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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 III 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)
-general 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 con'firmed by subsequent experience
or by an instructor or a manual.

1t APL is A Programming Language, which was developed by Kenneth E. Iverson of IBM
Corporation. Originally conceived as a unifying mathematical notation in the late 1950s and
early 19605, 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

Amherst, Mass.
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ABOUT APL SYSTEMS

The version of APL used in this book colrr~sponds 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:

Significant Digits
Attention Key
E Notation
Deleting Lines in a Program
Trace Command

page

3
56
59
61
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 see
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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 farTlily of functions which com

pare data and result only in Os 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 simultaneously. 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 17



T + 3 • 2 6

S + 4 2

'T + S'

--+
T + S

-...,.
T - S

~

T x S

---.,.
T T S

.......,.,
T • S

---.,.
T = S

--+
T < S

--+
T > S

----+
T s S

..........
T ~ S

.--,...
T ;f S

----..
T r S

~

T L s
.--,.

T S

~

18 COMMAND EXECUTION
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DEFINING A PROGRAM

This '\ s . a.. pro\\ftlm
to compute the
Glr€a. of II S~Ll(lre..

[2] S x S

[1] 'THE AREA IS'

VAREA

S .... 6

S +- 7

36

[3] v

A del. '! .\~ lA.-~eA +0 b~\(\ pr-o,\r4.M
def-i\'\\.n6f1 aNi is ~l\o~ed b'J a
V\Q.mC2.. • (~i 5 p("oq ra.M l~ V\Ar't'-ed AREA.j

E,a.e-h eKp,~'\OV\ i~ ev\'\-ered ()f'\

StAU:.e~~·lVe. l\~€S of ~e ~~C>~("ClM)

L1]) [2.]) .e.+c... •
A sec.oN\ clel" clo'5es ~~ra.M deflr\di.O'V\.

EXECUTING A PROGRAM

AREA L..e-----------1o e'kec..L-\.+e -HAis pr,("GU'\'\( -rype 'ItS Y\O..-Me..

THE AREA IS • (MEA)
\k.e.\'\ eo.a. l\~ \~ ~rforMed b'j~e. umpu.t-er.

( tJ o+e -\'(,A-t '-HM.s fro~ (Glt\ r~r~ 0.. va.hA.€ for-S~

Pn:?,('"OJY\ Prf-EA ca.", 'oe. ex.eoJ-ed a.~CLlt1J

~Q.r It.A.~ -Por 0... dtt+ere.t'\+ "oleA-e for $.
AREA

THE AREA IS

49

S -+- 9

AREA

S ..... 3 4 5 8

AREA

THE AREA IS

9 16 25 64

l.f S '\5 ~s~i~"ed '5eve.....o..\ va..l\A.€s)
el(ec.t..L-t-tN) f\~~A
~{'"~S r.e.stA.\ts.fc(" Q.l\ 'Ia.lu.es

S'mu-\to.t\€01AsI1 ·
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[1] 'THE AREAS ARE'

EDITING A PROGRAM

~AREA[l] 'THE AREAS ARE' V ~~--- C~~~\~ \it\€- [11

VAREA[O]V ....(- -- Cow-~cuul +0 d\'5pl% ~ (\'l+e'oi-)
v AREA ~~ra.yV\ de~Y\\~6Y\ '

Ne-\e~t \If\e- [1] ~~ been ~ed
[2] S x S

S +- 1 234 5

AREA

THE AREAS ARE

1 4 9 16 25

S +- 3 4 5 8

AREA

PROGRAM DEFINITION 21



t:'D~ exarv..p\e) ~,~ 1.6

~ey- ,,~o~ro.mJ Nl-~ed ~As£BA-LL

VBASEBALL

(1] 'THIS PROGRAM COMPUTES BATTING AV~RAGE.·

[ 2] H T AB

[3J V

H 1- 61

AB .. 200

BASEBALL

THIS PROGRAM COMPUTES BATTING AVERAGE.

0.305

tJale ~ +-t ~ kB M-Ust

be. ~l~t\.ed. -A.r~) bef-or-e.
e;tec..u.ti~ i?>A'SE.BALL

H + 63

AB +- 200

BASEBALL

22 PROGRAM DEFINITION
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'VTRIANGLE

[1] A+B)(H

[2] A + .5 )( A

[3J v

A

VALUE ERROR

A
A

B + 7

H ... 10

TRIANGLE

A

35

B +- 6

H ..... 14

TRIANGLE

A

1tU<a i5 Qj\O+ke~ p,o~r~mJ Nlr'l\.ed T~lA-t.JbLE
e.uW.c.k c«nuPLA.te.s ~e area... of- CA. -h-t~ l-€..) )

~\"e.V\ '+$ bQ~e (B) aM hel~\-fr (+1).

The. re.~~\+ w\ II be s-tt>r-ed I Y\ h.

""'-ere. "~ t'\C \(Q.llA.e.. -fo Y'" A
U,.V\-n \ %e- pro~Y-Ofl\ ,~ ~eclA.--\-~.

txee.uJ.;~ -r~\A-tJ b L£ does not-
c..C1.lA~~ Ck..f\'/+tAln~ ~ ~e pr',(\+ed -- oJ+hoU,5\'
-the (Jrc)£~rCUV\ cUd do '5ofY\.e:..t-hl~ !
-r~P\ n~ A produ.C£.$ 4ke re~u.l+:

e.XQC.t.-d-e.. T«. \A-tJt;LE .(bY'" & VQ.\~-e5
of 6 Q..nd H ~S'Sl~ned.

Wv..o."t 'l~ A ?
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V TRIANGLE

[lJ A .... B x H

"TRIANGLE [OJ V

[3] A

[4] v

VTRIANGLE ~~------- C.OMMo...rJl -+0 ~ t\ne.lsJ+c
(.>ro~ roJV\ "T«"\ l\'~bLE

lke- corY\p\A.+e~ ~rtt\+'5 [a] tor- ~6lA'
'1fSfA ~ P.Q..~ ex~("e~Cfi~ A.
~t'\) ~er" l ~]) ~pe. GL " -k e~.

\h.e "ev.:> defl",;hC5V\ toot.s rd~.e ~lS.

~ - ---- ~
[2] A 1- 0.5 x A

[3] A

B .... 6

H ... 14

42

TRIANGLE ~eCtkk~ T~A-~bLE. ~uJ pr'tnts
~ Q,re-~ of 0... -h-'l(:~.Nj\e..

tJ.)·I~ base. " ~ h.e.i~~ \4.

B .. 1 231+ 5

H .. 4 8 12 16 20

TRIANGLE 'txec.U±e.. -r~IAtV'LE ..for"
~4f>e 5" bo..se.~ O-r\d 5 he'~hts

tJcle: LU~en ,'10\1\.- Je-~(\e. 0- t'-€\Q pro~ro..m) be <5L.U""e.. -to
~\ v.fL- ,+ fA.. d,ftere.Kt nC\..Me ·
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"MONADIC" VS. "DYADle" FUNCTIONS

\10
1 2 3 4 5 6 7 8 9 10

t 8

1 234 5 6 7 8

t 5

\4

1 2 3 4

\3

1 2

1 2

\1

THE IOTA FUNCTION 1

l i~ it tu.t\.e.-+iGV\
which lAses cn\'j one..
f\W\\beY- -- tUr, tfet'\ on

\is r\~~+.

1 ", 5 £L \\ VV\.O nat!"'c. " -fu..nc:hon

LOr..ereo..~ -+ - )( ~ , r II
~Cl\fe... b~eV\ CS~WV\ ~~

\\d.'/o..d. ic-' I ~ V\ch6"Y\6 --

LUl~ nLlMbers wrt-#en 0(\ +he.
le++- ~t'd r'~h+.

Z re+u.r-n~ ~ "ec:lo~ J rO~\-H{e....

lrr\·e.~e.rs u.p 10 a.nd I r'\Clwil n~ -+he..
'\I\+ecne.r ~l ven (see 41so ~. 'I,)

1

\0

This is cQ.lIe4
~"'--- ---------~e \I nuHl

1 ve.dor
L0.- Io\al/\ k.. lIne)

>
\ 3 • 5
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V+-2 357

V[ 1]

2

INDEXING [ ]

V is ~ v-e-e-+Or- of -fOtL'('" e\€~e\'\+s

~ ~r~+ elefY\en+ \ f\ "

3

7

V[S]

pV

4

26 PROGRAM DEFINITION
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W .... 5 9 207 1

W[1]

5

W[2]

W[ 3]

W[ 2 3]

9 2

W[ 2 + 3 ]

W[ 2] + W[ 3 ]

W[4]

o

W[ 5 .5]

W[6]

W[ 7]

INDEX ERROR

W[ 7]
A

1'he 2wl CU\!l 3r J. ele~eV\~
l CJ.,V\. '\ (\de)(. CA-V\ be 0.... vec.,+Dr )

k \nd.e)( CQn be ~ ra~u.l+ of a.-n
ex(1("e~~ton

~ '\ Me~ C{)..V\ l'\O-t be.. >~ -iota...\
~~Mbe,r of elet'V\er\ts 'tt1 -\ke vec...+Or.

PROGRAM DEFINITION 27



7

THE RHO FUNCTION P

f t\-kl) i" tLt\.cr~::~h~Q..cl ;e-.
X + 7 6 5 4 3 2 1 It Clm\Pt.A.te..~ ~e. l\Sl"Z.~1

of \\)h.Cl~e"u \~ VJ r\t{€t'\ ~r\
pX .~ rl~h+.

~re cu-e 1 eJQ.VV\.€V\;-s iV\ vec.+Or X .

Y + 6 6 6 6 6 6 6 6

pY

26

ALPHABET ~ 'ABCDEFGHIJKLMNOPQRSTUVWXYZ'

pALPHABET

ptABCD'

5

ptA C E'

SHAKESPEARE + 'A MIDSUMMER NIGHTS DREAM'

pSHAKESPEARE

TITLE+'A MIDSUMMER NIGHT' '8 DREAM'

TITLE

A MIDSUMMER NIGHT'S DREAM

pTITLE

25
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L .. 'TRIAL'

pL

5

L[4]

A

L[l]

L[5 3 4 2]

LIAR

£[5] + 'D'

L[2 4 1J • t , • L[1 4 3 5] • '5'

C~ln -+he~e ~e+he.r

ie~\~Y1 -rke.. 54 Q\eMettT
of L ~,~ '1)'

L

Now L "l.STR I AD<""'IIIIiii;:--- ~ )

L[2 4 5] + 'WST'

L

pL
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V+2357

+/v

17

2 + 3 + 5 + 7

17

W -+- 5 9 207 1

+/w

24

SUM-REDUCTION + /

'J \~ ~ VQ..L{6r

+ / o..d.d.s t,c.p 4h,e. eJe t\\.en~ of GL V€ctoy

1+ i~ e~"o..le,n+ +0 plD..c.i nl)
;- ~\~n5 behoee.f\ -tk.e eJem€.V\ts
o.v..c.\ Q'JO..' tA.Clt\~ ~ ra~u...'+-.

5 + 9 + 2 + 0 + 7 + 1

+/\10

55

+/19
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A MONADIC PROGRAM

l)EFININ(; It PrlDGfll\M TO ~'t\)1) AVEgAGES:

Y ... 4 8 9

SUM -+- +/Y

N -4- pI

SUM T N

VAVERAGE X

[1] SUM .... +/X

[2] N .. pX

[ 3] SUM -i- 1'1

[4] v

7

SUM

N

AVERAGE

SY,VTAX ERROR

AVERAGE
A

----- S~ Y\l.UY\bers l"a.Med y
---1he "Su.m of ~e- e.l€MeY\1-s 'l n Y
--------~ t\UJY\ber of ele.M.€-V\1s '1 n Y
-...------~ 0..\/er~e of +k eleMe\'\1s 'l y\ Y

A p~~\"o.JV\ 40 <f\~ -tW2 o..v~r~ e.
of ~ v€cioy- o~ Y\J..UV\,oex·s ex). .
Note. y,W~ ~e. of~ pr~ro...rY\ I~
AVER-AbE QJ\£\ '-tMt)( c.,-\-QNis -fol""--th€ t'\lA.Mbers
~ P~C~(z)"M l,Ull\ LA.~e, 1(:) Q,)(ec.LCtQ. +h'lS
pr~rCLM SOM.€ t'\1A.Mbe..rs M.u..~t Ofe etU'" +0 ~
y-\~n1- of A'IE:~AGE. A"£RA'>~ \~, t\\e.re.f-cre~

()..""\"1\or\O.tll\c.." pc~ro.."" ·
------~~e Y\.'-tMb e r'S ore.-~ vc:U~.

7 is fhe result.

SUM 'l~ --tt,...e. S£.u'Y\ <i' the... e.l-€n'\t¥\ts '1(\ X
(fc-OM \\f\e. [1])

N l5 ~ t\U.Mber- of e\e",eV\.ts in '/..
(tr6M \\ C\e. [ '2.J)
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V+2357

AVERAGE V

4.25

W +- 5 9 207 1

AVERAGE W

W[4] +- 6

w

~Or" \fa.lLA€.S a~~,~t'\~ +0 v) -\-h-e..
pr~ro.yY\ p~iV't~ -the A\lE~J%E

of ~e V\lAmb er? '\ n V,

AVERAGE W n.o~

)ERASE AVERAGE

AVERAGE W

SYNTAX ERROR

AVERAGE W
A

)ERASE - A SYSTEM COMMAND

~\o i~ ~ 1I"b'l~-teM

C6M~ " wlt\k.k. \I\l i II
era.';)e (A..t\.'/ 1l\AV\'\£- ·

Now -tke pro~raM AVE£.PrkE
i~ €V""Cl.sed

(~ 0- ~ew AVE:£.l\b~ pr-~r-{.lW\

un.Jd be defined)

Cha\\e~:

tZewrite P(u~f"QW' Ai<.EA aA A "rnanlltiJc." pro9rQM.
1<ewn'+e pf"OtjYUM f3ASEBAt.L QA t). tld.~ad.tc" rf"09n2M.
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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 li":1e 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 mayor may not be displayed, de

pending on their definition.

Some additional primitive functions, helpful in defining programs,

are: iota 1, rho P, indexing [J, and sum-reduction +/. Iota 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. Iota 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 1-, 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.
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PROBLEMS

S +- 9

V + 2 3 5 7 11 13

L -+- 'AEHNRSTW '

VREVIEW

[1] L[7 3 2 9 1 4 6 8 2 5 6 9 1 5 2]

[2] pL

[3] pV

[4] \8

[5] V[ 4J - V[ 1]

[6] V[ 3] + P V

[7] + / V[ 5-2 3]

[8J +/V

[9] +/18

[10] V[ p V]

[11] V[ \ p V]

[12] +/V[lpV]

[ 13] +/ V[ p V] -8

[ 1 4] +/ \ V[ 3 ] +p v

v

REVIEW
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13

13

18

34

70

70

5 + 4 x 2

5 + (4 x 2)

(S + 4) x 2

(10 x 3) + 4

10 x (3 + 4)

10 x 3 + 4

(6 x 4) + 5

6 x (4 + 5)

RULES FOR EVALUATING EXPRESSIONS

When -two lO'(' MOre) ke.-hon~ 'OCLUX"

in (>\'\.e. ~~("e~~ioV\) -+he, (lAl'fh for
e\lWUClhtSY\ ()..(€- :

[ow:: 1:
-""The ~c.:hon lnsld.e.- r~reV\~,:>es

\ c:> dCSV\e f1 rs1-:

~L.€ 2.: In'';)(de. 4he {Arentheses (oy
wken -!-here ctre. hOV\e)

1+he Q.~~tty\O ~+ fu.nci\on ',~ cU>ne. -Ar'5+.

Do C:,)( 4 -Pl rst

6 x 4 + 5

6 + 4 x 5

1>0

)0

6 + (4 x 5)
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26

26

(2 x 3) + (4 x 5)

(2 x 3) + 4 x 5

46

2 x 3 + 4 x 5

71

71

1 + 10 x 9 - 2

1 + (10 x (9 - 2»

1h.e~e. a..re...
~\"'Q\€n-t- -&.~t"'"e~\on':>

(2 x 3 + 5 x 4) = (2 x (3 + (5 x 4»)

Z2 + 3 x (8 L (5 + (4 t-2»)

Zl = Z2

1

Zl

>

Are~')e -two
expr.e.':>sloV\~

e~a.l ?
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16 + 5 I 4 x -3 r 2 A

T

S -of- 4 x T

s

R + 5 r S

R

Q + 6 + R

Q

P .... tQ

p

EvoJvo.t\~ €l)CP1eSS,'<MS \V\ A1>L is dJ'ffeteY\'t fr-trM ~ wMt
\t- \S d.<Me \V' oJ~e\o n1 ()( (1\\4 -:- fl fSt"" ~eYl + Q Y\tA -).

One. f'e.Q.S~ fo.r -tn,s is fhA-+- there d.f'e so vY\Q.~~ ~ch'(MS
\ t\ A1l \.. (Q.b~ &'0 ~ Y\ ill ~) thAt ,t- wavJJJ.. be. hA rd -h>
ren'\eW\ber w\','cl'\ "'h.l do -Rrt't.
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30

f!~592671

+/w

GENERALIZED REDUCTION

--rki~ "~ how SUM- yoe.d1A.C.-t1o (\
.\~ AC+tA.cJl'l eva.ltA-lttd:

->

5 + 9 + 2 + 6 + 7 + 1

5 + (9 + (2 + (6 + (7 + 1»»

SU!.! ~ 1

SUlt

SUl4 ~ 7 + SUlf

BUl1

SU!1

SUl1 + 2 + SUf·1

SUll

sU/.} + 9 + S UIJ

SU1·1

SUftf .... 5 + S UIf

SUIJ
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5 x 9 x 2 x 6 x 7 x 1

3780

w -+- 5 9 2 6 7 1

x/W

SOMe. oth.ey d'f~'G -ft.u.d.ions YWJ..t be. ~€d
YJ\*~ --the reau.c.+ion ot5'1Mbo \ / ·

Ii~es- re.d.lAC.--t\on..
'i./ ,~ eVClllAAted \, k.e.

-+/ (oV\\'1 Wl+h)(. lV\ (1\~
of +)

r/w

9

5 r 9 r 2 r 6 r 7 r 1

9

l'.JAX ..- 7 r 1

J.JAX

I-lAX 0+- 6 r J1AX

!.fAX

~

l!AX ...- 2 r l'!AX

/!1AX

~

f,JAX ...- 9 r ft1AX

MAX

~

!4AX ...- 5 r l1AX

J.fAX

~

Mo..xt rY\~M- redfAC-tl6V\

r/
.
\S

(This is -»te JCl!!le.st ~l\le

\~ ~e. ve-t-Wr )
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~/+592671

L/w

!fIN +- 7 l 1

jllIN "if- 6 l lfIN

ftfI'fl "f- 2 L ftJIN

!,fIII ...- 9 L !vII/ll

!lIN ..- 5 L ~~1I Iv

Mlf.!

~

-/W

2

5 - 9 - 2 - 6 - 7 -

2

DIFF ... 7 - 1

DIFF

DIFF -+- 6 - DIFF

DIFF

DIFF -+- 2 - DIFF

DIFF

DIFF + 9 - DIFF

DIFF

DIFF +- 5 - DIFF

DIFF

L/
Q\~O

e\fo.llAD..t€-s {rOM

\\r\~h+ +0 \et+ 11

MiV\IA.~-,",edt.t.c +ion
No\--e 4-tN:ct ~e. r.e4ju..l+ ~eV"'e \6 no+~ c:.:At\Il€...
a~ ~ Q.v~e~1"'Q.\'- '5"'-M of -the ~ber~.

1 The. ri~ ht~~-t- Ope.ratloh
\5 doY\e -f lrf>-\- )

o.lt\£l '50 0 n

llV\-n l -l~ \(l~+ 0 pero.+ion
\t> LoMp Ie+ed .
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-/16

R ..... 5 - 6 ~tep b1 s+ep
R -+- 4 - R

R +- 3 - R

R -+- 2 - R

R -+- 1 - R

R

3

CfAa.lle~e :
S + 16

(+/5[1 3 5J) - +/S[2 4 6J

~

+/16

-/16

X/16

f/16

f/16

l/16

1/16

42 EVALUATING EXPRESSIONS

R.ed,..1£JlO v\ 1b ~e~r1l.llzed
-fey. lA.~e wi+h
diadic..- .flA-V\c+1cV\~ -+ - )( ~
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->

32

14

2 x 14

14 x 2

(14) x 2

3 + 2 x 14

+/3 + 2 x 14

C~cJ<. 'I~elf on -+he. rCA.l.eS
~or e."a.ll..lo...hV\~ e.Kp("esslon~

CENTIGRADE ~ 20 + 10 x 1 + 14

CEflTIGRADE

FAHRENHEIT ~ 32 + 9 x CENTIGRADE ~ 5

FAHREflllE IT
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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 -;- r L and I . 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.
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R ~ 5 5 10 4 5 20

E1 +- /~, ;:...,.-

V+-2 3 5 7 11 13

I ~ 2

E ~ 1+

Il~592671

tE

I x lE

lE x I

(tE) x I

E + I x lE

--+
+/E + I x tE

~

E + I x E - I
~

(E + I) x E - I

--+
(E + I) x (E - I)

~

+/V x w
----;.

-/R < W

(r/w) - l/W
~

~ (+/W) -!- pW

R l E L v l I L E l W

l /R , E , V , I , E , W

PROBLEMS
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L .... 1 1 0 0

K +- 1 0 1 0

L A K

1 0 0 0

11\1

~
1 1\ 0

--+-
o " 1

~
a 1\ 0

.~

L v K

1 1 1 0

1 v 1

1 v 0

~

o v 1

---+
a v 0

~

001 1

""0

LOGICAL FUNCTIONS A V "J

Ihe r€5CA,l+ '6 1
-fo~ bcfh .1. o.t'£l.1)
o tr+~er~'ler,e.. .

The. oR. +u.nc..tion "

The relf>te..l+ ,~ 1
',of o~e.. or -&e... of~r------
(o~ both) \6 1)
C o~erWli)e,

The re.~~\+ "l& ~

\~lUl.1 0ppcCj,\+e..

lhe. LO," t C.AL +lA.1\c.f1ons ( PrNb) CR.) NOT) onl~ ope.rcd·e..
on l~lc.cJ dG\+~ (D~ Q.~ 1s ) .
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-L v K

o 0 0 1

-L 1\ K

(-L) " -K

\, NoT " (L \\ 0 ~ " \(.)

\\ NO'" " (L "A~DII K)

(" No, II L) \\ ArvD" (\\ Nor" K.)

+/~(L 1\ -K) 1\ L v -L = K
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L

1 1 0 0

K

1 0 1 a

/\/L

o

A/K

/\/£=L

1

v/L

1

v/K

o

50 BRANCHING

AwA- red,u.c+\'O't"

"/ 1 1 0 0 i~ e.~\"o.l.eV\t -\-c 1. A 11\ 0 A ()

,,/ '/\ e\c1s 1 ',f arJ. OIAJ" ,f
ill 15 -fo\lowj 0 o~rw'se..

'II "Ile\d~ 1. ,of ~i 1 ihll~s.

Or- re.c:4tc.-h'oy\

--



A/LvK

VjLAK

Does L v K resu.\+ \V\ CA.\ \ 1s ?

BRANCHING 51



COMPRESSION /
Q +- K I L

Q

1 0 1 0 1 1 0 0

p ~ 2 3 5 7 11 13 17 19

P

2 3 5 7 11 13 17 19

Q x p

\fo..\~es of K. lAN\ L Clre
C~~ec:\ ~EJker tu\!l It,cuh.e.d Q

Q / p

2 5 11 13

(~Q) / p

3 7 17 19

---rh~ COMPf.tSs ~N -Punc.+ioV\ /
ThlS e)(p(e~~16f\ MA'/ b~ r€~ o..~:

\\ & c.n~V'"ess pO .
01/1..\'1 4M~e.. e\e~V\t"5 "lV\ PLOn\c.h. h-ClVe..

