx3

3 6 9 12
15 18 21 24
27 30 33 36
(M) = (x/pM)oM
1

R hkhkhk kA hkhhkhkhkkhi

Page 126
MATRIX
9 s 0 &
2 4 11 3
16 8 20 7
PMATRIX
3 4
JMATRIX
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MATRIX-2

6 MATRIX
9 6 6 6
6 6 11 6
16 8 20 7
MATRIX=3
0 00O
0001
0000
3eMATRIX
1
MATRIXe3
0000
0001
0000

AhkhkhkkhkhkhkhkRARkKX K

Page 127

MATRIX(3;2]

MATRIX[3;]

i6 8 20 7

MATRIX( ;2]
5 4 8

LEEER SR SRR EEES]

Page 128

MATRIX[2;4 2 31

3 4 1

MATRIX[3 2 3;3]

20 11 20



MATRIX[1 2 3;1 2 3] = MATRIX[2;2]

0
0
000

o
fuy

MATRIX[I[11:1(2]]

MATRIX[ ;1I{2]] = MATRIX[\I[1];]

1111
1111
1111

kKRR AK ARk KRk XARAR

Page 129

+/MAT

6 15

+#MAT

+/ MAT
21

Thkkhkkkhkhkkkkihik

Page 130

x/MAT

6 120

(+/+/MAT) = -/-/MAT

(1x3x542xUx6) = %/ ,MAT
1

KhkkRhkhkkkkkkhkikkk

Page 131

LM

SOLD
OHIO

K/M

SL
or
N
TE

Ahkhkkkhkkkrkhkhkhkkkhk

Page 132

3 T14MATE
E
E
L

2 1¥MATE
ATL

kkWhhkhkhkkhkkhkhkhkkhkik

Page 135

3 RANDOM 7
DTLNFBR

RYJNVAB
NRAJBKR
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U-PROGRAM 8

AEkRAXARRXR KRRk kR*x Kk

Page 140

¢'NOSLIW®

WILSON

$'DOCNOTEIDISSENTAFASTNEVERPREVENTSAFATNESSIDIETONCOD

DOCNOTEIDISSENTAFASTNEVERPREVENTSAFATNESSIDIETONCOD

ThhkhkhkkkkhkhRrrKkKxk*

Page 141
(oM) = boM "201685 2p'UPCLEESAAP' 1 1 & 3 3p'IRSNBAACM'
1 1 APPLE IBM
SAUCE
ARAR K AR R R AR AR KK,
&4 3p'FOEANDICELEN® Fekk ek Ak ok K ko
Page 147
FPAIL Page144 g
ONCE
EDEN o O«LM«2 2p'ox00@!
2 3 2 S5p'LESTA!
ox
AhRKRK R AR AR KK * ok STALE oe
TALES
Page 142
KAKKAKETRAKRRRRK oLM
(pR) = pB Page 145 *o
X @0
_ (®L) = 2 1§
1¢'TOPS' eLM
11111111
SToP 11111111 oe
11111111 o
11111111
KkkAR XA KRR R ARk kK 11111111
oLy
Page 143
(pL) = (pL)[2 1] ®0
* O
20M 1 1
3 y 1 2 ARKK KRR KA KRR K Kk * QLM
7 8 5 6
11 12 9 10 Page 146 00
*®
T1eM DLI] = SQUI;I]
L
9 10 11 12 1 L
1 2 3 4 Oo
s 6 7 8 (pD) = L/p5SQ o
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QOLM (v/~VEGETABLE)/'PEARS' KAk hhkkhkhkkkkkrkrk

