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APL was fi r s t defined by K. E. Iverson in t\ 
erQgr~~mlng 1~ng~~g~ (Wiley, 1962) and has since been 
further developed in collaboration with A. D. Falkoff 
and L. M. Breed. 

This manual presents a comprehensIve discussion of 
APL\360 as of November 1969. It Is intenderl to 
provide APL users with a complete reference rlocument. 
Teachers should find this manual a useful supplement 
to their APL texts and courses. 

This manual is organized for reference rather than 
for structured or systematic learning. The table of 
contents provides a guide to the organization; the 
text is cross-referenced; many examples are included; 
and a deta i 1ed index is p rov i ded. j-'Ioreove r, APL 
symbols and their meanings, as well as the other 
symbols used in this manual are catalogued in the 
appendices. 
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the Computer-Related Instructional Systems Center 
were always helpful--contributing ideas, asking 
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a set of tex t ed it i ng APL funct ions def i ned by t"l. 1'/1. 

Zryl and A. P. f~ullery of the I BM Watson Research 
Center. 
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Q~I8 

The 13 characters 0 1 2 3 4 5 6 7 8 9. R 
are used in the rp.presentation of num~ers. 

The decimal di~its 0 throu~h 9 and the dpcimal 
point are used in the usual way. The character-, 
called the oggg11yg ~l~n, is used to denote ne~ative 

numbers. It appears as the leftmost character in the 
representation of any number whose value is less than 
ze ro: 

0-4

4
 

1 

The negative sign, , is distinct from -, the symbol 
used to denote sub tract ion. It is not a func t i on and 
can be used only as part of a numeric constant. It 
can never be appl ied to an idp.ntifier: 

B 
SYNTAX	 ERROR
 

B
 

f~QQOgnl1§1 BgQrg~~Dl~!lQo. The numbers 26000, 
.000347, and -2632.15 can be written in exponential 
form as 26E3, 3.47E-4, and -2.63215E3. (E can be 
read "times ten to the.") Exponential representation 
is written as a number immediately followed by E 
immediately followed by an inte~er rerresentin~ an 
appropriate power of 10. 

The examples on the next pa~e show several 
numbers written in E notation. Observe that the same 
number can be represented in many ways. 



299654 

567.893 

.0000056 

453212.6'78 

~~QQQ.EQ:tiQl 
Ei~Q.r:.E~~[lI2.liQo. 

2.g9654E5 
2Q9.654R3 

5.67893E'2 
SG7893E 3 

5.6E-G 
56E-7 

4.53212678f:5 
453212678E-3 

No spaces may separ~te E from the numbers on 
either side of it. A number may be entered in either 
exponential or ordinary form. Which the computer 
will display depends on the number (~g~ Output, pa~e 

119). 

~QQ~!gnl ~~~iQr. A numeric constant vector is a 
vee tor 0 f n UIn be r 5 e a c h 0 f whiehis s epa rat e d fro r:1 

adj a c e n t COMponents by one or mo r e s pac e s f o r r r 

p. x a 1~1 ~ 1e , t h ~ e x p r p-s s ion 2. 4 2 3 5 6 7 3 • 5 F: j j i s a 
constant vector with four comoonents: two anj 
four-tenths, ne~ative twenty-three, five hundred 
sixty-seven, and thirty-five thousand. 

A constant vector is trpated as a sin~le entity, 
just as G or 3.5 or 1.1~15 or 72 is a sin~le entity. 
Consequently, when a constant vector occurs in nn 
expr~ssion, it is not necessary to enclose it in 
parpntheses: 

6 7+8
 
13 14 15
 

3 2 lx6 ~ 4
 
18 10 4
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.'\ 5 inc:; 1e num:C; e r f 0 1 10 wp.:J ~ y a snace Joes not 
inJicatA that the ~xpression is 2, one - cor.io on e n t 
v0ctor: 

BL 

lJQ..t~: Since the display of t he empty vector is 
mo ver'ie n t , not o r i n t l n rr , t~R l e t t e r s SL (for 81ank 
Line) have been used in this manu~l to show that the 
COMouter response to a command is a blank 1 inp 
(~B~ gl~g Output, pa~e 122). 
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The p r l n t l rig keyboard symbols Ci nc l ud l nv valid 
overstruck symbols), the SDace, and the carri~r 

return can be used sin~ly or in combination as 
character data. Character data is rp.present0~ ~y 

enclosin~ a sequ~nce of characters in sin~le quotes. 
These quotes indicate that thp. characters kpyed in 
arp not to ~e re~ardp.d as sym~ols for numbers, 
variables or functions, ~ut rather repr~sent only 
themselves. The enclosin~ quotp.s are not printed in 
the display of a char~cter s~quence: 

'A7?C'i7123EFG¢' 
ABCI7123EF';¢ 

'P/-?OI1L;r;;~J 1: 1+2x3*I+:S' 
?ROELEM 1: 1+2xJ*4~S 

/·1+- ' CON 1"1 III UF ;~l P l','t T q 1'7/1 ,n Y , 
.n1 

CONTINUE WHEn RKADY 

A quote, if it is to be considered char?ctAr data, 
must ~e reoresented as a double quote: 

, DOll' 'T S rt . () TJ ' 
DOII'T <ro» 

One charncter p.nclose~ by quotes is a scal<?1r. 
All other sequences are ve c t o r s-o-an-i be~ave as 
vectors: 

r/+-' s: D+-' , F+ I A t (' , 
p 1'1 pl) pF 

RL o J 

3+-' A BCD ..,T:;F']T-! J JKL.'1.n.)O~(JT?:;';'~;':':·i'.v}'7,' 

5'[ 6 1 1 It ? 0 1 1 ~ 20 C) 3 ] 
FANTASTIC 
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Data can be intermixed for outout (and only for 
outout) by separating ~xprpssions with s~micolo~s. 

Extra spaces b~tween exprpssions arc not inserted ~y 

the computer. The primary use for this form is to 
intermix numeric and character expressions: 

, AREA IS'; 1 8 x 3 7 ; '; PER I/4 E11E R I S T; 2 x 1 8 + 3 7 ; , . ' 
AREA IS 666; PERIMETER IS 110. 

'THE VALUE OF 4x15 IS ';4 x15 

THE VALUE OF 4x15 IS 60 

If a ~atrix is one of the expressions, outout 
will begin on a new 1 ine: 

'THE ANSWER IS'; 1 O/[lJ 2 3 p'YESNO ' 
THE ANSWEH IS 
YES 
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I tis 0 f ten con v « n i e n t tot r P' a t 1:1any p 1e mp n t S 0 f 

data si~ultaneously ~s a sin~le entity. This is done 
in APL by usinR arraY~. Vectors and matrices, for 
example, are arrays. To rpferpnce an §l~O~Dl or 
~QOJQQQ~o..t of an arrilY, one uSPS onp or MOrl: numbers 
to indicate its rosition in the array. Thes~ 

position numbers will ~e called lQdl~~~. 

An array whose ele~cnts arp selected by one 
injex is called a ~~~tQr. It has one coordinate ~nd 

can ~e thou~ht of as a collection of ~lcMents 

a r r an ve d in a 1 i ne , A vector is no r ria l l v d l s o l a ve d 
as a horizontal line (~ef2 Output, par:e 120): 

D+--V+--b .. 8 12 

6.8 12 4 7.S 

.i- V+-- I ABCDF','FC' 
ABCDEFG 

An array whose elements are select~d by two 
indir:es is CAlled a matrixe It ~3S two coordinates 
and can be thoug~t of ~s a collection o~ elpmpnts 
arrCln,;ed in a r e c t an t l e . A matrix is no rrna l l y 
displayed in a rectan~ular pattern (~~~ Output, pa~e 
121 ) : 

n+--:'.1+--2 Jp4 G 12 4 2 8 

4 6 12 
4 2 8 

D-+- L +-- 2 4 P I A CF (J T n [JT • 

ACF(J 
IPNT 

A r ~ 0 is=~ er r Q Y (t her e i 5 nos pee i a 1 n a rl P. i f N 
exceeds 2) is one whose el erne n t s are s e l e c t e d by N 
indicese It has N coordinates and ca.n bp. thou,,:ht of 
a sac 0 1 1e c t ion of e 1eme n t 5 a r r 3. n~ P. d a 10 n?: N fTl U t ua.1 1y 
perpendicular directions (~~e Output, na~e 121, for 
display). 
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Althou~h most arrays have more than one element, 
arrays of one element an d of no e l erncn t s also exist. 
An array of no ele~ents will be called an 
~mQ1Y grrgY (~~~ gl~Q Output, pa~e 122). 

In contrast to a one-component array, a ~G~l~r 

is a sin~le number or sin~le letter that cannot be 
indexed. It has no coordinates and c~n be thou~ht of 
a s a po in t . 

The number of indices r~quired to specify 
positions in array A is ~iven by ppA and is known as 
the renk of A. The vector pA is called the 
dlm~QslQD of A. Its Jth component is the number of 
possible indices for t'le Ith coordinate of A. The 
total number of elements of A is th~ product x/pA. 
The dinensions and ranks of scalars, vectors, 
matrices, and rank-} arr3ys arp shown in Fi~. 1; 
extensions to hio;her-rank a r r a y s f o l l ow a similar 
pattern: 

Scalar Vector r\1at r i x 3-ArrcY 

Dimension 
( PfJ ) !"l ,'·1 ~ N L , l,1 ~ N 

Rank 
(p pA ) 

0 :J 2 3 

F is. 1. Dimensions and Ranks of Arrays 

IDgl~e~. The indices of an array arp. th8 set of 
inte~ers startin~ with either 0 or 1, deoending on 
the index o r i v i n (~~g Or l o l n Commend , pa z e 141). The 
indices of the ~lem~nts of a vector V ~re thp 
i n tee; e r 5 1 P V • Sup po s e Vis a vee tor whos pel P n1P n t s 
a r e 6 3.1 -·13 5. In 1 o r l z l n , e a c h e l erne n t of V 
is identifi~d by its index as follows: The ele~ent G 
i s r [ 1 J; the p. 1e r:le n t 3. 1 i s V [-2 ]; the e 1~ r1e n t - 1 3 i s 
;[3J; nnd t~e eleme~t 5 is Vf4J, or V[pVJ. 
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The index for an element of a nntrix consists of 
two inte~ers--the first (left) selectin~ the element 
from a [Q~; the second (ri~ht) selectin~ it from a 
~Q1Ymn. Look at the matrix D, for exaMple: 

7 4 6 5 
2 9 3 2 

The e l ernen t 7 is D[l;lJ, that is, it is in the first 
row, first column; the element 4 is D[1;2], that is, 
it is in the first row, second column; the eleMent 9 
is D[2;2J, that is, it is in the second row, second 
column; and so forth. 

Similarly, the index for an elp.ment in a rank-N 
array consists of N inte~ers, one for each coordinate 
of the array. 

The indices of an arr~y are ordpred with the 
ri~htMost position varyin~ fastest, then the next 
ri~htmost, and so forth. The ~eg~enGg Qf InQl~~~ of 
the matrix D is 

7 
4 
6 

5 
2 
9 
3 
2 

~gg!dgn£g 

Qf lDQ1G~~ 

D[l;l] 
D[1;2J 
D[1;3] 
D[1;4] 
D[2;1] 
D[2;2J 
D[2;3J 
D[2;4J 

Notice that the column index increases while the row 
index remains stationary. Once the column index has 
reached the maxi~um for matrix D, a four-column 
Matrix, the row index increases by one and th~ colu~n 

index starts over once a~ain. This sequp.ncin~ of the 
indices of an array is similar to the sequencin~ of 
words in an alphabetic 1 istin~ or to the incre~entin~ 

of an odometer. 
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EleMents are restructured from an array 
following the index sequence. For matrix D, this 
means that the eleMent D[l;lJ, or 7, is taken first; 
D[1;2], or 4 next; D[1;3J, or 6 next; and so forth: 

C-:- 2 - 9 - 3 - 2 - 

If D is restructured (~flg Restru~turin~, pa~e 41 ani 
l nd e x l n z , pa~e 60) as a rank-3 array T, T looks 1 ikp 
th is: 

7 4 
G 5 

2 g 
3 2 

The sequence of indices of m is as follows: 

7 
4 

6 
5 
2 

9 
3 
2 

~~9l!gD~.e 
Q£ l.o.Ql~f~ 

T[l;l;l] 
T[1;1;2J 
T[1;2;1] 
T[1;2;2] 
T[2;1;1] 
T[2;1;2] 
T[2;2;1] 
T[2;2;2] 
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An identifier is used for variables, function 
na~es, ~roup names, workspace names, and labels. It 
is a s l rig l e letter (A to Z or d. to .2.), 6, or fd, or a 
combination of letters, numbers, 6, and 6. All 
combinations arp. per~itted excert those bp~innin~ 
with a number or begjnnin~ with 56 or T6. No spaces 
are permitted in identifiers. 

UNIT T Xi 

Variables, function names, groups, anrl labels 
may be of any length up to 77 c ha r a c t e r s , tJorkspace 
na me 5 are 1 i n1 i ted to 11 c I, a rae t e r 5 . Lon gern amp 5 may 
be used, but the additional characters arp. ignored. 
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Primitive functions are functions that arc part 
of the APL l n t e r o r e t e r . A primitive function is 
denoted by a symbol co~posed of a nonalnhabetic, 
nonnumeric character or ~y a combination of suc~ 

characters. The five symbols ? v ¢ * are 
exa!i1ples. 

A primitive function muY be eit~er OQQ2Ql£, a 
function of one ar~ument, or QYQjl~, a function of 
t vJ0 a r p;umen t s . The s yn t a x 0 f p rim i t i ve fun c t ionsis 
illustrated below. 

R-+-111 B R+-A d R 

m is any Mona~ic function symhol. 
d is any dya~ic ~unction symbol. 

In the illustration above and in subsequent displays 
of function syntax, the letter A ~ill re9resent a 
l~fl ~rg~m~ol--that is, an expression to the left of 
the function symbol. The letter B wi 11 represent a 
rl~bl gr~~Q~Ql--that is, an expression to the ri~ht 

of the function symbol.. And the letter R will 
represent the r~~~l! (or resultant). 

There are three types of primitive 
functions--scalar functions, cor-io o s l t e functions, and 
m l xe d functions. 

A scalar function is a function defined on 
scalar ar~uments, yieldin~ a scalar as a result .. 

E~l~Q~lQO~ lQ ~rrQ~~" Monadic sr.alar functio~s 
extend to arrays co~oon~nt hy com~onent. The 
dimensions and rank of the result is the same as that 
of the ar~ument.. Dyadir. scalar functions exten~ to 
arrays in composite functions (see Tab l e III) an d 
com~onent by component. For component by component 
extension of the dyadic scalar functions, ar~uments 

arc conformable un de r any of the f o l Lov. l n z 
conditT~ns:------
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For	 dyadic scalar functions A d B: 

1.	 A and B are scalar. 
The result is scalar. 

il+-T+- 4 - 8
 

4
 
pT 

BL 

2.	 A and B are of the same dimensionCs) and rank. 
The rlimensionCs) and rank of the result are the 
same as those of either ar~ument. 