(orr-e~poNil~ is \V\ Go a..~PQa.r "In~ f"€.sult

Here~ r~u.H· \~ eleMe.nis i(\ Pl.Oher-e..
is a.ppeox 0 n -t+..e. lef+ ~

~ ~ ~ ~

01. C>.1 co:11
2 0 5 ..., \1 \3 \7 ,'t

No\e: 1he ceMP~E~SIOt.J ~hon ~res ~ bjic.a.\ Vec.to~

of O~ ou'\rl .1s en ~ le~ -- 6W\€. .fur ea.c.h e.leMeVt+
on +he r,~lt1t-.
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L

110 0

K

1 0 1 0

L /62 8 4

6 2

K / 6 284

L / 'HITS'

HI

K / 'F LIP'

COMPR..ESS1DN t,UOY'~~ b~-:

_ keep' r"lJ Vo.\\A€5 vVher~ ~rQ a.re 1S

_ C>M,.tH~ va.lu..€s \IV~e~e there a.re. Os

\ 0 0

~ 2 ~ 4-
("eep) (keQp) (0mi1)(bMit)

~eep +he. val LA€6 w~ere. 4t...ere Qr-e. 1s
in K

CC>MPf..E.~S(C>~ lAX)rb S\M\ \ad y
1IV'{ftt lttem\S

1 0 0 0 0 1 0 1 0 1 1 0 1 0 0 / 'STOP THE RECORD'
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1 1 I 3 5

3 5

1 0 /35

a 1 /35

a 0 /35

1/6

6

0/6

2 ~ Iotcu'\k... \~ h.e
(~V\Ldl vec+Or)

CDMPltESSlC>N o-f- Q ~i4\e e.\el'V\evtt
ei+h.er r~+u.rns ~ e\e~~t -- a~ in 1/f.t,

0'<' r-e.+u.rns -tke. V\u..\~ vec..+C>r-- 0..S 1Y\ a I'='
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ITERATION AND COUNTERS

VPOW

[lJ z +- 1

[2J z +- z x N ][3J z

[4J Z "f- Z x II J[5J z

[6J z + Z x N J[7] z

[8J Z "f- Z x N ][9J z 'l

N + 3

POW

7y-o~(U.tY" 'POvJ c.oM.ptJ-e~ a.~ pr\(\t"c.:>

-RoLLr pOlUQ.rs at- N .
by rep€a..+ed MLt\+1p licA-hon

N*~ 'lOlA. Mcl~ bJ
pro~Y'"QM denni-rio() ~l{h

'" v on -+~ eM of -the... last 'fne.

I ,

\t

t\

\\

It

,\

co..v...~B:l b~ Une. (:3]
1\ ['51
" [7]
" [1 J

3

9

27

81

II .... 4

POW
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VPowow

UNCONDITIONAL BRANCHING -I>-

'Pro~ r-~YV\ Po 'tV()W CJ.CLc f\tP(I~Shes
NV\Q'+ proO)raJ'Yl 'RJ 'N does (fArd Me>re)
by i+era.f,ol'\.. j "ihGtt is it rerel.\.ts
C€r+a.tn ~~+€~ents by /Lt~(VVj Qn
u.V\c.ondi+i~l bn:u'<:.h COMMa.t\~.

Line [4-]~ 2 CAn be read 4'5: '\jO
+0 I'he. [2] II Qnd C4ttses +he prO<jvom
to r-eeea..+ lines [2.] ttV\c1 [3]
(,ndeh'ni te\,/) ....

64

N .. 4

[3J z

4

16

[2J Z+ZxltJ

[1J z -+- 1

PO~/OW

256

1024

4096

16384

lWs i~ Kt\Own a-s I
a-Vl "eLvJ (ess \oop'~- Cl pY6~ra.MM~rs

V\I~~yftw:tre.-!
65536

262144

1048576

4194304

16777216

67108864

268435456

1073741fj24

4294967296

•
•

•

56 BRANCHING

Pu.~h A-ITtV ke~
(on fop rl~It,-t cf ~ybeard)
+0 -s-fnp ~Q CCMpu.ter
p(i n+in~



~~----
VPOWOW [1.5J I + a

[1.6J [3.5J I + I + 1

[3.6] [4] ~(I < 9)/3V

VPOWOW[OJV

V POflOW

[1] Z .... 1

[2J I + 0

[3J z + Z x N

[4J z

[5J I .... I + 1

[6J +(I < 9 )/3

v

EDITING: INSERTING NEW LINES

POWOW cs~u.ld be. Qdifed "X) 4~
It wlll ~tDp' af-\-er- a. c.er+~\ n
l'\lA.Mber of rep'l+itions.

'Tn\5 commdM \ l'\SeC1S a. Y\e.a.u
\ \t\e. be+t.oee-t'\ \tV\e~ [I] ~N:l ['l.]
(VOIA.oxe 4ken ~v'e(\ {he oppor
-tu,rH+y on [\.IoJ -+0 ln~e\+ tv\Ore,
l\t'\.€S. )

UV\(L [I.~] May be o\lerddden
-to ·l(\~ec+ CA '(\ew \i r\e. be-tweeV\
l,~~ ['!»] ",,~d [+].

(A~Q.\n, [~.,] \nvl+~ '1o CA -to ln~ert
()\()ye IIn..es -)
C'Je.Y"cid'~ 'tV\~ ~ W\el.0 line [4]
~lQc~ ~nat lIJ't? on Une [4] ·

Also note ~+ 4-he. lines
~\I~ beef' a.t,(,,+OO\Cl+i~l\y
re ~LlMbered ·
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[ 1 ] Z + 1 I ,s \nitjCll-z.e.d
/ tlS O.

[2] I+-O...-/

VPOh'Of/[OJ v

v powow

CONDITIONAL BRANCHING

1. i~ 0... "cot.U"\-tex-"tA..sed -to count
how (V\.ClY\'/ -Hl'Y\e~ l\nes
[3] Q.t'\d [41 ~r~ e~-eCtA.+e.d.

N +- 4

POWOW

v

[ 3 ] Z + Z x N I 's 'n,..e.~erte4.. .. .

Z /
"~nl~~~) LIne- [~] IS A. Ctrl'\dif\DY\aJ br()J\ch

[4J camma-nd
[5J I +- I + 1 l+c~ be. rea.d a..~:

[6 J ~(I < 9) /3 \\ brCJlJ\ch -\-0 Hhe [~J ',f! 1 lS
Jess +hQ.n q-- ofher~ic"e,

~o it> 4he.. l'\e.x+ \l (\ e. II

~e- ~et'\e~ -PorMa-t- is
~ ( cOf\di"-Hon) / \i V\e nt.lm~ey

4

16

64

256

1024

4096

16384

65536

262144

lNoie. ~o..+ lo\'"tU\ch,~ (A)Or~~fh'l6
vvo...'1 bec.~~ 6f 4he. Cbmpression

-tundion :')

Now) --{he. pro~rtl1V\ c;rl-ops
~er ~d r"+i t'\~ 1 (Jewefs of N .
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VPOWOW[6] ~(I < X) / 3V

N + 8

x +- 12

POWOW

8

64

512

4096

32768

262144

2097152

16777216

Edi-\-'nlj p6WOW ~~oJn
~C) +haT. ,+ ~,l \ ~+DP J4e(" •
0.. cer+a.\ n nUMber OT t1"eraTIOYlS.

Line [fo] i5 cha.n~eq .

X l~ Cl V\Cl~e u..~e4 by, -+he
progrom llJld 4herefDre.
VVUAS+ be Q,r~~i~ned ~ 0\1 oJve.

134217728

1073741824

8t>B9934~9L

6.871947674El0

N .... 5

X-+-4

POWOW

No+e. 4ha.+- '(A.~~e n~ber5 -- he.re tortle~) ,-J.
4-ho..n lD bi II io - - d'Sp\Q.Ve<t \f\ E nota-flo\'\
c.~\fY\ilo.r in \\suen+ific. notu..+ioV)")wher(2.
E MtU/ be rea..d a.S \\ ... +tMes fe-n -to
4-h.e · · · 11 -rl\e. SQ.f\\e.. no lds for ve",/ SV\'\!lll
hu.Mbers -- ','ke one bill;aY1th is 1E-~.
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VPOWOW[oJ N POWOW X v

VPOWOW [0] N POWER X V

\JPOfIER[UJ V

v }J PO~lER X

[1J Z + 1

[2] I + 0

[3] Z.... Z x II

[4J z

[5J I .... I + 1

[ 6 ] .... ( I < X) /3

5 PO~/ER 4

5

25

125

625

60 BRANCHING

HEADER EDITING

~ro~'\o..M PO'J'JOW rY\D...y be
cMV\~ed So iha..t 4~e '{oJvt-eS
for N lt~J X ca..n be. eV\tered
oJ '""-e ~Q.rV\.e. -n f\I\.€.- a..S
~e.. r("o~ra.M r'\Offie...

0'('", e.'(er\ ~e.. t'\O..~e ~ the.
p'("c~ra.YY\ LA(\ be. d\CLn~ed ·

Now "PO \foJE~ "~ 0-.. t\.e.1.0

\\d,/G..di~' pro~r{).rv\

\t lA.~e'& +WO va.\lA.e.~ :
ot\e.- on -\-he left (for- N')
~V\e.-on -\-he rl~ht Lfor X)

Notice- -\-hQ.t e(ll~ \/Q.\u.e +Or Z \6
~r\r\ted (d~ +-0 \Ine [4J).



VPOTiER [4 J

[4J

[5J v

5 POflER 4

z

625

MORE EDITING: DELETING LINES

ml5 \S -t~e. pr-ocedLlre... -tor delet1n'j
~ \1P,e. : C-QLlC£ -the Ct:> VY\ pu.Jer
-to ~ p€. me II t\e hl.lMber- ~Y\d
-+~eV\ prec:,s A-r-rrJ) -4UolOe.d
'U~M.ed la.+et '7 Ie '" «..ETU~ tJ ·

--rnQ-\- \i t\e \JJ\ II be. o.ele+ed:, a.M all
\,,,,QS a.ffected. It\ -the _prO£jro..M
w\\\ be. reY\.lA.Mbe.r-ec\ o..-Re.~ +he..
~(\O..\ Je\ V.

\+ \i t\e [4] i~ c\elet~) f ro9ro.M
"POWElL w\H noT ~(""I \'\1-

II fI\."thl VVj · · ·

{)J+holA..~~ -\-he -A~oJ re~u.lt

ca.n be. Ob1-a.l ned VJ'I ~PI n~

~.
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PROGRAMS WITH EXPLICIT RESULTS

\.f~ ~ea.der of a. prOljra.m
~I?ln~ ~ va..llA.€) 'l+ ho..s OS,

\\Q.)(pTici+ rQ~ul+l}.

VPOWER[oJ Z + N POWER X V·

3 POf/ER 2

9

2 POWER 3

62 BRANCHING

'VO'tJE«.. l~ cll\.cu'\~Qd +0 ho..ve un
expHcit ra.suJt (l.).

When ~O\NER i~ exec.u.+C2d now
Wha+e"e~ voJlAe Z MS b,-t~
sV\d of -+he p~ra.m \6 printed
ll~ --the resw+. .

---()Y\ l'/.. '-\-he. +tf'O.( \InlLle of .z (~
p(,l nq.ed
'The. p('c9t,a.m itset-(J h.~ fhi s .
r~<.J+.lhe lCY\~rto..Y\(e.. of -thlS
l':> -t\t\O.4 -+he ~ro,:\ra..M c.a..n v\c>w
be.. u..~ed ',t" exp,a~s \on.s.
Csee po..~e. (;~)



VPOWER[OJV

v Z +- N POWER X

[1J z + 1

[2J 1-4-0

[3J Z+Zx!'l

[4J I +- I + 1

[5J -+-(I < X)/3

v

l- ,~ lOCA\ -b -+he p{'~ra(V\

(Q.IJ £lV-€' N cu\ll X)} they
a-re onl;j plcu:eholdeY"s ..for
va.lfAe? ~ P'fO~ \CU'Y\ t.\)lll tt,~€.

witten ex.ecutec\ . 1h€~ de net- keep
-thelr "CllLA£~ Ott~\de of- -the -
P('o~ rClm · (See also p. 81)

3 POWER 2 V\JneY\ 'Dcvv ER... i~ e:,€UA-t eel I

9 '-\-~ resu1+ '\ s on. \'1
+eMpov-Mtl'I Q.~~\~l'\e4 -+0 -l..

z As 'S(X>r\ Cl~ ~ f'fCfj'YOJM

625
{e("W\lnl(tes Z retwv\S +c
',t-s (>r€\flctA.~l"l a..~i~t\ed
'Ia..lu..€. (see. p. G1)

N

5

SiMi \a.rl~ ..fer- NMd X
(see p. 5'1)

x

4
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T~POWER -+- 15

5 POWER 4

POWER[l] 1

POWER[2] 0

POWER[ 3] 5

POWER[4] 1

POWER[S] 3

POWER[4] 2

PO~lER[ 5] 3

POvIER[ 4] 3

POWER[S] 3

POWER[3] 625

POvlER[4] 4

POWER[5]

625

T~POWER -+- 0

5 POWER 4

625

5 * 4

625

THE TRACE COMMAND

Co m.M a..nd f() "fmc-i' II '"es 1 -thr-~ S
ci- ~ro~V-D.M YO WE: R...

W~e..(\ ~ PCD<jt"Q.M \6 -+rGlc.ed, lAl \
res\.t-\+s of ex:ee.u.:\-ion - - -tor eOLl--t

\ lh.e '"If"\Clict.rled -- are p~\vd·ed. out.

(£)... v\.u..\ l vec...+o\"")
-\he- -Anal rQsu.l-\- (~ )

~__________ ~ 'fY\D'Il~~ -h-aCe..

NorrY\Ct\ execu..+1on

Pr09rllm (lOWEr{ S\VV\\A.\A,te.s ~~ 'behtlv\cN"'
ot- ~e. ~r\W\\t\~ foV'c.t\cm *'
fur- fJOSl-Hve \f\~er:s (J'fl the n'~~T.
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THE POWER FUNCTION *

3 * 2 3 l\ -te --l-he pow e,<,1/ 2
9 l '3 ~~l,.tClred)

4 * 2 4 \\+0 -\-he povJer/{ 2.-

16 (+ ~re-d)

6 * 2 b \\ 40 +lA.e po wer II 2..
~

5 7 9 * 2

25 49 81

5 * 15

5 25 125 625 3125

Severa...\ ~u.JY\bers -\0 +ke. povser 2.

5 -+0 severa..\ powe-res

7 8 9 10 * 1 2 3 4 Se-ve..n:t,\ Y\tU'V\bffD 1-0 ~even)J
dlfferen+ powers

3 * 3 2> \\4c --l-he.. poWe..r
1f 3

27 ('3 Ulbed)

3 x 3 x 3

3 * 4

3x3x3x3

3 * 5

243
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25 16 49 * .5

547

9 * .5

16 * .5

8 * 1 ;. 3-- '-

32 * 1 .. 5

2

412 * 0.35

8.22647961

16 * .5

0.25

0*0
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s~u..et.re.. roots
(ncLmbers +0 -the i pow€-r)

R4h root

~ APL CLtrlosihj

(TQ.kQ a... ~Lless)



VABSOLUTEVALUE

[1] (X * 2) * .SV

"lVlcee difFerenT {.\b~kt.+e V'aJLA.€.
p'Co~rtlM~ (\\o..~Ld-e voJu.e1f l6

t\t\e. po~lt\V'e Yc.d<A.£ cf-- a.. t'\(..lf'(\bQ-r):

<D Al?J~OLlJTEV AWE (,l~~ *-

ABSOLUTEVALUE

8 8

@ A~sO\\Ate va.lLAe lA..?l~ brUJ\Gl-t.l~

- if X is ll. N?<jQ.11V-Q Y\lA.Mberj ~o +c 4
---------- c-+ke r~ \~-eI prll'\t 'X aJ'\d +~y\