*® PEAS Page 154
°0
22 222222222 R 2 2 83

l « P« 23p61230S5

P&ROLYM
Page 151 6 1 9
ox 3 0 5
Oo +/10 4 x 3 2
3g 0« M« 34 p112
1 0 ¢LM
1 2 3 L
5 6 7 8
%o +/VxM[; +/VxM[ ;2
o0 (+/ [;11),+/ [;2] 9 10 11 12
60 B8u4
0 1oLy 0« Q « P +.x M
o ve.TH 29 38 47 S6
u8 56 64 72
O 20 19
khkhkhkkARAhkEkRK Rk xR QQ
11 8LM
Page 152 2 4
°®
Thhkhhkkhkkhkkhkdhkhkhkhkw
ARXRAKKAK AR R A KKk K v/1i 01 A 00 1
Page 156
Page 148 1
O« M« 3 4 p 112
Xo,.xY v/01 0 A001
1 2 3 4
1 2 3 L 5 0 5 6 7 8
2 4 6 8 10 9 10 11 12
3 6 9 12 15
4 8 12 16 20 v/1 01 A 00 1
o.M
AKX A RIRIRKRAARL 1
0 1 2 3 4
Page149 KAAARARRRRRRRAR KR 0 5 6 7 8
0 9 10 11 12
Page 153
pYo %X
OsM
5 4 (T1vpM) , 14pN
) 0 0 0 [}
Xeo. LY 3 5 1 2 3 y
5 6 7 8
1 01 1 1 1 9 10 11 12
1 2 2 2 2 +/ML1;1 x N[;1]
1 2 3 3 3 AAKKARKARARR R KRR K
1 2 3 4 4 110
Page 157
R[2;3) = +/M[2;1xN[;3]
AKXk hhkkikkhkkkd 1 M.-l "‘2 ’3
Page 150 1 2 3 4 "1
5 6 7 8 "2
9 10 11 12 73
(110)e.x110
1 2 3 4 5 6 7 8 9 10 M,[11M
2 y 6 8 10 12 14 16 i8 20
3 6 9 12 15 18 21 24 27 30 1 2 3
q 8 12 16 20 24 28 32 36 40 5 6 7 8
) 10 15 20 25 30 35 40 45 50 9 10 11 12
6 12 18 24 30 36 42 48 Su 60 1 2 3 [
7 14 21 28 35 42 49 56 63 70 [ 6 7 8
8 16 24 32 uo ug 56 333 72 80 9 10 11 12
9 18 27 36 45 S4 63 72 81 90
10 20 30 4o 50 60 70 80 90 100
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khkkAhhhkhkkkdhk ik L,[2]L
]

Page 158 ABCABC
DEFDEF
GHIGHT
v.[.51v JKLIKL
2 3 5 7
2 3 5 7
L,[.5]1L
v,[.51v ABC
oV,[.5] DEF
2 GHI
JKL
ABC
,[1.
v,[1.51V DEF
GHI
2 2
3 3 JKL
55
77
L,[1.5]L
ABC
v,[1.51V
oV,L ] uBC
4 2
DEF
DEF
GHT
GHI
AR RRATARR R RN JKL
Page 159 JKL
O«L+Y4 3p'ABCDEFGHIJKL'® L.02.51L
ABC
DEF a
GHI e
JKL
DD
L,'% §§
ABCx
DEF« gg
GHI» IT
JKL*
JI
I*I_L IL{f
* de &
ABC
DEF ARXARRARRKRA R RN AR
GHI
JKL Page 161
L,[1]L O0«C+3 3p2 "1 51 2140 "1
ABC 2 "1 s
DEF 1 2 1
GHI 4 0 "1
JKL
ABC
DEF 0«B+13 0 11
GHI
JKL 13 0 11
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LEE SR AR SR EERSE RS

Page 164

+5

dkdkdkokkhokkddokkkkk

Page 165
- 0>75
1
SIGNUM B

Khkkhk Ak A X XRKKEX XA

Page 166

+3

0.3333333333

+10
0.1

Ahkkhkhkkhkkkhhkkhkkk

Page 167

2,718281828+1
2.718281828

Akkhkkkhkkkkkkkkki

Page 168

[ 2K

U-PROGRAM 9

(eN)teB

BeN
2

(RS EREERE RS ESRES]

Page 169
10010%2
2
1081000
3

1010000 100000 1000000 10

4 5 6 1
7@7%x3
3
3981
i

AKRkARKKR AR KN

Page 170

02

6.283185307

AARKAKRARRRR XK KK

Page 171

D«RADIANS«O+6+112

0.52% 1,05 1.57 2.09 2.62 3.1i4% 23.67 4.19
5.76 6.28
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3ORADIANS

0.577 1.73 5.73E15 ~1.73 T0.577 "1.74E°16 0.577 1.73
5.73E15 ~1.73 T0.577 T3.49E 16

Ahkkhkhhkhkhkkhkhkhkhkhkik

Page 174

DEGREES 60 FAC ©
1.05 1

COSINE DEGREES 60 x/13
0.5 6

(DEGREES 15)x360£02 X/
45 24
A E R Z SRR E R BT R R R R '5
Page 175 120

RADIANS oy
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KhkkhkhkhkkkAkhkhkkkh

55 Page 178
'y 2
30 = RADIANS DEGREES 30
1 24 2
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absolute value function, 68

AB program, 68

ABS program, 68

ABSOLUTE VALUE program, 68
adding (lines to a program), 24
addition function, 2

and function, 48

and-reduction, 50

answers (to exercises), 218-238
APL, Preface

APL/360, About APL Systems, 187
APL Press, Preface

applications (of functions), 77-96, 97-118
arc-trigonometric functions, 173
ARCCOSH program, 173
ARCCOSINE program, 173
ARCSINE program, 173
ARCSINH program, 173
ARCTANGENT program, 173
ARCTANH program, 173
ARCTRIG4 program, 173