D+-T-.t- 3 L~ '7+ 9 6 10
 
12 10 17
 

pT 
3 

3.	 A Cor B) is a one-component array. 
The dimensionCs) and rank of the result are the 
d lmens i on Ls ) and rank of l3 Cor A). 

D-+-::I~-4 8 6 xli o 4
 
16 32 24
 

pT 
3 

0-+-5-+-3+0 3p4 
BL 

pS 
o 3 

4 • A j 5 a 0 n e - com pon en tar ray, and B is a 
one-component array. 
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The dimension(s) and rAnk of the result are the 
rJimension(s) and ran~ of the ar~ument with the 
~reater rank. 

D+T+(l 1 lp6)+1 ip8 

0.75 
pT 

1 1 

Definitions. Th~ primitive scalar functions are 
defin~d--Tn-T~ble I, r·~onadic Scalar Functions, and 
Table II, Gyadic Scalar Functions. The a r vurnen t f s ) 
may he scalar, vector, matrix, or rank-N arrays, 
s ub j e c t to the con f o rmab l 1 j ty r e qu l rernents stated 
above. All functions a r e defined for numeric 
arGuments. Functions that are also defined for 
character arguments will be so indicated by an (L) 
placed in the rl~ht mar~in beside the function syntax 
and by showine an example that has character 
ar~ump.nts. 

You will find the symbol t used in the 
definitions of all the primitive functions. This 
symbol is not an APL function. It is used as a 
metasymbol to assert that the value of the expression 
to its ri~ht, whether scalar, vector, Matrix, or 
other, consists entirely of ones. For example, 
t R = Bf-B asserts that R has the value 0f the 
expression Bf-B. 



20 Table I--Scalar Monadic Functions 

DEF I rn r Ion EXAt,lPLES 

lD.E.t1I1IY R++B 

~ R = O+B +7 
7 

+ 4 5 .. 3 12 
4 5.6 12 

S.lQ.f:Hlt1 

R =: (O<B)-O>B x7 

R is 1, 0, or 1 dependin~ 

on whether B is ne~ative, 

zero, or positive. 

tlEG8I1Q~ R+-B 

~ R = O-B -5 
5 

-3 4 7.6 
3 4 7.6 

BEC1.2BQCAL R+fB 

I: R = 1-tB ~5 

0.2 
B	 must not be zero. 

~4 2 .11111111111 
0.25 0.5 9 

EXEQ!lEtlI181 

*1 
2.,718281828 

e is the hase of the * -3 .. 5 
natural l o ea r l t hrn , l t is 0.04978706837 1.648721271 
represented as approximately 
2.7182818284590451 
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DEFIN I T I 0 r··J EXAnPLES 

t B = *R, *2.7182818284 
that is, l- R = In B 1 

B nust be greater than *.04978706837 1.648721271 
zero. 3 0.5000000002 

E1QQB R+LB 

R is the algp.hraically 
r,reatest integp-r less 
than or equal to B. 

t R= B-1IB 

(~§g Fuzz, pap,p. 120.) 

R+-fB 

R is the al~ebraically 
least inte~er greater 
than or equal to BOo 

t R = B+11-B 

(~~§ Fuzz, pa~e 120.) 

L6 • 3 
6 

L6. 7 3.1 2.3 7 .8 
6 3 3 8 

L 5 
5 5 

7 

7 4 

5 

f 6. 3 

f6.7 
-

3 .. 1 2 .. 3 7 .8 
2 7 

r 5 5 

812~Qb1!I.E Y81iJE R+!B 

t R = Br-B 
3.11 

3 
I 

4.5 
3 
6 

4.5 
3.2 

6 3.2 
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oEF I ~,J I T ION 

R+-?B 

R is an inte~er pseudo

randomly selected from the
 
inte~ers lB. Each num
ber in the population
 
has an equal c~ance of
 
beinr:; selected.
 

(Sg~ Seed, oa~e 116.) 

t R 

B must be equal
 
to 1 or O.
 

R+-~B 

When B is a non-ne~ative 
l n t eg e r , t he result is 
B factorial, that is, x/lB. 

For other arguments, 
t R fB+1" 

B m~y not be a ne~ative 

integer. 

r is a symbol for t~e 
gamma funct:on. 

1:1 I1M.E~ R+-OB 

t R = TIxB 

TI is represented as 
approxir"ately 
3.141592653589793 

5 
?8 

7 4 
?8 
5 

8 
2 

8 
8 

8 8 
1 

8 
6 

8 8 
4 

6 
?6 
13 

12 
73 

25 
3 

87 8 

o 
...... 1 0 1 0 

o 1 010 

720 

! . 5 • 5 0 
0.8862269254 1.772453851 

01 
3,,141592654 

0.25 .5 
0,,7853981634 1.570769327 



23 Table II--Scalar Dyadic functions 

o ~ Fir ~ I T I 0:: EX.l\.11 PL F.: S 

~QQII1QU R+-A+B 

l: R = A +H 2 3 4+4 5
 6
 
6 8 10
 

2 • :1 6 .5+.3
 
2.6 5 .7 0.8 

R+-A - B 

4 6 2-3 7 3
 
5
 

t R = A-B 

6-4.2 2 7
 
1 .8 8 1
 

t11LLI1£bl~8IlQt1 H+-A xB 

4 C 2xl 6 7
 
4 36 14
 

t R = AxB 

jX6 43.1 
3C 20 15.5 

QIYl~lQI:1 

6 20 1+~3 6 ::;
 
2 3.333333333 0.8 

If A is nonzero, R must 
be nonzero. 

t R = A~R 

o ~- 6 
o 

If A is zero ani E is 
zero, the result has 0-;-0 

the value 1. 
(lim x r x = 1) 

x-+O 

R+ALB 

t H = A if A is less 6L 78
 
than or equal to B.
 6
 

4L3 4 7 8 3 . 1
 
g re ate r t han B.
 
t R = B if A is 

3 4 7 4 3.1
 

2 6 • 5 5L4 1
 9
 -
2 9
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oEFt r~ ITt 0 t·1 

MAX,l.llUM R+-A 1B 

t R = A if A is 
greater than B, 

I:- R = B if A is less 
than or equal to B", 

R+-AIB 

The result is tf-)e least 
nonnev,ative R such that, 
for some l n t e g e r Q, 
I:- B = R+AxQo. 

If A is zero, R must 
bp. nonnegative and 
I:- R = B", 

CIBCU.L8B R+-AoB 

A desi~nates the function 
of Bas f 0 1 10 \'1 S : 

EXAr1PLES 

6178 
78 

413 5 7 8 
4 q 8 

2 6.5 -5r4 1 -9 
4 6 .5 5 

2 
3 15 

l: S = 2+3xl 

1 
3 
2 

3 31 
-

5 4 4 

2 .. 24 
2 .. 517 .. 24 
1 

G 

0 .. 25 
1 I 3.25 
0 0 

3 6 

7 a r c t anh l>IB 
6 arccosh B~l 

5 arcsinh 
4 (-1+B*2)*.5 l:s:ln 
3 arctan 
2 arccos 1 ~! B 
1 arcsin 12:[B 
o (1-B*2)*.5 Bs1
 
1 sine
 
2 cos i ne
 
3 tanp.;ent
 
4 (1+B*2)*.5
 
5 sinh
 
6 cosh
 
7 tanh
 

For the trieonometric 
functions, B is expressed 
in radians. 

1 2 300. 5 2 .. 2 5
 
1 1
 

4 0 405 .. 2:) 1 
5.099019514 0 .. 9682458366 

6 700 
010 

1 2 301 
1.570796327 0 0 .. 7853981634 

5 6 700 1 0 
o a a 

0 
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DEFrrJITrOr~ I EXAr'1PLES 

R-+-A !B 

The numher of combina
tions of B things taken 
A at a time. 

t R = (!B)~(!A)x!B-A 

A!B is related to the beta 
function as follows: 

t S (A,B) = 
~B">( (4-1) !A+B-1 

4! 8 
70 

2.5 2. Lj.!4 6.7 
5.432488724 24~39985591 

o 1 2 3!3 
331 

2.1 .6:2 6 
0.007370511731 0.1426763772 

.EXEQ.u~tlI18IIQU R+-.4*B 

t R = A
B 5 3 4*0 4 2 

(AkO) = 1 
81 0.0625 

0*6 
I f A is pas i t i ve, B 
can be any value. 

0 

32 125*.6 .2 
If A is zero, B must 
be nonnegative. 

8 2.626527804 

If A is negative, B 243*-.2 
must be an integer 
or any expression 
whose value is P+Q where 
P is an integer and 
Q is an odd integer. 

If A and Bare 0, the 
result is 1. 
(lim xe x = 1) 

x-+O 

0.3333333333 

R+-AqgB 

R Lo.r;A B 

t R (~B)+qgA 

A and B m~st be greater 
than zero, and A 
canno t be equa 1 to 1 
unless B is also 
equal to 1 .. 

5 3 4$1 81 .0625 
042 

10$1 10 25 100 
o 1 1.397940009 2 
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oEF I f\l rT JON EXAr1PLES 

bE.S.~ IttA~ R+-A<B 

t R = 1 if (A -B) 
less than or equal 
-fuzzxIB. 

is 
to 1 0 

1 
1 

4 4<3 2 1 

t R =:: 0 otherwise .. 

1£~~ It!8t! QB £Q~8b R+-A -SB 

t R = 1 if (A -B) 
less than or equal 
fuzzxlB. 

is 
to 1 1 

1 
0 

4 2::;3 1+ 5 

t R = 0 otherwise. 

~QU81 R+-A =B (L) 

If A and B are numbers; 
t R = 1 if ( 1 A - B ) is 3 4 3=3 1+ 3 
less than or equal to 1 0 1 

fuzzxlB. 
t R = 0 otherwise. 'ABC'='ADC' 

1 0 1 
If A or B is a character; 
R r s 1 where the 'ABC'=145 
relationship holds, 0 0 0 0 
where it does not. 

GBf:8I.EB ItI~~ QB ~Q~~1 R+-A"2B 

t R = 1 if (A -B) is 
greater than -fuzzxIB. 

t R = 0 otherwise. 

gBg8I.EB I!j8~ R+-A > B 

t R = 1 if ( !A- B ) is 
greater than fuzzxlB. 

t R = 0 otherwise. 

5 3 4"25 3 1+ 
1 0 1 

1+ 2 3>3 2 
1 0 0 

6 
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DEFlrJITION 

ucr EQJ!AL R+A~B ( L) 

If A and B are numbers; 
- -t R = 1 if (lA-B) is 4 2 373 2 6 

greater than fuzzxlB. 1 0 1 
t R = 0 otherwise. 

'ABC'~IADC' 

0 1 0 
If A or B is a character; 
R is 1 where thp. 'ABC'7145 
relationshir holds, 0 1 1 1 
where it does not. 

AUQ R+AAB 

t R	 = 1 if t A = 1 
and t B = 1 . 

t R = 0 otherwise. 

A and B must be 0 or 1. 

QB R+-Av B 

t R = 0 if t A = 0 

and t B =o. 

t R = 1 otherwise. 

A and B must be 0 or 1. 

The table below shows 
the result for each combi
nation of arguments: 

A I	 o 1 
o o 
o 1~ I 

The table below shows 
the result for each combi
nation of arguments: 

v I	 o 1 

1 1~ I	 
o 1 

t R = "'A AS The table below shows 
the result for each co~bi

A and B must he 0 or 1. nation of ar~uments: 

'NI o 1 

1	 o~ I 
1 1 

~QB R+A¥B 

The	 table below shows 
the result for each combi

A and B must be 0 or 1. nation of arguments: 

a 1 
o 1 o 
1 a o 
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Reduction, inner product, and outer product-
the three composite functions-- are extensions to 
arrays of the dyadic scalar functions. 

QeflnltlQn~. For t~e composite functions and 
for the mixed functions defined in Tables IV and V, 
the ~reatest rank permitted for each ar~ument is 
given as well as exprp.ssions for the dim~nsions oR 

and rank 9pR of the result. Examples and definitions 
show the behavior of arrays up to rank 3. The 
extension to arrays of rank greater than 3 is 
5 imi 1a r • 

Example: In the column headed SYNTAX and RANK in 
Table V, the followin~ appears in th~ 

definition of Catenation (page 42): 

R+-A,B 

v V 

t (pR) = (p~A)+p,B 

1: (ppR) = 

Line 1 is the syntax of the function. 
Line 2 indicates that the maximum arrays 
pe rm l t t e d as a r g urnen t s are vectors. 
Line 3 is the dimension of the result. 
Line 4 is the rank of the result. 

The abbreviations used to d~scribe the ranks are 

S rank 0: scalar or anyone-component array.
 
V rank 1: vector (Scalar is permitted.)
 
M rank 2: matrix (Vector or scalar is permittp.d.)
 
H rank-N array (Matrix, vector, or scalar
 

is permitted.) 
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In some of the function definitions a brackp.te~ 

value follows to the immediate right of the function 
symbol: 

R+-mCKJB R+-Ad[KJB 

This f)racketed value stanris for a coordinate of t!le 
argu~~nt array and is used to specify the coordinate 
a l onx whl ch the function is to operate. K must be an 
l n t e z e r in the set lPpB. If [K] is el ided, the last 
coordinate is assumed. 

Definitions generally are wr l t t e n in terms of 
ori~in 1. If you ar~ using ori~in 0, the coordinates 
of the array are numbered fro8 0 instead of from 1 
(..s~.e Ori,~ir. Conma n f , page 141). 
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DEFINITJON AND EXAMPLES 

The result is an arrny whose dimension 
vector pR is equal to that of B with the 
Kth component suppressed. If the 
ar~ument has nonzero rank, the rank of 
the result will be one less than the rank 
of the arp;ument. 

If the Kth component of the diMension 
vector is the last component, it may be 
elided. Thus the expression diE is 
equivalent to d/[ppB]B. (The character d 
stands for any dyadic scalar function .. ) 

For pB nonzero and pB not 1, the value of 
the result is that of the expression 
which results from placin~ the dyadic 
scalar function d between each pair of 
adjacent components of the vector B. 

t R = B[1 ] d B[2J d ••• d B[pBJ 

D+-R+-+/3 4 6 9 1.L 

26 ~ (3+4+6+9+4) = 26 

pR 
BL 

-/4 3 4 6 8
 
17 ~ (4-3- 4-6- - 8 ) 17
 

r/7 32 -45 63 10 
63 ~ (7r32r-45f63r10) 63 

/\/1 0 0 1 1 
o 

All 1 1 1 1 
1 

Note: Minus reduction -IB yields an 
~lt;rnating sum; dividp. reduction 

fiB an alternating product.I 

DIMENSIONS AND RANKS 

R+-d/[KJB 

H 

~ (pR) = 
(K~lppB)/pB 

t (ppR) = or-l+ppB 
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BgD15=~ ArE;!JJIlfD! 