----------- cs+oP
and-------------~ f'rt r'\-r -*"---- ---------....

~~~~~~X~~~~~~~~
Note ~ 0 (or any o+he~
\i v\€. V\U1V\\oer not- Ln 'the
pro~ro..m) <:a.u..1;,es l++0
'5+0(> lMn\e.d4at-el".

VAB x

[1J "(x < 0) I 4

[2J x

[3] -+-0

[4J -x v

AB 8

------ <:l~ lAn\e X \~ a.. ~s 'i+t \f e. V\ l.ltV\O.Q.(' ~¥\.~
fV\QKe.. 4MT r'\(A.M be.r the. r-esl..l.l+ (z. )

---- if X lS pO'5i+ive) ~tof
---------- ~\f\Jl~e)

"",",,"Q. re~u.l+ (r.) l~ clA.at'\~ed -to the
l'\e~a.tlve e;,f X

vZ +- ABS x
(lJ z +- x
[2J -+-(X > 0) / 0

[3] z ..... -x V

ABS -11

11

ABB 11
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8

f8.88

8.88

40

ABS 5 x -8

40

T + ABS -340 f17

T

20

T + AB -340 -;-17

20

SYNTAX ERROR

T+AB -340f17

"
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THE ABSOLUTE VALUE FUNCTION

\he. d e.-A ned -funcho Y\ f\~S

pe-rforrn":t lden+\c.o.\l" +0 \
().nd co..n be i.C>ed -, (\ <2-x~re~~·\cn'5

, , ,

'NherQ-Q..~ ~ro~ra.M ~ ca.nn6-t
(\)eCA.lA.~B- 'l+ h~ no e)(pl'c..it" res u \+ )



0) / a l{l A \6 () a..nd ~ I~ t'\€40---t1 VQ)

~Op Cre~"ld().e \~ no+ defined)

it-A \~ C> I b\'U~ ~ 6 (~-top)>-i-ke r e~LLl+ is '"B
"It- R i~ ~0, ~~b+t-CLCf abczolu.4-e

\fo.tu.es 0+ A repea.ted \j

H) 1< is r.e~cdil(e) add a.bsclt.d:e vaJLteS I

~ A repea.+edl'l W'\+1 \ ~ 's Y\<M~atl~.

\)efi ned p\C~ra.rn RES.
. mode-Is -+he re~ldl.le. -ftmc..+1ch (see p.l')

(see a.lso p.200 fo.r the for-mOo I definiticm of I.)
VR + A RES B

[lJ -+( (A = 0) 1\ B <

[2] R -+- B

[3J .... CA· = o) / 0

[4]
R "*- R - IA ]

[5] +( R ~ 0) / 4

[6J R ... R + IA

v][7J -+( R < 0) / 6

5 RES 13

T~RES + 17

'Iou- +r" ",+ -for 5 and l 2>

Tro..cl",-~ €.E:S

5 RES 13

RES[1]

RES[2J 13

RES[3]

RES[4] 8

RES[S] 4

RES[4] 3

RES[S] 4-

RES[4] -2

RES[S]

RES[6] 3

RES[7]

3

TI1RES + 0
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5 RES 13

5 I 13

1 RES 3.14

0.14

3.14 - 1 RES 3.14 RES CC\n be.. lASed. (V\ a.V\

Q'(~y'€SS"6V\ •..

3.14 - 1 , 3.14

3

VD ~ FLOOR N

[1J D -+- N - lIN

FLOOR 3.14

70 BRANCHING

\ ~ like .n,e· .. j \AA

VS -+- CEILIN(] N

[1J S + N + 1/-N

CEILING 3.14

>

I tvY\c:h'em .



3

L3.14

THE FLOOR AND CEILING FUNCTIONS L r

The.. FLOO~ ~W\diaY) L

l6.2 6.4 6.6 6.8 7.0 7.2

6 6 6 6 7 7

Le.o 8.3 8.6 8.9 9.2 9.5

r3.14
4

r6.2 6.4 6.6 6.8 7.0 7!2

7 7 777 8

fs.o 8.3 8.6 8.9 9.2 9.5

SHERLOCK + 'SCOTLAND YARD'

H + 7 4 11 21 5 12

SHERLOCK[f35 x H f+/HJ

LONDO!J

Floor ~i e\ds +he ",ear-est ,
\\'\~er down -t1tle ~VVY\W- hne.

(~ )

Ceil,~ ~,elds --the nearest
,nteqer v. p the. "'~~e"" \t",e. .

(~)

An f')GQi\'\p\e of
U.~(V\9 r lV1

i rJex\V\Cj

((t l1.4jSu.r€7 yr:u...
~t '-fke. (r0,e-es

a..re \~+~~ er~)
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VQ -+- ROU1.JD N

[1] Q -+- LN + 0.5 V

ROUND 3.14

ROUliJD 3.6

ROUND 2.55

ROUND 2.0904

[J -+- X -+- 10 -i- 6

1.666666667

1-\ prOCjro..rn -\-0 "Ot'~"D off
J\llMbe.rs .fo 4he nQA.le.<z,+ l(\t~er

o~ dlSpla..~s -\-he.. reSlA.l+
d '-!-he. e.xpressi em -to tts

\\~ht.

(10 * 3) x Lo.s + X x 10 * 3

1.667

(10 * -4) x Lo.s + 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 1\ (AND), v (OR), ,....., (NOT), and the compres

sion function / are often used within branch commands. Also, the power

function * , absolute value I (monadic), residue I (dyadic), ceiling r ,
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.
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PROBLEMS

o a 0 0 1 1 0 0 0 a 0 1 1 1 1 0 0 a 0 0 aI' BEFORE YOU VIE}'; f,10RE t '

(4 = 4) 1\ 5 = 5

(3 ~ 4) v 5 ~ 5

LOGICAL + 0 1 1 0 a 1

(- AILOGICAL) = vi-LOGICAL

2 I +/LOGICAL

2 * +/LOGICAL

I +/LOGICAL

f - / LOGICAL

U+S+3

Io + T +- (5 ;t 1.8 + 1) / \8 + 1

T * S

S * T

(/3 * 2 ) r 2 * S

«8 + 1) * 2) = (8 * 2) + (2 x S) + 1

(5 x xiS - T) * .5
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o + P + 2

o + X + 20 .. 3

(10 * -P) x L.s + X x 10 * P

~Mbod-'l -+he a..bove e.X?feS~·loV\ 1t'\ ().. progra..VY"\
(W\fu An ex~Hcl+ re~Ll.'t) whlcV\ wll\ roW\d-cff

Q. V\u.V'Y\ ber X -ro 'P p\ o..c.es .

(;XCA.Ml~e. 4he pro~ro.M belew
vz -+- L l~1AX R

[lJ ~ (L > R) /4

[2J Z + R

[3J -+ 0

[4] Z + L

'V

a.vtd ,-+""-en write ,0-.. ~'l(Y\', leu"· p('o~ra.m (wi-th br~l~)
-to ft(\c\~ MINl~ of -two ntun~trs L- (u,\c! lG.

TlJ.i~1IN + \ 4

R .... 1.667 J4IN 2

T~J.IIN + 0

S MIN R MAX T [S]
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RANDOM NUMBER GENERATOh ?

?2

2

?2

1

?2

1

?2

?3 3 3 3 3 3 3 3

1123121 3

?6 6 6 6 6

64543

?52

(?52) = ?52

o

~ 2 r .e-+lA.-Y'"n 5 ~ 1 O~ 2

( ra.ndoMl'l) - - \+- i~ h£lrcl

-to pY-ed.let wh~ ·

A ra..r\.CloM nu.Mber ~M 1-+c 52
( Pleked ou.t o~ z5"2.)

'Iou... fVIA"I ",d- ~e+ -the SQMe hLUn~e.r
\of ,/O'U eieCJ,t.-\- e ?5" 2.. -+wk,€..

78

1

29

N + ?52 l-P N \~ ~ot'V\e )(\+~e.r b~e.€Y\ .1 Q.~ S2.,

(1 ~ N) 1\ (N ~ 52) 1\ 0 = 1 I N ~n N l~ ~ 1
QJ\d

N \s ~ 52
CA.r\.d

N \~ a.. w~~\-e. V\(.(.M~a"
(reM().tnde(' <Xf+er ti,,,,d(~

'0'1 11~o)
------::;
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? 6 6

2 5

?6 6

ROLL

,we \ClV\doM nLlMbe.rs ea..c'h b~een
)

i o.",d b

(}A \\d' "
vZ + ROLL A P~Y'lIJ..M -to p:;.,uLL -hoo lc.e

[1J Z + +/ ?6 6 V a.nd add.~ Ltf·
( rZo LL 'S fA "n'1\tldA'c"
proqfUM wHh a.~

e.,eph'u't rf.sv\t z.)
7

ROLL

11

ROLL

6

ROLL " «0\ l II~ dlc..e. lAnd o.dd {{....e. hLlM.bers

ROLL
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ALPHABET + 'ABCDEFGHIJKLMNOPQRSTUVWXYZ'

K

QVAR

ALPIJABET[ ?26J

ALPHABET[?pALPHABET]

ALPHABET[?26 26 26 26J

ALPHABET[?26 26 26 26]

{{o.ndoml'l p,cklNj 0. l~+t€t'" +rOM

-ike ALPHA&E1"

80 APPLYING FUNCTIONS



LOCAL NAMES

V RANDOMWORDS N ; J

[1 ] J + 0 - I n'li;a "'.:1 Tis a
[2] ALPHABET[ ?26 26 26 26] _ 4nlV\do~ l,,*~rj· ~e pr tftt«1

[ 3 ] J -4- J + 1 --:I i~ l rLre.fV\.f.wded '0'1 1

[ 4 ] -+- (J < Jl) / 2 V ~ br<ll\£h 40 l \~e 2. lf
T< N ~rtAJ\'oe..

eM~ P~(l1M

N ,'s a loaJ.. YlQme.

Addi+lonal local t'\Q.Mes
fV\.o...'i. be.. ll~+ed ettfet" c:>€M'\
COlo~e;, I t\ --+he proqra.vY\
header.

RANDOf·fWORDS 6

QPXL
KJDG
ROHJ
RSCK
XBVE
CSXy

J

VALUE ERROR

J

N

29

{2AiJ\)OM Wc>R..D S pr\ r\+s
N r-o..V\d.oMl'l ~e.f\f-""Cl+ed
4- l~ \\w~rd'5"

.J IS IA.sed -to cou.~T (,~ide
~ P(C>~rt\.M) -+he.. rn..ndbl'V\
\\ \\)ord~(1

No+e. -that :r ha.~ ~ '(t.llLLe

c>u.~(de.~e p~nuv\

Awl tJ l~ 1'01 c.ho.nqed
(\hls i~ 4he. va.llA€ of' N
%'cM P<l.~ e.. 7& ')
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THE MEMBERSHIP FUNCTION E

4 E 246 8 I":> 4- a. fir..eYYtbe.t"'" 0 t 2 4 fD <a '2.
1 ('toes)

5 € 246 8 I~ 5 fA. tt\eMbe.... ~f 1. 4- ~ cg ?.
a (No)

6 € 15 I~ fc, 0. rt\eMber' of \ 1 3 4 5 ?

1

2 E 1 5

VOWELS + 'AEIOU'

'A' € VOWE"'LS

'B' € VOWELS

1~ l A\ a l"f\.e-Mber crt \A E \ 0 U ( 7
( 'Ie«£,)

Is 'a' ~ vowel?

'CAT t E VOWELS

010

'COMPUTER' E VOWELS

3 ~t\OhCS" l ~ \c..' a. vowel ? (no)
ls \ Pt.' ().. vowe\? ('1e.s)
\s 'T' 0.. \/()t.Ue\ ? (r\6)

~life ca Glr\~wer5 (Os~ 1s)

1

v / 'CO,'1PUTER' € VO WE LS Th~y-Q... i~ at- l€~+ 0(\12 V'owe.1
l(\ (toMPuTER..1

82 APPLYING FUNCTIONS



vi 'LINGO' E VOWELS vi 0 1 0 0 ~

VZ + VOWELCHECKER WORD

[1J Z + vi WORD E VOWELS V

VOWELCHECKER 'CONSONANTS'

A p~ra.m -+0~
,f 0.. WO ttl> M.~ a.. VowEL

1s ~re.. ~ vouve1 In
I c..ONCSoNA~TS ' ?

( ,res or no)

VOWELCHECKER 'WHYZZ'

o or 1 7.
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SUB'·PROGRAMS

[lJ WORD ~ ALPHABET [?26 26 26 26J

[2J ~ (0 = VOWELCHECKER WORD) /1

[3J WORD

lteYV\~W\ ber 1i\oj-
\JOWELC- H£CI<..E1t \ t

W\\Ast- ~Clve. Q.Vl ~)C,,\,tJt-
asvlt \Y'\ an:ler tb ~
u.t~ \n ctn e.)c1>fUS''crv\.

Now, here Q.re

~CNVle rclMOM

L..\ - \ e. t1-er- w01ds
W'% "owels

V RW

[4J -+1

v

RW

PVIG
ZWWI
YRVO
OEYV
EBIC
CNAO
SAER
IBDX
FJPE
ARTS
EZOII
OPR~1

OPLD
NTAB
NIAG
CJOP
PYUll
PUXR
XGQA
CLIB
TIIE
OlifF C
UREB
L'KQI
XUEO
AUPlfl
PTWI
ETSW
CEKC
ROVW
UQXW
JWUL
FDFI

•
o

o

o

o

Proq\"Q.M5 rnA,! bt (A.~ed
Wl~l r'\ c-H".e.r'" p~rOJY\'5.
\he.'! Ol.re CAlled
\\ su..b- rf~ra.M '5 11 •

Pro~rctM VOWfi.l-CH£c.Ke~
i5 IA..Sed w·rthl n p~VUJY\

«.w (l.~ 0... Sl.tb- P('~r-a.M ·

It~~ wote:o (a. rQJ\doM
4- le.4ter "word" ta.~l~h.e.d
on l\ ~e. It1) {or ~ vowel.
If 1t- doe'5n'+ rave a....
vowel (0:;. VO'I'J'LC.HECt:£~

wo~1» 4te- pfO~n;vY\
b(~es bliLKtt> tine (l]
-to plc.k ano-th.er WORl>.
If i+doe~ naVe.. tA. vowe..l)

--the. ~}(-t II (\e ['3J prif\ts
~e woi..1> b~\a 'f'lrUJ
bo.d: 10 llt\€ [,1 ~f\.

Uh oh. Thl5 P(,O~ro.M hctS no Wd.'J

~ ~{op(>\~.

you.. rv\\~h+- ~d\+ !!.W -6 coLlnt -+hoe.
'NOftl>~ pr\"ted OfA.+ and -to si-o P
v.)~W i+ \.eo.che~ ~ ce..rla.\n n.UMber
(l\~~ RA-~'OOM'NoiL1)S o~ PaJje 81 )

~r now, 1A.~e. ~e A-rr1J k.e.'/ -+0
~.(+.
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THE TAKE FUNCTION t

w + 5 9 2 6 7 1

2 t W 2 \\ 1-ake,'1 W
5 9 (+D.ke. ~ +tr5t 2 -trot'Y\ 4ke -tnsntcsf W)

3 + W "3 l\~~11 W
5 9 2

4 t W 4- \\ -ta.k.eII W

5 t W

5 9 267

v!=6tW

7 t w

5 9 2 6 710

2 t rl

7 1

3 + W

(2 + W) t

592 6 7 1

5 t W

8 t w

4 + w

l1Jh.e-t\ -\a.kl~ more -tWl.n +he.. -btal nl.U\'\b~
of el€Mer\'is)JOs a.r-e.. ~~ed [or spaLes INl~
\l+er-Q.\ n.rra..'1 S ) . J

TGlK.e 2. +roM ~e.. rea..r of W----
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w

592671

2 ~ W

2 6 7 1

(4 -t Ti) = - 2 t fl

1 1

(-2 ~ W) = 4 t vI

1 1 1 1

4 -t W

6 1- W

3 4- 'AP LOlvtB '

APL

3 t 'APLOMB'

86 APPLYING FUNCTIONS

THE DROP FUNCTION -t

2. \\ dY""C f II vJ
(drOe +hQ.. -Arbt 2. ttOM -I-he ~F\+ o~ W)

1)rop +he -A r5t '2> -A-oM W

\)rbPP'~ -the.({~ 4.froM W 1s
~,va.\eV\f -to ..fa.kl~ ~e. lQ.~ 7-~ VI

1)\'"t) P Q.f\d -bk.e It\lC>r k. V\ll+l,
\l+era.l~ +00.



VTRI Iv

[1 ] /1/

[2 ] Iv +- 1 ~ N

[3J ~ (0 < pN) /1 v

TRI 'el/EAT'

CliEAT
HEAT
EAT
AT
T

TRI 'ANYTHING'

pr·,(1t {he vallA.e.. o-t N

N k>ec.ome5 1 \\:h'''or'' N
b'r"!U'\ch to H(\e i If 0 ~ fJ N

C,f N ~-M II ha.s -56f'Y\elhlNj
to ,+)

Prc>~r(.lvy\ 1"«.1 prt"+5 ().
-ma.VVJle -~~e.- d' ~ha±e\fe,r

'IotA- ~\"e- 1+ .{)or- N
(kef"e 'CJ-\EPeT I)
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5 ? 5

134- 5 2

5 ? 5

54132

5 ? 5

THE DEAL FUNCTION?

S t'\UJY\bers £l~e. ~a.nd6Ml'l sela::+ed ..froM
\ 2 '3 4- 5" INH-hoo.:+ rep\QCenH2¥\-t
(~e. hUMbers a..re scrClmbled}

'1he.'C€ Q.("'€ t'\6 repe.a..+s.

1\ l)€Cl1II -+ke 1f\+eq ers 2S' a.+ rOJ\doM.

'STONEt[I + 5 ? 5J

NOTES

I

1 ? 5

4

2 ? 5

3 ? 5

4 ? 5

5 142

5 ? 5

88 APPLYJNG FUNCTIONS
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52 ? 52

43 47 13 7 49 14 25 26 12 19 30 17 48 44 36 35 22 20 18 2 4

40 33 31 9 28 37 39 1 52 6 42 11 10 27 46 41 45 51 38

8 29 16 5 34 15 3 23 32 50 24 21

( A br-'d~e.. l\h~nd")
13 ? 52 j

25 45 43 41 30 48 40 5 17 42 44 10 29 <

13 ? 52

13 ? 13

(A differevrt- 1\ ha.V\d If )

14 ? 13 14 \\ de.a..\t/( "t.l+ of 1lo
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Ch~lle~:

'NOTES'[I[I + 5 ? 5JJ

STENO

I

o +- PER -+- lpI

o +- PER + PEH[I]

o + PER + PER [I]

o + PER + PER[I]

Ll + PER -+- PER[ IJ

o +- PER -+- PER [I]

1 2 345

90 APPLYING FUNCTIONS
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I

3 1 524

Dl ..- - 1 7 4 8 2

Dl [I]

4 1 2 7 8

~Dl

3 1 524

Dl[!Dl]

4 1 2 7 8

THE GRADE-UP FUNCTION ~

I is CA II pe.rrnu.ta.non \fedor"
wnlcY\ ha.ppQ.V\S +0 -sorf Dl
'l(\1-n o..sc.endl~ order.

~e. ~rade-u.p-Pu.nd16r" ~)
00.n be.. (A.~ed -to produ.ce.
4he ~Me result.

O'Jerstr,ke
6 Qi'd \

D2 ~ 6 9 2 2 0 7

~D2 ~ yle.lds a. permu.toJ-\Cln vedor-
wV\\ch wl(\ a..rra~e- a. veclor-l (\ order

D2[~D2J

VZ + SORT X

[lJ z + X[~XJ v

\he...- o..sce.ndIr\~ order &f' 1) 2..

A (O(\Cl~e., proqY'O.fY\ +D 'SC~ ClY\'/
hltMe.ricoJ \fec~r In-to Q.sceNilf't~

order
SORT V ..- 5 13.2 -4 9 7 0 3.5

-4 0 3.5 5 7 9 13.2

SORT V[(pV)? pVJ

SOR.:' se.ra.mbl.e.d"
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D2

6 9 2 2 0 7

2 6 145 3

D2[VD2]

1'6 5 7 8 9

THE GRADE-DOWN FUNCTION ~

O\/en;t"nKe V elM \
/+ prOdu.LeS a.. pflrMIXfu.41ot"\ ve.t--br -for

dQSLendi Nj order

Arro.Y\qe 1)2 'In de~cendlN:J order

Wha+ o..re. -!-he. (ndic.es whidt\ INlll a.rra~e...

~SQ \(\ descev-dl~ order ~

Iv+-???

S + 'NEPTUNE' [N]

s

s [~fl]

N +- 7 ? 7

S + 'NEPTUNE' [N]

s [~Jl]
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THE INDEX-OF FUNCTION 1

ALPHABET

ABCDEFGHIJKLMNOPQRSTUVWXYZ

ALPHABET 1 'A'

1

ALPHABET 1 'BAT'

2 1 20

ALPHABET 1 'J,1All'

ALPHABET 1 'ROBIN'

18 15 2 9 14

ALPHABET[18 15 2 9 14J

ALPHABET 1'.'

27

1 + pALPHABET

20 16 12 8 8 6 1 8

4

1 (l,t~ed dyctdicall'l) 'IIeJds -the.
,Mex -of 'A' In ALPt4AAET

\ (3' i~ +he. ~ \e4ter in ALPH AIOE.-r
'A- t i~ -HAe 1* l e,4+er- 'in f\LP14 Ft'OET
\T' i~ +he 2f)t't\ le+te\"'"' hi ALPt-I A-Q£T

wkct+ a.re. {he 1r"4lce~ ~ 1M' an.d
'A' a..nd \N' \n ALPHA-BET?.

I.p. '/OLL lA~Q.. +he. lndlc£s wi+h
ALPH A~r=r) 'lOlA.. ~e+ ... ?

l~ Mse ~e.. va.lu..e. or-. ~e.. rlf1ht
l~ f\c-t .fbu.Y\din +he values ov\
-\ke... le++ \t"Jef-of' ~I 'les 1+ 4he
nlAM k> e..r) o-t- val lA.vson +he le~·

In ca.':le d- du..pllcoJes, l(\de)(-o+
CAtv/yeS -H1e £0 Index·
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VZ +- LSORT X

[1J z -+- x [~ALPIIABET t X]

v

LSORT 'CAT'

ACT

LSORT 'SLOT'
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DIG +- a

5 ? 5

4 0 312

t 8

0123456 7

, ZERO t t 'ONE'

341

'ZERO'[2]

R

DIO -+- 1

5 ? 5

2 314 5

1 8

'ZERO'[2]

INDEX ORIGIN - A SYSTEM VARIABLE OIO

,hit (omm:vv CKMElS-v2 Or1~iO+

IM\C.es -froM 1 +0 0
1+ a.t'feet'& -the dool -(u.t\ch' 0'\/

a~ well (l~ oj l l(\d€.ii~ operattot\s
(see. Q.\So ~

p~.. 1"9 t:31~
rh~I'+,fr-- ~)

Note:
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REVIEW

APL has a rich resource of functions-you may consider them

"tools"-to apply in programming. The random number generator ? , for

example, is convenient for simulating real-world processes, experiments,

and, of course, games. Other use"ful functions include: membership E ,take

t , drop t ,deal ?, grade-up ~ , grade-down W, 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. DIG 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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DATA INPUT: NUMERICAL 0

(; \\ /1
3 x D o {h.e 1lAM ~'1mbo\) re~lt.ests Inptit.

U: The. compLcl-er prints 0: ctnd +hen walts.

7 < 2 'Iou- Ml.L~+ errte.'(" 0.... Y\<A-rnber be-Pore21
~)( 0 co.n be. e.y~lLla{ed

A +- U e~(Aes+l ()~ "input --Per A
L.J :

5 4 L ~OI.A. e..\"+e~ S-
A A 15 now 5""

5

B +- U «~e~{)~ ~1()PlAt Por- ~
c:

£1 i~ enterd
9

B
Whu+ \'5 -+he va.llAe of <+3 ?

C +- 4 x LJ

U:

8

c

32

lJ +- [J

L1 :

17 x 2

II

98 INTERACTIVE PROGRAMS

~ l~ 4- -tiMes k \'~'I (+0 be. some
nl.tIY\ber)

~ \s entered -rer +he ~

!hen C. lS '1:/2.



s + ~

G:

3 u q,

S YIv 'I'AX EI?R0 I?

3u4

A

LJ:

s

VALUE ERF?OR

s
A

5xsfU+2

0:

10

60

5 x 8 r 0 + 2

0:

7

\f yOlA ~Y\+ex-- t1n 'Improper
QxprQfiSIOn (one- which ~(cdL\.c.€s
()Jt\ eY'("6r (epor+) -the- r9lA.es+
-tor inpLl+- t~ repeod-f'd ·

Al'\Cl S wi I\ nc+ ha.ve. at valu.e...

With 10 in plltc.e.. of 0
-the. e~pre?5Ion e.va..\IAo:tes -+0 be. "0.

what-- \~ -{-he e:valu.ahcn of- --\-he..
expre~sic>n -for- 7 In pla-c.e of 0 ?
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LITERALS

DATA INPUT: LITERAL [!]

~c'le,s+r'ke. 0 lA.Y\d ' ~ .form [!]

A + (!] [[!J (~te- =tuad) reft~+s \itero.l I "put- I
LITERALS \
~ The- ke."boctrd opens a++he.. (e~ rn.Ctrtjlrl.

L\TER.ALS a.re en-\-ered.
A \ ,

It V'6w ~':> ~ \{CLlQe... LITE~ALS

pA

8

B -+- l!J

ENTER

B

pB

5

ANY

c

pC

B t etA

wro:l- '1 ~ o( f'\ ~ ?

e h.QS 5 eJe Men+s

W~Q.+ did ~cu e:,(p ~C+ ?
B. ' t ,C t t , • A

ENTER ANY LITERALS

100 INTERACTIVE PROGRAMS



--->

X+-' TYLEPIE'

X+[~tX

ACE

x

Y +- l!J

pY

VALUE ERROR

o backspace u backspace T

pY

" Thl5 \\ ~(S~i~SIf +he. r€<f>~s+
--PoY" lIfera..l '«(\pu-t ... \au.f Y
do~ (\0+ rove. Q.. vcdlA.e.. ·
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AN ARITHMETIC DRILL-AND-PRACTICE PROGRAM

VDRILL

X i~ (k ro..ndom nu.mber -tt-OM
l +0 2D

'I i~ Q rU..,\dOM (\W'\'lbex- 4-60'\
I +0 2.(')

_----- o.ccept +tAe. ~en+-Is a..nSwef

-- i+' hO,s ANSWER loS c.orrQet) ~o

tC> II ('€. 1 (a.M ~l"e a~er
probleM) ot~fw'(4{)e-) pr'ln-t
NO 1~'1 AbPrlN Q.r\d ~n ¥
~ +0 li(\e. f,.

Ete.c.u.+t~n d p\o~mm 1)(2lLL
DRILL

[4J y + ? 20

[ 5 ] Y

[6 ] A/It:; fIE I? -+- U

[7] ~( AIlsrlER = x x y) / 1

[8J ' rIO, TI?Y AGAIlJ'

[9J ~6 \l

[1J 'l1ULTIPLY'

[ 3 J }(

J1U LTIPLY

16

11

0:

176

l1ULTIPLY

14

13

LJ:

143

iva, TRY AGAIll

U:

272

NO, TifY AGAIll

0:

182
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l,1U LTIP LY

11

4

LJ:

44

l1ULTIPLY

18

3

U:

*e ~tAdertt hcts f'\C> WD..'1 40 S+Op '1+ !

(If he t:1e+s ta. probleYYl c.orrQc+) he
I~ t1lveV\ another one)
i+ he MakeS fA Ml'S+o.~e..) he..'S ~1\fen o..no'fh-er frY·
1hl~ W\ \l ~o Oh a.nd ov\ · · • )

ll",l-e.ss ~ IS en+e("ed

VDRILL[6.5] +(ANSWER=STOP)/OV

let's I()~er-\. o.llt'\e- WhlCl1
~Q.rml+s -+he. s+Merrt
to 'S+op -the prOtjraM.

STOP+99.9

DRILL

l1ULTIPLY

10

1

U:

10

llULTIPLY

17

10

0:

1170

I'vO, TRY AGAIN

U:

STOP

<STOP i~ ~~~'I('~hed
SOMe. V\UMbef noT
l\kel'l +c be. ~
re.~(>OV\'5e.. -to -(-h€Se.
MuJ+i pH ca.+\on prc>ble.ms

When -the. si-ud€.V\t enters '3TOP)
-the ()f"O<Jn:UY1 \ 5 +erM'IY\Q.te.d A
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v