AREA program, 20

arithmetic drill-and-practice, 102
arithmetic functions, 2, 164
array functions, 139-162

arrays, 119-138

assignment command, 4

ATTN (attention) key, 56, 84
AVERAGE program, 31

axis (of reversal), 140

BASEBALL program, 22

base (of a logarithm), 169

base value function, 179
bogglers, 193-198

brackets, see indexing

branch to 0 (stop a program), 67
branching, 47-75

branching commands, 56, 114

catenation function, 6, 9, 156

ceiling function, 71

CEILING program, 70

chaining, see catenation function

challenge (exercises), 16, 32, 42, 49, 69,
70, 72, 90, 99, 113, 128, 142, 143,
150

changing (lines in a program), 21

character editing, see line editing

circular functions, 170

coefficients, 161

colon, 104

combinations function, 178

INDEX

command execution mode, 1-18
commands (summary), 207, 213
compression function, 52, 131
conditional branching, 58
conformable (matrices), 153
COSH program, 172

cosine function, 171

COSINE program, 172
counters, 5, 58

data, 17

data representation, 2

data structures, 133

deal function, 88

decimal number representation, 3
DECODE program, 185

definition error, 175

DEGREES program, 174

del, 20

deleting (lines in a program), 61
diagonal (of a matrix), 146
dimension (of an array), 133, 134
displaying (a program), 24
division function, 2

domain error, 66, 74, 178

DRILL program, 102
drill-and-practice, 102, 138

drop function, 86, 132

dyadic scalar functions (summary), 200
dyadic functions, 25

dyadic program, 32, 60

e, 167

editing (a program), 21, 24, 57, 59-62,
104

summary, 212

element-by-element, see parallel
processing

elements, 6, 120

eliding (characters), 104

E notation, 59

ENCODE program, 185

endless loop, 56, 84, 103

equals function, 11

ERASE command, 32, 175

error reports, 3, 4, 27, 31, 32, 66, 68, 81,
99, 110, 148, 175, 178

error reports (summary), 211

evaluation (of expressions), 30, 35-45

execution {of a program), 20

expansion function, 189

experiments, 14

explicit results (programs with), 62, 68

exponential function, 167

exponentiation, see power function

expressions, 17
execute function, 186

factorial function, 178
FAC program, 177
floor function, 71
FLOOR program, 70
format function, 186
functions, 17, 200-205

see also specific functions
function definition mode, 33
functions on arrays, 125

games, 79, 89, 96, 114
generalized reduction, 39

global {names), 33

go to (a line in a program), 56
grade-down function, 92
grade-up function, 91
greater-than function, 12
greater-than-or-equatl function, 12

header editing, 60

identity function, 164
incrementing, 58, 81

index-of function, 93

INDEX ERROR, 26, 27

index generator, see iota function
index origin, 95, 214

indexing, 26

initialization, 58, 81

inner product, 151

input, 98, 100

inserting (lines in a program), 57
interactive (programs), 97-118
jiota function, 25

iteration, 56

Iverson, Kenneth E., Preface, 137

keyboard, Frontispiece, 100

lamination function, 158
Last-one-loses (game), 114
least squares regression, 162
LENGTH ERROR, 110, 148
less-than function, 12

INDEX
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less-than-or-equal function, 12
line editing, 104

line labels, 104, 114

lines (in a program), 20
literal data, 2, 100

local (names), 63, 81
logarithm functions, 168, 169
logical data, 48

logical functions, 48

LOL program, 114

loop, 56

LSORT program, 94

main program, 114

mathematical model, 116

matrices, 121, 133, 148

matrix, 121, 133, 148

matrix divide function, 161

matrix inverse function, 160

matrix product, 153

MAX program, 75

maximum function, 14

maximum-reduction, 40

MDRILL program, 137

membership function, 82

MEMBER program, 176

MiN program, 75

minimum function, 15

minimum reduction, 41

minus-reduction, 41, 130

miscellaneous functions, 163-191

mixed functions (summary), 203

mixed output, 106

mode, see command execution mode,
program definition mode

model, 116

monadic scalar functions (summary), 202

monadic functions, 25

monadic program, 31

multiple assignments, 176

multiplication drill program, 102

multiptication function, 2

multiplication table, 150

names, 4

natural logarithm, 168

negation function, 164

negative number representation, 3
negative symbol, 3

Nim, 114

not function, 48

null vector, 25, 54, 64, 114, 134
numerical data, 2

nyladic (program), 33, 79

operators, see reduction, outer product,
inner product, scan

operators (summary), 206

or function, 48

or-reduction, 50

origin, see index origin

INDEX

OUT, 101

outer product, 148

output, 2, 72, 150

overstrike (symbols), 10, 91, 92, 100, 123,
129, 131, 140-142, 156, 160, 168, 169