Reduction of the KtJ, coordinate. 

n+-M+-3 4-p112 

1 2 3 4

5 6 7 8
 
9 1 0 11 12
 

+/14 +/[l]M 
10 26 4-2 115 18 21 24

0+8+3 4- 5p 1 +/[l]H 

1 1 1 1 1 3 3 3 3 3
 
1 :] 1 1 1 3 3 3 3 3
 

1 1 1 1 1 3 3 3 3 3
 

1 1 1 1 1 3 3 3 3 3
 

1 1 1 1 1 +/[2]H
 
1 1 1 1 1
 
1 1 1 1 1 4- 4- 4- 4- 4

1 1 1 1 1 4- 4- 4- L+ 4
4- 4- 4- 4- 4

1 1 1 1 1
 
1 1 1 1 1 +/8
 
1 1 1 1 1
 
:] 1 1 1 1 5 5 5 5
 

5 5 5 5
 
5 5 5 5
 

.s~.Ql.Q.r ~D.9 .QD.§.::.cQD.1QQD~D.! ~rL9:t .8.rgl!m~D.1 
The result has the same value as B .. 

D+-R+-+/7 0+-5+-+/1 lp7 
7 7 

pR pS 
BL 1 

A/8 :/12 
8 12 
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tlQ=~QmQQngDl 8rr~~ 8rgymgnl. If the argument is the empty 
vector (or an empty array), the result has the value of the 
identity element of the function--if one exists. These 
identity elements are 1 isted 

E!::!~~IIQt:! 

x 

+ 

* 

6J 

o 
V 

A 

1 
o 
1 
o 
1 

o 

o 
1 

1 
7.237005577E75 

7.237005577E75 

below: 

Right identity only
 
Right identity only
 
Right identity only
 

Left identity only
 
No identity element
 
No identity element
 

No identity element 
No idp.ntlty element 
Left identity only 
t,1inimum number representahle 
Maximum number representable 

The following apply to arguments in the domain 0 1 only 

> 0 Right identity only 
~ 1 Right identity only 
< 0 Left identity only 
::; 1 Left identity only 

1 
~ 0 
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DE F I ~J tTl 0 N AN0 EXA~~ PLES 

ltitlE.B. P.8.QQUC.I 

The dimension vector of the result is the 
vector of all but the last component of 
pA catenated with all but the first 
component of pB. 

The arguments are conformable if A or B is 
a scalar or 
t (pA)[ppA] = (pB)[l]. 

The letters d and 0 represent any dyadic 
scalar functions. The composite +.x 
represents the ordinary matrix product. 

I: R = d/A 0 B 

5+ ..x3 2
 
25
 

1 2 4 8-.+1 1 2 6 
0 .. 3333333333 

t R[I] d/A D B[ ;IJ 

I: R[I] d/A[I;] D B 

6 8 5+ ..x3 2p6 3 8 5 2 6 
110 88 

(3 3pl O)V .. AO 0 1
 
1 0 1
 

1 2 3+.!3 3pO 0 1 1 2 2 4 4 4 
456 

DIMENSIONS AND RANKS 

R+Ad. DB ( L) 

H H 

I: (ppR) = 2+(ppA)+ppB 



34 

1: R[I;J] = d/A[I;] 0 B[;J] 

( 3 2pl6)+ ..x2 3Pl6 

9 12 15
 
19 26 33
 
29 40 51
 

( 2 2p'SEAT')A.=2 2p'EAST' 

a a 
0 1 

The examples below illustrate the inner 
product for other array ar~uments. 

( 3 2 3pl18)+.xl00 10 1 

123 456
 
789 1122
 

1455 1788 

( 2 2 2p18)+ .. -2 2 2PlB 

3 5 
7 9 

1 1 
3 5 

5 3 
1 1 

9 7
 
5 3
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DEFiniTION AND EXAr'1PLES 

The dimension vector of the result is pA 
catenated with pB. 

Every component of A d every component of 
B, where d is any scalar dyadic function~ 

e R[I;JJ = A[I] d B[J] 

2 3 4 o .. x l 2 3 4
 

1 2 3 4 5
 
2 4 6 8 10
 
3 6 9 12 15
 
4 8 12 16 20
 

'ABCD'o,x'AECF' 

o 1 1 1
 
111 1
 
1 101
 
111 1
 

1 0 0 0
 
o 1 0 0
 
o 0 1 0 
o 0 0 1 

0.6 0.3333333333 
1.2 0.6666666667 

59 0.+36 

1.666666667 0.8333333333 
3 1 .5 

An example is shown below~ 

(2 2p6 12 45 8)o.Lo 67 13
 

066 
o 12 12
 

o 45 13
 
088
 

D(MENSIONS AND RANKS 

R+-A ° . dB (L) 

H H 

I: (pR) = (pA) ,pB 

t (ppR) = (ppA )+ppB 
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All primitive functions that ar~ not listed as 
scalar or composite functions are called ml~g~ 

fk!n~11Qn§. 

Q§flnl!lQQ2. Unl ike the scalar functions, whose 
primary definitions can be stated comnletely in terms 
of scalar aro;uments and a scalar result, the primary 
definitions of mixed fUllctions always involve vectors 
either as ar~uments or as the result. Consequently, 
the extension of mixe1 functions to arguments of 
hi~her rank is not as uniform as the extension of 
scalar functions to arguments of hi~her rank. 

An explanation of the abbreviations used to 
denote the dimension(s) and rank of the result of 
each function will be found on p a ge 28. As with the 
scalar functions, mixed functions that are defined 
for character a r gurnen t s as well as for numeric 
arguments will be so indicated by an CL) placed in 
the ri~ht mar~in beside the function syntax and by 
showing an example that has character arguments. 
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DEF I i'J I T ION AN0 EXAt·1 PLES DIMENSIONS AND RANKS 

It1QEX GEtlEB8IQB R+1B 

ThA result is a vector of all th~ possible 
indices in ascp.ndin~ order of a vector 
with B components, startin~ with the index 
origin" 

(f the ar~ument is zero, the result is the 
empty vector. 

t 

I: 

s 

CpR) = B 

(ppR) = 1 

l 5 
12345 

The expression 
whose value is 

10 
the 

is a 
empty 

common expression 
vector. 

Note: A system command can 
o (see page 141). \~ith 

first component of 1B is 
com~onent is B-1: 

make the orl~ln 

o r l g In 0, the 
0 and the last 

viAS 1 

o 1 

)ORIGIftl 

1 5 
234 

0 

BA)lEl R+-~B ( L) 

The result is a vector whose componp.nts 
are the components of the ri~ht ar~ument 

taken in index sequence (see page 14). 

H 

t R = (x/pB)pB t CpR) = x/pB 

1 

1 
4 

T+ ~ 5 
pT 

M+-2 3P16 
M 

2 3 
5 6 

E+2 
E 

ABC 
DEF 

~E 

ABCDEF 

3p'ABCDEF' 
t CppR) = 1 

1 2 

,M 
3 4 5 6 
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DEFINITION AND EXAHPLES DIMENSIONS AND RANKS 

DIMEtlSlQtl (SIZE) 

The result is a vector whose components 
re!1resent the numbp.r of values each index 
of B has. The exprp.ssion ppB ~ives the 
rank of B. In 1 origin, pB r~ives the 
highest index in each coordinate. 
(See al~Q Arrays, pa~e 13.) 

B+-6 8 3 5 C+2 3P16 
pB pC 

4 2 3 

ppE ppC 
1 2 

D+-'AEFG' W+-3 4 5P160 
pD pW 

4 3 4 5 

T+-5 T+1O 
pT pT 

BL 0 

R+-pB ( L) 

H 

t (pR) = ppB 

I: (ppR) = 1 

BEYEBS8.l 

The result is the reversal of t~e Kth 
coordinate of the ar~ument. 

If B is a vector, 
t R = B[1+(pB)-tpBJ. 

For all othe r arrays, 
I: R B[; ;¢l(pB)[K]; ] . 

V+-4 5 3 2 6 C+'LIVE' 
¢V ¢C 

6 2 3 5 4 EVIL 

M+3 4P112 

¢[1]M 

4 3 2 
876 

12 11 10 

1 
5 
9 

9 10 11 12 
5 6 7 8 
123 4 

R+¢[K]B 

H 

I: (pR) = pB 

CL) 

t (ppR) = ppB 
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DEFfNITln~J AND EXAt1PLES 

The result is an array 1 ike the ar~ument 

with its last two coordinates 
interchanE;ed. 

For a matrix the result is a matrix whose 
rows are the columns of B and whose 
columns are the rows of B. 

M+-3 4p 1 12 !.1.+-~M 

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

4 8 12
 

pM pM 
3 4 4 3 

N+4 3p'LOBONEICENET' 

N 

LOB 
ONE 
ICE 
NET 

LOIN 
ONCE 
BEET 

H+2 3 4P124 

H D+-li.+~H 

1 
5 
9 

13 
17 
21 

2 
6 

10 

14 
18 
22 

3 
7 

11 

15 
19 
23 

4 
8 

12 

16 
20 
24 

1 
2 
3 
4 

13 
14 
15 
16 

5 
6 
7 
8 

17 
18 
19 
20 

9 
10 
11 
12 

21 
22 
23 
24 

2 

pH 
4 2 4 

pH 
3 

oI ~1ENS IONS AND RANKS 

(L) 

H 

For t 5 = -2LppB 
l- (pR) :: 

(S+pB) ,¢StpB 

t (ppR) :: o o B 
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DEF{NtTtON AND EXAMPLES DtMENSIONS AND RANKS 

GRADE. UE 

R[I] is the index of the Ith smallest V 
component of B: 

~6 8 8 2 1 7 
3 5 It 1 6 2 

~ (pR) = pB 

t (ppR) = ppB 

The ranking of dupl reate components of B 
is determined by their positions in B: 

~8 8 8 8 
234 

¢6 3 5 3 9 3 1 
7 246 315 

tlQ!~: The result depends on the tndex 
origIn (see pa~e 141), 

GR8Q-E QQWl.'J 

ReT] is the ; ndex of the rth 1a r xe s t V 
component of B: 

'6 8 8 2 1 7 
26145 3 

~ (pR) = pB 

t (ppR) = ppB 

The ranking of duplicate components of B 
is determIned by their posttions In B: 

1'8 8 8 8 
1 2 3 4 

1'6 3 5 3 9 3 1 
5 1 3 2 4 6 7 

~.Q.tg: The resul t depends on the index 
o r l z l n (see page 141) .. 
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DEFfNtTION AND EXAr~PLES 

The result is an arreY whose dimensions 
are A and whose elements, If any, are 
taken from B in the order defined by ~B. 

The components of A may be either positive 
integers or zero. If r1 is an empty 
vector, the result is a scalar. If any 
element of A is 0, the result is an empty 
a r ray. 

5 0 l~ _ 1 7 9 2 2p6 3 5 1 
42179 

6 3 
5 1 

D+M+2 4p7 2 1 3 9 7 4 1 

7 2 1 3 
97'+ 

8pN 
7 2 -1 3 9 7 4 1 

O+B+ ( 1 0 ) o 5 2 2 2pM 

BL 

BL 

pB 

Op 5 

7 
1 

9 

'+ 

2 
3 

7 
1 

BL 
3 Op 2 

3 2 
p3 2P16 

2 '+p'STOrSIGN' 
STOP 
SIGN 

DfMENSfONS AND RANKS 

R+ApB ( L) 

V H 

~ (pR) = A 

t (ppR) = p~A 



42 

DEF I NIT ION AND EXAt1PLES 0 I MENSIONS AND RANI(S 

If (x/A»pB, the sequence of components 
from B is repeated. 

4p10 2 3p 1 4
10 10 10 10 

1 2 3 
5p 1 0 1 4 1 2 

1 0 1 1 0 

12p'OJ!! 
, 

3 3p 1 0 
OR! OR! OR! 

1 0 1 
0 1 0 
1 0 1 

If (x/A)<pB, the first x/A 
needed are used. 

components 

4-p2 6 3 2 1 2 2p7 3 1 6 8 8 
263 2 

7 3 
3p'TINSEL' 1 6 

TIN 

The result is the vector formed by 
appending the components of B to the 
components of A. Both A and B must be 
either numbers or characters. 

A+-3 f)+-2 3 4
B+-4- D+-5 1 6 3 4
A,B C,D 

3 4- 2 3 4- 5 1 6 3 4

E+-1O F+-3 ,4- , , , ,5 ,6 
D+g:+-A , E pF 

3 4

p[I. F 
1 3 4- 5 6 

H+-' QUARTER' L+' f 

G+'BACK' 1l,L,G 
H,G QUARTER BACK 

QUARTERBACK 

R+-A ,B (L) 

V V 

t (pR) = (p ,A )+p,B 

t (ppR) = 1 
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DEFltJlTIOH AtJD EXAHPLES 

RQIAI1QU 

The result is like the r l vh t argument 
except that the co~ponents are cyclically 
left-rotated (pB)!A conponents. In other 
words, j f A is pos it i ve, components are 
rotated to the left; if A is ne aa t I vo , 
co~ponents arp. rotated to the ri~ht. 

~ectQL Bl~bt 8r~~Qgot 

t R = B[l+(pB)!-l+A+lpBJ 

3¢l5 
451 2 

3$'INGRAIR' -l¢'TOPS' 
RAINING STOP 

Rotation along the Kth coordinate.
 
J f ~ K = p p B , i t rnay bee 1 ide d .
 

3¢3 4Pl12 

4 1 2 3 567 8 
8 5 6 7 9 10 11 12 

12 9 10 11 1 234 

D+M+2 5p'GLEEAPLEAP' 

GLEEA
 
PLEAP
 

3¢M 

EAGLE EAGLE 
APPLE APPLE 

D J MENSI OtJS AND RANKS 

R+A¢[KJB ( L) 

S H 
H-l H 

t (pR) = pB 

(ppR) = ppB 
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0 1 2 3¢[1]3 4P112 

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

( -1 2 3)¢3 4P112 

4 1 2 3 
7 8 5 6 

10 11 12 9 

1 34>2 4P18 2 34>2 5p 'RPSHA ' 

2 3 4 1 /SHARP
6 7 8 5 HARPS 

2 3 3P118 2cP2 3 3P118 

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

10 11 12 12 10 11 
13 14 15 15 13 14 
16 17 18 18 16 17 

H+2 3 4P124 N.... 2 4P13 
H N¢[2]H 

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

13 14 15 16 21 14 19 24 
17 18 19 20 13 18 23 16 
21 22 23 24 17 22 15 20 
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oEF I i'l I T Ion AND EXAr1 PLES 

For each element of the ri~~t argument 
B[J], the corresponding element in the 
result R[J] is the smallest index I such 
that I:- A[I] = B[J]. 

A cannot be scalar. 

l+ 7 317 4 7 l+ 314 
2 1 

'ABeD'l ' B' 'ABAD'l 'A' 
2 1 

If no component of A has the same value as 
B, then R = l+f/lpA. 

If A is the empty vector, then R 11. 

l+ 3 5 218 5 6 211 
5 4 

'ABCD'I'E' (10)17 
5 1 

3 6 212 4 'ABCDEFG' 1 ' SRCA ' 
3 l+ 8 8 3 1 

l1+3 3P19 L+2 3p'TIPTOP' 
A+6 7 9 2 1 L 
A1M 

TIP 
5 4 6 TOP 
6 6 1 
2 6 3 'TAP'1£ 

4 7 91 1 0 1 4 3 
BL 1 4 3 

~Ql§: The result depends on the index 
ori gi n (~§g Origin Command, page 141). 