[ 1 ]
[2]
[ 3 J
[4J
[ 5 J
[G]
[7J
[8 ]
[9J
[10J

v

VDRILL[[J]V

DRILL
, /.1ULTIP L Y ,
X+?20
X
Y+-?20
y

AII A.C) vIER+LJ
-..( ANSJIER =STOP) /0
-+ ( ANSflER =X x y ) / 1
'110. TRY AGAI!!'
-+6

LINE EDITING

_~ihi~ W1(l plo..c.e.- ~ sptces ·u")

-trenT of 'fY\UL,IPL'I'

- .......-. w\'\ere ~OIA.~ pe- 'In '(\.ew cr.a.ro.cters

1he ~er\e.ro..l ~nY\ crt l\ne. Mi+I(\~ ',~ .

\l Pro<jrrAM l"aMe.. [h 0 M ]

w\t\erQ. r\ E llt\€. ntAmbey-
11~ IV\ = V\ LlM ber of- SPQ.L€S -Pnl'Y\

\ef+ (\'\Q~lf\ -to position
-th.e fyp(,);. b£tll

The. hew deAn'rHDn & 'DR.\ LL

VDR.r LL[ 0 Jv

VDRILL [ 8 LJ 2 1 ]

~(ANSWER=XXY)/~ ~~----~1~ elldet> -the crora.c+er 1
-+(ANSfYER=XxY)/NEJ-IPROB ~ --the,h 'Iou.... 4ype In r.e.w charo..der os
[ lLJ7] NEWt>Ra!>

'f.1ULTIPLY'
8~

IJEf/PRO B: 'ltV LTIPLY ,
[5[J7] ~
ANSWER+D
6
GUESS: ANSWE'F?+LJ
[10] ~GUESSV

v DRILL
NEWPROB: 'MULTIPLY'

X+?20
X
Y+?20
Y
UESS: AlvSTIER+D
-+( AllBrIEl? =STO P) /0
-+(ANSWER=XxY)/NEWPROB
'NO, TRY AGAIN'
....auEss

[8J

[8J
[9J
[1 ]

[ 1 ]
[2]
[6J

[6]
[7]

LINE LABELS

---------- NEWPR.o~ Q.1'\c1 bt>ESS a..re- Un€... la..bel'5,
U"e \{)'bel~ {).re, t\OJY\€S 4llowe.d '0'1 Q colon
and an elCpresslon oV\ ~ \I ne \(\ Q. rro~ra.m.

'The\} -take. on~ vo.llA£ of -lhe Hr'\e hlA..M\,e.r ,
an.d fY\o..\j be tA.'oed {bY'" conveV\lenc..e.. 'H\ bn2l,.Y\ch,V\lj'
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DRILL

l1ULTIPLY

13

9

U:

STOP

P1EfvP..ROB

VALUE ERROR

llEWPROB
1\

GUESS

VALUE ERl?OI?

GUESS
A

LlY'e labels are locoJ -+0
--the p("o~~a.m j -

~ ll) +he,! ha.v~ no va\t.t£-S
~~ 'c.ornple11on c;f- +he pr0<3roM .

'Iou-- MO.", ~erefore) sufeJ'l <A~e.
#.e.. <3CU'he llr\e. la.bels 1n d if~~(ent
pa~(~rQ.M.S Wl fhO(,LT 'I m-e.r.fer €V\c.e.. ·
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VDRILL[lUJ di'5p~o...,/ llne.. [\]
[ 1 J NEWPRO B: 'flU LTIP LY , c..hQ.~fl \'I V\e. (11
[1J liJEWPROB:' ';X"'E-?99 ----- .P_t~
[2J ------ de\e e \\ne ['tl

c~~ \\~e [~J
chO-. e l\V\e [+]

---------....- dele.~ ltne [~1

[3] 'x ';Y+?99----------
[4] 4p'-'
[ 5 ]

[6J

VDRILL[O]V

\V\\J\t;II\\C/J.-h'crv-
..
'V\ ~ Y\~W

'J DRILL
[1 J IvETt/FROB:' , ;X+?99
[ 2 J 'x' ;Y+? 9 9
[3J 4p'-'
[4J GUESS:ANSWER+D
[5J ~(ANSWER=STOP)/O

[6J ~(ANSWER=XxY)/NEWPROB

[7] 'NO, TRY AGAI~l'

[8J -+GUESS
V

DRILL

42
x 30

0:
1260

74
x 89

U:
STOP

Th'5 t~ whext D~(LL
\OOt.S t\ ke. MW

; i~ lA~ed fbr /'nIXed otd-pu.+--
that lSI When 'Iou.. Wc.l"+ +0 Parll\t out
~umen·c..o.J Qrld li,terT1.J (lata.
OY\ the sQW\e \ \V\e.
(Se.e- (IV\es [lJ Qln.d [2] o-f 'DR-lLL)
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tdH1V\9 1)~LL 40 ke~p +mck O.f- '"'the.
4otlA.\ r\L\.Mber at problelV\S complel-ed
corree--H" (N) lAnd -+he nUf\l\b£-r-- o-f
cOt)Stc.\Jh\le wror"9 lArtSwers (w).

VDRILL[OUJ
[0] DRILL
[ 0 J D17 ILL ; t7 ; JI
[1J [.5J N..... O
[0.6J NEWPROB:W~O

[0 • 7 ] 11+-Ii + 1
[0.8J -+(N)5)/END
[0.9] [106J
[1] NEv/PROB:' ';X+?gg

1//11/11
[lJ ' ';X+?99
[2J [7.5J W.....W+l
[7.6] [808]
[8J ~GUESS

6
[8] ~(W~3)/GUESS

[9] 'LATER. GET SOME HELP NOW!'
[10] -+0

[ 11 ] END : 'TIiAT' 's ALL.' 'V

VDRILL[OJV

v DRILL;N;f/
[1] N+O \V\\t\a.Hze N "Th be- Q
[2] NEvIPROB:T/+O l~\+i()."z.e W -t'b be 0
[ 3] N+N+ 1 ,,,,c.fe.w;'.eY\+ N b'f 1
[4] ~(N)5 )/END . broncn ~ {he t;:N't) (Il,,~ [l~J)

Ei5 :x : ~~:~~~ 1~~pIAAiu okter .5 c.orrecl- prCbl€nr\S
[ 7 ] 4 p , - , J ,n;. pA D\tY"\

[8] GUESS:ANSWER+O the stvd~t's ANSW~
[9J ~(ANSWER=STOP)/O

[10] ~(ANSWER=xxY)/NEWPROB if wnmo , i
[11J 'NO, TRY AGAIN' ,,~~~~yyt W b'1
[12J W+W+l ------------ / [)
[13] ~(W5,3)/GUESS brn.nch -l-o GOESS llit'\e.. ,]
[14] 'LATER. GET SOME HELP NOW!' a.:ffe.r- 3 or -Pew€.r r~{)ea+ec1
[15 J -"0 '
[16J END: 'THAT' 's ALL.' wreN) ~Y\SlNers

v

( ~O -+0 Ii ne. [14] Q~er
*-e. 4-#\ \Nro~ lAt\swer)
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DRILL

53
x 22

U:
1166

20
x 93

D:
1860

17
x 71

0:
177

NO, TRY AGAIN
[J:

1207
18

x 41

U:
738

60
x 50

0:
3000

THAT'S ALL. Te~M((\o.+e~ au.+oma.+ica.\k/ (At+er 0
PfObl€.M.~ a.re. ~(\1pleted rorrec.+4~.

DRILL
57

x 53

0:
1551

NO, TRY AGAIN
0:

2521
NO, TRY AGAIN
U:

2831
NO, TRY AGAIN
0:

2921
J.VO, TRY AGAI~l

LATER. GET SOME HELP NOW!
TerM\r\o.+e~ ~oMCrli<:a.ll'l oA-er
4- c.o t'\S ec.u.-t1ve. V'J fOn.l3 l)Yl5WeJ-S
-to 0... p(""oblerY\.

END
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[16J
[16J
[17J
[18J
[19J

(Si' ~'. \'{ ·
J'~ ~\,1\~ ~

U' . ~(O t).- V~
().- ,~~ ~ ~rJ'

VDRILL[16UJ ~ ~ ~S~~
END:'THAT"S ALl,.'

END: 'COll/GRATULATIONS! [{GULD YOU LIKE 5 !fORR?'
'ENTER Y FOR YES. N FOR NO.'
-+( 'Y , € l!J ) / 1
, 0 • K • 110 IIARD FEE L I IJ GS • SEE YOU JlEXT T I."IE. 'V

DRILL
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Whe~ 'lOlA. line eci,+ here) f. lS elided,
~V\ 'lOlA -type '0 --fke ES a.Y\d - .

[17]

[17]
[18]
[18J

[18J
[19J

VDRILL [17014J
'ENTER Y FOR YES, N FOR NO.'

IIIIII III I
'ENTER YES OR no.'
C18Ul0]
-+( 'Y' €['J)/1

2/1
-+( 'YES'=[!J)/1
V

~~
DRILL ~ \\

90 ~ ;r:
x 62

(J'{'-Q,
U:

90 x 62 ,\
84

~'-\"' ~~(}-~"x 39

0: ~'? ~ {'- xc>
84 x 39

~\.() \~ ()w e.-~0) ,»
67 D'O .(Q- , 'b! Jd ~

x 51 ~Q,; ~\.t-:J 'Ofl/ ~\.~ ·

0:
',~ \.b- ~

c9\)- ~fb
67 x 51 \...~ ~C}-~49

x 69

0:
X x Y

32
x 18

0:

This e.rror slkS~eY\d~~ pro~ra.M
(LEN~Tt-t Ef<..~~ v-esu..l+s bQCCll.l'5Q. -!-he..
\e~-th (tf>iz.~2 cI- 'YES' 'IS t"O+ +he
So.~ t1.S 'NO'.)

)SI ------lh'Is g+<l+e Indico.+Or COMtro~
DRILL[18] * \r'diro:re~ -+Vcl- pro<jrQrY\ 1>f<.lLL 'i~

<suspended on nt'\e.. [I~J.

x x y
COlIGRATULATIOfJS! WOULD YOU LIKE 5 !10RE?
ENTER YES OR l'{O
110
LE1IGTIJ ERROR
DRILL[18] ~('YES'=~)/1

"
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)SI
DI?ILL[18] *

II

6

Iv

0

GUESS

8

flEWPROB

2

END

16

SUSPENDED PROGRAM

When 01. P(C~rn.M ~IS t£lA.5~ed? 'r~-s execJA.+1on
ha.~ been ho. \+ed before comp e+i on ·

\he va.ll,\£s of local no.mes
CA.,,"Q. ~va..\ lo.ble..)
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)SI

DRILL[lS] *

)SI

w

VALUE ERROR

fJ

"

STATE INDICATOR

To cle.a.y- a.. prc>~rCtM -ArOM (}...

~+Q of '5u..~ PQ.V\S ion)

eV\-\.e.r ~ 'lqht-- Po'l n-t1 n.C\ a.x-row ~
(one..feY" eClGh "S~pe-V\siot\ ~) ·

(inc! local va.v-ia.bles do net- have
va..llA-€s a.vQllable..

Note: The smte ,wA)CAtor \S he\pfv' '''' ke.ep'~ tro.ck
of -rhe stntus of t>1"t)qra.~s as "'t0U f.-xe.c.v+e. them.
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\he. (J..L\'·Y·eY\t deft nlticn
of- 1)~\ LL

VDRILL[OJv
'V DRILL;NiW

N+O
NE~/PROB: W+O

IJ+N+l
~ ( Iv > 5 ) lEN D
, ';X+?99
'x 'iY+?99
4p '-'

GUESS:ANSWER+D
~(ANSf/ER =STOP) / a
~(ANSWER=XxY)INEWPROB

'NO, TltY AGAIN'
W+~/+1
-+( f/:53) /GUESS
'LATER. GET SOME HELP NOW!'
-+0

END: 'CONGRATULATIONS: WOULD YOU LIKE 5 MORE?'
'ENTER YES OR NO.'
-+( 'YES' =['J) Ii
'O.K. no HARD FEELINGS. SEE YOU NEXT TIME. t

[1J
[2]
[3 ]
[4J
[5J
[6J
[7J
[ 8]
[9J
[10J
[11]
[12]
[13J
[14J
[15 ]
[16J
[17]
[18 ]
[1 gJ

'V

VDRILL[18]

1)«.1 LL f'(\CA-'I be. edi +ea -\0
red-if'/, -t-he p(obl~1'Y\ V\)\'\'lch
LW-S e..a 4-k.e pr-elf \c. V.~

Su.4)~e..V\~' (>n ·

DRILL
The..\'\ e.,~e.tute. 'Olt\ L L.
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LcL i~~e Melt (\ prCXJra.rYI.

No~ ~e. ~ e... of nu.1l \l+e('Ql "
on \1 Y\e. ['1.1) 1\ n.e. \aJa e-\s

on \I V\.e.~ [,]) [10]) [ISJ, ['2J)

[2~] ~t'\d [2-4] iA. dlf.fer.ent
bm~ch\~ -tor~ cV\ II n,eS [4])
Lq]) [13J; [14-]) etc..) and 4he
(,v:>e.. OT ~u.b - prc>~'(Q.M.S.

A SIMPLE GAME PROGRAM

'V LOL
[1] 'FIELCOl1E TO THE GA,~"1E OF LAST-OIJE LOSES!' LAesT,-OtJE--LO$ES i~ ~
[2] " VClrtCtJt1+ of -the Q.f\ci evrr-
[3J 'DO YOU Klifori TIlE RULES?' ~\V\tetl~c..+£A.a.' llQ.fY\.e

J
" NJIv\

[4] ~Llx l' Y' EL!] -J
[5J RULES
[6J £1: 'TO START WITH THERE ARE' ;N+5+?10j' BOXES'
[ 7 J ( 2 x PI ) p '[J '
[8] 'JJAJIT TO GO FIRST OR SECOrlD?'
[ 9 ] ~L 2 x t 'F ' € L'l
[ 1 aJ L 3 : '/.1Y l.J0 VE. '
[11J Jtl+~l-MMOVE

[ 1 2 ] ( 2 x Iv )p '0 '
[ 1 3 J -+- f/I !I x t N=1
[14J -+LOSExtiV=Q
[ 15] L 2 : ' YO VI? tID VE. '
[ 1 6 J N-+-N - P/J0 VE
[ 1 7 ] ~LOSEXt II =1
[ 1 8 J .. rlI }! x 1 II ~ 0
[ 1 9 J ( 2 x f! ) p '[J '
[20J -+£3
[21 J IiIlv:' I lvI!1 TliIS TIltE.'
[22J -+£4
[23J LOSE: 'RATFIlvK!!! YOU TIIN.'
[24J L4: 'TYPE LOL TO PLAY AGAIN. t

\l

V RULES

!<.ULES I~ a. ,:>L{.Io-pnHjf'lAm
(selt- C!-)(pla.t'\~:\ory )

[ 1] , ,

[2 ] 'LAST-OfIE-LOSES IS A GAllE OF TA~1(ING AWAY BOXES. '
[3J 'fIT/Ell IT IS YOU1? TUllN, YOU l..fAY TAKE 1 2 OR 3 BOXES.'
[4J 'YOU AND TIlE CO,~·fPlJTER WILL TAl{E TURNS TAKING BOXES AWAY'
[5] 'unTIL THERE IS ONLY ONE BOX LEFT. WHOEVER TAKES THE'
[6J 'L4~X QilE LQ~E~!'
[ 7 J ' ,

v

V Z-+-Pl040 VE
[lJ Z+LJ
[2J -"OxtZ€13
[3 J 'PLEASE EfllTER A 1 2 OR 3'
[4] -+1

v

V Z+MJJOVE
[lJ Z+NL?3

v
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LOL

[-IELC011E TO TIlE GAllE OF LAST-ONE-LOSES!

DO YOU KNOW THE RULES?
lJOPE

LAST-ONE-LOSES IS A GAUE OF TAKING AWAY BOXES.
flllEll IT IS YOUl? TUI?JV t YOU IIAY TAKE 1 2 01? 3 BOY:ES.
YOU AND TIlE C011PUTER flILL TA T{E TURll/) TAK_TNG BOXES AT/AY
UNTIL THERE IS ONLY ONE BOX LEFT. WHOEVER TAKES THE
Ld~::' Qll.g LQ~E.§'!

TO START WITH THERE ARE 13 BOXES
D D U U 0 U 0 0 0 U U 0 D
WANT TO GO FIRST OR SECOND?

FIRST
YOUR !.f0 VE •
U:

2
ODlJDljLJLJOOLJO
/4Y Jl0 VE •
UDUDODDLI
YOUR 1.10 VE •
0:

3
[J LJ [.J LJ [J
P,1Y l10VE.
[J 0 [J
YOUR !.JOVE.
0:

2
RATFINK!!! YOU WIN.
TYPE LOL TO PLAY AGAIN.

LOL

JIELCOl1E TO TIlE GAl'1E OF LAST-OPIE-LOSES!

DO YOU KNOW THE RULES?
YES
TO START WITH THERE ARE 6 BOXES
OL1LJlJOD
WANT TO GO FIRST OR SECOND?

S ECOivD
MY MOVE.
DOD 0 0
YOUR MOVE.
0:

1
o DOD
MY MOVE.
o
I WIN THIS TIME.
TYPE LOL TO PLAY AGAIN.
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A SIMPLE SIMULATION PROGRAM

VTEl4PER
[1 J El10T.[OII~O

[ 2 ] , HOy! DO YOU FEELAB0 UT r1E ? '
[3] EllTER:NEW+U
[4] E!10TI01,l+NEJ!+Ell0TI01~7~2

[ 5 ] -+ ( E!'JO T I OIl> 1 0 ) /11AD
[6] -+ENTER
[ 7 J II!AD: ' * * ! ? ! * ! ? '

V

TEf,IPEI?

IEMP~te- 16 a. pn)C\raM which
~IMU.\a.teS -- (1( bei-f cr~e \'-I -
(tn emot\ona.J r.ea..et10rl.

IhlS pro~r-Cllm will--LAnder
Le~tQln cortd\tlons--
'\~e-t Mad a.t 'IOU" !

HOW DO YOU FEEL ABOUT ME?
0:

4

0:

6

[J:

8

**!?!*!?

TElJPER
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"it be~,t'\s by (Atjk.il'\(j 'leu +0
expre'5S h6w 'IOtA -Peel-+oward
i-he- proqr-o..M. Nu.t11bers (ire used
-to \r'\dka.+e.. -+he. ~-\1eV\~ of
'lour ~e1ln9~: low nLlMbfr5
~re. v€r'l 1<'It'\d or 10'1' nC\~
hl~V\ nUMbers (l.re... ho-sti'( e..
0'('"tt(A~ra.+1~ •

"Iou.. '(Y\.O..y ENTER.,. 0.. se~().~

of NEN V\£,Lmbers -- one Qt
a +trne. 8l.dt\ V\tlMOer- tlZtLl~~S

l=Mo-noN -to bQ eha~ed
o..ccof"dt V\.~ +0 Ot ~Mple Ma~ 
€lWltka.\ Model :
EMoTlON bec.orne~ -+he ~N
V'o..llAQ p{~ one.. ho.lf -+he..
pr-evlous \faJlA.~ of EMOT lO '" •

l-f EMoTlON e>I€r betorY\es

~
eA-tex- ~r\ 10, -+iAe- prOljro..M

oe.S to MAl> (w"-er-e. +h"-. .
Mpu.ter's ver-natL<-lll..Y ,~

pr\i\+ed)

I'('I d,+teY-Qn+ $e~V\C.es

(l~k.e.. ~ b+ or ~ 4"
(!}Y' 7 2.1 or ,2 7 7

1
e+c:...)



TE!1PER

HOW DO YOU FEEL ABOUT ME?
0:

5

0:

5

[] :

5

lJ:

5

U:

5

0:

5

0:

5

0:

5

0:
l""

t-tO\AJ MD..V\" ts fS do '10CA -+hl t1~
--t-V\l5 p(,D~rotM CD..Y\ \\-to\e~C\.-+e..'1 7
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REVIEW

Interactive programs permit you to enter data during their execution.

In APL, the quad D and quote-quad [!] 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 p'rogram 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 de'fined. 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" ) S I , 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.
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5 p 3

3 3 3 3 3

5 p 4

44444-

4 p 5

5 5 5 5

3 p 5

7 p 8 9

8 9 8 9 8 9 8

6 p 8 9 10

5 p 8 9 10 11

8 9 10 11 8

THE RESTRUCTURING FUNCTION p

(1hi5 i~ +h.e d'la.dic.. lA-l;)e of -the. r~ "S'IlY'bol p)

5"f '3 ~eJ\e.rcJ e~ £l.Y\ a.rt"O..'-/ of 5 3'5
( a. I'\fee-+or")

}) 4'5

45's

'3 5'5...

Gene({)...\l'l +he {brm i6', (~ruch.~.Y'e)f (e\eMerr\-s)

When -!-here. ~ -\-OD~ew e\-€fY\eV\ts)
rerell+ -+heM W\+i f +he ~LlL+U.re.
(~ -Pi fled tA..("

4 P 8 9 10 11 12

8 9 10 11

3 p 8 9 10 11 12 13
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5 2 p 0 0 0 1 101 100

3 4 p 5

555 5
555 5
555 5

4 3 p 8

8 8 8
888
888
8 8 8

3 5 p 2

o 0
o 1
1 0
1 1
o 0

MATRICES

Wi-+h -!we Y\lU'i\bers on ~e \€A- :..the..
a..rray prod.uce.c\ "5 -+wo-d'mehs·,ona(.

(fA. \\mCl-trl X")
'\+erQ 3 r-o~s OJ\a 4 ro(ttrVH/\S a-t '6 's

)

4 rOW<5 3 00 IlUY\hS of' 8IS

3 rows 5 CO(u.Mns of' 2'5

!5 by 2 srrlA.C..+ure.)
Os o..nL1 is l:t5 e\emeht5

~" u.p --the IY'a:tr1 x.) roN b~ row
lre7t("lA.c.4IArll'\~ Q vec1-br- lnfo a. f'Y\a.m)()

2 5 PliO

2. rows 5 co\u.rv'\r\S

of
-th.e eleMe,n~~ t 2 3 4 ." 10
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l Th\s 'S LA\ \e.cA
\'~-~~"

anter- )

2 3 p 1 2

1 2 1
212

3 3 p 1 0 0 0

2 3 p 1 11

123
456

122 ARRAYS
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1),/a.dic f W\-+h l\+erol~ :

5 p t _ ,

4 p , , f dots

3 p '*' 3 ~+O-rs

2 0 p , 0 * ' {t -\oto.l csf' 20 syMbolf>J OtJter-nct\1~
O*O*D*D*O*O*D*D*D*[J* OS OLnd ~S.

7 P 'TOOT' A 40taJ of 1 el€MerosJ (epoo..+tn~
'N~V\ ne.c.essQ.r-~

5 P 'PHOTOGRAPHY' ~e +\ccs4 5 e leMerrrs
PHOTO

3 p 'SEXTUPLE'

12 p 'Oll! '

! i~ l.tt\ oversh-\~ csy~bo\
l'Vp€. t b(lt,k5()CU Q.. •
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FREE
FROtt
DEBT

3 4- P 'FREEFRO!1DEBT' A 3 by 4 l'+e.rtJll Mo..trh<

2 30 p 'AND lJILES TO GO BEFORE I SLEEP' 2. by ~o

Crepea.+ ~o cho.ro.cters)

6 3 p 'TO BE OR NOT'

L + 3 4 p 'GOODPLAYBILL'

L

~.ea:l- in order +c .f-t 1\
u.p co '0y 3 mo.-h-' x

L \s -sreQlHed +(;) be 0...

('Y\Q.*1x: ~ 3 roWS a.nd
4 c.o(UM()~

3 4

pL

,L

(J L {M-Ot'\a.clic..) ~Ives +he ~lA,.+ure..

of .L -- '6 rawS t 4- c.olu.mns

THE RAVEL FUNCTION ,

GOODPLAYBILL

124 ARRAYS

~ &>Y\Ve..r 1-5 e... r<\a.+r' ')( (or rA.Y\'1 Qrrl'A.'1)
,,(\+0 Cl \fec+or



/.1 -of- 3 4 p \ 12

/.1

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

FUNCTIONS ON ARRAYS

M \6 0.. mo..-trl)()

i+s ~+rLLL.mr <2-
.

3 by 4)p!! l5

3 4

OlY\cl

tf.! I-\-5 e..leMe.n1-~ ar.e~
1 2 3 4 5 6 7 8 9 10 11 12 <

p .ll

!-1 + 1

234 5
678 9

10 11 12 13

14 x 3

(+tow rMny e-\ement5 -- +o+a.l ?)

you.- fY'O..'1 per..forM -Amc.+ions
on M in a.n e\eMent -b'l
e\€.VY\e¥\-r fa. s h, 0 n.
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MATRIX + 3 4 P 9 5 a 6 2 4 11 3 16 8 20 7

p/'.1ATRIX

,!ilATRIX

llATRIX - 2

6 r J.IATRIX

fJATI?IX = 3

3 € 1:1ATRIX

l1ATRIX € 3

Try -+he-se ilinchons
W({h MATt<JX
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ARRAY INDEXING

U -+- }1ATRI X-+-3 4 p 9 5 0 6 2 4 11 3 16 8 2 a 7

9 5 0 6
2 4 11 3

16 8 20 7

SpedfY'r\lj
and-----dlS piC!.\.'Ii nlj

MAT((.( )(

I1ATRIX[ 2 ; 3J

11

/.1ATIfI X [ 1 ; 4 ]

6

JIATRIX[ 3; 2 ]

l-1ATRIX[ 1 ;]

9 506

11ATRIX[ ; 3]

o 11 20

IfATRIX[3;]

llATRIX[ i 2 ]

\he ~r:d coluMn (and a.ll rows)
(~d(\+ad a.~ tJ.. vector)

1he. 2wl column
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Z,1ATR I X [ ; 2 !+ J

5 6
4 3
8 7

4 3
8 7

f1ATRIX[2 3;24]

11ATRIX[2;4 2 3J

11ATF?IX[323i3J

\he.. 2~d o.nd 3r:.d row e(emeY\+S
of -+he 2~ o.nd 4'*' coliLryw\S

Gh9\len%~:

J.1ATRIX[l 2 3;1 2 3]=MATI?IX[2;21

Qh9\le~g,:.
I .... pl1ATRIX

MATRIX[I[lJ;I[2JJ

MATRIX[ilI[2]]=MATRIX[lI[1];]

128 ARRAYS
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-t'o +hl~ -- in {l 2> by 3
rY\CltriX



o + MAT + 2 3 p t6

123
456

+/ [ 1] l1AT

579

+/[2J l\fAT

6 15

( +/ /.1AT) =+/ [ 2 J /.1A T

1 1

+ /llAT

MAT kC\.~ fwo dimensions
(rows Clnd co\vmns)

The 'SLlm - redt.tc.+lo V') of +he flrst
d\MeV\~)O(\ of MPrT
(~d.d'N1 down -the coluMns)

The SW'Yl-redu..c-hon tJf +ne second
d\M~Y\S-\OV\ at MPrT
(o..ddiV\9 CkcroS5 4'te., row5)

+/ MAl IS Q.Y\ Glbbv-evia.+ed wo..'!
of 'Nrt+\V\~ +/ ['1.] MA\

( + f l~AT) =+/ [ 1 J!4AT

111

+f \ s -th~ a.b\,fev-lO:h'OYl ~ + /It)
(cultll~ ~rh'CAl~)

+flvfAT

+/+/}.fAT

21

+/ , L~1AT
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11AT

1 2 3
456

xfMAT

4 10 18

x / !1AT

- fl1AT

->

- / !-1AT

2 5

( + / + / filA T) = - / - / !4A T

The pf"CdCAC+ - reduc+ (0 V\ 0+- MAT

l)lffe n2nc.e - redu.c.-+ lO~

(1 x 3 x 5 -;- 2 x 4 x 6) = -i- / t f1AT
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4- 5 6

2
5
8

SOLD
OHIO
FINE
TOES

o 1 0 f 3 3 p \9

o 1 0 / 3 3 p \9

LJ +- /.1 ~ 4 4 p 'SOLDOHIOFIftlETOES'

L .... 1 100
K + 1 010

D\.O l~ c.OMpre~~eJ on
the ("0""S (-+he ~t r~t
dl(\'\eV\~i0\'\)

c> t 0 l~ (or'r\p(""es,>~d. en
~e.. ColuMnS (~e lo..s+
d\MeV\'~lOV\ )

LiM

K/f4

C.ompre~~ -the. \"'""oWS

ARRAYS 131



u + 11ATE +- 3 4 p 'JIBEFORESAIL'

JIBE
FORE
SAIL

2 3 + I.fATE

JIB
FOR

2 3 t l1ATE

ORE
AIL

3 1 t t1ATE

2 3 1- MATE

L

2 1 + lJATE

132 ARRAYS

Take 4hQ -Ptrs+ 2- ro\\l~ and
~ {llrsr 0 c.c(U.M~S.

IlJlke.- +he.. l&.4If>+ 2- rows atnd
~e \Q~ 3 colu.mns.

Ta.ke +he. -P-'r&+ ~ row5 a.nd
-t~e. lQ~+ 1 totu.m V\.

1)mp ~e. .{2trs+ 1 rot'Js d\'\d

--the.. 1!1r5+ 3 &>luMnS.

1)r6P -+he -{\r-st 1.- rows CAr\d
-the. -Ptrs\- 1 ~lUMn.



14

o +- S +- 14

SUMMARY OF APL DATA STRUCTURES

S i~ 0.. ~c.Qla..r- (hO difV\enSIOn)

o + V + 2 3 5 7 11 13

2 3 5 7 11 13

lJ +- 11 +- 3 4 p \ 1 2