palindrome, 140

parailel processing, 8, 125
permutations, 90-92

pi-times function, 170

POW program, 55

POWER program, 60

power function, 65

POWOW program, 56

primitive functions, see functions
printing precision, 3, 150, 170, 214
problem-solving, 96, 138
program, 20

programming, 20

program definition mode, 19-34

quad input, 98

quad output, 72
quote-quad input, 100
quote marks, 2

radians, 171

RADIANS program, 175

RANDQOM program, 135

random number generator, 78

RANDOM WORDS program, 81

rank (of an array), 134

rave! function, 124

reassignment, 5

reciprocal function, 166

recursion, 176

reduction, 30, 44, 129

relational functions, 11

renumbering (lines in a program), 57

replacing, see changing lines in a
program

representation function, 182

residue function, 16

RES program, 69

restructuring function, 120

resuming (execution of a suspended
program}), 111

reversal function, 140

reviews, 17, 33, 44, 73, 96, 118, 138, 162,
191

rho, 26, 28, 120, 134

right-to-left (evaluation of expressions),
36, 41

ROLL program, 79

rotation function, 142

ROUND program, 72

rounding off (numbers), 72, 75

rows, 121

row-major order, 122

rules (for evaluating expressions), 35

RW program, 84

scalar, 2, 133

scan operator, 188

semicolon, 106

shared variable, see system variable

significant digits, 3, 150

signum function, 165

sine function, 171

SINE program, 172

SINH program, 172

simulations, 64, 67, 69, 70, 75, 79, 89,
116, 165

simultaneous linear equations, 161

size, see rho

SORT program, 91

SPELLING program, 136

stacking, see lamination function

state indicator, 110, 112

statements (expressions in a program),
20

structure, see size

subprograms, 84, 114

subtraction function, 2

summary (of APL), 199-215

sum-reduction, 30, 39, 129

suspended program, 110, 111

syntax, 3 °

SYNTAX ERROR, 3, 31, 32, 68, 99

system command, 32, 175

summary, 213
system functions (summary), 215
system variable, 95, 150, 170
summary, 214

table, see matrix

take function, 85, 132

tangent function, 171

TANGENT program, 172

TANH program, 172

TEMPER program, 116

three-array, 133

times-reduction, 40, 130, 177

trace command, 64

tracing (a program), 64, 69, 75, 176

transpose function, 141, 145

TRI program, 87

TRIANGLE program, 23

TRIGO program, 172

TRIG4 program, 172

trigonometric functions, see circular
functions

truth tables, 184

TRUTH program, 184

unconditional branching, 56

value, 4, 23

VALUE ERROR, 4, 81, 99, 101
variable, see names

vectors, 6, 133
VOWELCHECKER program, 83
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APL: An Introduction

Howard A. Peelle

This combination workbook/textbook offers a problziii-solving approach to
learning computer programming in APL. It is self-instructional, that is, you
can teach yourself the APL language by using this book — with or without a
computer.

Each chapter opens with an explanation of APL problem-solving tools,
followed by numerous examples of APL expressions. The reader is then
asked to solve selected exercises; these exercises can be done with or
without a computer. Answers are provided in the appendix.

The book is written in an informal style, with handwritten annotations
alongside examples of APL expressions that serve as supplementary ex-
planation. Each chapter ends with a review, and summary tables of all
expressions appear at the end of the text for quick reference.

Other Books of Interest. ..

BASIC BASIC: An Introduction to Computer Programming

in BASIC Language, Second Edition
and

ADVANCED BASIC: Applications and Problems

Both by James S. Coan

Two books that give you the complete picture of the BASIC language. One
introduces the language; the other offers advanced techniques and applica-
tions. BASIC BASIC, #5106-9, paper, #5107-7, cloth, 288 pages; ADVANCED
BASIC, #5855-1, paper, #5856-X, cloth, 192 pages

BASIC FROM THE GROUND UP

David E. Simon

An introduction to BASIC for the novice, covering all the features of BASIC
as well as explaining the inside workings of the computer. Includes exercises
and worked-out problems. #5117-4/Text, #5760-1/Trade, paper, 232 pages

PROGRAMMING PROVERBS

Henry F. Ledgard

Offers short rules and guidelines for writing more accurate, error-free pro-
grams. Contains standards for and programs in PL/1, ALGOL, BASIC, and
several other languages. “This gem of practical guidance is much needed
and long overdue.” American Association for the Advancement of Science.
#5522-6, paper, 144 pages

ISBN 0-8104-5122-0