)ORIGIN 0 
WAS 1 

34512 3 1~ 

3 0 1 

DIMEnSIONS AND RANKS 

R+-A 1 B ( L) 

V H 

t (p R) = pB 

t (ppR) = oc B 
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DEFINITION AND EXAt1PLES 

The result R is the value of the ri~ht 

ar~ument evaluated in a numeral system with 
radices A. 

If A is a scalar or t A = (pB)pA[l], then 
R i 5 the val ue 0 f a pol y nom i ali n A \to: i t h 
coefficients B. If also t B<A, the result 
is the base-IO value of B in base A. 

8.12 4 6 3 
1331 
(t 1331 = (2 x8*3)+(4x8*2)+(5 x8*1)+3 x8*O 

204 
3.16 4 1 3 

2442 
51.3 4 2 3 2 

23 
2~1 0 1 1 1 

13 
2~-1 1 0 1 

763 
10.17 6 3 5 

118.97 
5 51.4 2.3 7.47 

444 
10 10 10~4 

70.5 
.5~34 12 56 

In general, if A is a vector, 
t R = B+.xW, where W is a wei~htin~ 

vector of the positional value of each 
di~it of A: t W = ¢x\l,¢ltA. x\ (an 
unimplemented function) is a QrQg~f! ~f9n: 
for R+-x\B, t R[I] = x/( ,B)[I] 

5 50 50~1 2 3 
3723 (time in seconds of 1 hour 

2 minutes 3 seconds) 

(t 3723 = 3600 50 l+.xl 2 3 

1 3 12.13 1 6 
126 (measurement in inches of 3 

yards 1 foot 6 inches) 

~ Q.te : The val ue 0 f A [ 1 ] i 5 i rnmate ria 1 i n 
determining base value. 

DIMENSIONS AND RANKS 

V V 

t (pR) = BL 

t (ppR) = 0 
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DEF I NIT I O~J AND EXAMPLES 

The rp.sult R is a base A representation 
of B. Thus if t R = ATB~ then 
~ «x/A)IB-A.1R) = o. 

For sin~le radix renresentation, the most 
si~nificant digits of the result will ~e 

truncated if l- (pA) < Ll+A$B. 

(Sp5)T2442 
3 4 2 3 2 

(4p3)T204 
1 2 0 

( 5 p  2)T13 
1 1 0 1 

-(4p10)T 34 
9 9 6 6 

1780 

(5p2)T23
 
101 1 1
 

(3p2)T23
 
1 1 1
 

(4p5)Tl18.97 
0 4 3 3.97 

(7p2)T13 
0 0 0 1 1 0 

3 12T126 
3 1 6	 (yards, feet, inches 

in 126 inches) 

24 60 60T3723 
1 2 3 (hours, ~inutes, seconds 

in 3723 seconds) 

tlQlf: If t A = o,d.~ then R[i] is the 
part of B that would have been truncated 
had you taken dTB. 

o lT13.2 o 10 10T4675 
13 0.2	 7 5 

DIMENSIONS AND RANKS 

R+ATB 

v s 

t (p R) = pA 

(ppR) = ppA 
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DEFINITION AND EXAt1PLES 

The function selects from B those 
components that correspond to untt 
components of A .. 

If either A or B is a one-component array 
or a scalar, it is e x t en de d to apply to 
all components of the other a r z umen t .. l f 
ACB) is a one-component array or a scalar 
and BCA) is empty, the result is empty. 

I: (pA) = (pB)[K] 

t A E 0 1 

U+1 0 1 0 O+R+O 0 1/6 4 12 
U/S 2 3 7 12 

5 3 
pR 

V/'ABeD' 1 
AC 

B+5
 
pB
 

BL 

0+-R+1/B 
5
 

pH
 
1
 

Compression along the Kth coordinate. 

If I: K = ppB, it may be elided~ 

o 1 0/3 3P19 o 1 0/[lJ3 3P19 

2 
5 
8 

1+ 6 

DIMENSIONS AND RANKS 

R+-A / [K JB (L) 

v H 

l- (pH) =
 
«(K-l )tpB) ~ (+/A) ~K{-pB
 

t (ppR) = ppB 
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V-+-1 0 1 

V/33pl9 V/[1]33p19 

1 3 123 
4 6 789 
7 9 

D+M+3 3p'BAAURNSKY' 

BAA 
URN 
SKY 

VIM V/[l]M 

BA 
UN 
SY 

BAA 
SKY 

r1+H-+-2 3 4p 1 24 

1 
5 
9 

2 
6 

10 

3 
7 

11 

4 
8 

12 

13 
17 
21 

14 
18 
22 

15 
19 
23 

16 
20 
24 

1 0 1/[2JH 1 1 0 O/H 

1 
9 

13 
21 

2 
10 

14 
22 

3 
11 

15 
23 

4 
12 

16 
24 

1 
5 
9 

13 
17 
21 

2 
6 

10 

14 
18 
22 

0 1/[1JH 

13 
17 
21 

14 
18 
22 

15 
19 
23 

16 
20 
24 
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DEFiNITION AND EXA~~PLES 

The ar~uments are if 
t (+/A) (pB)[K]. 

A E 0 

(0 r ' , fa r 1 i te r a l 
data) 

t R[A/lpA] = B 

U+1 0 1 0 1
 

U\6 3 2
 U\ 'ABC' 
ABC60302 

1 0 0\5 o 0 0 1\'5' 
o 0 5 

Expansion alon~ the Kth coordinate. 

1ft K = p p B , i t ma y bee 1 j de d . 

11+1 0 0 

002 
a a 4

V\2 2p'ABCD' 

A B AB 
C D 

CD 

1 

V\[1]2 2Pl4

1 
o 
a 
3 

2 
0 
0 
4

V\[1]2 2p'ABCD' 

DI fvlENS IONS AND RANKS 

R+A\[K]B ( L) 

v H 

t (pR) =
 
«K-l )tpB), (p ,A) ,K+pB
 

t (ppR) = ppB 
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H+-2 3 4P124 

H 1 0 l\[l]H 

1 2 3 4 1 2 3 4 

5 6 7 8 5 6 7 8 
9 10 11 12 9 10 11 12 

13 14 15 16 0 CJ 0 0 
17 18 19 20 0 0 0 0 
21 22 23 24 0 0 0 0 

13 14 15 16 
17 18 19 20 
21 22 23 24 
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DEFIN I T ION AND EXA~,1 PLES 

The r~sult is an array similar to B except 
that the coordinates IppB of Bare 
permuted according to A. 

t (pA) :: ppB 

Case 1: t A E 1 ppB 

A is the inversp. permutation vector. The 
A[TJth co~~onent of the dimension vector 
of the result is the Ith component of the 
dimension vector of B. 

t (pR)[.I1J :: pB 

The AfT]th coordinate of the result is the 
It~ coorrlinate of B. 

D+-T+4 5 p 1 20
 

1 2 3 4 5
 
6 7 8 9 10
 

11 12 13 14 15
 
1 f-j 17 18 19 20
 

2 l~T 

1 6 11 16
 
2 7 12 17
 
3 8 13 18
 
L~ 9 14 19
 

10 1 5 20
 

[]+U.-<-3 4p' HA ' 

HAHA 
HAHA 
HAHA 

2 It!¥[) 

HHH
 
AAA
 
HHll
 
AAA
 

For a matrix this amounts to l n t e r chang l ng 
row 5 and co 1umn 5 I t (2 1 ts? B) = ~ B ( 5 ee 
Monadic Transposition, pa~e 3§j~ 

DIMENSIONS AND RANKS 

R+A~B ( L) 

V H 

For 
t IElppR 
t (pR)[I] = L/(A=I)/pB 

t (ppR) = riA 
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Determinin~ the trnnsposition for a rank-N 
array might be done as follows: 

0+5+2 2 2P18 

1 2
 
3 4
 

5 6
 
7 8
 

R+2 3 l~S 

The first coordinate of S becomes the 
second coordinate of R (that is, A[1]). 
rhe second coordinate of S becomes the 
third coordinate of R (that is, A[2]). 
And the third coordinate of S becomes the 
first coordinate of R (that is, A[3]). Or 
t R[K;I;JJ = S[I;J;KJ. 

R 

1 3
 
5 7
 

2 4
 
6 8
 

It mj~ht bp. helpful to construct the 
result as fOllows: 

1.	 Define T as ~A 

t T 3 1 2 (For R+-2 3 l~S) 

2.	 The T[I]th coordinate of the array 
becomes the Ith coordinate of the 
re su 1t . 

In the example, the third coordinate 
of S becomes the first coordinate of 
the result; the first coordinate of 
S becomes the second coordinate of 
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the result; the second coordinate of s 
becomes the third coordinate of the 
re 5 u 1t . 

1 3 
5 7 

2 4 
6 8 

Or 
2.	 Write down the components of B with 

the T[lJ coordinate indices varyin~ 

last, the T[2J coordinate indices 
varying next to last,~ .. ,and the 
T[pT] coordinate indices varyin~ 

firs t. 

B[l;l;lJ 
B[1;2;lJ
 
B[2;1;lJ
 
B[2;2;lJ
 
B[1;1;2J
 
B[1;2;2J
 
B[2;1;2J
 
B[2;2;2J
 

Structure the result in index sequence 
(~gg tndices, pa~e 14), taking the 
components from B in the order 1 isted 
above: 

1 3 
5 7 

2 4
 
6 8
 

Another example is shown on the next page. 
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D+F+2 3 4P124 

1 2 3 L+
 

5 6 7 8
 
9 10 11 12
 

13 14 1 5 16
 
17 18 19 20
 
21 22 23 24
 

R+2 1 3~F 

pR 
3 2 4 

R 

1 2 3 4
 

13 14 15 16
 

5 6 7 8
 
17 18 19 20
 

9 10 11 12
 
21 22 23 24
 

Case 2 : t: (ll/A)EA (diagonal plane) 

t n a matrix the first (and only) 
coordinate of the result is made up of 
those components of B whose first and 
second coordinate indices are the same, 
that l s , the main diagonal of the matrix. 

M+4 4P116 
R+1 l~M 

M[l;lJ~ M[2;2J, M[3;3], and 14[4;4J are 
the components whose first and second 
indices are the same: 

R 
1 6 11 16 

3+3 4pt12 

D+E+l l~S 

6 11 
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pE
 
3
 

D~Q~3 3p'DOEOILELM' 

DOE
 
OIL
 
ELM
 

1 It;>Q
 
DIM
 

In general, if t l<+/A[I] = A and 
t N~(A[I]EA)/lpA, then the A[N[I]] th 
coordinate of the result is made up of 
those components of B whose Nth coordinate 
indices are the same. All other 
coordinates of the result are structured 
as in case 1. 

[l~H~2 2 2P18 

1 2
 
3 1+
 

5 6 
7 8 

R~l 1 It;>H 

H[l;l;l] and H[2;2;2] are the components 
whose first, second, and third coordinate 
indices are the same. 

R 
8 

R+l 2 l?QH 

H[l;l;l], H[1;2;1], H[2;1;2], and 
H[2;2;2] are the components whose first 
and third coordinate indices are the same. 
These components make up the first 
coordinate of R. 

R 

1 3
 
6 8
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DEFlrJlTlON AND EXAf1PLES 

A is an integer or a vector of integers. 

~ (pA) :: o o B 

For ~ A>O:
 
If ~ A$pB, R is a vector of the first A
 
cOr.lponents of B.
 
If ~ A>pB, R is the vector B catenated
 
with A-pB zeros (or spaces).
 

For ~A:s;O:
 

If l- (IA):S;pB, R is a vector of the last IA
 
components of B.
 
If l- (IA»pB, R is the vector B p r e c e d e d b y
 
( I A ) - p B zero 5 (0 r spa ces ) .
 

V+-6 8 9 1 2 3 7 

3 tV 3tV 
6 8 9 3 7 5 

2t'FLOOR' 4t'MEETINGl 
OR MEET 

OtV St? 9 3 
BL 7 9 3 0 0 

5 t 7 9 3 8t'STIR' 
o 0 7 9 3 STIR 

Similar to vector argument with each com
ponent of A corresponding to a coordinate 
of B. 

M+-3 4P112 

2 2tM 2 3tM 

1 2 2 3 4
 
5 6 5 7 8
 

4 6tM 

0 0 0 0 0 0
 
1 2 3 4 0 0
 
5 6 7 8 0 0
 

9 10 11 12 0 0 

DIMENSIONS AND RANKS 

R+-AtB ( L) 

V H 

(pR) = IA 

t (ppH) = ppB 
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DEF J NIT J O~I AND EXA~1PLES 

A must 
integers. 

be an integer or vector of 

If ~ A~O, R is a 
first A components 

vector 
of B. 

of all but the 

~ R = B[A+l(pB)-A] 

If t 
last 

A<O, R is a 
IA components 

vector 
of B. 

of all but the 

t R = B[ lA+pBJ 

V+6 8 

3+V 
1 2 375 

l+'BLAST' 
LAST 

(pV)i-V 
BL 

t (pA) = ppB 

9 1 2 3 7 5 

6 8 
3+V 
912 

STATE 
2+' STATELY' 

6 8 
o+v 
9 1 2 3 7 5 

If t A[IJ~O, the I th coordinate of the 
result is all but the first AfIJ 
components in the Ith coordinate of B. 

If t A[IJ<O, the I th coordinate of the 
result is all but the last /A[I] 
components in the Ith coordinate of B. 

O+M+3 4P112 

1 234 
567 8 
9 10 11 12 

2 2i-M 2 3+M 

11 12 9 

D I t,1ENS i ons AND RANKS 

R+Ai-B ( L) 

V H 

t (pR) = (pB)-IA 

t (ppR) = ppB 
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DIMENSIO~S AND RANKSDEFINITJO~l AND EXAMPLES 

t R = VjAo.=B 

3 E 1 5 6E15 
0 

A~6 5 3 2 E~'ABCDEF' 

B~l 2 6 3 6 G+'FGTADE' 
AEE EEG 

1 0 1 1 1 0 0 1 

D+2 3p 1 6 AEE 
DEA 0 0 0 0 

0 1 1 
0 1 1 

(~gg gl~Q Fuzz, pa~e 120. ) 

The result is a vector of A components 
selected pseudo-randomly without 
replacement (thereby preventing 
duplicates) from the integers lpB. 

t A ~B 

3?10 5?5 
625 345 2 

~Q1g: The rp.sult depends on the index 
origin (~eg Ori~in Command, page 141). 

R~AEB ( L) 

H H 

t (pR) = pA 

t (ppR) = ppA 

R~A?B 

S S 

~ (pR) = A 

t (ppR) = 1 



60 

DEFINITION AND EXAMPLES 

If:H2E.61UG 

Indexing is included in this table as a 
dyadic function. You will find as you 
study the definition that there are some 
things that make indexin~ unl ike the 
other primitive functIons. There are 
three outstanding differences: (1) the 
function symbol is made up of two 
distinct symbols which surround the right 
argument; (2) the general ized ar~ument 

representing the indices consists of 
expressions separated by semicolons; and 
(3) indexing can appear to the left of a 
specification. 

The r l rth t a r aumen t (within brackets) is 
an expression or 1 ist of expressions. 
The Kth such expression is an array, each 
of whose elements is a permissible index 
for the Kth coordinate of array A. 