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

H
...

3- a.r(().." (~ree-dlfY\eV"\~lom\)LJ +- H ...- 3 2 4 p 7 l~ ~

7 7 7 7
7 7 7 7

7 7 7 7
7 7 7 7

7 7 7 7
7 7 7 7

4- 4'(YQ'1 S

'5 - Clrra.y ~

etc·
o..re. oJlowed too

ARRAYS 133



pH

324

pt1

3 4

pV

pS

ppH

3

ppl!

2

pp V

1

ppS

a

134 ARRAYS

- (blank lIne.)

pp of an ~rro.'1 is its\'ro.nli'
(no'fJ MQVI.'I diMeVl'5ic.n~)

tl i~ a. '?>-a.r"r-(A.'1



PROGRAMS USING ARRAYS

LE1T£I2.S P 2..lo ~et'\€,("a.+es
Qn a.rro..'1 of 2/:,'5 WV\\c,h
a.re {-hen LL~ed a.~ rc:lV\dotY\
\V\d.tc~s of -+hI<.. ALP~MOET•
.:r i~ a. (ocal Y'QM€ lA.~Qd
-\t:> coum up 10 N ·

J+O
ALPHABET[?LETTERSp26]
J+J+l
-+(J<l'1)/2V

VN RANDOll LETTERS;J

ALPHABET ~ 'ABCDEFGII.IJKLI1JIOPQ.RSTUVWXYZ'

e~"t>OM i~ (;l. pr~rat'Y\
Whlc.h erl r\+~ N randoMhj
~eJ\e.ra.Ted \'wordc:>" WI+h
~ c.ertll\n nUhtbU cR LETlERS.[1J

[2J
[3]
[4J

7 RANDOl1 3

QFA
RKG
LGG
DZT
KLfl
D.KD
NSA

1 randoM\'1 ~et'\era.+ed
~ -Ie+ter \1 word'S"

3 RANDOlf 7

" ra.V\doM
1-le.-t\er l~ words"

ALPHABET[? 3 7 p 26J

BNQDZUP
RVBf1ATT
KJCJEXL

It MOre d.ired- 'NOt-\) +0
prod lA.c..€ 4e ~Me ret>u..l t)
lA.'Sif\C} a. Ma.+ri \( index.
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SPELLING

[lJ
[2J
[3J
[4]
[5 ]
[6]

'V SPELLI1VG

'SPELL' ;Y--E-?8
X--E-[!]
-+QXl.O=pX
-+(A/W[Y;]=5tX)/1
'THE CORRECT SPELLING IS ';WCY;J
-+1

W + 8 5 p 'ONE TWO THREEFOUR FIVE SIX SEVENEIGHT'

W \~ Ol 1Y\a.-rrl 'l( of ttle.
('orr-eL+ ~fe\ II Y\.Cj~

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

FOURTEEN
..

THE CORRECT SPELLING IS FOUR

SPELL 8 J +h~IY\M ·
EIGHTY - En+e'r "cr+h(~ a.nd -the. ()ro~r~M ~5.

SPELL 6 f
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\/.'4DRI LL Iv
[lJ Y+?N
[ 2 ] Y[ 1 ] ;' x 'i Y[ 2 ]
[3] ~OX1A/'STOP'€A+O

[4J -+lA=x/Y
[5] 'DUMMY. LOOK:'
[6] Yp'o'
[7] 'flOW TRY IT.'
[8] -+lD=x/y
[9] 'YOU BLEW IT.'
[10] 'THE ANSWER IS 'jx/Y
[11J -+1 V'

/1DRILL 1 5 1 0

9 x 3
0:

29
DU1'1MY. LOOK:
000

000

000

000

000

000

000

000

000

!vOW TRY IT.
0:

27
12 X 9
0:

108
3 X 7
[J :

37
DUl1lJY. LOOK:
0000000

0000000

0000000

NOW TRY IT.
0:

22
YOU BLEft/ IT.
THE ANSWER IS 21
1 X 4
0:

4
7 X 5
0:

'STOP'

P("o~raM M\>el LL 'k '3.1ve~ tA..
~et')+ drill in 1'Y\tA.'-Hpl~c.erhon
wlfh nlm&. No+e -+hat line
[fD] pdms 0. Mo:td)( of Sma.l \
c,\ rc.les ·

l'5 and '0 are ll(hlts -tor -the
rQ.n.doM ntA.M bers

+\ere',s a. hInt (a. Matrix of ~mal\ tlrc\es)
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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, such as + - x -i- r L I = ;z < > :5 ~

* 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 PP, 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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LIVE

v + 'EVIL'

cf> 'NOSLIW'

THE REVERSAL FUNCTION: ¢ (MONADIC)

4 i~ -+he .....evus£ll +u.Y\c-hon

(fo~()'\ed 'ov °"er51r',tt~ 0 a.ncl \)
~ ~ever~e.~ -the e.\.e~vds of Q \lector.

F\\p 't.
cf> 'DOCNOTEIDISSENTAFASTNEVERPREVENTSAFATNESSIDIETONCOD'

(one. of -the world's l()~es-l (XlI indroMe.S)

D -+- 14 + 3 4 P 112

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

ep /1

4 3 2 1
8 7 6 5

12 11 10 9

e }·1~
o\Jer~;nk.e

9 10 11 12 0 Qf\cl -
5 6 7 8
1 2 3 4

<t>e 14

t:CUh row \5 reversed

(SQW\e as 4>[21 M)

E~ co\u.rY\(\ 'l~ re.verse:!

(saW\e as 4> L'] M)

Ncrre: ~e. tVY'c:h'cm S"t'M'00' shows 1'he (A)( \S of revers t1J :

~ (reverso..-( a~~+ ~ "e,~eAJ tA ')( is )

(re"erstU o.\>~T lA hO'fiurntzU o..'IC\S)
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THE TRANSPOSE FUNCTION ~ (MONADIC)

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

159
2 6 10
3 7 11
4 8 12

( p 11 ) = cf> p l1

~N + 4 3p 'FOEANDICELENt

~QC.h row l6 -+mn:spo~ed ~ ~ co(£.U\t\f1,
ClV\d l2ach cotu..mn beaMeS 0... row.

The dl(}o\en~'l6n~ of Mare. compa.red
'N'd-h -\he. reversed cnl'Y\ens'/(~ns of M.

forrt\ a.. 4 by 3 lY'ldri}( (N) Qhd 4eV\
~ri (\t ~e e.le.rh~n+s-tran-sposed so
~1- ellC.h row \~ 0... CO(U,Mrl a.n.d VlC-e..
versa.

Note: The fuY\c.-nOY' sl.(YV\bo\ s~ows the (Axis of mY\SPOSlncm:

( -t-rnl'S-P0.5e a.bovt the ~ tl\V\ OJ~em4.\ )
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THE ROTATION FUNCTION ¢ (DYADIC)

A + 3

B +- 'TENFLAT'

LJ + R +- Act>B

FLATTEN

(pR) = pB

Fo~ veclors '.

~ ecAClteel 3 elerYten+~ -tr6m --tf..1e -A-orrl- o-t
~ e..l~e~'frs of ~ -h:> +he bo.c.\c::.

(hMpa.re. ~€.. dlmen4j',oV\ of ~e r-e5tll+ R
tJ\+h -\-he. d.·\Mensi 6V\ ~ 8

C}.Allel'\~ :
AIR = (A - pB) 4> B ..te-~--"""2__

1

-1 <1> 'TOPS'

142 ARRAY FUNCTIONS
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/.1

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

412 3
856 7

12 9 10 11

2 <f> fi1

2 e M

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

1 e l1

t<o1£t-t\on wor~ ~tfY\'tl~rly Wtfh
fv1Att\ceS ~

3 C6ll.lt'\'\n~ nsfQf-ed ~m Q.Qc.Y\ row
(-fn:>n+ +0 ~)

2 row.s ro+o.+OO *om e.Qch CO(LA.Mn

( bo+tt:>m +0 -tep)

~-b.+e. 1 'row ~m -+he tb-H6m~ 4lte
1t>p l!f eo.c.h c.o(\A,Mn

CJAo.\leV\~~_
2 <t> 1 e

- >-
~ 5 2 p 'UPCLEESAAP'
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M

1 2 3 4
567 8
9 10 11 12

1 2 3 <P ftl

2 3 4 1
7 8 5 6

12 9 10 11

3 2 -1 1 e M

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

2 3 ¢ 2 5p 'LESTA'

144 ARRAY FUNCTIONS

'{0 V VV'\CU1 f"OTa.te d,·fterei'\T V"V'Mber.s
of e,\eMeV\U ~ a, ffefeV'T nJ\I.fS

o-r
LO\~Y\S •

eo1-cJ.e 1 +reM +he.4~ row
2. .py.Or'Y\ the Stct>M row
" .fVbM +he -&\r-J ~W

~e- 3 -fr~M thoe. -A~ to\LlMn
2. ~N\ -+~of s-ear\Ci co,u.J\'\n

- 1 ..frc,m -t-h-e -\-h\n:\ CD ll.UY\ t'\
(bo-HOM -te -tor)

1-Prom ~e -fLoW'"-+~ CJ)\u.MV!
(top +t> bO+t~M)



THE TRANSPOSE FUNCTION ~ (DYADIC)

o + L ~ 5 8 p 'APL '

APL APL
APL APL
APL APL
APL APL
APL APL

o +- L ~ 2 1 ~ L

AAAAA
ppppp
LLLLL

AAAAA
PPPPP
LLLLL

NarlV\.Ql 4ra.h~(X'~.Q.

(~ 2.~ dl{\\€.V\~·l.C> V\ '( ~ 'Swlfc.hed
wi-H\ -the I~+ diMenSl6t\)

(~L ) = 2 1 ~ L 2- 1 't\ (n:a.irl)() i ~ ~ulV"QJ e,nt
1 1 1 1 1 -+c ~ (rroJrl)<')
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1

2 1 ~ II.

(pL)[2 1J

ARRAY FUNCTIONS 145



2 1 ~ 0 ~ SQ + 4 4 P t16

1 2 3

1~ J A rha-h-lx S&
5 6 7
9 10 11

13 14 15 16
1 5 9 13
2 6 10 14 \+~ +ra.V\~~.e..
3 7 11 15
4 8 12 16

1 1 l!l (Matrix)
0 +- D +- 1 1 t!¥ SQ 'Jl e.\d.'5 1+5 dlQ~6na.l e \€tf'\f.nts

1 6 11 16

I +- ?4

D[I] = SQ[I;I]

->

(pD) = L/pSQ

1 1 ~ 3 3 p 'IRSNBAACM'
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AIGE'I'EW OF AARA'I FUNCTIONS

~Ll1

~LM

¢eLf1

~Lft1

~<I>L/11

1 a <P LM

a 1 e L111

1 1 ls< L!1
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x

x ... 14
Y +- t5

x + Y

LENGTH ERROR
X + Y
1\

x a. + Y

23456
3 4 567
4- 5 6 7 8
5 6 789

x a.x y

x 0.= y

10000
o 1 000
00100
o 0 0 1 0

148 ARRAY FUNCTIONS

OUTER PRODUCT °.1·

Ol.t{er prndlAC.-T I~ Lt~ed -J.o c.rro.+e..
Q'CC'D..\.)S by per-fut"M-lnq Q d\{cttflL
-fu.t'\c.+\an on ever~ ra.~(of el€O\ent.s
~(ven on --the left QM rl(~ht.

NDV'M4\ elemen+-b'i-ele~ei\-t- o.d.cli+icn (s not" PetiJSi bl~
bec.a.(A~e.. vectors X o..V\d Yare.. of dlfferen+
\-eV\~ths.

ether dYCld\c.. fund1ol'\5 MO..y be lA.~ed ~il-h
ou..t-er prod.«Ad- t

Fi l\ in 4h\s to..ble:
y
~

x ( ~ 3 ~ S

\

2

3

t

= I 2- 3 -t S-

, (,~t) (\=2) (\-=~)(l:1) (I:S)
2 (2.=-1) (2.=.2)(2.:;~)(2r+) (1=-5)

J (?~l) (\:2) (~=~)(!:;4){':'~)

i (~~l)(~~2.)(4t=?»(4~4)(~:S)



x

1 2 3 4

y

1 2 3 4 5

1 1
2 4
3 9
4 16

1
8

27
81

1 1
16 32
81 243

256 1024

~~eV\eral form of otd-er ~dw:t

L~ ( o..rraJi) o. -f (a.rr~:'1)

W~e.ye...f \':> (J)..y\~ d1Q.d.\C. +u.nchcn
whIch €2C+ends -fa o..rro..\f S.

(+- )( ~ .. =- c: 6 ~ > :f Lr I erc..)

pY 0.* x

.~

l I 2- 3 ~ Sx o. l Y

~ 1

2-

3
i

y 0.< y

-< 2 3 4\ s-
o 1 1 1 1 f 0 , \ \ ,
o 0 1 1 1 2 0 C!> , 1 \o a 0 1 1 3 0 0 (!) l I000 0 1
000 0 0 ~ 0 C> (2) 0 \

S e 0 0 C> 0
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(tl0) O.X t10

opp +- 4

( 1 10) o • * 1 2 • 5

1 1 1
2 4 1.414
3 9 1.732
4 16 2
5 25 2.236
6 36 2.449
7 49 2.646
8 64 2.828
9 81 3

10 100 3.162

OFP + 10

"Pr-,V\~!,-,\ ~rec"s\ern "

A syst-em '!drtahJe ~ clAo..hf.le...
+he f\\.l.Mbe.r- <'Jf 'Sl~Y\'lRCAV\+ dlgi+S
h'\ outpu.T +c 4.
(PrQ.v\OlA.'S\'1 r+ vvo.5 lO)

o + VEGETABLE + 'PEARS' o.~ 'APPLES'

1 0 0 1 1 1
1 1 1 1 0 1
011 111
111 1 1 1
111 110

(Vi-VEGETABLE) / 'PEARS'
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38

10 4- +.x 3 2

+/10 4 x 3 2

INNER PROD'UCT f.g

I rw\e.v-- prodlA.c.:t,~ an opera..+1on \I\lh~
red(..LCe.s o..r(()..'1~ Ipy a.ppl'/lfl9 -two
d.yo..dJc. .pLAnchC>h~.

1he ncsta:non 1~ :
(CJ..:c('o-'1) .(2. 9 (a.rro..y) .

where. ~ and 9 Oft dyadic.. ..w.nchot'\s
which eXtend +c a r-r~vS .

'For vec.+O~ -( I'\1'\er" (J rodu.e±- i~ +he. ed
9at\t\e lt~ +ne.pt~ ~tion rQdUL
o\le'(" -the ~tA.(t of the ~cot'\d function

For 0.. vector and a ma.trt)(, inner
product ,~ -+he.. t2irst- -+ rQ(it.tc.eet over

-the. re.stJ+- of +he. 'SeC6nd 9 applied +0
--the.. vec---k>r llM ea.c.h CO(uMn c.f-+he.
MAfr, X 3'

5 1
+. )( :2 ~

10 i -S "0 1'1- '--- --........
'60 -.cCo) + (4ll\) + (5 114)'

v +- 10 4 5
M + 3 2 p 3 6 512

v +.x /.1

(10)(3) + (4K'.)+(~)(2)

(+/V x M[;l]). +/v x M[;2]

60 84

v x. - fl1

21 12

Q.l..her d"CAd i c.. ..pV\1)chon5 U.Sell
~l {\ Lnt\er" pr()d (Act:

v l.+ M

~7.. 5

v +. r M

SUMS (If Ma.ximu¥V\s
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(3 3 P 1 0) V.A 0 0 1

101

V/1 0 1 A 0 0 1

V/O 1 0 1\ 0 0 1

Vii 0 1 " 0 0 1

152 ARRAY FUNCTIONS

roy-- Ct rw:d-n '( a.vtd. ct vec+or l nner
prOdUL-T ~ -the t1r1>T' 4.ru:hOh re
dlACed (!)ver- ~ re'Su...Hs of each 'roW
of +he- f\'\Cl.-tvlx ctrpll ed wi% +~e..
second -fu"CtiM to the 'Jecto~.

o
o

V. A I

o I
010

I 0



o ~ M + 3 4 p 112

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

o .. N +- 4 5 p 120

1 2 3 4 5
6 7 8 9 10

11 12 13 14 15
16 17 18 19 20

o +- R -+- 11 +. x N

110 120 130 140 150
246 272 29B 324 350
382 424 466 508 550

pH

3 5

+/JJ[li] x N[il]

I=Or two ~tc.e"5J 'loner prodlA.Ct \~ +h~
.(4~ ..(.2VU\c.+ion redfAC.€d pver~ resu...\+s
~ ea.c.~ row ofJ +he l~ rvlO.-tri x:
QPplled WIth +he. ')Qcond ~d-10r'\ +0
ea.c..h Co(W\1t'\ ot -the rlghT~x .

(Th \sis the. C OY\"enti 0 n Ct \

\'mGltrix produe-t"

\\1 UVlea.r a\geb ra. )

A 2> by 4 (V\Q.+t-I)< 'lnner proolALt
'tJt+h a. 4 bV S rY\o..+ri x

The re-suJ+ I" a. 0 b'/ ~ rro.-hi)(

M N

~15
~

-the+wo ~ce.s rnt.t~ be
\'COnfor-rY\ab le" her-e.

R[2;3] = +/M[2;] x N[;3] Ano+he.r el-em.en+ cf- -+he .....~~u..t-r
(second row) -third colLlMn)

\he. ~+-th co llAJ\'\n erl--+he
r~u.,l+

R [ ; 5 ] =(+/ M[ 1 ; ] x N [ ; 5] ) • ( + /U[ 2 ; ] x N [ ; 5 ] ) • + / N [ 3 ; ] x N[ ; 5 J

111
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o + P + 2 3 p 6 1 2 305

o + N + 3 4 P 112

D+Q+P-t. x l1

pQ

Tr\.1 -fh 'T I~ Inner pmdIAC.:r

Wha1- l~ ',f .. ?5 -Srz.€.

154

4 3 If

s ~ 7 !

'+.x
q 1O ,, 12

'I0\( La~ qe.t- Q
\>'1 fitH~ \n the rest

f.J;, 2 0000 of ~\S ta.ble.

:3 0 5 o 0 hq 0 (Qt.1 ;3]is a\(~

dcme .)

+/3 0 5" 3 7 II
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(J "*- H. ..- (2 3 4 p 124) +.L 4 2 3 P 124

10 10 10
10 10 10

22 23 24 'Y\r'\er rrodLAL+ demon*a.+ed
25 26 26 \N'r+h 3- 0...r (*a."'5
31 33 35
37 38 39

37 40 43
45 47 49

40 44 47
50 53 56

40 44 48
52 56 60

pli

2 3 2 3

PPl1.
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CATENATION OF ARRAYS,

o + M + 3 4 p 112

J.f • 0

1 2 340
5 6 780
9 10 11 12 0

o , M

~ o\lerstnke
~ , and -

lV. ,. 0

1 2 3 4-
5 6 7 8
9 10 11 12
000 0

o ., 1"11
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C()Jen~na Q. "51t'19l e.- ~leh'\en-t +c,
II r'V\O..+n x. ~
(Al6~ -t~e l~~ d'MenS'lOt\) -+he..
eleMent ex:-\eV'lis \r'\+O a neW
Q,oluMn)

CoJeV\a.+e 0 Or'\to~e -fron+ ci M

C()Jen.a~t\lj a.. S'tn'jte e.leV\'teV\+ 4-0
~ roo:trlx ·
(,Alo~ +hQ. 4~ dlMer'\ilOV\) -\.he.
e\fn'\~V\t~ QX1€V\ds \f\fo £A new
Y6W)

Co.+e.~o.+~ 0 00+0 ~e. -+Oe cl M



lo1 t
- - -1 2 3 Whera. a.re. -the~e 4hr--e.e.

ele~eV'\t"S QC\tev\Q.+-ed ?

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

-1 -2 -3 -4

1he~e. -Pou,r e\emerrr-s ().,r-Q.

QQteV\O.+ed tA:~ a.. ",ew 'rovJ
(+he t'* di M.eVl~\On )

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

p /.1 , 1-1

3 8

M ~ M

6 4

CQ+eM+e ~ -b M oJot\~ +he.
\~ dIMe,n'S(On

New row~.
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J1 I [ • 5 ] /.1

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

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

234

11 , [ 2 • 5 ] /.1

1 1
2 2
3 3
4 4

5 5
6 6
7 7
8 8

9 9
10 10
11 11
12 12

p IJ I [ 2 • 5 ] 11

342

v + 2 357

v ,[.5J V

p V ,[ .5] V

v ,[1.5J V

p V ,[1.5J V

158 ARRAY FUNCTIONS

THE LAMINATION FUNCTION:, [I]

The. "SO-V\-\.e. s)'Mbol a.:S -for ca-\-eM+1oV\
t~ tA~ed ~ bc.cr Wlth a. -Pro..c..+ioro. \
suh4)c.r\ p1'-.

la.VY\\ Y\Q11on ,-r~a+et> Q. t'\f.'-U diMen-;,io('\
o( () -+he.. rQsu-l+ b'l \\ ~-ta.d:: ..lntj I /

o.rro...,,~.

(The o..rro.y~ M(A~ be. conformable.)

[.'5'] YV\eaV\.~ c~te 0.. new d.1rk.eV\~·(oV\
befon2 4he I'~r dl(heV\~·lOn

[2..5] tv\ean5 c.re4te a new dlMeV'~{Of\
(~:f+er -+ke 2wl dtMenSlon

La.fV\lna+l~ 4wo \feci-Drs
nonzrnt-a.l ,~



A (tEVIEVV of CPrTE~ATIOrJA~\) LAMtNA-,lOtJ

o + L + 4 3p 'ABCDEFGHIJKL'

L , '* t

,*' i L

, * '

*****
*ABC*
*DEF*
*GHI*
*JKL*
*****

L ,[1J L

L • [2J L

L .[.5] L

('*', L • '*') , * '

L .[1.5] L

L ,[2.5J L
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THE MATRIX INVERSE FUNCTION (E (MONADIC)

C + 3 3 p 2 151 214 0 1

[f)C

Ihe B ~'1(\'\bol i'5.fbrMed by
ove\"'"strlkiNj -7 and 0
8 c. ~rcdfA.C.e5 +kd\(\ve~e'l

ofc.
0.04081632653
0.1020408163
0.1632653061

c +. x ~C

100
010
001

([i]C) +.x C

100
010
001

0.02040816327
0.4489795918
0.08163265306

0.2244897959
0.0612244898
0.1020408163

160 ARRAY FUNCTIONS



THE MATRIX DIVIDE FUNCTION m(DYADIC)

o -4- C -4- 3 3 p 2

o +- B +- 13 0 11

([ilC) +.x B

B [il C

1 5 1 2 1 4 0 -1

\t ~ rwd-rl )( (c.) rep("~en-ts +h.e co
effic.ien+:' ~ Q ~Q.t ef- Ilt'\eo.r
~+l0f'\~:

'2-.)(, - X2,.. -+- 5"x?> =l~

XI ;- 2xl.. + X~ ~ 0

4X, - )('?> =: \\

a~d C\. vedoY"" C~) 'rep(e~eV\+s
-the- t.On~ia.V\"t~)

1)ya.dic. (,l?e-~ 8 (-+he \\ lY\O.rrl1<
dlVlSlon" flAne-non) '11e.\ds -+Vte
~lt.cl-\oV\s direc-H'{ .

x,::.3
)( 2.. =-2

x?> =1
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REVIEW

Several primitive APL functions are especially designed for array

operations. For instance, the reversal 4> (monadic) and rotation <P (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 [ J. The , symbol may also be

used to laminate arrays, stacking them along a specified dimension.

Finally, an overstrike symbol I±l 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).
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4

+4

ARITHMETIC FUNCTIONS + - x f * (MONADIC)

ld€n+i~ l="UJ'\d-\on +

o + V + + 2 2 3.7 0 12 13

2 2 3.7 0 -12 13

+5

-5

5

o + w + - 2 2 3.7 0 12 13

2 2 -3.7 0 12 13

-6

SaM€. a.s O-b

v + w

The re~IA'+ i6 iden-f-ic.a.1
-+0 +h~ ntAf\1bers on +he,
r'~ht

1he..- re~ tJt 'l ~ -the.
J\e~cdion offh~ t\U-n1 be("5
on #.e r-l~ht
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5lbNUM F(jNc...TlO~ X
x7

1 The. result \ f'ldicClt€S ~e
CS'\~Y\ of +V\e r'\u..mber(~) C(\

0<7
~ r·l~nt·.

1

x -5 1 -Por Q PO~'~'\{e.. I'\u.Mbe.r

1 o ~r z.e'tC>
-1 -Po r-- 0... l'e~Q11Ife... nwY\bev-

- a > 5

B ~ 3 -4.2 0 5.8 0 9

xB

1 1 010 1

VR -+- SIGNUM B

[1J R +- (0 < B) - 0 > B

'l

SIGNUl1 B

B x SIGNUM B

BxxB

lhi~ e.><(Jr"'e'5'S e~ -th-e.
'Siqnum tv...nc..tion -for
a""'I V\tU'Vl bec(~) 'B

A-bso\ute 'J ~lUf.S •

3 4.2 0 5.8 0 9
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0.5

f4 5 .125 7

~EC-f PR-ocAL Fl)NGT IoN -:-

The n2su..\t i~ +he redpn~c.q..\
of -+he Y\I.lMber(~) on +he V-l~vrt.

0.25 0.2 8 0.1428571429

-i-10

fl00

0.01
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*1

2.718281828

7.389056099

2.718281828 * 2

7.389056096

2.718281828 * 1

POWERS + 18

The r€Sl.d+ 'IS e. (4he no.+u.ra.\
\OOtQri+hrY) ba.~e) ro.l~Qd +0 +he..
po-wer- on +he r·l~h+.

e (2.ll ~ 2 <a l ~ '2. ~ ..)ra.~~e.d 40 4he power' 1

N + 10 * POWERS - 1

(1 + tN) * N
-\-hi~ expt"e.~fJ·lc>n (.On"e.r~es
oYl --tM \[oJ lA.e- d' Q.

2 2.59374246 2.704813829 2.716923932 2.718145927
2.71828237 2.718280469 2.718281688
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LOGARITHMIC FUNCTIONS ~

$ 7.389056099 2.718281828

2 0.9999999998

*2 1

7.389056099 2.718281828

• *3

3

B -+- 10
N + 100

4.605170186

2.302585093

(B 8t N) = (tiN) • 6l B

1

B • N

168 MISCELLANEOUS

6'(Qr*',K..e D a.~ "*
1he t\cr+u.V'Q.( L,~a.rr+h M ll\t)ona.d ic. @)

'The.. resu.lts Me -the no:t-lAX"oJ
\~o..nthMSCTf' ~ nW1'\bers on
--\+\~ rl~ht.

2 ~Y\d (I) are +he pow e.r-~ -to
~hlCV\ 'Iou.. MU.~ ru.l-se e..
40 ~e+ 4he (\Ltmbf.t"s shown .

Wna..t i~ -fI..e t'\O.ium.\ l~ctrrH1M of
e ra.\Se! 4c 'the.- 3 p~e'r' ? .
e. nils€d .fb+he •.~ power' i~ 3



2

3

10 6) 100

10 & 10 * 2

10 • 1000

10 6t 10 * 3

THE LObAf2.ITHMlc.. FON(.TloN (dya.dic... ®)

Ihe. resLLH is ~e. ()~V\ler'-to wh·\(~. +he
Y\LlMber- 0(\~ le.f1" MU.'5+ be rQ.lsed
Il"\ orde~ to ~et -\-he f'umbeY' on +k.e.
r,~~t.

(~e.. nu.rnbeyron +he left i~ fA"Ju.oJly
Q.G..l\ed +he \\ba.~e'()

Whet+- 'I~ +he. Io~ox\+hfY\ of 10*2 to*e bl:l~e to?
c~.t\d +ke lD~a.rl+hrn of loco 1-0
-\-he. b~~ to?

2

o

10 • 10000 100000 1000000

5 • 25

7 • 7 * 3

3 (I 81

( ? 1 0) ,. 1

The.. log~rl~t'V\ of 2'5'" -to -the bCl~e.
5 lS Z ('5 y()..l~ed 1-0 +ke. '2
yower i'? 2 rs)

\tJha+ 'If) -the lo~a.rlthM of 7*5
-to +h~ ba.se- 1 'l

wha+ IS -ike- (~~a.rl{.hty\ o-P ~1 +0
+"'-e- b~se ~?

Th€- l£?~drltht)1 o-{l 1 -to a.t'\'J posi-n"e
bQ~~ t~ 0
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LJ -+- PI + 01

3.141592654

02

03 4 10 20

CIRCULAR FUNCTIONS 0

~e Pi --t1(ke"? +h.nd-lo v\

CMono.dl L 0)

The- re~u.l+ 'I~ pl (11') -t1me~
-the hWY\bey on -th.e r-l~h+.

Pi -tirne~ 2

9.424777961 12.56637061 31.41592654 62.83185307

OFP +- 3

01

3.14

RADII + 1 5

oRADII * 2

3.14 12.6 28.3 50.3 78.5

170 MISCELLANEOUS

1he ~ys-teM \I.Qrl.o.~le. ch~~es *-e
nu.rnbQr of ~(~nlncani d\~~IT-s dl~-

f \0...,/ ed I(\ ~e. DlA-4-pU.+.



TH~ T«lC:>ONOMer~\C t="UNc..1'IONS r..~"tM1ic. D)
'-as

1 0 01

.707

1 0 0-:-4

\ke. "S,'he. of ~ \'"~dla.n~ (4S cr
)

(to ; $(~nit;cQ.V\+ d'l~it5)

o ~ RADIANS + 0 + 6 • \12

1 0 RADIANS

?€veY"a.\ QnAle~: :n:., 1r., Ir, m,~,1T
J IJ> 3 2 3 "

'l!!., '±II, 31'1' 51T 'Irr 211'
t. 3 -':-'3'T'

0.5 0.866 1 0.866 0.5 0

2 0 RADIANS

0.866 0.5 0 -0.5 -0.866 -1 -0.866 -0.5 0 0.5 0.866 1

3 0 RADIANS The. -ta.nt)ent 0.( ea.ch a~l-€..

For- Q.n'! 6t'\e o-P -+he. Q.~les)

ANGLE + RADIANS[? p RADIANS]

1

The ~rl~ent 6f --+he ~'-L."E. ~~ls
+k.e.. ~ln~ of +he ~bLE. dlUlHeq 'tTy
-tM c.o'$'(V'I€ of--4he. At-J bL-e •

(3 0 ANGLE) = (1 0 ANGLE) · 2 0 ANGLE
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VZ .. SINE ANGLE
[lJ z .. 1 0 ANGLE

'V

VZ .. COSINE ANGLE
[1] z ..... 2 0 ANGLE

'V

VZ ..... TANGENT ANGLE
[lJ z ..... 3 0 ANGLE

V

VZ +- TRIG4 ANGLE
[lJ Z ~ 4 0 ANGLE

V

It- May be C6(\Venlen+ +0 embed'I
-thel:>e -h-\ qonb~Vr'·lc. rfunctions
o.~ (Y\Ot'\Ml~ d.efined f'u.nc.ti.ov\s.

To N\Qke -{hi~ .faM t l'j of
-tu.nchOns ~~ plete) +he --PellDW i~
(Are o..VQ..\ lable,

(4 0 ANGLE) = (1 + ANGLE * 2) * .5

1

VZ .... TRIGO ANGLE
[1] Z ~ 0 0 ANGLE

'J

(00 ANGLE) = (1 - ANGL~ * 2) * .5

1

vZ .... SIN II ANGLE
[1J Z ~ 5 0 ANGLE

'iJ

\JZ +- COSH ANGLE
[1] Z + 6 0 ANGLE

'V

~z ..... TANH ANGLE
[lJ Z +- 7 0 ANGLE

V
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VANGLE +- ARCSINE X lhe. arc.,-+r,~o f\C>ty\e+r 'tc.
[1] AIIGLE +- -lOX

'V ~chon~

VANGLE ..- ARCCOSINE X
[lJ ANGLE +- 2 0 X

v

VANGLE ~ ARCTANGENT X
[1] ANGLE + 3 0 X

V

'JANGLE + ARCTRIG4 x
w~ere -4oX 'I~[1] ANGLE +- 4 0 X

'J
(-1 +X ~ 2) ~. S

VANGLE + ARCSINEl x
[lJ AIJGLE + sox

V

VANGLE +- ARCCOSll X
[1] AflGLE ..- 6 0 X

V

'JANGLE + ARCTANll X
[1J ANGLE + 7 0 X

V

MISCELLANEOUS 173



VRADIANS + DEGREES ANGLE
[1] RADIANS + oANGLEf180

'V

DEGREES 45

0.785

SINE DEGREES 30

0.5

DEGREES 60

COSINE DEGREES 60

(2 0 60 x 0 • 180) = COSINE DEGREES 60

1

(DEGREES 45) x 360 • 0 2
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VDEGREES ~ RADIANS ANGLE

DEFN ERROR

VDEGREES+RADIANS ANGLE

RADIANS

"

lhi~ a:HeMet a:r- deh(\(n~ 0
~('o~ro.h\ rrodlA(e~ ~

1>r:~( N (TlON Er<~~ ~eca.J,(.~e

~ V\ClV\A.Q f<At>IA~S hCl~

a.' read~ QQen a.~~l5 ~ed !
(see p. 171)

0.524 1.05 1.57 2.09 2.62 3.14 3.67 4.19 4.71 5.24 5.76 6.28

)ERASE RADIANS

VDEGREES + RADIANS ANGLE
[lJ DEGREES + ANGLE~O~180

V

RADIANS 01

180

RADIANS Of4

~e )E~P6E sy~+€m COMMaVld WI l\
ent~~ a..V\''' na.Me~--:' Y\cltAd!V\.B.
fX;0CO'("~M~ -- \\~+ed IrnM€dla.*~\~
a.++er~t1rd.

Rf\OlANS \~ era.':>ed) ~ II new
pro~ra.rv'\ WI#\ -+Y-A1- r\QW\e. CQ,V1
r\O W be. denneet ·
Pi ra.A(an~ l~ e~V'aler\t 1-0 \~O
d~ree~

l rMlClns: ? ~~v€e~

(Of3) = DEGREES RADIANS Of3

1

30 = RADIANS DEGREES 30

MISCELLANEOUS 175



RECURSION

fu-tAr'5\on i~ a. P('Oc.e~~
wlt\\c..h \(\ \"5 de-5C.r'lrnon
refers -to 'l1?e({ - - hence ectu..'Si nO
repea.ted ~~e. of itle J
so..iY\e proc..e~s. Far example.:
1he. oIe.nni fion of MEMBE(l.. indud~
''t+r;,elf! 1(\ ~ OW(\ definlt"tC(\, MG181
JS 0.. !:ec.lA.~SlYQ. pro~rQM WhlC~

cle.i-eJ'"FV\l t\e.s ~he+ker +ke elet\tev\+(<5
on -the l~.f+ (Are Members of -tnos~
0(\ tke n~ht, {t:At\I\.e (l? dyadtL ~)

'1rClci(\~ Ht'\e~ I Clnd 2..
-+\Cj6l~~l~ bo-th X~ 'I v4.1tA.es \n cme ~)('press;cm

4 J.1El1BER \ 5

Y + \2 + X + 3

VZ + A l1ElJBER B
-+(0 = pB)/Z ~ 0
Z + (A = 1 t B) v A MEMBER 1 + BV

T!1f1EllBER + 1 2

[1]
[2]

1

X l1El1BER Y

T~l1EllBER +- \ 0

X 11Ef1BER Y +- 2 x Y

~ t~ecu..-\e M£MBeR...~r -\-\A.e. ~Me X bt..tt
-\u)lc.e ~e. '1 ·

'H' MEMBER 'WORD'

'RAW' MEMBER 'WORD'

101
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VZ ...- FAC N
[1] z"'- 1
[2] "(N = 0)/0
[3J Z + N x FAC N-1V

FAC 5

120

FAC 4

r (+he ~r\o.\ re1>LlH-a.n+) i~ -+he \fql~ af'
N +t{'v\e~ 4he re~l.ll+ cI' 4ke. exec~V\ cf-
PAC. -to\"" N- \

A/(FAC 3)=(3xFAC 2)t(3 x 2 xFAC 1)t(3 x 2 x 1 xFAC 0)

1

FAC 0

x/13

x/t4

(!S) = x/15

1

! 5
5)( 4 )C 3 ~ 2 x I
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! 5

120

! 531

120 6 1

!4 2

!12

4.79E8

! 2 • 6

FACTORIAL FUNCTION! (MONADIC)

The resLtl+ '15 -tl-\-e. produ..c--t ti- 4he I(\+eaus
-fr()('(\ , -to -+he f\(.,lV'y\ bel'" ~\ 'f e-n on ~e.. tl(~tt\t,

~o..c\or·(aJ5 of '5 2> o..nd \

Eshrwrte. --tht~ Ol'"\ e.
(lhl":J ~diC>V' e,c:\-enti~ 40~~)

! 8

40320

COMBINATIONS FUNCTIONI (DYADIC)

1 8
.

8
1he r€~e.tl+ l~ -\+.e Y\l.lMber of toMb'iratlons
Wt\'ld\ rNJ.'1 be -PerMed ~\'.:l(\~--+he NLMber'
of ~i~ eM the \ef+ ~ e V'lV'Mber

2 8 of 11\, S (Jy\ -the n'qV\T.

Hco.) fY\QY\'I C()fY\~lna:noV\~ CAn be ~rMed +rOM 8
-\-hi~~),fctk.i fUj 1- 0..+ Q. -h ()\e?

( 3 8 ) = ( ! 8 ) .- (! 3) x ! 8-3 ~va.leV\t.exp('e-!>olons 1er+he..
1

bif\D.:\ioV\s of 8-#\1~$) -ta.k:ln~ j
~t tA -tiMe.

3 ! 8
Wnqf Vll\u.e doe 4¥\1~ h:tve ?

8 ! 3
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BASE VALUE FUNCTION .L

'The re~W+ i~ i-he ValLl€. 6f
2 l. 0 ~ V'\(A.Mber- 6\1 the r'lCjh+

0 ,~ 6<.~("e~ed 1{\ -+he 'l:xl~e ~
~e ~UMber cJ\ -the le-P+.o ~6

2 .i 1 'b ~~
1 >s,~l ~

"" &
2 .L 1 0 ~ 9s

C' ~
~

2

~/<
2 J.. 1 1 Lc,t:~

3 ~v q,. ~

2 .L 1 0 0
~~
~x

4
~<y

2 .i 1 0 1

2 .1. 1 0 1 1 1

(1 x 2*4) + (0 x 2*3) + (1 x 2*2) + (1 x 2*1) + 1 x 2*0

(1 x 5*3) + (4 x 5*2) + (2 x 5*1) + 3 x 5*0

5 .L 1 423

238 \he. bo.~e 5' V't lue of I '4 2. 3
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1

1339 = +/2 4 7 3 x 8 * 3 2 1 0

1339

-~

444

8 J. 2 4 7 3

(8 ~ 2 4 7 3) - 8 ~ 2 4 6 3

(8 ~ 2 4 7 3) - 8 ~ 2 3 7 3

(8 L 2 4 7 3) - 8 J. 1 1 1 1

10 .1 1 7 7 6

10 .L 4 4 4

10 10 10 J. 4 4 4

10 10 10 10 J. 1 7 7 6

A sC(J.laron --+he (ef'4 ex.-f.e~d 5

-ie a. ,,'ector en ~e. ri~h+-)

O~ lY'a.tc~e~ (i(\ ~i~e) Cl
"ec.1-o~ 0(\ -+tte. (-e~.
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3782

3782

24 60 60 l. 1 3 2

A ...- 13 60 60
B +- 1 3 2
lJ+-R+A.lB

w + 3600 60 1
o + R +- W t.X B

-rre b'Vi>e. va.lu.e. ~ftcn ca.n be
~ed W·l{h ~e\fe(a,l dtttereV\t ba.~e~.

FeN- e )(Q.1V\p'e J 2Lf (hovr:s Id~)
bO (W\~"'.I hovr)

Z bO (se.c. I rt\\n,)
the nu.Mber af '5e.cord~ '\V\

l V\oUX' 2> M;o u-re6 2.. ~ec...

Nofte.e -+~ ~ \e++-m~t ele~er1-r
of A do e~ Mt~ -J.he r~~u..l+.

A~Y" y.JO..'1 of lookinq a+-tf- -
w i~ 0.. "W~l~hI- " \I€dd'r·

A+-7 24 60 60
B -+- 2 10 3 4
o + w ~ (X/l~A) , (x/2+A) t (x/3~A) t 1

(0 + A l. B) = W +.x B

Thi-b e.xQ.Y't\~le ~MlN~ (More.
~enrqll'f) hew W mC>..'1
Be. pn~du.c. ed ·

208984

1

1780 3 12 ~ 5 2 6

1780 3 12 T 210

526

24 60 60 T 3782

lhe. t'\U1Y\ber o-P 5econds i V\ 2. ch." b I0 h~t.l('S
't> (V\l(). 4 ~ec.. (2.0 ~'t 81) -- found b'f ba.I,e
valu..e...... - \~ idevriiCQ.\ -fC> ~e '((\r'\et"' produ~:r
of W 4V\li fb.

!he. V\l{Mber- cf- tnc~e6 /'n 0- yard~ 2-Pe~
'=' i(\c.he~ (Nc*e -+hcrl- '1. 'I~ 'l nches per.-feeij
3 '5 .{Jeet per:yo..rd) Qnd ~e t780 \6
i (\cot'\~e~nnctl )
lM. ,T -te coy\verl"" bQc.te- -10 '1a.rd.~, fee+
AV\Ci l ncl.\~!> ·

Cot\Yef"1- :;1ca1. ~nd5 rV\+c
_ hoUYS _ M(nu.+e~ - "Sec..
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3 6 0

10 10 10 T 360

REPRESENTATION FUNCTION T

111e r~u.lt i~ ~ re('(~nta:h0tl .
of -the t'\~be.r- on +he. n~h+ I '"

4he. oo.,4;)e "''I~teM C~ -+t\e \ef+.
"BQ.~e- lO repre"ema.-tio~ of 3~c

(4 p 10) T (4 p 10) ~ 2 0 0 1

wh:xt .(~ 4the. txl..~e- 10 repn~~et'\1crl\oV\ of
-tVle ba.~e- (c::> va.l u..e of 2 0 0 l · ?.

(5 p 2) T 23

10111

(3 p 2) T 23

111

222 T 5

101

2 2 2 T 4-

2 2 T 3

1 1

2 2 T 2

1 0

2 T 1

1

2 T 0

182 MISCELLANEOUS

-me. 1""et'rese.",tu.-h'(m \£ -h-vV\CAte.ei
,f ~e.re a.re. y\o~ eY'\av..q~ p loces
VV\0.4e. a."4.A.

t

la..b'.e UV'\ -rhe left af T.



222 T 4 4 444

1 1 1 1 1
o 0 000
o 0 0 0 0

2 2 2 T 4 5 6 7 8

2 2 2 T \8

00011 110
o 1 1 0 0 1 1 0
1010101 0

Iv +- 3

(Np2) T (12*N)-1

~(Np2) T (12*N)-1

000
001
010
011
100
101
110
111

for Nof 3
J

/+.5 -+ra.vt'5pOfJe. reVec.\5 Q ~rn'llIQr
p~e("(\ - - ba..{)e.2 repr-e.semati0t\5
(f- "5ua.~~1\fe.. 'In-t€~ers -- -round
\(\ -the rows.
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VTABLE + TRUTH N
[1] TABLE + ~ (Np2) T (12*N)-1

'I

TRUTH 2

TRUTH 3

000
001
010
all
100
101
110
111

pTRUTH 4

184 MISCELLANEOUS
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tdble of o(""der.3
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VVALUE + BASES DECODE VECTOR

[1J VALUE + 1tVECTOR

[2J ~(O=pBASES+1~BASES)/O

DECODE '·5 a
recursive definitiOn
of -the base- valve
fv~ch O'Y\ (.J. ) .

[3J VALUE + (VALUExx/BASES) + BASSS DECODE 1~VECTOR

Note: VOECODE[.S] BASES.....(rVECTOlt)p8AS£S~
\IIi\\ perm,~ SC.Q\Clt" GASES.

1780 3 12 DECODE 5 2 6

\-\OW vY\Q Vl '1 \'i'tn~s
5 '1Qrds ~ 2 feeT ~

VVECTOR + BASES ENCODE VALUE

[lJ VECTOR + BASES/VALUE

[2J ~(O=pBASES+1tBASES)/O

ENCOOE is (l

rec.vrs'"e GleflYl,tlcm
of """e repre.seY'tint\crn
fuVl c..t-\ O"n ( T ) .

[3J VECTOR + (LVALUE~x/BASES) , BASES ENCODE (x/BASES) I VALUE

Note.: sc.a\ar \J ~ LV£' OV\\~

1780 3 12 ENCODE 210

\4ow Mo."''1 -tt CAnis ~ feet I lV\cnes

\V\ 2 '0 ''f'c.~e.s?
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EXECUTE FUNCTION .t

NOf'MQ.' e.'')(e~v+·'CM of 0.. nUW\enc. e.xpft.SS;OYl

.i. str, ps off the ~\.\.Ote r"'l,u"ks

a~d e...')C&.vtes ~t e.xpreSSl(M \Y\side

3+4

7

'3+4'

3+4

1.'3+4'

7

.t'A+-3+4'

A

7

"
,,

tl \\tero.A ,,

.t(A>10)/'D+4x5'

D

1 c..~V\ he used To o.SS\gYl ."4nCl\o\es

ar e.,>cec..vte. P'(1)8fllw\s vV\Qer

c.er+tU~ LC7V\di+'crns

,"15

1 2 3 4 5

9

FORMAT FUNCTION ~

C.cM~rt\~ d nvvY\e.r'c. -h> G. \'te.nt.1

( s ~o.c.e.s \Y\ c\ V tied)

'1 2 3 4 5' = W15

.£"15

1 2 3 4 5

(Are (k,V\lJ of)
12345
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1)YAO'C F-~MAT T

1.0 2.0 3.0 4.0 5.0

1 w 15

2 ~ 15

T h4S 0.. a'1Cl.t:L'c uSO-c:fe:
+0 r-epresewt "4\ves
(as \i+emJs) in a spect-h'ed

kYVlClt.
i y> LQ.ce o..f+e.\ """e de.dWt~ p<ri\ll\t

n,s(>~ 2 places after ~e de.ci~ f'O'\\(

v +- 10 2

A+- (110) 0.* 1 2 .5

V 'f A

Mot"e '(et\emll'1) T <:..an be
lA.S~ wi-th Q. 'Ie c..tor \e++
a.rqVW\eY\t:

\I ( 'J \s -the V\ VYV\ her of ~ces
,~ -the 'v\ erri z. OY\+0-. , -Re td
ftff" e.Ac-\Il e\eW\e~+ of A

\J [21 \V'tl.\CQ.tes naw VV\QY1l.(

f>t~ces afur the
d.U'W\oJ pcrl~t (+)
or \A se of E- Y\otatlCM

(-) .

1.00
1.41
1.73
2.00
2.24
2.45
2 • 65
2.83
3.00
3.16

1.00
4.00
9 .00

16.00
25.00
36.00
49.00
64.00
81.00

100.00

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

10.00

~COVV\ " 0.re w'""" +0.b\e
OYl p. 150 ]

lne. \~t~eAS ~ 1 -h 10,
~e,r s~U-Qre.s ~ S~wv..tl. rooU

t<rrMQt+e.c1 l'i' 0. tub\e
U!'~ \ 0 to\VM~J e4e'f\
a.Yt(J. .2 places Qft-eA t'h(
dec,W\ d.1 ren \o\t ftrr e4cV\
Y\VW\ ber.
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55

+/110

SCAN OPERATOR \

SVVV' re.cl\Ac-h~OV\

+\ 110 Sum Sc.an
1 3 6 10 15 21 28 36 45 55 ~\\le.s (1\ \ '\"\,e c.vrnv'ati"e svrt'\S.

(+/11),(+/12),(+/13),(+/14),(+/15),(+/16),(+/17),(+/18),(+/19),+/110

(x\110) = !110

1 1 1 1 1 1 111 1

1\110

V\O 0 1 0 1 1 0

A\l 1 0 1 0 0 1

be u.secA

d '-t od.J'c.

[lJ

t\ Y\ 0.\tery\o:n~ de.f\Vli'ti<l'v\
\/VALUE -(-- BASES DECODE ARRAY tur 'D Ec.o'OE. ( J.. )

VALUE -(-- ARRAY +.x ¢x\¢1i-BASP.S,1 \.ls\~ SCQV\ '\

'V

(Th\s PfO ~rnW\ qe.V\era \, z.es
Th A'«.«A'I s. )
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ACE

ACE

1 0 1 0 1 / 'ABCDE'

1 0 1 0 1 \ 'ACE'

EXPANSION FUNCTION \

The r~lAJt i~ Ctv\ a..rra..'1 ex~nde4 +0 the
'S'.,z.e., of- +he Y\(.tW\he~ on ~~€ IeM-
(a.llJ)(>..'/S Os CtV\d 1s) Wlfu~OQli~/.ft:.r
li~Y"OJ5) or Os lfor nlM'Y\~Ca.l5rlrrser+ed
It) 4he (J.,r,o...'1 on~ rlfJvrt'·
ex.~ioV\ \ and com~Ye.~·(on / a.~
t:e-ta.tad
S~ce6 oS'Q \n':>Q.r-ktt \n~ li-fer-£t\

resv\-t-.

o +- R + (Q +- 1 0 1 0 1 1 0 0) / V+-2 3 5 7 11 13 17 19

2 5 11 13
A Y\lA.MQ..r(COJ 'f€C.i-or i~ t!6Mfl,es~ed.

A Y\uJY\eiun.\ "ector ·I~ ex~a.nded·.
Q \ R Qlements cR R. CO\r~M~ +c 1~ \r1

2 0 5 0 11 13 o 0
~ ~te.. pr-e-oex·ved) 05 re.pl e +hoe.
o+he.~5 ·

pH

+/Q

(pQ) = pQ\R

L +- 1 1 1 101 111 100 1 1 0 0 1 111 1 1

L \ 'BACKSLASHOREXPAND'

Pre'&~ve 4-ne elements of +he
rt~V\' ~~e.re.. -the.rQ are. is '( V\ Lj
'5~ repla.ce. -the. e{emevtts where
-f+£r~ are &5.
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u +- 1 o 1 1 0

u \ 3 3 p 1 9 EXeanSlOn \tlll+h f'{'Cl:h-tc..es

1 0 2 3 0
4 0 5 6 0 t>(~rv:flng fue la.~t dlmet'\~[0n
7 0 8 9 0

(co(UiY\n~)

u ~ 3 3 p 19

1 2 3
000
456
7 8 9
000

(12 p 1 0 0) \'APL\'
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(3 p 10) T 212 x 30
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REVIEW

Numerous functions are available in APL for special purposes:

monadic use of + x -;-, the logarithm ~ function (monadic and

dyadic), pi-times 0 (monadic), all the circular functions 0 (dyadic)-includ

ing sine, cosine, and tangent-factorial and combinations ! , base value .l

and representation T , execute .t , format w , 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.

193



a .. 0

0*0

1 ~ 1

! 1 . 5

W8 8 8 8 -9

o o o 1 T 98.6
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o + 10

( 1 0) p 1

1 t 10

6 t 15

6 -} 15

10 10 10 T 34

2.1 1 1 0 1

2 2 2 2 2 T 13



t/10

=/10

</10

~J10

~/lO

>/10

~/lO

vila

! /10
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, , , ,

p 'CAN" 'T 1

= \ 'AAA '

-;.\0 a a 0 a

0\ ' ,

p5+,4

p(lp4)+1 lp3

p 7 p , ,

+/[1J3 0 4p2

+/[2J3 0 4p2

+/[3J3 0 4p2



A +- 10pS

A[10p1] + 110

A

V-+-2 3 5 7

V[ ]

V[lO]

V[ J+9

V

V[lO]+9

V

1·1 +- 3 4 p 1 1 2

p2VJ[1;]

p /.1 [ ; 2 ]

pM[1 3;2 4J~1+M[1 3;2 4J+9

lOt [v}

1 0 -} :t1

o 0 t 14

o 0 -t l4

4 5 t l1

4 5 1- 14.

2 2 ~ 14
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8 +- 5

(8+-8) x S

T +- 8.8

(T+-5) x rT

'JZ+-F X

[1J Z+-X+Y

'J

VZ+-G Y

[lJ Z+-F Y

'J

Y+-3

G 4

198 APL BOGGLERS



Summary of APL*
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Summary of Dyadic Scalar Functions

Summary of Monadic Scalar Functions

Summary of Mixed Functions

Summary of Operators

Summary of Commands

Summary of Program Definition Syntax

Summary of Fundamental Programming Concepts

System Facilities

Summary of Error Reports*

Summary of Editing Procedures*

List of System Commands *

List of System Variables*

List of System Functions*
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*Note: These summaries cover the material presented in this book but are incomplete in
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.

199



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 (2 x 3)=6

... Divide (10+5)=2

= Equals (4=4)=1

< Less-Than Result is 1 if (4<5)=1
the relation is

~ Not Greater true; result is (4$3)=0
0 if the relation

~ Not Less is false. (4~3)=1

> Greater-Than (4)5)=0

~ Not Equal (4;t4)=O

r Maximum Result is the (Sr8)=8
larger

L
Minimum Result is the

(5Ls)=5smaller

Residue Result is remainder
I (5Is)=3

(AIB)=B-AxLB+A+A=O

1\ And (0 0 1 11\0 1 0 1) = 0 0 0 1

v Or ( a 0 1 1 v 0 1 0 1) = 0 1 1 1

tN Nand (0 0 1 1 '1< 0 1 0 1) = 1 1 1 0

¥ Nor ( 0 0 1 1 ¥ 0 1 0 1) = 1 0 0 0

* Power Exponentiation (3*2)=9

$ Logarithm (Base) log (Number) (3$9)=2

! Combinations (R!N) = (!N) + (!R) x !N-R (3!8)=56

200 SUMMARY OF APL



SYMBOL NAME DEFINITION EXAMPLE

Circular lo(radians) is Sine (1001)=0
0

2o(radians) Cosineis ('2001)=1

30(radians) is Tangent (300.;-4)=1

40Cradians is
(1+(radians)*2)~5

50(radians) is
Hyperbolic Sine

6o(radians) is
Hyperbolic Cosine

7o(radians) is
Hyperbolic Tangent

-7o(number) is Arc
Hyperbolic Tangent

-6o(number) is Arc
Hyperbolic Cosine

-50(number) is Arc
Hyperbolic Sine

-4o(number) is
(-1+(number)*2)*.5

-30(number) is Arc (-301)=0-;-4
Tangent

-2o(number) is Arc (-201)=1
Cosine

-10 (number) is Arc Sine (-100)=1

00 (number) is
(1-(number)*2)*.5
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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

+

x

L

NAME

Identity

Negation

Signurn

Reciprocal

Not

Absolute
Value

Floor

DEFINITION

(+(number»=(number)

(-(number»=O-(number)

(x(number»=
« number».{) - (number) <0

(~(number»=lf(number)

(~(nurnber))=l-(number)

(number)r-(number)

(number)-l! {number}

EXAMPLE

(+4)=4

(f4)=.25

("'0 1)=1 0

(L3.4)=3

r Ceiling (number)+ll-(number) (r3.4)=4

Random A random choice from

? l(number) (?10)=7

* Exponential (2.71828 ... )*(nurnber) (*1)=2.71828

Natural (2.71828 ... )~(nurnber)
(~2.71828)=1'* Logarithm

0 Pi-times (3.l41S9 ... )x(number) (01)=3.14159