R is the result of selecting from vector 
A those components whose indices are B. 

A+-1.6 5 427 3 .5 0 1 

O+C+-A[3J D+-D+A [ ,3] 
4 4 

pC pD 

BL 1 

A[l 3 5J A[10] 

1.6 4 7 BL 

A[5 8 2J A[l 1 2 2 4 4J 
7 0 5 1 .6 1 .. 6 5 5 2 2 

o*-F*-A[ 2 3p 5 3 2 4 1 7 ] 

7 4 5 
2 1 .6 0.5 

DIMENSIONS AND RANKS 

R+A [E ] ( L) 

V H 

t (pR) = pB 

t (ppR) = ppE 
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DEFrr4lTIOtJ AND EXAr·1P LES 

If B is el i ded, lpA is assumed. 

A[lpAJ 
1.6 5 4- 2 7 3 0.5 0 1 

A[] 
1 • 6 5 4- 2 7 3 0.5 0 1 

L+'TRAIL' 

L[3J L[l 2 4- 3 5J 
A TRIAL 

R is the result of selecting from matrix A 
those components whose row position is n 
and whose column position is ~. 

The semicolon separates the inte~ers that 
make up an index of an array. Band H 
make up the two necessary parts of the 
ri~ht argument. 

::::A[B;f[] «(pB) ,p~)pA.[!tB; ,Q] 

D+M+3 4p 6 9 3 3 4- 7 2 7 8 3 7 5 

6 9 3 3 
4 7 2 7 
8 3 7 5 

D+C+,M[ 2 ; 3 ] n+D+!1[2;1 2 3 4] 
2 4 7 2 7 

pC pD 

GL 4

M[ 1 2 3 ; 3 ] 1:1[3;2 4] 
3 2 7 3 5 

M[ 1 2; 2 4J M[ 1 1 ; 4- 2 ] 

9 3 3 9
 
7 7 3 9
 

D[MENSIONS AND RANKS 

q+-A[B;Q] ( L) 

M H H 

~ (pR) :::: (pB),PQ 

(ppR) = (ppB)tpPQ 
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If the right argument is oMitted, the 
entire matrix is assumed. 

If t ~ = 1(pA)[2], it may be omitted. 
All columns are assumed. 

M[l 3;J M[ 1 3· 1 2 3 4 J 

693 3 6 9 3 3 
8 3 7 5 8 3 7 5 

If t B = 1 (pA )[lJ, it may be omitted. 
All rows are assumed. 

M[l 2 3; 2 3J M[ ; 2 3] 

9 
7 
3 

3 
2 
7 

9 
7 
3 

3 
2 
7 

D+Q+3 3pl 2 3 2 3 1 3 1 2 

1 2 3 
2 3 1 
3 1 2 

D+T+Q[;QJ 'EAT' [T] 

1 2 3 EAT 
2 3 1 ATE 
3 1 2 TEA 

2 3 1 ATE 
3 1 2 TEA 
1 2 3 EAT 

3 1 2 TEA 
1 2 3 EAT 
2 3 1 ATE 

Bgn~=2 8r[£~ b~fh ~rg~m~n1 

R is the re su 1t of sel ect i n,g from A those 
components whose positions in each 
coordinate of A are B;B;fl.. 

B and Ii are the rows and columns, 
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respectively, of the array. 

The rip;ht ar.f';ument must have l+ppA 
semicolons. 

D+-H+-2 3 '-+0124 

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

13 14 15 16
 
17 18 19 20
 
21 22 23 24
 

H[2;3;2] H[1;2;1 3J 
22 5 

H[2;2 3 ; 1 4J H[ 1 2 ; 1 3 ; 2 3J 

17 20 2 3
 
21 24 10 11
 

14 15 
22 23 

1ft B = 1 ( oA ) [ N] , where B is the 11 th 
member of the index 1 ist, it may be 
omitted. 

H[;2;4] H[ ; 1 3 ; ]
 
20
 

1 2 3 4
 
9 10 11 12
 

13 14 15 16 
21 22 23 24 

G+-H[;1 3;2 3p 4 3 1J 
pC 

2 2 2 3 

~Q!g: The result depends on the index 
origin (~gg Ori~in Command, page 141). 
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For A+B, the value of B , to~ether with its rank 
and dimensionCs), is assigned to A, which must be 
either a variable or a quad. It is the action of 
specification that causes a variable to be a scalar, 
vector, matrix, or rank-N array. 

N+-4+9~.5 Assi~n the value of the expression 
4+91.5 to the variable named N. 

4 4 

N+-(14)0.=14	 The variable M, by specification, 
is a matrix whose dimpnsions are 
4 4. 

pM 
4 4 

ppM 
2 

One or more ele~ents of an establ ishe8 array may 
be assi~ned values by specification. In this case an 
index value within ~rackets following the variable 
name appears as the left argument of specificatron: 

-
D+N+- 2+ 17 

0 1 2 3 4 5 

pN[2 3 5 ] 

3 

O+N[ 2 3 5J+9 10 11 
9 10 11 

N 
9 10 2 11 4 5 
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M+2 3P16 
pM[2;1] 

BL 

M[2;lJ+7 
M 

123 
756 

M[l 2;1 2J+2 2p9 10 11 12 
M 

9 10 3
 
11 12 6
 

If the index expression is omitted from within the 
brackets, every component of the array is assumed: 

N+18 
N[]+5 
N 

5 5 5 5 5 5 5 5 

If an indexed variable appears to the left of a 
specification arrow, the rank and dimension of the 
variable are unchanged: 

V+2 9 3.,2 5 
pV 

4 

V[l 4J+5~.1 3 

pV 
4 

V 
5.1 9 3.,2 3 

A+B is an expression and has as its value, 
dimension(s), and rank the value, dimension(s), and 
rank of B. 
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Myl!lQlg ~Qg~lflf~!lQo. The command M+3xN+2 
assi~ns the value 2 to N and the value 3xN or 6 to M. 
Repeated use of specification in a sin~le command is 
known as m~111Qlg ~Q~~lfl~Q!lQD. Its uses are 
illustraterl in the examples below. 

E+l+D+-l+C+l+B+-l+A+O 
A,B,C,D,E 

o 1 234 

D+-A+-35x4

140 
A 

140 

( R+- 8 ) , S +-9 

8 9 
R 

8 
S 

9 

D+-V+14
 
1 2 3 4

D+V[13J+-0 
V 

0 0 0 4
D 

o 

'THE VALUE IS ';T+-5 X325 

THE VALUE IS 1950 

m 
.L 

1950 

,F+2 3p'AFGTSF' 

AFGTSF 

F 

AFG 
TSF 
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Often a specification is used within a branch 
command : 

~o, p~+tGIVE MESSAGE AND QUIT' 

-+6xl0?I+I+l 

~Q!g: In the following pro~ram 

S+5.3 
Z+(S+8)xS 
Z 

64 

the value of Z indicates that the expression in 
par~ntheses was evaluated first. (Otherwise Z would 
have had the value 42.4.) In the program, 

T+8.8 
Q+(T+5)xrT 
Q 

45 

the value of Q l nd l c a t e s that the expression in 
parp.ntheses was not evaluated first. (Otherwfse Q 
woul~ have the value 25.) Since, as these examnles 
su~~est, no order is specIfied for determining when 
an expression in parentheses is evaluateri, it rnay not 
he possibl~ to pr~dict what the value of a command 
will be if that value depends on when an expression 
in parentheses is evaluated. This problem of ordp.r 
arises only in commands of mUltiple sp~cification in 
which a variable is specifipd in an expression to the 
left of where it is first used, such as Z+(S+8)xS. 
It is best to avoid writin~ such commands. 

In general, this rule of no specified order does 
not affect the value of commanos. For example, in the 
command M+(3xL6.321)1 37~ M has the value 1, regard
less of when the expression (3 xL6.321) is evaluated. 
S i rnl l a r 1v, i nthe command Q+- ( T +- 3 x 8 ) f 9 x 2 ~ T has the 
value 24, and Q has the value 1.333333333, regardless 
of when the expression (T~3x8) is evaluated. 
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The value of a compound expression is the result 
of executtn~ all functions in the expressIon, 
Expressions in APL are always evaluated in the sam~ 

way. Reading from left to rIght, each function or 
specification symbol operates on the entire 
expression to the right of it, up to the ri~ht 

parenthesis of the pair that enclose it: 

63f3+7	 The quotient of 63 divided by the 
value of the expression 3 plus 7 

31LAxpB	 The minimum of 31 and the value of 
the expression A times the value of 
the expression pB 

As a result of the rule that each function 
operates on the expression to the right of it, the 
ri~htmost expression is evaluated first, then the 
next ri~htmost, and so forth, until the entire 
expression has been evaluated, In other words, the 
order of execution is from rIght to left,# For 
example, 63+3+7 has the value 6,3, DQl 28, Below are 
some more expressions and their values, 

3+4x5+6 47 
2 X14 2 468 
14x2 1 2 345 678 

For: 
U: 246 1 3 
V: 153 2 6 
W: 2.4 6.7 5.3 8.1 

V[6 1 4]xf/V 18 6 12 

pU,pV 7 

1 

#A rliscussion of the choice of the ri~ht-to-left 

execution will be found in K. E. Iverson, &lgmgn!2£Y
Functions (Science Research Associates, 1966),
AppendIx-A. 
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£gr~nlbg~§~. Parentheses in an expression 
indicate departures from the order of ex~cution 

otherwise determined by the structure of an 
expression. The sequence indicated by' parentheses is 
followed. Left an~ ri~ht rarentheses must be 
properly paired. 

(3+4)xS+6 

(pU) ,pV
 

( V - U) [ ( V> U) / 1 P V]
 

77 

246 8 

6 6 

3 1 1 3 

7.416198487 

~l£~~lYr~ Qf gQ ~~Qr~~~lQn. Between any two 
constants, variables, or quads (ignorin~ parentheses) 
there must be one, and only one, dyadic function: 

IDY5!11gY~llg 

4xB 

4+lB 
(S+A)+9 

If a function symbol represents either a monodic or a 
dyadic function, the monadic is assume~ if the symbol 
to j t 5 i mrne d i ate 1eft rep res en t s a fun c t ion ; i n 
9!*LA, the functions * and are monadic; I is 
dyadic. 



70 

Qygg gD9 nYQ1~=aYQg in s~Qrg~~lQn~ 

EQr QY1QY!~ If a quad 0 or quote-quarl ~ appears 
to the immediate 19f! of a specification symbol, 
output is specifierl; that is, the value of the 
expression will he displayed. The quad, unlike a 
variable, retains no value: 

O+4x6f7 x 3 
1,142857143 

o 
0: (~g~ Input, ra~e 71) 

tlQ!g: The left-hand quad and specification symbol 
may be el ided (~~g Ql~Q Multiple Specification, page 
66): 

4x6f7x3 
1 ..142857143 

Judicious use of the quad is helpful for seeing 
intermerliate results in a compound expression--for 
example, the following sort of vector X: 

X+9 12 8 51 4 2 33 
X[(+/XO.;;::X)llpX] 

8 2 4 9 12 33 51 

How this expression huilds up the sort can be seen by 
inserting 0+'5 at key points in the expression: 

X[D+(D++/D+XO ..~X)11PXJ 

1 0 1 0 1 1 0 
1 1 1 0 1 1 0 
0 a 1 0 a 0 0 
1 1 1 1 1 1 1 X» ..~X 

0 0 1 0 1 1 0 
0 0 1 0 0 1 0 
1 1 1 0 1 1 1 

4 5 1 7 3 2 6 +/Xo .. ~X 

3 6 5 1 2 7 4 (XO.~X)llpX 

8 2 4 9 12 33 51 X[(+/XO .. ~X)llpX] 
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EQr inQ~t. If a quad or quote-quad appears 
anywhere except to the immediate left of a 
specification symbol, execution of the expression is 
interrupted until an expression to replace 0 or a 
character string to replace ~ is entered. 

A 0 to the right of a specification arrow can be 
replaced by any expression, numbers or characters, or 
a system command. When an expression containing a D 
is executed, the symbol 0: is printed to indicate a 
request for input: 

A+36S x D 
0:
 

25
 
A 

9125 

~D 

0: 
5	 Command 5 is the next 

command executed. 

0: 
'HELLO' 

B
 
HELLO
 

~«A+D)El 2 3)/5 
D: 

5 
A 

5 

tlQte: No branch occurs since the value of 
(5El 2 3)/5 is the empty vector. 

Simply entering a carrier return or spaces and a 
carrier return will cause 0: to reappear. Entering 
)CLEAR, )LOAD, )OFF or )OFF HOLD, or )CONTINUE or 
)CONTINUE HOLD to replace 0 changes the contents of 
the active workspace, and so terminates the request 
for input. 
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If other system commands are entered to replace 
0, the expression containing the input quad is not 
affected and 0: wi 11 reappear after the command is 
executed. )SAVE or )CONTINUE or )CONTINUE HOLD 
entered to replace 0 will cause the workspace to be 
saved in the 0 state. When that workspace is loaded, 
0: will appear after the save report. This can be 
used to put a message in a workspace as follows: 

'BEWARE! THIS WS HAS ORIGIN 0' ,opO 
0: 

)SA VE TRYOUT 
14611.12 12/12/99 
0: 

1 (Any number or variable can 
be entered.)
 

BEWARE! THIS WS HAS ORIGIN 0
 

)LOAD TRYOUT 
SAVED 14.11 6 1 2 12/12/99 
0: 

2
 
BEWARE! THIS WS HAS ORIGIN 0
 

The state indicator will contain a 0 if )SIor 
)SIV is entered to replace 0: 

3xD 
0: 

)SI 
o 
0: 

15 

It is not possible to edit a function in the 0 state. 
Entering ~ will terminate request for input. 

A ~ to the rIght of a specification arrow takes 
everything keyed in as character data. When an 
expression containing ~ is executed, the keyboard 
unlocks with the carrier at the left margin and no 
symbol is printed. Use of ~ el iminates the need to 
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enclose character strings in quotes or to double 
quotes within strings. Replacing ~ with a string of 
characters yields a vector; a single character yields 
a scalar; and no character yields the empty vector. 

A+-~ 

No symbol appears; the input starts
 
at the left margin.
 

TABLE
 
A
 

TABLE 

A+-~ 

'TABLE' 

A
 
'TABLE'
 

Q+-[!} 
DON'T
 

Q
 
DON'T
 

pQ
 

5
 

T+l!J 
M 

pT 

BL 

X+['J 
a carrier return 

pX 
0 

B+-['J 
6+7x9~4 

B 
6x7x9~4 

A+-'MISSISSIPPI'E~ 

MISSOURI 
A 

11111 1 1 0 0 1 

Entering 0 backspace U backspace T 
(OJ) w; 11 terminate a request for character 
input, and in a function has the same effect as 

-+. 
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The symbol A (n overstruck with 0) at the 
be g l nn i ng of aline of type signals that the 1 ine is 
a ~Q~meQl 1 ine and is not to be executed. Any val id 
characters may be used in the comment text: 

A P. BROWN MATH101 4/12/99 

Each line of comment must be z i n with A: 

A A DEMONSTRATION OF THE
 
A USE OF MULTIPLE LINE
 
A COMMENTS
 

A comment used in a function definition has aline 
n urnb e r: 

V Z+CLOSE S;R
 
[1J A DELETES MULTIPLE SPACES
 
[2J R+S~'
 

[3J Z+(Rvl¢R)/S
 
V 

Function definition cannot be closed on a comment 
1 ine, since the V is regarded simply as a character 
in the comment. 
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APL provides a rich set of primitive functions 
(see Tables I through V); neverLheless there is 
a l wav s a need to suppl ernent the set of p r imi t i ve 
functions with specially designed functions. Defined 
functions meet this need. A sequence of commands that 
a user stores for use at his convenience is called a 
defined functiQo. 