! Factorial X/l (number) ( ! 3 ) =6
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SUMMARY OF MiXeD FUNCTIONS

flMixed 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

[ ]

p

/

E:

t

?

NAME

Catenation

Iota

Indexing

Rho

Compression

Membership

Take

Drop

Deal

DEFINITION/SYNTAX

Chaining,
( array) , ( array)

Index generator:
1 (scalar)

Selection of specified
elements:
vector [array]
matrix [array;arrayJ
array[array; ... ;arrayJ

Size of array:
p (array)

Selection of specified
e 1 ernen t so;

(logical vector)/(array)

Result is 1 if element(s)
on left are found on right;
otherwise 0:
(arraY)E:(array)

Take first (+) or last (-)
elements:
(vector)t(array)

Drop first (+) or last
(-) elements:
(vector)i-(array)

(scalar) unique random
integers from l(scalar):

(scalar) ~? (scalar)

Continued

EXAMPLE

'AB', 'eDE'

ABeD?!:

1 4

1 234

2 3 5 7[3J
5

(2 3(16)[2;2]
5

(2 3 4 p 1 24 ) [.2 ; 3 ~

21 22 23 24

p2 3 5 7
4

o 1 1 0/2 3 5 7

3 5

3E2 3 5 7

1

3t2 3 5 7

235

3i-2 3 5 7

7

575

31524
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SYMBOL NAME DEFINITION/SYNTAX EXAMPLE

Grade-up

Grade-down

Result is the permutation
integers which order a
vector

-ascending:
~ (vector)

-descending:
'f (vector)

~30 20 40 10

421 3

W30 20 40 10

3 1 2 4

Index-of

Result is
least indices of (array)
in (vector)
(vector) t (array)

, ABeDF:' 1 'AX'

1 6

p Restructure

Puts (array) in new
structure
(vector) p (array)

2 3P16

123
456

Ravel

Strings out (array) into
a vector

,(array)

,2 3P16

1 2 3 4 5 6

Reversal

Reverses elements of an
(array) about axis I

cP [lJ (array)

¢[2]2 3P16

321
h .1:) 4

Rotate

Revolves specified numbers
of elements of an (array)

(array) <p [IJ (array) 231
645

1 liS?2 3P16

~2 3P16

1 5

Reverses order of axes
~(array)

Axis I of (arral) becomes
axis (vector)[rJ of result

(vector) is? (array)
Dyadic Transpose

Transpose
1 4

r----t-------~I--------------1 2 53 6

Matrix Inverse Result is inverse of matrix
rn (matrix) 1 0

a 1

Matrix Divide

Result is Solution to simultaneous
linear equations with

(~ (matrix B) ) + . x (matrix A) coefficients Band
constants A

(matrix A) Iil (matrix B)
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SYMBOL NAME DEFINITION/SNYTAX EXAMPLE

Base-value Decoding base-IO value of right
(array) in base system of left 24 60 60~1 2 3

1. (array)
(array) 1. (array) 3723

Representation ~ncoding right (array) in base
T system of left (array) 24 60 60T3723

(array) T(array) 1 2 3

Execute Removes quote marks and eval-

.t
uates (vector) .£'3+4'

! (vector) 7

Format Displays (array) as a literal

"
l"15

l" (array) 1 2 3 4 5

Dyadic Format
Displays (array) as a literal
with (vector)[l] column spacing
and (vector) [21 significant 2.0
digits o (vector) ~ (arrav)

6 1l"2 3 4

3.0 4.0

\

Expansion Expansion of (array) by
(logical vector)

logical
(vector)\ (array)

A P L

1 0 1 0 1\'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 ~un~tion)

+/[lJ2 3P16
/ Reduction between the elements of the

(array) along a specified axis I p 7 9
(function)/!I] (array)

The result is an array obtained ( 1 5 ) 0 • 1 5
by applying the (dyadic function)

2 3 4 5t~ every pair of elements in 1
the (arrays) given 2 4 6 8 10

0 Outer Product 3 6 9 12 15
4 8 12 16 20·

(array)Q. (function) (array) 5 10 15 20 25

The result is an array obtained
( 3 2p16)+:x2 3P16by reducing (I) the left

(dyadic function) over the 9 12 15
result of the right (dyadic ~9 26 33

Inner Product function) applied to rows of th.E D9 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 +\[2J2 3P16
by reducing (/) the elements

1 3 6\ Scan up to and including it along a
specified axis I I]

4 9 15

(function) \11] (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

-+

o

NAME

Assignment

Branch

Trace

Stop

Quad

DEFINITION/SYNTAX

Gives a name to some data.

(name) +- (data)

Changes order of execution
of statements in a program.

-+ (line number)
or

-+ (line label)

The result of each
(line number) in (program
name) is displayed as the
program is executed o

program
T name ~ +- (line numbers)

The (program) automatically
halts at each (line number).

program (1- b)
S name !:J.+ l.ne num ers

For input:
o in an expression

For output:
o +- (expression)

0:

7

EXAMPLE

SERIES+9000
or

NAf1E+' HAL'

or

or

-+END

T!J.SOL VE+1 4 5 6

S!:J.SOLVT?+-3 12

N+D

7
O+N

Quote-Quad

For literal input:
[!J in an expression

For output (without a
carriage return):

[!J +- (expression)

WORDS

~+L

WORDS ..

(pqsitiori of uype ball)
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SUMMARY OF PROGRAM DEFINITION SYNTAX

The syntax of an APL program dete~ines how it may be used. Syntax may be dyadic
(2 arguments), monadic (1 argument), or nyladic (0 arguments) an~ may have an
explicit result or no explicit result. Examples of these six different syntaxes
are shown in the program definitions below:

WI~H EXPLI CIT RESULT NO EXPLICIT RESULT

DYADIC \lVALUE+X POLY C 'lH BASEBALL AB

[1J VALUE++ / XxC* 1 pC [1J 'YOUR BATTING AVERAGE'

\J [2J HfAB

\j

MONADIC VK+-AVERAGE X VAREA S

[1J K+(+/X)+pX [1J 'AREA OF SQUARE SIS'

\/. [2J 5*2

V

VROLL

NYLADIC VVALUE+PI [1J 'THE DICE ARE'

[1J VALUE+ol [2J ?6 6

\I \!
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SUMMARY OF FUNDAMENTAL PROGRAMMING CONCEPTS

CONCEPT

Data

Function

Variable

Command

Expression

Evaluation

EXPLANATION

Constants: numerical values or
literal values.

A specific computational operation:
"monadic" (one argument) or ndyadic"
(two arguments) or both.

An entity, with a name, containing
data which may be changed

An explicit order which causes the
computer to take some action.

A combination of data and function(s)
or command(s) or program(s).

Giving the value resulting from sub
stituting values for variables,
executing programs, and performing
functions (rightmost first) in an
expression. 27

EXAMPLE

3.18

'ABC'

-;-8

3+4

N

N+5

3x4+5

3x4+5

Error Report

Array

Parallel
Processing

Program

Brief diagnostic information about
the type and location of the cause 2 4 x 1 3 5
for failure of an expression to be
evaluated. LEN:J.TH ERROR

Rectangular-structured data: scalar,
vector, matrix, 3-array, 4-array, eta. 2 4 6

Use of functions on arrays in an
element-by-element fashion. 2 4 6 x 1 3 5

An ordered sequence of expressions.

Definition "Writing" a program. (Entering a
program in the computer.) [1J

VZ+-lJEAN X
Z+(+/X)~pXv

Execution

Result

"Running" a program. (The computer
evaluating expressions in a program, l4EAN 70 75 95
line-by-line.)

The "answern " (The consequences of
executing a program'!)' 80

Sub-pr 9gram Programs which are used in expreSSions
within other programs, I[1 ]

-- Continued --

VZ+-VARIANCE X
Z+-MEAN(X-MEAN X)*27
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CONCEPr

Recursion

Iteration

Nam~s

EXPLANATION

A program using its own name in its
definition. (A program executing
itself repeatedly.)

A program executing certain expres
sions repeatedly--in a "loop."

Identification of programs and
variables (beginning with an
alphabetic letter):

[1J
[2J
[3J

[1J
[2J
[3J
[4J

EXAMPLE

75U!4+GAUSS N
SUL~+O

-+(N=O)/O
SUl'4+N+GAUSS N-1
\]

VTRIANGULAR N;I
I+O
I+I+1
PRINT: +/lI
-+(I<N)/2
\l

Local

Global

Workspace

Suspension

Debugging

Interactive
Program

Input

Output

- variable names within a program
only

- variable names within the entire
active workspace

The working area in the computer
available for (disk) storage of
programs and variables.

The condition of a program after
encountering an error in one of its
expressions: partially completed,
"suspended" on a particular line.

Any methods of pinpointing errors
( "bugs tT) in programs and f~ixing

them.

A program which interacts with the
user, i.e. typically prints output,
accepts input, alternatingly.

-Data entered in the computer

-Data displayed by the computer

N and I and PRINT
in TRIANGULAR above

N+-5

)CLEAR

CLEAR WS

TRIANGULAR 'NUMBER'
1
SYNTAX ERROR
TRIANGULAR[4J -+(I<N)/2

1\

from above

N+5

-+4

DRILL

WHAT IS 3x4 ?
D:

12
WHAT IS gX7 ?
D:

63

etc.

Simulation A program which simulates some
real-world phenomenon via a
mathematical/computational model-
usually a simplification and
possibly a distortion~

[1J
[2J
[3J

[4J
[5 ]
[6J
[7J

7TEl1PER THRT;;SHOLD
El10TION+O
NEW: EVENT+?10
El110TION+EVENT +

ElIOT IONf 2
-+ (.E;Zt10TION> THRESHOLD)/ MAD

-+NEW
1~1AD: '* * ! ? ~ * ! '
-+1
V
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SUMMARY OF ERROR REPORTS

Error reports give general diagnostic information about the type and
location of errors in expressions.

TYPE INTERPRETATION EXAMPLE

1\

SYNTAX Faulty syntax in an express- 4+3x
ion, i.e. a function or pro- SYNTAX ERROR
gram used without value(s) in 4+3x
the proper place

VALUE

INDEX

DOMAIN

LENGTH

DEFN

CHARACTER

RANK

LABEL

WS FULL

A name used without having
been assigned a value

Improper indexing, e.g. an
index using a negative num
ber, a non-integer, or an
integer larger than the size
of an array

A value outside of the do
main of values used with a
particular function

The size (length) of one
array does not match the
size of the other array
used with a function

Improper attempt at de
fining or editing a
program.

Improper formation of a
character

A function used with
value(s) of the wrong
rank

Improper use of line
labels in a program

Workspace capacity too small
to complete computation

8xX
IVAL UE ERROR

8xX
A

'ABeD' [5J
INDEX ERROR

'ABCD'[s]
A

5+0
DOl-1AIN ERROR

5+0
A

2 3 x 234
LENGTH ERROR

2 3 x 234
A

VA B C D
DEFN ERROR

vA B C D'
A

~ 4
CHARACTER ERROR

; 4
1\

14 S 6
RANK ERROR

14 5 6
A

vSTART
[l.J START:

~ABEL ERROR

(11000)O.X11000
WS FULL

(11000)O.X11000
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SUMMARY OF EDITING PROCEDURES

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

TYPE

General

Display

Override

Add

NOTATION

\J program
name

program line
\J name [ number 0 ]

program line
V [ ]name numb.er

(expression)

progranl
V name

EFFECT

Change from command
execution mode to
program definition
mode.

Display (line number)
or

Display whole program
if (line number) is
omitted.

Replace an expression
on a given (line number)
with a new (expression)
in program (name).

Add new line(s) on to a
previously defined program
(name) •

EXAMPLE

fJPROGRAl1

[ 1 ]

'J PROGRA};J[ 3D]

or

vPRO (JRAf4[ D]

vPROGRAIJ[ 5 ] B+1

\JPROGRA1'.1

[7J

Insert

program [
\J name

decimal _
line 

number

Insert a new line between
(decimal line number)

and (decimal line number)
in program (name).

I] PROGRAJtl[ 2 .5 ]

(expression)

program [ line
\j name number]

Delete

line
[ number] ATTN

Remove (line) from
program (name). \j PROGRA~1[4]

[4J ATTN

Change
Header

V program [0 ] (header) Give program (name) a
name new(header). vPROGRAf1[ a ]NEW

Character

'V program [ line
name number

Prepare for changing specific
characters on a (line) in a
program (name) by displaying the
line and spacing the type ball over
a certain number of (spaces). Then
/ is used to strike out characters,
and numbers insert spaces in front
of characterso

vPROGRA11[ 207 ]
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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

)SAVE (work-space name) Store the current (workspace)
on disk memory. All programs
and variables are saved.

)LOAD (work-space name) Retrieve the (workspace) from
disk memory to become the
active workspace.

EXAMPLE

)SA VE l1YWORK
MYWORK SAVED 07/08/77

)LOAD GA1.fES
GAMES SAVED 04/14/77

) COPY (library number)

(work-space name)

(program or
variable names)

)FNS

)VARS

)LIB

)WSID

) 51

) CLEAR

)ERASE (program or

variable names)

1

)DROP (work-space name)

Copy particular (programs
and/or variables) from a
particular (workspace) in a
particular (library) into
the current active workspace.

iList alphabetically the names
of all defined functions in
,the active workspace.

List alphabetically the names
of all global variables in
-the active workspace.

List the names of workspaces
in user's library.

Workspace Identification.
Result is the name of the
current active workspace

State Indicator.
Lists all suspended programs
(including "pendant" programs
which have yet to be completed
due to the suspended programs)
marked with astericks.

Clear the active workspace.

Remove a"(program) or global
(variable) from the active
workspace.

Permanently remove the contents
and name of a (work-space).

)COpy 123456 PLOT GRAPH

)FNS
GRAPH HANG111AN NI1\1 1~,10VE

)VARS
A B X Y

)LIB
l1YWORK
(~Alv1ES

)WSID
GAf1ES

)SI
HANGMAN[29] *
NIJl.1[3] *
l40VE[ 1 ]

)CLEAR
CLEAR

)ERASE (JRAPH

)DROP l1YWORK
MYWORK 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

DIG

opp

DPW

OCT

NAME

Index Origin

Printing Precision

Printing Width

Comparison
Tolerance

DEFINITION

value is 0 or 1;
used as the beginning
of indices.

Value is number of
significant digits
displayed in numerical
output.

value is the number
of columns used in
printing across the
page/screen on a terminal.

value is the number to
which the difference of
two numbers is compared
in order to judge if
they are equal.

EXAMPLE

OIO+O

14
o 1 234

OPF+-3

01
3.14

DPW+10

1 9
1 2 345

f3 7 8 9

oCT+-. 01

3.14=01
1

DLX

DEL

Latent
Expression

Random Link

Value is vector of character
executed immediately (using
£) upon loading a workspace.

Value is used by ? to
generate random numbers.

HI!

2

DLX+-' , , HI! ' , ,
) SA VE 14YWOR.l{.
)LOAD !/!YWORK

DRL+-16807

?10

DAI

OLe

DTS

OTT

DUL

DWA

Accounting
Information

Line Counter

Time Stamp

Terminal Type

User Load

Working Area

Values are: identification #
computer time, connect time,
keying time (milliseconds).

Values are statement numbers
of programs being executed
(eso. suspended proqrams).
Values are: year, month, day,
hour, minute, second, and
millisecond of current time.

Value is: 1 - selectric; 2 
PTTC/BCDi 3 - 1050; 4 - 3270

value is the numbers of
users currently on the
(time-sharing) system o

Value is the number of
bytes of storage space
remaining in the current
active workspace.

DAI
123456 25 689200 8716

OLe
18

DTS
1977 12 24 23 59 59 9

OTT
1

DUL
23

DWA
32000
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LIST OF SYSTEM FUNCTIONS'
A "system function" is a special function which affects how the
computing system performs and whicn may be executed in APL expressions.

NOTATION

OCR

DFX

OEX

DNL

ONC

DDL

NAME

Canonical
Representation

Fix

Expunge

Name List

Name Class

Delay

DEFINITION

Result is literal matrix
with rows of expressions
from each line in a defined
program, given as a (literal).

OCR (literal)

Result is defined program
with expressions on each
line from rows of a
(literal matrix).

DFX (literal matrix)

Result is erasure of
program or local variable
given as (literal) name.

DEX (literal)

Result is vector list of
first (n) names of labels
(1), variables (2), or
programs (3):

(n) DNL (1,2, or 3)
or all names:

DNL (1,2, or 3)

Result is a if name is
unused, 1 if used as a
label, 2 as a variable, 3
as a program, 4 other.

ONC (name)

Postpone execution a
specified number of
(seconds) •

DDL (seconds)

EXAMPLE

OCR 'AV7J)RAGE'
Z+-A VERA GE N
Z+(+/N)fpN

DFX 2 11 p

, Z+A VljRA GE N
Z+(+/N).!;-pN '

DEX 'AVERAG}?'
1

1 DNL 3
A VERAGIE

or

DNL
AVERAGE

ONe 'AVERAGE'
3

DDL 60
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U-PROGRAM 1 .

****************

Page 2

'WITH SOME FOR YOU TO DO'

WITH SOME FOR YOU TO DO

'+ + 8

12

7 - 3

'+

****************

PageS

COUNTER

'+

COUNTER

5

YEAR

v . W

2 3 5 7 11 4 0 1 5 3

W. V

4 0 1 5 3 2 3 5 7 11

****************

Page 9

D • D . D . D

****
2001

5 x 20

100

****************

Page 6

D. E • S • I • G

*l!J.l!J.*l!J.OOAO*A*6

N • S

100 + '+

25

SET

235 7

****************

Page 10

****************

Page 3
SET - 1

1 2 '+ 6

A • L • A

ABRACADABRA

2.5 + 7.1

9.6
SET x 2

'+ 6 10 14

S. H. 0, T

CURSE YOU, RED BARON!!!

'+ - 7 **************** ****************

3 Page 7 Page 11

3.0 x 5

15

SET + SIX

8 9 11 13 17

8

o

11

****************

2 3 5 7 11 6

PageS

fv x V

8 0 5 35 33

12 12

1

****************

Page 12

v < 5

1 0 1 1 0 1 0

V ~ 5

1 1 1 1 1 1 0

6SET

v x W

8 0 5 35 33

A x B

A - B

100 T 3

33.33333333

****************

Page 4

3

130
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v > 5 12 L 8 T St

0 0 0 0 0 0 1 8 3.2 6 4 2

V ~ 5 8 L 12 T = S

0 1 0 0 1 0 1 8 0 0

****************
P l Q T < S

Page 13
2 2 6 4 1 1 0

4 ~ 4
Q l p T > S

0
2 2 6 4 1 0 1

4 ;Ie 7
Q r p T ~ S

1
3 4 8 5 2 1 0

'0' ;:e '0' ****************
T ~ S

0 Page 16
0 1

, r I ;Ie t L ' 3 I 9 10 11
T ;Ie S

1 0 1 2
1 1

'B' 'ABBABA' 4 I 4 5 6 7 8 9 10 11 12
T r s

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

4 6

'B' 5 I - 6 4 2 0 2 4 6'ABBABA'
T l s

0 1 1 0 1 0 4 1 3 0 2 4 1
3.2 2

**************** ****************

Page 14 Page 18-Problems T I S

0.8 4
10 r 8 T + S

10 7. 2 4

12 r 8 'T + S'

12 T + S