The symbol for a defineJ function is an 
identifier and is called the f~QctiQQ nawe. The 
syntactic form and the name of the function are 
establ ished in the f~nctiQn nea4Qr. The remaining 
pa r t of a def i lled func t ion i 5 the f~Qc.tlQn tlQQY, the 
Ql:Q};r.a.m or sequence of c ornnand s const i tut i ng the 
function rule. 

Deflniu& a EYQctlQn 

A v (called "del") preceding a function name 
declares a change f r or.i execution mode to function 
definition mode. A second V terminates function 
definition. 

In definition mode, no execution of APL c omrnan ds 
oc cur s , and 1-10 err 0 r sother t h~ n c ha ractere r r 0 r s , 
definition errors, and label errors are reported. 
Ins tea d e ac h c ornn and iss tor e d aspart 0 f the 
definition. The system commands )SAVE, )COPY, 
)PCOPY, and )CONTINUE cannot be executeJ during 
function definition, and )ERASE of the function bein~ 

defined or edited will not be executed. All other 
system commands may be executed during definition. 
This does not affect the numbering of commands. 

After the syntax (of the function) has been 
establ ished in the header, the body of the function 
de fin i t ion beg ins. The 1 i ne n urn be r 1 j 5 P r i n ted by 
tne computer within brackets [1J, signifying that the 
first 1 i ne of the funct i on program mav be entered. 
Each 1 ine thereafter, subject to editin~, is numbered 
consecutively. 

Examples of the six types of defined functions 
appear in Table VI (page 81). 
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Defined functions may have zero, one, or two 
ar~uments and zero or one result. Thus there are six 
types of syntax for defined functions. The three 
types that have an ft~Qll~l! rp.sult as indicated in 
the header correspond t6 ~onadic (one argument) 
primitive functions, dyadic (two ar~u~ent) primitive 
functions, or constants (no argument). Defined 
fun c t ion 5 withexp 1 i cit res u 1 t 5 rnayappea r i n 
compound expressions. The rp.mainine three types of 
defined functions are defined without expl ieit 
results. These must necessarily appear alone in a 
command; they cannot appear in a compound expr~ssion, 

except as the last function to be executed, 

The header types are illustrated in Fig. 2. Examples 
of each type of function will be found in Table VI on 
page 81. 

EXPLICIT RESULT NO EXPLICIT RESULT 

~10NAD rc 

DYADIC 

NILADIC 

\I Z+NAME Y 

\JZ+X NAME Y 

VZ+-NAME 

VNAME Y 

vx NAME Y 

VNAME 

Fig, 2 Header Types 

QYIT.lIJJY Yar:1Qhle.~. Recall that the syntax of t he 
primitive functions in the section on definitions 
(pages 20 to 64) was symbol ized as R~m B for 
monadic functions and as R~A d B for dyadic 
functions. The letters As B, and R were userl simply 
to show the position of the ar~uments and the 
existence of a single result. Before a function 
could be used in an expression, however, the letters 
A and B would have to be replaced by expressions 
which have value. Thp. letters A, B, and Rare 
Q~mmY YgLlgQl~~; they serve as placeholders. 

The dummy variables in the header of a defined 
function indicate the syntax of the function. For 
example, VT+Q HYP P sets up the function HYP to be a 
dyadic function with an expl ieit result. Once HYP is 
def i ned, it can appe a r ina command such as 
H+3 HYP 4& The syntax of the command follows the 
syntax establ ished in the function header. The dum~y 

variahles appearing in anyone header must all be 
distinct, for example, the headp.r VH~F H is inval id. 
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Jus t as the p rim i t j ve fun c t ion 5 we r.e de fin edin 
Tables I through V in terms of dummy variables A, B, 
and R, so a defined function's rule is written in 
terms of its dummy variables. If, for instance, the 
function HYP calculates the hypotenuse of a right 
triangle, the function rule might be 
T+- ( ( Q* 2 ) +P * 2 ) * . 5 • As you can 5 e e , i tis wr itt e n i n 
terms of arguments Q and P and result T. In the 
evaluation of the expression 3 HYP 4, Q in the 
function rule is replaced by 3, and P in the function 
rule is replaced by 4. T is displayed as the result 
of executing HYP. 

If T, P, and Q had no values assigned to them 
prior to the execution of HY~, they will have no 
values after the function has been executed. If 
T, ~, and Q had values assigned to them prior to the 
ex e cut ion 0 f the fun c t ion, 1', P, and Q w ill ha ve 
those same values after the function has been 
executed. In other words, the use of T, P, and Q as 
dummy variables does not affect their use as 
variables outside the function. 

LccaI ~a.rla.ble~. It is conven i en t to rnake the 
values of variables that have no relevance or use 
outside the defining function--such as variables used 
for counters--available only within the defining 
function. Such variables--cal1ed local variables-
have value only in a particular function, in contrast 
to ~lQbal YgrlaQle~, whose values are always 
accessible except in certain instances of dynamic 
localization (see page 79) and in certain cases of 
suspended execution (~ee Suspension of Execution, 
page 98). 

Variables that are to be local to a function are 
declared so in the function header at the time the 
function name and syntax are establ ished. The header 
type is followed by the list of local variables, each 
preceded by a semicolon. For example, the header 
VZ+P Q;I;J;K establ ishes variables I, J, and K as 
local variables. 

If a function F contains a local variable A, the 
global variable A or the function A cannot be used 
within the function F. Except for the above 
restriction, a local variable can have the same name 
as a global variable, a function, or a variable local 
to some other function. During function execution 
the local variable is always dominant. After a 
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function is executed, any value assigned to a local 
variable is lost and the variable resumes the 
definition it had prior to the execution of the 
function. That is, if the variable had no value prior 
to execution of the function, it has no value after 
execution. If the variable had value prior to 
execution, it has the same value after execution. 

Function execution is entered with values 
assigned to dummy arguments, but not to local 
variables. Values for local variables are assigned 
within the function; otherwise there is no difference 
in the behavior of dummy variables and local 
variables. Generally, when a variable is called 
lQ~~l, it is assumed that it may be either a dummy 
variable or a local variable. 

A+235	 A, a global variable 
N+'TEST'	 has value 235. N, also 

a global variable, has 
va 1ue 'TEST' • No 
values are assigned to 
Z and S. 

V Z+N CANTOR S;A A dyadic function 
[lJ A+'0123456789' with local variables 
[2J Z+(N tN+1)p5 A, Z, N, and 5. 
[3J Z+l 1~Z[;1+1NJ Note specification 
[4J Z+'. 1 .A[10 11+A lZJ of A within function 

\]	 body. 

4 CANTOR '.1435.9278.0836.6104' 
.2345 

A A, N, 5, and Z 
235 resume condition 

p r i or to execution 
IV of the function. 

TEST 
Recall that no value 

S has been assigned to 
VALUE ERROR 5 or Z, local 

S variables. 
1\ 

Z 
VALUE ERROR 

Z 
A 
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Q~DQml~ 1Q~gll~gliQn (~lQ~~ ~lr~~l~r~). The 
local variables of one function are accessible in 
other functions invoked by that function. Suppose 
that a monadic function F with argument X has local 
variables I and J • If function F invokes another 
function G, the local variables I and J of F and the 
areument X are accessible in G (or in a function H 
invoked by G ) as long as G (or H) does not have its 
own local variables I, J, or X. Furthermore, any 
specifications of I, J, or X in G (or H) will be 
specifications to I, J, and x as local variables. 

In the example below, the function PRIME stores 
X prime numbers in the global variable P. Function 
LIMTEST tests for a 1 imit as N approaches infinity 
of +/(IN)+PRIME N. LIMTEST which invokes PRIME has a 
local variable P that shadows the global P of PRIME. 
The reason that P was made local to LIMTEST was to 
avoid fi1 ling up the workspace with an unneeded 
vector. P was not made local to PRIME to preserve 
previously computed prime numbers if PRIME is not 
invoked by a function that has a local variable P. 

IJ R+PRIME X
 
[lJ -+(X$pP)/6
 
[2J R+-ltP
 
[ 3 ] -+( 0:: P IR -+.R + 2 ) / 3
 
[Ij 1 P+P "R
 
[5] -+1 
[6J	 R+XpP
 

'iJ
 

P+-2 3 
PRIME 5
 

2 3 5 7 11
 

P 
2 3 5 7 11 

IJ LIMTEST R;N;P
 
[lJ N+pP+2 3
 
[2J LV;' ';+/( tN)fPRIME N
 
[3] -+(R~N+N+l)/2 

'V 

P+'TEST' 
LIMTEST 5
 

2 1.166666667
 
3 1.766666667
 
4 2.338095238
 
5 26792640693
 

p 

TES'I' 
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Another example is shown below. The function 
SIMULATION finds the velocities of a mass at cert3in 
intervals as it is brought to a stop by one of two 
types of spring. Argument P is a four-component 
ve c tor rnade up 0 f t YP-2 0 f s p r i .1 ~ , i nit i a 1 vel 0 cit Y, 
mass, and del ta X. Because of d vnarrl c local l z a t l o n , P 
is local to both COMPRESSION and PIN~I', which are 
invoked by SIMULA IlIO!'I, and va r i ab 1e X of 8IMUtATION 
is also r oc a l to PINT: 

V V+SIMULATION P;x 
[lJ x+o,P[4]xlLCOMPRESSION+P[4J 
[2J V+«P[2J*2)-2xFINT+~[3])*O.5 

[3J V+(2,pV)pX,V 
'V 

V Z+COMPRESSION 
[lJ RHOW FAR MASS COMPRESSES SPRING 
[2J -+2+P[1] 
[3J -+O,Z+P[3]+18+P[2J*2 
[4J -+O,Z+-3+(9+P[3JxP[2]*2)*O.5 

'V 

'V Z+FINT 
[lJ AINTEGRAL OF FORCE FUNCTION OVER DISTANCE 
[2J -+2+P[lJ 
[3J -+O,Z+9 xX 

[4J Z+Xx3+XxO.5 
'V 
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MQtlAQIC. VZ+NAME Y 

V R+SORT V 
[lJ R+V[~V] 

'l 

SORT 4 2 8 12 9 6 
9 2 4 6 8 12 

v Z+MAGICSQ X;M 
[1] +(O~2IX)/3 

[2J +OspO+'NOT ODD ORDER' 
[3J M+(X s X ) p l X* 2 
[4J Z+(rXf2)~(-1+1X)~[lJ(-1+1X)~M 

\I 

NAGICSQ 3 

816 
3 5 7 
492 

VZ+X NAME Y 

V L+KEY CODE MSG 
[lJ L+(PUNsKEY~ALPHA)[(PUNsALPHA)lMSG] 

\I 

PUN+'.,! ' 
ALPHA+'ABCDEFGHIJKLMNOPQRSTUVWXYZ' 

12 CODE rYQQF YQ MF YUPZUSTF' 
MEET ME AT MIDNIGHT 

\J I+A WHEREIN B 
[1] I+(A/[lJ(-1+1pA)~Ao.=B)11 

V 

'ANU' WHEREIN 'JANUARY' 
2 
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V Z+-NAMF: 

V Z+-PI 
[lJ 2+-01 

V 

PI 
3.141592654 

V M+-DATE 
[lJ M+-'/0123456789'[1+1 1 0 1 1 0 1 1\1+(6pl0)TI25] 

V 

DATE 
07/18/68 

VNAME Y 

II EXPAND TEXT
 
[lJ T+-«2 xpTEXT)pl O)\TEXT
 
[2J T[2 xl-1tpTEXT]+-'*'
 

[3J T
 
'V 

EXPAND 'HYMAN KAPLAN'
 
H*Y*M*A*N* *K*A*P*L*A*N
 

V ENDZERO N;A 
[lJ A+-+/LNo.~5*lL5eN 

[2J A;' CONSECUTIVE TERMINAL ZEROS IN !';N 
'V 

ENDZERO 10
 
2 CONSECUTIVE TERMINAL ZEROS IN !10
 

! 10
 
3628800
 

X NAME Y 

II WEIGHT PER ATOMS;P
 
[lJ C+100xPf+/P+WEIGHTxATOMS
 

II 

1.008 15.994 PER 2 1 
C 

11.19378123 88.80621877 
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V BASE CONVERT NUMBER 
[1] ALPHA[(L1+BASE~NUMBER)pBASE)TNUMBER] 

'iJ 

ALPHA+'0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZ' 
)ORIGIN 0 

f<lAS 1 
16 CONVERT 255 

FF 

VNAME 

V ADD 
[1 ] C+A I\B 
[2] +(C[1]=1)/6 
[3J A+A~B 

[4] B+l¢C 
[5J +l x O=A/ ...... C
 
[6J 'ERROR'
 

V
 

A+l 1 0 0 1 
B+-O 0 1 0 1 
ADD
 
A
 

111 a 

V PROBLEMS;T
 
[lJ T+3 2 2p?12pl0
 
[2J T[;;OJ+lrT[;;O]
 
[3] ANSW+-+/T+.xl0 1 
[4] Q+l 1 O\[1]'0123456789'[T] 
[5J Q[;2;J+-'-' 
[6] Q+O 0 1 l\Q
 
[7J Q[;l;OJ+'+'
 

\] 

)ORIGIN a
 
WAS 1
 

PROBLEMS
 
Q 

55 
+ 39 

42 
+ 19 

15 
+ 32 

ANSW 
94 61 47 
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Replacements, deletions, and insertions of 1 ines 
in a deffned function can be made as shown in Table 
VI I. The function header may also be edited. If it 
is, a syntax check will be made. An example of 
fun c t ion ed i tin g f 0 1 1ow5 Tab 1e VI I • 
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An example of function definition is shown below. 

[ 1 ] 
[ 2 ] 

[ 0 • 6 ] 

IJZ+-P 
Z+-(+/N)+ 
[ . 5 J 'THE 
[OJ 

pH 
AVERAGE IS' Inserting a 

Request for 
command. 
display. 

IJ 
[ 0 • 5 ] 
[ 1 ] 

IJ 

Z+P 
t THE AVERAGE 
Z+-(+/N)+pN 

IS' 
The display: 
Lines are arranged 
in numerical o rde r , 

[ 2 ] [OJZ+-F N'V Change header and 
close of definition. 

VF[OJIJ Request for display. 

[1 J 
[ 2 ] 

'iJ 

IJ 

Z+P IV 
1 THE AVERAGE 
Z+-(+/N)fpN 

IS' 
The display: 
Lines were renumbered 
to consecutive 
integers when the 
definition was closed. 
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liQ~ ~gitiQg. ~eplacements, 1eletions, and 
insertions of characters in a one-l ine command or in 
the function hea~er can also be made during function 
e d l t l ng by ov e r r l d l ng the present line number with 
[N[lK], where PI is the number of the 1 ine to be edited 
orO fo r the func t ion hea de rand K, the ap p rox i fila te 
place (by number of spaces from the left margin) for 
editing to be z i n . Line N or the header is displayed, 
and the carrier returns to the next 1 ine and spaces 
to the Kth column from the left. 

1.	 To de.le.!~ any number of characters, key in a 
s l Q~ b. ben eat h e a c h c ha ract e r to bede 1I~ ted : 

VF 
[6J [3010J 
[3J -CxRxTf5+4*6 

/ 

The 1 ine is displayed with each character 
unip.rscored by a / deleted and closed 
-CxRxf5+4*6. The carrier waits at the end of the 
command; an arldition to the command may be made 
lJefore entering: 

[3J -CxRx+5+4*6+9 x 1 3 
L--.....J 

an addition 

2.	 To insert a character or characters between two 
adja~~;t-characters X and Y, type a single glgll 
below character Y indicating the number (from 1 
to 9) of blanks to be inserted to the left of Y: 

[6J [3010J 
[3J -CxRxT~5+4*6 

2 

The 1 ine is displayed with two hlanks between T 
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and -. The carrier waits at the leftmost blank 
for an insertion: 

[3] -CxRxTt--fS+4*6 
waits here 
+-7 insertion 

Line 3 looks 1 ike this:
 
[3J -CxRxT~7f5+4*6
 

Typ i nz an A below a character wl 11 insert 
spaces between that character and the one to its 
left. A B wi 11 insert 10 spaces, a C, 15 spaces, 
and so forth, in multiples of 5. 

I f ALPHA is the alphabet and L the 1etter, the 
number of spaces inserted is 5xALPlJAlL. Uhat 
letters of the alphabet are possible depends on 
how much blank space re~ains on the 1 ine (width 
Minus columns used). If SR is the space 
remaining and is greater than or equal to 5, the 
possible letters are A through ALPHA[LSRfS]. 

If you make a mistake in typin~ the 
insertion, the backspace-attention Clinefeed) 
procedure ordinarily used for correcting errors 
\Jil1 erase the entire 1 ine above and to the ri~ht 

of the correction point: 

[ 6 ] [3010J 
[3] -CxRxTf5 

2 
[ 3 ]	 -CxRx Tf5 

7+ insertion 
A erasure 

correction 
[4J [30J 
[3] -CxRx7x 

If you have not allowed enough rOOM for the 
insertion and you overstrike, you will ~et a 
character error or an overstruck character. 

3.	 To rgQlg~~ a character with another, put a slash 
below the character and a digit or a letter to 
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the right of the slash: 

VF 
[6J [3010J 
[3J -CxRxT~5t4*6 

/A 

[3J -CxRxTL----5t4*6 
waits here 
PSfl. insertion 

Line 3 looks 1 ike this: 

[3J -CxRxTPSfl.St4*6 

Line numbers may also be edited in the ways descrIbed 
above. So, for example, if you want to dup l icate the 
command currently at 1 ine 3 to a position following 
line 5, you would do the followin~: 

VF[3D2] 
[3J A+BxC~2.3 

/3
[l--J A+B+C+2.3 
waits here 
5.1 insertion 

Line 5.1 looks like this: 

[5.1J AtBxC+2.3 

Line 3 is still part of the function definition; 
it is unchanged and should be deleted if it is no 
longer requi red. 

4. To g9Q to the end of aline, enter anything 
but a slash, a number, or a letter. The 1 ine is 
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displayed unaltered, and the carrier waits at the 
end of the line: 

[6J [0010J 
[0] F+A B;I;J;K 

a carrier return 
[oJ F+A B;I;J;K l-

waits here 
;L;M addition 

The header looks 1 ike this: 

IlF+A B;I;J;K;L;M 

5. To g~l! 1 ine editing, either signal attention 
while the 1 ine is printing out or, if the 1 ine 
has already been printed, cause a character 
error: 

[6J [3010J 
[3J -CxRxT 

f1 
CHARACTER ERROR 

[3J [3DJ 
[3] -CxRxT 

A DEFN ERROR report will be given if editing the 
header makes it syntactically incorrect or if 
altering the function name makes it the same as that 
of another object in the workspace. 
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Brnnchin~ is used ~enerally within a defined 
function to direct the execution of commands. rt is 
denoted hy thp. symbol ~ followed by an expression E, 
~E. Line 4 of the function SQROOT shown below is a 
branch on condition--if t R=St the functton 
terminates; otherwise 1 ine 5 is executed; lIne 6 is 
an unconditional branch--to 1 inp. 3: 

'V R+SQROOT N;S 
[1J N+IN 
[ 2 J R+l 
[ 3 J S+.5xR+N+R 
[4 ] ~(I\I,R=S)/O 

[ 5 ] R+S 
[6 ] -+3 

V 

The value of E, the expression to the right of 
the branch arrow, deter~ines the number of the 1 ine, 
if any, that is to be executed next. 

1.	 If the value of ltE is within the ran~e of line 
numbers of the function being execute~, the next 
line executed is line ltE: 

[7J -+5 
Line 5 is the next executed. 

[7 ] -+START+ 1 
The 1 ine whose number is the value 
of START+l is the next executed. 

2.	 If the value of ltE is outside the ranRe of 1 ine 
numbers, the execution of the function 
terminates: 

[7] -+0 
There is no 1 ine 0, so execution of the 
function terminates. 

3.	 If the value of E is the empty vector, no branch 
occurs and the next 1 ine executed is the 1 ine 
that immediately follows. If there is no 1 ine, 
this is the end of the execution: 

[7J -+(T=5)/3 
If the value of T is 5, 1 ine 3 is the next 
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executed. If it is not, 1 ine 8 is the next 
executed, if it exists; otherwise execution 
of the function terminates. 

E may be scalar or vector. The scalar or the 
first component of a vector must be a positive 
integer or zero. A 19Q~l (§g~ Labels, page 94) is 
the only symbol that may appear to the left of a 
branch arrow. Fi~. 3 below shows some examples of 
branch commands. 

Branch to A or execute next line: 

-+(X r Y)/A 
-+(X r Y)pA 

-+A x 1 X r Y 

Branch to 1 ine Ai or line A2: 

~(Al.A2)[1+X r YJ 
-+((X r Y),-X r Y)/Al,A2 

Branch 

r: 

to one of several lines: 

-+«X r Y),(X r Y),X r Y)/Al,A2"A3 
-+I~V, where V is a vector of line 
numbers and I is a counter. 

< s = ~ > ~ V A ¥ * € 

Fig. 3 Examples of Branch Commands 

If the branch arrow is used with no argument -+ , 

execution of the current function F terminates along 
with the entire sequence invoking F. For example, jf 
G invokes F execution of both F and G will 
term ina t e i f -+ i sacomma ndin F. I f H i nv0 ke 5 G, 
which invokes F, execution of F, G, and H will 
terminatp if + is a command In F. (~g~ ~liQ State 
Indicator, page 99.) 

Branchin~, -+E or -+, Is also used to direct the 
action to be taken if the execution of a function has 
been suspended (~~~ Suspension of Function Execution, 
page 98). 
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a(qn~QLng~~Aff~~t~~ ~~ [~n~tiqn ~Qiting. All 
lines are renumbered as consecutive integers after 
exit from definition mode, and so branching to a line 
number is often affected by the insertion or deletion 
of commands. For example, if a function containing 
the command ~3 has a command inserted between 1 ines 2 
and 3, what had been 1 ;ne 3 becomes line 4 at the 
close of function definition. 

La~~l~. One remedy is to use labels with 
commands which are 'branch to' points. A co~mand 
1abe 1 i s esta b 1 ish e d by prec e din g the comma nd wit h a 
variable name. A ~Q1Qn separates the label from the 
command: 

[2J START:N+N+l 

The value of the label is the number of the line with 
which it is associated at the close of function 
definition. Labels are respecified each time 
function definition is closed: 

START 
2 

V'F[1.5Ja commandV' 

VF[OJv 
V F 

[1] a command 
[2] a command 
[ 3 ] START: N+-N+ 1 
[4 ] a command 
[ 5 ] ~(N<10 )/START 
[6J 

'l 

START 
3 

Labels are local constants which are ~efinerl 

when the function is executed. The value of the 
label cannot be respecified in a commanrl. An attempt 
to do so will result in a SYNTAX ERROR. Like local 
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variables labels are assessible in functions invoking 
a function containing labels (~g.e 8lock Structure, 
page 79). If a function containing labels is sus
pended and if editing affects the value of the label, 
an SI DAMAGE report will be given and it will he nec
essary to edit the function in a nonsuspended state. 

Ee~uL~ly~ E~n~11Qn. A function that invokes 
itself in the body of its definition is rg~~r~lyg. 
For example, the function FAC below produces the 
factorial of its argument. Observe 1 ine 2: 

'V 2+FAC N
 
[lJ -+4 XlN=O
 

[2J 2+NxFAC N-1
 
[ 3 ] -+0
 
[4J 2+1
 

V 

Function FIB produces the first N terms of a 
Fibonacci series, whose first two terms are A. 
Observe 1 ine 3: 

IJ R+N FIB A 
[lJ R+A 
[2J -+(N=2)/O 
[3J R+(N-1) FIB A 
[4] R+R, (R+-1~R)[pRJ 

IJ 

Fun c t ion PR pro duc e s a rnat r i x 0 f all the 
permutations of order M. Observe 1 ine 2: 

IJ P+PR M;Z 
[1] -+2 x M>, P+1 1p1 
[2] P+PR M-1 
[3J P+~(l 0 +¢pP)p(,~P),(ltpP)pM 

[4J Z+,~«ltpP),M)p-1-lM 

[5] P+Z~«M,l)xpP)pP 

'V 
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It is often useful to have the values of some 
(or all) commands of a function F typed out as 
execution of the function progresses. To accampl ish 
this, a trace on the function may be set by 
specifying a value V for the trace control T~F. V may 
be an integer or a vector of integers, T~F+V. Only 
the components in V whose values correspond to line 
numbers of F are significant. For each such 
component F[C] and the value of the command C is 
printed. If F[C] is a branch command, the value of 
the expression to the right of the branch arrow is 
printed. T6F+0 or T6F+tO discontinues the trace. 

'V B+FASCAL N 
[1 ] B+1 
[ 2 ] B+(B,O)+O,B 
[ 3 ] -'r2xN>B[2] 

'V 

T~PASCAL+2 3 

M+PASCAL 3 
PASCAL [2] 1 1 
PASCAL[3] 2 
PASCAL[2J 1 2 1 
PASCAL [3] 2 
PASCAL[2] 1 3 3 1 
PASCAL[3] 0 

T6PASCAL+O 
M+PASCAL 3 
M 

1 331 

The trace vector may be specified on a line of a 
function: if, for example, T~F+9xI<J is a command in 
F, command 9 will be traced as long as the value of I 
is less than the value of J. 

The trace vector is not a variable: it does not 
appear in the variable list; it cannot be examined; 
and it cannot be copied. A trace cannot be set for a 
nonexistent function. Deleting a function that has a 
trace control set for it also deletes the trace 
control vector. Editing a line removes the trace 
control for that 1 ine. 
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A function stop is a planned suspension of the 
execution of a function. It is establ ished by 
setting a stop control vector in the same way that a 
function trace is established by setting the trace 
control vector (~~~ Tracing, page 96). 

S6F is the stop control for function F; S6F~V 

specifies the stop control vector where V is an 
integer or vector of integers. Only the components 
in V whose values correspond to command numbers of F 
are significant. For each such component C, 
execution of the function is stopped just before 
command C, there is a 1 inefeed, F[C] is printed, 
there is a 1 inefeed, and the keyboard unlocks. The 
function is now in normal suspended execution (~g~ 

Suspension, page 98). Execution of the function can 
be terminated or resumed by appropriate branching. 
S6F+O or S6F+l0 discontinues the stop control. 

An example is shown below for a function named 
TRIP. 

S6TRIP+7 15 
TRIP 

TRIP[7] 
suspension activities 

-+7 

TRIP[15] 

Like the trace control vector, the stop control 
vector can be used within a defined function--to 
suspend execution after a certain number of 
iterations in a loop, for example. The stop control 
is not a variable and cannot be examined or copied. A 
stop control cannot be set for a nonexistent 
function. Deleting a function that has a stop 
control set for it also deletes the stop control 
vector. Editing aline removes the stop control for 
that line. 
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The execution of a function may be stopped 
before completion because a stop control for the 
function had been set (~g~ Stop Control, page 97), 
because an attention had been signaled (~gg 

Attention, page 123), because an error had been 
detected (~~g Errors in a Defined Function, page 
106), or because the APL operator has sent a FA 
message (see page 143). In any case, when a 
suspension occurs, the name of the suspended function 
and the line number of the next command to have been 
executed is typed out. 

When the keyboard unlocks after a function 
suspension, the computer is in execution ~ode. 

Anything that can normally be done in execution mode 
can be done during function suspension (except for 
the restrictions on function editing discussed on 
page 99). As long as a function is suspended, the 
local variables of that function are active and can 
be examined. 

A branch to the 1 ine number 1 isted in the 
suspension report will resume execution of the 
function at that 1 ine. A branch to any other number 
will resume execution of the function at that 
command. As usual, branching to a number outside the 
range of 1 ine numbers of a function terminates 
execution of the function. 

It is usually not good practice to execute a 
function that is already in a suspended state~ If a 
suspended function is executed again, the execution 
of the function begins at another level within the 
level on which the function was suspended (see State 
Indicator, page 99). --
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~tate lQ~i~atQc. The system command )RI, called 
the state indicator, causes a type-out of¥ all 
functions that are currently active, with the IllOSt 
recent first: 

)SI
 
R[3] *
 
Tf7]
 
.:;'[lJ * 

The symbol * after the function name indicates that 
the function is in suspended execution. No letter 
after the function name indicates an active, but not 
suspended, function. Such a function is called 
Qeodant. A function may be pendant because it called 
another function. The number in brackets following 
the function name is the number of the next line to 
be executed. A function that is pendant cannot be 
erased. 

An attempt to edit a pendant function "v ill 
produce the report DEFN EFROR. Suppose the state 
indicator lists the following active functions: 

)SI
 
T [5 ] -I'
 

c[ 5 ]
 * 
F[:5] -/r 

P[7] 
l' [ 5 ] * 
G[3] 
/1[2J 

Functions T and r could be edited, but not ,'vi , G, and 
P. Note that function G is both pendant and 
suspended. Since in one of its states G is not 
suspended, it cannot be edited. Notice also that 
function T has been suspended twice. 

Clearing the state indicator is done by 
terminating execution of each suspended function on 
the active 1 ist. This can be done by entering one 
branch arrow for each * in the list. The 
expression pr27 tells how many items there are in the 
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state indicator. (~gg Copy Command, page 138, for 
another procedure for clearing the state indicator.) 

Jf no functions are active, )51 will produce no 
report. 