8 r 12 T - S

12 0.8 8

****************
T x s

Page 15
12.8 12

4 L 8

T i- S
4

<J.8 3
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U-PROGRAM 2

****************

Page 20

AREA

THE AREA IS
81

****************

Page 21

AREA

THE AREAS ARE
9 16 25 64

****************

Page 22

BASEBALL

THIS PROGRAM COMPUTES BATTING AVERAGE.
0.315

****************

Page 23

A

42

****************

Page 24

TRIANGLE

2 8 18 32 50

****************

Page 25

'l 5

1 2 3 4 5

13

123

DOMAIN ERROR
\-1
A

\ 3. 5

DOMAIN ERROR
\3.5
A
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1 5 4
RANK ERROR

'l 5 4
1\

****************

Page 26

5

V[5]

INDEX ERROR
V[5]
A

****************

Page 27

W[2]

9

W[3]

2

W[2 + 3]

7

W[2] + W[3]

11

W[S.5]

DOMAIN ERROR
W[5.5]
A

W[6]

1

****************

Page 28

pY

8



p'ABCD'

4

pSRAKESPEARE

24

****************

Page 29

£[1]

L[2 4 1J • I , • L[l 4 3 5] • IS'

RAT TAILS

L

TWIST

pL

5

****************

Page 30

5 + 9 + 2 + 0 + 7 + 1

24

+/\9

45

****************

Page 31

SUM t N

7

SUM

21

N

3

****************

Page 32

AVERAGE W

4

w

5 920 7 1

AVERAGE W

5

****************

Page 34-Problems

REVIEW

THE ANSWERS ARE
9
6
1 2 3 4 5 6 7 8 9
5
11
8
41
45
13
2 3 5 7 11 13
41
4
66
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U-PROGRAM 3

****************

Page 36

(6 x 4) + 5

29

6 )( (4 + 5)

54

6 x 4 + 5

54

6 + 4 x 5

26

P

1 2 3 4 5 678 9

****************

Page 39

5 + 9 + 2 + 6 + 7 + 1

30

5 + (9 + (2 + (6 + (7 + 1»»

30

SUM

1

6 + (4 x 5)

26

****************

Page 37

(2 x 3 + 5 x 4)

1

Zl

9

****************

Page 38

T

2

s

8

R

3

Q

9

(2 x (3 + (5 x 4»)

SUM

8

SUM

14

SUM

16

SUM

25

SUM

30

****************

Page 40

5 x 9 x 2 x 6 x 7 x 1

3780

MAX

7

MAX

7
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MAX -/16

7 3

MAX X/16

9 720

MAX f/16

9 0.3125

****************
f/t6

Page 41
6

L/W
L/16

1

1

MIN
1/\6

1
0

DIFP ****************

6 Page 43

DIFP 14

0 1 2 3 4

DIFF 2 x \4

2 2 4- 6 8

DIFF 1 4 x 2

7 1 2 3 4 5 6 7 8

DIFP ( \ 4 ) x 2

2 2 4 6 8

****************

Page 42 3 + 2 x \4

5 7 9 11

-/t6
CENTIGRADE

3
10 20 30 40

(+/8[1 3 5])-+/S[2 4 6]
FAHRENHEIT

3
50 68 86 104

+/16

21

****************

Page 45-Problems

lE

1 2 3 ~

I x lE

2 4 6 8

lE x I

1 2 3 4 5 6 7 8

(tE) x I

2 4 6 8

E + I x lE

6 8 10 12

+/E + I x ,E

36

E + I )( E - I

8

(E + I) x E - I

12

(E + I) x (E -'1)

12

+IV x w

179

-/R < W

1

(r/w) - t/w

8

(+/W) fpW

5

R l E t V I L E L w

2 2 2 2 2 1

l/ R E . V • I • E • W,

1
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****** *****.**** *

Page 48

11\1

1

lAO

0

OAl

0

0" 0

0

lvl

1

lva

1

ov1

1

ova

0

"'1

o

1

*.**.***.**••• **

Page 49

-L 1\ x

o 1 1 1

(-L) 1\ -x

o 0 0 1

+/-(L 1\ X) 1\ L v -L = K

3
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U-PROGRAM4

****************

Page 50

A/X

o

vlK

1

****************

Page 51

AIL v K

o

vlL 1\ X

1

***************.

Page 52

Q x P

2 0 5 0 11 13 0 0

****************

Page 53

K I 6 284

6 8

K I 'FLIP'

PI

1 0 0 0 0 1 0 1 0 1 1 0 1 0 0 I'STOP THE RECORD'

STEREO

****************

Page 54

10/35

3

o 1 135

5

o 0 /35



****************

Page 55

POW

4
16
64
256

*******~********

Page 59

POWOJt'

5
25
125
625

* * * * *.* * * ** ... * * * * *

Page 62

2 POWER 3

8

* * ** * ** * ** 'il'* ** **

Page 65

6 * 2

36

7 8 9 10 * 1 2 3 4

7 64 729 10000

3 x 3 x 3

27

3 * 4

81

3 x 3 x 3 x 3

81

****************

Page 66

9 * .5

3

16 * .5

DOMAIN ERROR
-16*0.5

A

8 * 1 .!. 3

2

2 * 1

0.5

0*0

1

****************

Page 67

AB 8

8

AB 8

8

ABS 11

11

****************

Page 68

9

9

****************

Page 69

5 RES 13

3

****************

Page 70

5 RES 13

3

5 I 13

3

3.14 - 1 RES 3.14

3

FLOOR 3.14

3

CEILING 3.14

4

****************

Page 71

L8.0 8.3 8.6 8.9 9.2 9.5

888 8 9 9

ra.o 8 0 3 8.6 8.9 9.2 9.5

8 9 9 9 10 10

****************

Page 72

ROUND 3.14

3

ROUND 3.6

4

ROUND 2.55

3

ROUND 2.0904

2

(10.. 4) x Lo.s + x x 10 * 4

1.6667
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****************

Page 74-Problems

o 0 0 01100 00 0 1 1 1 10 000 00 /'BEFORE YOU VIEW MORE.'

REVIEW

(4

1

4) A 5 5

(Sxx/S-T)*.5

(3 2: 4) v 5 it 5

o

(-A/LOGICAL) = V/-LOGICAL

1

2J+/LOGICAL

1

2*+/LOGICAL

8

J+/LOGICAL

3

I-/LOGICAL

1

0+8+3

3

124

T * S

1 8 64

S * T

3 9 81

(8 * 2) r 2 * S

9

«8+1) * 2) = (8 ~ 2) + (2 x S) + 1

1
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DOMAIN ERROR
(Sxx/S-T)*O.5
A

D+P+2

2

D+X+20+3

6.666666667

V OFF+X ROUND P
[1] OFF+(10*-P)xLo.s+Xxl0*P

v

VZ+L MIN R
[1] -+(L<R)/4
[2] Z+R
[3] +0
[4] Z+LV

T!:lMIN+14

R+l.667 MIN 2
MIN[l] 4
MIN[4] 1.667

S MIN R MAX PES]

3



****************

Page 78

?2

1

?52

40

****************

Page 79

?6 6

3 4

ROLL

3

ROLL

10

****************

Page 80

ALPHABET[?pALPHABET]

y

ALPHABET[?26 26 26 26]

JNVA

****************

Page 82

6 € \5

o

2 € 1. 5

1

U-PROGRAM 5

f B' € VOWELS

o

'COMPUTER' € VOWELS

o 1 001 010

****************

Page 83

vi 'LINGO' E VOWELS

1

VOWELCHECKER 'CONSONANTS'

1

VOWELCHECKER 'WHYZZ'

o

****************

Page 85

4 t W

5 9 2 6

W = 6 + W

11111 1

3 t W

671

5 t W

9 2 671

8 t W

o 0 5 9 2 671

****************

Page 86

3 ... w

671

4 ~ w

5 9

6 ~ w

3 t 'APLOMB'

APL

TRI 'ANYTHING'

ANYTHING
NYTHING
YTHING
THING
HING
ING
NG
G

****************

Page 88

5 ? 5

52143

I

4 3 251

2 ? 5

5 3

3 ? 5

2 5 1

5 ? 5

12354
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****************

Page 89

13 ? 52

16 5 12 37 46 13 31 17 11 1 27 48 43

13 ? 13

4 3 13 10 11 1 6 9 2 12 7 5 8

14 ? 13

DOMAIN ERROR
14713

A

****************

Page 90

I

31524

o + PER + \ pI

1 2 3 4 5

o + PER + PER[I]

3 1 5 2 4

o +- PER +- PER[I]

5 3 4 1 2

o .... PER 1- PER[I]

4 5 2 3 1

o +- PER + PER[I]

2 4 1 5 3

****************

Page 91

iD2

3 5 '+ 1 6 2

D2C4D2]

2 0 2 6 7 9

SORT V[(pV)?pV]

4 0 3.5 5 7 9 13.2
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****************

Page 92

D2[tD2]

9 7 620 2

V6 5 7 8 9

52134

s

TUNPEEN

NEPTUNE

S[6N]

NEPTUNE

****************

Page 93

ALPHABET t 'MAN'

13 1 14

ALPHABET[ 18 15 2 9 14].

ROBIN

1 + pALPHABET

27

****************

Page 94

LSORT 'SLOT'

LOST

****************

Page 95

i6 9 2 2 0 7

2 4 3 0 5 1

"6 9 2 2 0 7

1 5 0 3 '+ 2

\8

1 "2 3 4 5 6 7 8

'ZERO'[2]

E



U-PROGRAM 6

****************

Page 98

B

9

N

34

****************

Page 99

5 x 8 r 0 + 2

0:
7

45

****************

Page 100

B

ENTER

C

ANY

****************

Page 109

DRILL

14
x 75

0:
1050

46
x 53

0:
2438

22
x 5

0:
110

68
x 68

0:
4624

93
x 38

0:
3534

****************

Page 116

TEMPER

HOW DO YOU FEEL ABOUT ME?

0:
8

0:
6

0:
4

0:
-..

****************

Page 117

ANO LIMIT

pC

3

B • C • A

ENTERANYLITERALS

****************

Page 101

x

ACETYLENE

****************

Page 108

END
VALUE ERROR

END
A

CONGRATULATIONS! WOULD YOU LIKE 5 MORE?
ENTER Y POR YES. N FOR NO.
YES

52
x 83

0:
STOP

****************

Page 113

VDRILL[18] ~(A/'YES'£~)/lV

DRILL

19
x 36

D:

STOP
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U-PROGRAM 7

Page 125

****************

Page 120

3p 5

5 5 5

6p8 9 10

B 9 10 8 9 10

3pB 9 10 11 12

8 9 10

****************

Page 121

3 5p 2

2 2 2 2 2
2 2 2 2 2
2 2 2 2 2

****************

Page 124

2 30p'AND MILES TO GO B~FORE I SLEEP'

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

6 30p'TO BE OR NOT'

TO
BE
OR
NOT
TO
BE

L

GOOD
PLAY
BILL

****************

MATRIX-2

7 3 2 4
0 2 9 1

14 6 18 5

6rMATRIX

9 6 6 6
6 6 11 6

16 8 20 7

MATRIX==3

0 0 0 0
0 0 0 1
0 0 0 0

3€MATRIX

1

MATRIX€3

o 0 0 0
000 1
o 0 0 0

2 Spll0

1
6

2
7

3
8

4 5
9 10

p .M

12

****************

Page 127

****************

Page 122

3 3pl 0 0 0
100
010
001

****************

Page 123

3p '*'

MX3

3 6 9 12
15 18 21 24
27 30 33 36

(.M) = (x/pM)pM

1

****************

Page 126

MATRIX

MATRIX[3;2]

8

MATRIX[ 3; ]

16 8 20 7

MATRIX[;2]

548

****************

***

7p'TOOT'

TOOTTOO

3p'SEXTUPLE'

SEX

9
2

16

3 4-

5 0
4 11
8 20

pMATRIX

.MATRIX

6
3
7

Pa'ge 128

MATRIX[2;4 2 3]

341

MATRIX[3 2 3;3]

20 11 20

12p'OH! t

OR! OB! OH!

9 5 0 6 2 4 11 3 16 B 20 7
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7

MATRIX[l 2 3;1 2 3]

000
010
000

MATRIX[I[l];I[2]]

MATRIX[2i2] KIM

SL
OI
FN
TE

****************

MATRIX[ • lI[ 2 J]

1 1 1 1
1 1 1 1
1 1 1 1

****** •• ********

Page 129

+IMAT

6 15

+rMAT

5 7 9

+I , MAT

21

************.*.*

Page 130

xlMAT

6 120

--fMAT

333

MATRIX[lI[l]i]
Page 132

3 -1 tMATE

E
E
L

2 1i-MATE

AIL

****************

Page 135

3 RANDOM 7

DTLNFBR
RYJNVAB
NRAJBKR

(+I+IMAT) = -J-/MAT

a

1

****************

Page 131

LrM

SOLD
OHIO

T I ,MAT
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U-PROGRAM 8

****************

Page 140

<f>'NOSLIW'

WILSON

~'DOCNOTEIDISSENTAFASTNEVERPREVENTSAFATNESSIDIETONCOD'

DOCNOTEIDISSENTAFASTNEVERPREVENTSAFATNESSIDIETONCOD

¢>eM

12 11 10 9
B 765
4 3 2 1

****************

Page 141

****************

-l<P'TOPS'

~4 3p'FOEANDICELEN'

****************

Page 143

2<PM

3 4 1 2
7 8 5 6

11 12 9 10

laM

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

1 1 ~ 3 3p'IRSNBAACM'

IBM

****************

Page 147

O+LM+2 2p'0*oe'

0*
oe

4>LM

*0
eo

SId:!.

oe
0.

<paLM

eo
*0

~ltM

00
*e

~~ltM

00

e*

(~L ) = 2 l~L

1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1

(pD) = l/pSQ

D[I] = SQ[I;I]

Page 145

-2¢le~5 2p'UPCLEESAAP'

(p!t.) (pL)[2 1]

****************

****************

2 3 ~ 2 5p 'LESTA'

Page 144

APPLE
SAUCE

STALE
TALES

****************

1 1

1

Page 146

pB

(pM)

(pR)

1 1

Page 142

FAIL
ONCE
EDEN

1

STOP

1
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(v/-VEGETABLE)/'PEARS' ****************

PEAS Page 154

**************** o -+- P -+- 2 3 p 6 1 230 5

e*
00

Page 151

+/10 1.+ x 3 2

612
305

*0
oe

1 1 lS1LM

0 -+- M + 3 4 p \12

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

o ..- Q of- P +.x M

29 38 47 56
48 56 64 72

pQ

2 4

****************

Page 156

0 -+- M + 3 4 p 112

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

v/1 0 1 A 0 0 1

38

(+/VxM[;1]).+/VxM[;2]

v/i 0 1 A 0 0 1

v/O lOA 0 0 1

60 84

20 19

o

Page 152

****************

1

2 345
4 6 8 10
6 9 12 15
8 12 16 20

Xo.xy

1
2
3
4

1 0 4>LM

****************

Page 148

(110)o.X1I0

1 2 3 4 5 6 7 8 9 10
2 4 6 8 10 12 14 16 18 20
3 6 9 12 15 18 21 24 27 30
4 8 12 16 20 24 28 32 36 40
5 10 15 20 25 30 35 40 45 50
6 12 18 24 30 36 42 48 54 60
7 14 21 28 35 42 49 56 63 70
8 16 24 32 40 48 56 64 72 80
9 18 27 36 45 54 63 72 81 90

10 20 30 40 50 60 70 80 90 100

1

****************

o .M

0 1 2 3 4
0 5 6 7 8
0 9 10 11 12

DiM

0 0 0 0
1 2 3 4
5 6 7 8
9 10 11 12

****************

Page 157

M. -1 2 3

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

M, [l]M

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

+/M(2;]xN[;3]R[2;3]

+/M[l;] x N[;l]

:3 5

Page 153

110

1

****************

pYo.*X

5 4

Xo. LY

1 1 1 1 1
1 2 2 2 2
1 2 3 3 3
1 2 3 4 4

Page 149

****************

Page 150
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***.* •• *********

Page 158

V.[.5]V

2 3 5 7
2 3 5 7

pV.[.5]V

2 4

V.[1.5]V

2 2
3 3
5 5
7 7

pV.[1.5]V

4 2

****************

Page 159

0+£+4 3p'ABCDEFGHIJKL'

ABC
DEF
GHI
JKL

L. '*'
ABC*
DEF*
GHI*
JKL*

'*',L

***
ABC
DEF
GHI
JKL

ABC
DEF
GHI
JKL
ABC
DEF
GHI
JKL
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£,[2J£

ABCABC
DEFDEF
GHIGHI
JKLJKL

L,[.5]£

ABC
DEF
GHI
JKL

ABC
DEF
GHI
JKL

L,[1.5]£

ABC
ABC

DEF
DEF

CHI
GHI

JKL
JKL

AA
BE
CC

DD
EE
FF

GG
HE
II

JJ
KK
LL

****************

Page 161

O+C+3 3p2 1 5 1 2 1 4 0 1

215
121
401

0+8+13 0 11

13 0 11



****************

Page 164

+5

5

-6

6

V + W

0 0 0 0 0 0

****************

Page 165

1

SIGNUM B

U-PROGRAM9

(eN) teB

2

2

****************

Page 169

2

10el000

3

10e10000 100000 1000000 10

4 5 6 1

1 101 0 1 3

B x SIGNUM B

****************

Page 166

+3

0.3333333333

+10

0.1

****************

Page 167

4

****************

Page 170

02

6.283185307

****************

Page 171

O~RADIANS+Of6+112

2.718281828*1

2.718281828

****************

Page 168

3

0.524
5.76

1.05
6.28

1.57 2.09 2.62 3.14 3.67 4.19 5.24
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30RADIANS

0.577 1.73 5.73E15 1.73 0.577
5.73E15 -1.73 -0.577 -3.49E-16

****************

Page 174

DEGREES 60

1.05

COSINE DEGREES 60

0.5

(DEGREES 45)x360t02

45

****************

Page 175

RADIANS Of4

45

1.73

FAC 0

1

x/13

6

x/14

24

! 5

120

****************

Page 178

1

30 = RADIANS DEGREES 30
24 2

!4 2

****************

Page 176

x

3

Y

12345

X MEMBER Y+2xY

o

3.72

28

56

o

! 2. 6

2! 8

3!8

8!3

'R' MEMBER 'WORD'

1

** **** ***** **'* **
Page 177

FAC 4

24
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****************

Page 179

2.11 0 1

5

2.11 0 1 1 1

23



23

238

****************

Page 180

(8i2 4 7 3) - 8L2 4 6 3

8

(8~2 4 7 3) - 8i2 3 7 3

64

2 2 2T4

100

2 T a

o

****************

Page 183

2 2 2T4 5 6 7 B

1 1 110
00110
o 1 010

(llp2)T(12*N)-1.

'(8i2 4 7 3) - Bil 1 1 1

754

o 0
o 0
o 1

o 0
1 1
o 1

1 1
o 0
o 1

1
1
o

1
1
1

101.1 7 7 6

1776

10J.4 4 4

444

10 10 10 lOLl 7 7 6

1776

****************

Page 181

O+R+W+. xB

3782

86400 3600 60 1

1780 3 121.5 2 6

210

24 60 60T3782

132

****************

Page 182

(4pl0)T(4p10)~2 0 0 1

2 0 0 1

****************

Page 184

TRUTH 2

o 0
o 1
1 0
1 1

pTRUTH 4

16 4

****************

Page 185

1780 3 12 DECODE 5 2 6

210

1780 3 12 ENCODE 210

5 2 6

****************

Page 186

D

VALUE ERROR

D

A

11 2 3 4 5 I ,,\5

1 1 1 1 1 1 1 1 1
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(p.tl'15)

o

****************

Page 187

2"15

1.00 2.00 3.00 4.00 5.00

p VlSA

10 30

****************

Page 188

(+111),(+112),(+/13),(+/14),(+/15),(+/16),(+/17),(+/18),(+/19),+/110

1 3 10 15 21 28 36 45 55

1\110

a 0 a 0 0 0 0 0 a 0

v\O 0 1 0 1 1 0

001 1 1 1 1

A\l 1 0 1 0 o 1

1 1 0 o 0 0 0

****************

Page 189

pH

4

+/Q

4

(pQ)=pV

1

L\'BACKSLASHOREXPAND'

BACK SLASH OR EXPAND

****************

Page 190

(12pl OO)\'APL\';(3pl0)T212 x 30

A P L \ 3 6 0
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Index





absolute value function, 68
AS program, 68
ABS program, 68
ABSOLUTE VALUE program, 68
adding (fines 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 (fines 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 structu res, 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
display.ing (a program), 24
division function, 2
domain error, 66, 74, 178
DRILL program, 102
drill-and-practice, 102, 136
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
surnmary, 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 cOfTlmand, 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 prograrn), 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-equal 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
iota function, 25
iteration, 56
Iverson, Kenneth E., Preface, 137

keyboard, Frontispiece, 100

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

INDEX 241



less-than-or-equal function, 12
line editing, 104
line labels, 104, 114
Jines (in a program), 20
literal data, 2, 100
local (names), 63, 81
logarithm functions, 168, 169
log ical 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, AD
MDRILL program, 137
membership 'function, 82
MEMBER program, 176
MIN program, 75
minimum function, 15
minimum reduction, 41
minus-reduction, 41,130
miscellaneous fu nctions, 163-191
mixed functiorrs (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
multiplication function, 2
multiplication table, 150

names, 4
natural logarithm, 168
negation function, 164
negative nUrTlber 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 (sUITlmary), 206
or function, 48
or-reduction, 50
origin, see index origin

242 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
parallel 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
prog ram definition mode, 19-34

quad input, 98
quad output, 72
quote-quad input, 100
quote marks, 2

radians, 171
RADIANS program, 175
RANDOM program, 135
random number generator, 78
RANDOM WORDS program, 81
rank (of an array), 134
ravel function, 124
reassignment,S
reci proca( 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-Ieft (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 expression~),35
RW program, 84

scalar, 2, 133
scan operator, 188
serrlicolon, 106
shared variable, see system variable
sign ificant 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 (su mmary), 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
ti mes-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 circu lar

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 probl:;il-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-.t/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 PLl1, 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