The system command }SIV prints for each active 
function, the 1 ine number of the next command to be 
executed, an *, if required, and a 1 ist of the local 
variables and labels declared in the function hearler: 

)SIV 
R[3] I J* 
T[7] M* 
P[1] J 5* 
C[3] A TR PS N 
J[4] 

In this example the variable J local to function R is 
dominant, and the variable J local to function F and 
the function J are inaccessible (shadowed). 
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A function can be locked, or protected, by 
opening or closing the function definition with a ~ 

(v overstruck with ~) instead of \/: 

"IF 
[6J [6J V [6 ] 

A locked function can only be executed, copied, 
or erased; it cannot be revised or displayed in any 
way. The faulty command is not displayed if an error 
occurs in the execution of a lock~d function. The 
trace control and stop control for a function cannot 
be changed after the function is lockerl. 
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E.BBQB~ 

Execution of a command is terminated as soon as 
an error is detected, and any partial result is lost. 
The error is cl ass if i ed (SYNTAX, VALUE, RANK, and so 
for t h ) , the comilland i n whie h the erra rappea r 5 i 5 

displayed, and a ca r e t , A, marks the ap p r o x i ma t e 
place the error was detected: 

(15)+14 
LENGTH ERROR 

( 1 5 ) + 1 4 
A 

If there is more than one error in a command, 
only the first one found by the computer will be 
signaled at the first error report. If, after 
cor r.ec tin g the err 0 r i ndieate d , the cornmandis 
reentered, the next error will be signaled: 

4B+6+0
 
DOMAIN ERROR
 

4 B+6+0
 
A 

4B+6+1
 
SYNTAX ERROR
 

4 B+6~1 

A 

If an error occurs during the execution of a 
command that has multiple specification, 
specifications to the right of the caret will have 
taken place: 

R+-45 
T+--S*R+-.5 

DOMAIN ERROR 
T+- 8*R+-O.5 

A 

R 
o.5 

Tab 1e V I I I , \;" hie h f 0 11ows , is a table of error 
reports. 
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During function definition, character errors, 
label ing errors, and definition errors are detected. 
No other errors are detected unt i 1 the cornmands 
containing them are executed. When an error is 
detected during function execution, execution is 
suspended at the offending command (~~~ Suspension, 
page 98), the type of error is indicated (see Table 
VIII, page 103), and the function name, 1 i;~-number 
of the offending command, and the command are 
displayed: 

'V A F B The function as 
[1J N+-l defined. Note error 
[2J N+N+l in 1 i ne 3. 
[3J C+-A-B 

[4J etc. 
'V 

3 F	 4 Execution of F 
SYNTAX ERROR 
F[ 3] C+A-B Error detection 

A 

An error can be corrected either wh i 1e in 
suspended execution or after terminating function 
execution. 

1.	 CQLLectlng Er[QL~ 8ft~[ I~[miQgl1ng E~Q~~iQn 
EAecutlQQ. A branch with no argument will cause 
an exit from the last suspended function on the 
active 1 ist. A similar branch for each suspended 
function on the active 1 ist is necessary to 
terminate that function's execution: 

SYNTAX ERROR 
F[3] C+-A-B 

A 

)SI 
F[3] * 

)SI 
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Once execution of a suspended function has 
been tenninated, the function can be edited 
as necessary and reexecuted: 

VF[3] C~A-BV 

3 F	 4 

2.	 CQLLe~tlng fLrQr~ In S~~QeDQe~ f~e~~!lQD. The 
function can be edited following the usual 
editing procedures as lon~ as the function is not 
pendant, that is, it does not appear in the state 
indicator without an * (~~e page 99). 

SYNTAX ERROR
 
F[3] C+A-B
 

A 

)SI	 state indicator 
F[3] * 

correction 

After editing, to resume execution of the 
function at the point at which it was suspended, 
execute a branch to the 1 ine number (in the above 
example, ~3). It is not good practice to invoke 
the function again while it is suspended. 

If the lines containing labels are edited in sus
pended execution, the report SI DAMAGE mi~ht 

result. The 51 DAMAGE report may also result if 
the local variables in the function hearler are 
changed. In such cases exit from function exec
ution is necessary before editing the function. 
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Some unanticipated thin~s that may happen for which 
no error report is forthcoMing~ 

tF-
you ~et no apparent answer when you enter an 
ex p re s s ion and the car r i e r i sat t ..., e 1eft mar 0: in, 

TP.Y-
enterin~ a quote~ 

REASON: 
Character strings are ~arked with enclosing 
quotes~ You may have an open quote. 

rF-
a defined function takes an inordinate tiMe to 
execute, 

Try-
s l rma l in,~ attention and checking the branching in 
the function. 

REASO~J : 
Execution of an endless loop. 

tF-
nothing happens for a lon~ time, 

TRY-
en t e r l nz • 

REASON: 
Perhaps you for~ot to. 

tF-
a defined function or an expression does not 
return the anticipated answer, and you've checked 
it thorou~hly, 

TRY-
)SrV to see whether some functions are active, 

and wha t the i r 10 cal va ria b 1e s are. 

REASON: 
Some identifiers, used in one function on the 
active 1 ist as local variables, may be shadowin~ 

other variables or functions. 
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IF-
something seems wrong with the branchin~ within a 
function, 

TI1Y-
orenin~ and closing function definition. 

REASON: 
Labels may have been respecifierl. Entering and 
closing function definition will respecify labels 
to coincide with 1 ine numbers. 

IF-
when a defined function that uses? is executed, 
the chain of rando~ numbers eenerated is always 
the same, 

Tnv-
savin~ the workspace containing the function 
after each use of the function, or changin~ the 
seed by usin~ the function SETLINK in 1 WSFNS, 

REASO~' : 
The random seed (see pa~e 116) has not been 
modified since the last time the workspace was 
saved. 

fF-
after signal ing attention the carrier does not 
space over for normal input, 

TRY-
entering until it does. 

REASON: 
The terminal may be out of phase with the 
compute r , 

IF-
execution of a function is suspended with no 
error, stop control, or attention, 

TRY-
lSI and normal procedures for resuming execution. 

REASON: 
A sip;nal was transmitted (possibly because of 
interferp.nce on the telephone 1 ines) that was 
interpreted by the computer as an attention 
sir; na 1 • 
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This section discusses procedures for using the 
IBM System/360 version of APL (usually called 
APL\360). 

The terminal#--an IBM 1050 Tele-Processing 
System, an IBM 2740 Communications Terminal, or an 
IBM 2741 Communications Terlllinal--is the 
typewriterl ike device used for communicating with the 
computer. See Fig. 4 below for switch settings and 
Table X, page 112 for some terminal procedures . 

~~ll~tl .eQ~111Q!J. 

2741}
and 

LCL/COM COM 

2740 ON/OFF ON 

1050 Power On 

System Attend 

Printer 1 Send/Rec 

Keyboard On 

EOB Manual 

System Disc Up 

Test Off 

The positions of any other switches on the 
terminal face, if provided, are irrelevant. 

The 1050 terminals have a '1 ine control' 
switch, usually in the rear section of the 1051 
control unit. This switch must be on. 
Additional control keys should never be used 
unless you understand their functions. 

After turning the power on, depress any key 
whose adjacent 1 ight is on. If any 1 i g h t is 
on, depress RESET key also. 

Fig. 4 Turning on the Switches 

#See K. E. Iverson and A. D. Falkoff, APL\360 User's 
~Qn~91 (International Business Machines Corpor~tT~~~ 
1968), fgIt 1, gglnlng 8~~~2~ for required and 
optional features. 
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Ig[minal 

[ LOCK 

SET I OFF 

APl\360 KEYBOARD 

The APL keyboard is similar to a standard keyboard. 
Some significant features of the keyboard are 
indicated below. 

1.	 There is one set of alphabetic characters 
(italic capitals). These characters are in the 
unshifted position (the shift key is DQl 
depressed) of the keyboard and occupy the same 
keys that they do on a standard typewriter. 

2.	 The period, comma, and numerals are also in the 
unshifted position of the keyboard and occupy 
the same keys that they do on a standard 
typewriter. 

3.	 The numeral 1 is the fi rst character of the t op 
row. 

4.	 The negative sign, , is in the shifted position 
(the shift key is depressed) of the 2 key. 

5.	 The arithmetic function symbols + - x ~ are on 
the two keys in the upper right-hand corner. 

6.	 Most of the other s ymbo l s are in the shifted 
position on the keyboard. 

In many instances there is a mnemonic connection 
between the function sym~ol and the letter whose key 
it shares. For example, members of the pairs E and 
E, 1 and I, and 0 and 0 look so~ewhat al ike. Other 
mnemonic aids are? and Q for query, p and R for 
rho, ..... and T for tilde, * and p for power, , and K 
for quote, 1 and B for base, and I and M for 
magnitude. 
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Table X--Terminal Procedures 

ENTER To indicate that 
1 i ne of da t a , 

you hav,= cOfTl;Jlete n enterinq; a 

2741: RETURN key. 

2740: RETURN key and EaT key. 

1050: 
and 5 

RETURN key and then 
keys simultaneously. 

de o r e s s the AL T COD r~lG 

ATTENTIOtJ To interruot whatever 
(see page 123). 

the computer mi~ht ~e doin~ 

2741 
this 

with 
does 

interrupt 
not work, 

feature: Depress ATTN key. If 
use procedure described below. 

2741 without interrupt feature, 2740, and 
Remove DATA-phone receiver from cradle~ 

talk button for 3 to 10 seconds, and then 
data button .. 

1050: 
Depress 
depress 

Modem (hard-wired): 
quickly .. 

Turn power off and on 

CORRECTfONS 
TO A LINE 
BEFORE ENTE Rn!G 

To correct errors detected before the 1 ine has 
been entered. 

Backspace to error and strike ATTN key (2741), 
fNDEX key (2740), or LINEFEED key (1050); all 
symbols at and to the ri~ht of the carri0r 
position are delete~. Corrections arp entered on 
new 1 i ne , 

1050 only: Aline can be canceled before enterin~ 

by depress i nq AL T COD I ~IG key and 0 k.ey 
simultaneously, then enterin~. The DATA CHECK and 
RESEND li~hts will come on; depress DATA CHECK and 
RESEND keys. Retype command. 

CREATtNG OVER
STRUCK CHARACTERS 

Hit one key, backspace, and hit the 
for example, 0 backspace I creates 

of striking is immaterial (see also 

other key; 
¢. The order 
paz e 154). 

1050 ONLY: 
DATA CHECK AND 
RESEND LIGHTS 
GO ON 

Depress 
Command 

DATA 
will 

CHECk and RESEND keys. 
have to be retyped. 

2740 AND 2741: 
RESEND REPORT 

When an error occurs in transmission from a 
te rrni na 1 to the c ornpu te r, the word KT<; SEND is 

printed. The carrier returns, and the keyboard 
unlocks so that the 1 ine can be retyped. 
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[~taQli~rriQg a CQnn~~tLQQ ~LtQ a Q&I~~~QQQ~ QQ ~ 
Qlal~~Q I~DnLQ~L. 

1.	 Remove receiver from cradle. 

2.	 Depress talk button. 

3.	 Dial the appropriate number. 

a) If you get a busy sienal, hang up and try 
an 0 the r n umbe r • 

b)	 If you get no answer after a few rings, hang 
up and try another number. 

c)	 If you hear a high-pitched steady tone, press 
data button. The data button should 1 ight 
and wi 11 r erna in 1 it as long as the connect ion 
lasts. 

4.	 After the keyboard is unlocked, enter a right 
parenthesis followed by your account number and 
associated key (~~~ Locks and Keys, page 115). 
The keyboa rd of a 1050 is un 1oc ked when the 
proceed 1 ight goes on; the keyboard of a 2740 or 
2741 is unlocked if depressing the shift key 
causes the typing element to rotate. A full 
sign-on dialog appears below. 

)999999:KEY
 
OPR: SYSTEM COMING DOWN AT 12 CST.
 
021) 16.33.05 08/15/99 SPAKIN
 

A P	 L \ 360 S.R.A. -- CRIS CENTER 

SAVED 12.12.01 08/14/99 

999999 is the sign-on number. 

KEY	 is the key (password). 

OPR: MESSAGE is an optional message from 
the APLopera tor. Thl~ me '5 5 age ge nera 11y 
c on t a i n s schedul es, i n f o rrna t ion a bo u t the 
system, and so forth. 

http:12.12.01
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021) is the port nurn-e r . (The port 
number is the number of the access port 
on the computer tr.at connects your 
terminal to the computer.) 

16.33.05 is the sign-on time (local time 
on the comput e r ) i n h 0 U r 5, ill i nut e s , and 
seconds. 

08/15/99 is the current date. 

SPAKIN is the user's identificatton. 

A PL \ 3 6 0 i 5 the na me 0 f the prog ram and 
system. S.R.A. -- CRIS CENTER is the 
location of the computer. 

SAVED 12.12.01 08/14/99 If the last time 
you terminated a work session nn the 
computer an unlocked active workspace was 
saved in CONTINUE--by )CONTINUE, 
)CONTINUE HOLD, or a disconnect-
CONTINUE will automatically be loaded and 
a SAVED report given. (~~~ 21~Q 
Con tin u (~ , pa g t~ 1 3 2 ) • 1fther e i 5 no 
SA VED rep 0 r t , the act i ve wor kspa c e i s 
CLEAR WE. 

See Table XI, page 145, for corrective actions to 
t a k ,2 i 1'1 ca se you get a trouble report when you 
atterTl;Jt to sign on. 

Oirectiols for establ ishing a connection with a 
modem 1 ine (hard-wired directly to the computer) or a 
1e as e d 1 i 11e 5 h0 U 1d be 0 b t a i ned from the ins tal 1a t ion. 
Oi rections for establ ishing a co nn ec t l on wi th an 
acoustic coupler can be obtained from the 
nanufacturer's instructions. The sign-on procedure 
(step 4, page 113) is the same. 
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1Q~k~ and Kg~~. An account number can be 
protected f~om unauthorized use by requiring a 
user-specified password as well as the account number 
for sign-on. A password is establ ished at sign-off 
by fall owi ng the end i ng command-- )OFF, )OFF HOLD, 
)CONTINUE, or )CONTINUE HOLD-- with a colon and a 
code up to eight letters in length. This lQ~k~ the 
account number. Thereafter at sign-on, the account 
number followed by a colon and the password serve as 
a kg~ to gain access to the system. 

)OFF:SECRET 
off report 

)999999:SECRET 
on report 

A password can be changed by following the sign-off 
command with a colon and the new password. The 
password can be discontinued by following the ending 
command with a colon. 

A workspace can similarly be protected from 
unauthorized use with a password. This is discussed 
on page 129. 
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8~11~g ~Qrk~Qg~g. After you have signed on, you 
are in execution mode and are able to communicate 
with the computer. That is, you can give it commands 
(lnQ~l) and get responses from it (Q~lQ~t). All such 
communication takes place in a block of space in the 
computer's storage area known as the 
a~11~g ~Qrh~Q~~§. This is the environment that a 
user works in. A clear active workspace has the 
following features: 

1.	 Storage space. The nu~ber of bytes (see page 
148) of storage in each workspace is preset at a 
fixed value for a given system. (To find out 
the size of a clear workspace, )CLEAR and I22. 
~§g §l~Q, System Information, page 148.) 

2.	 Line width of 120 spaces. (This can be changed. 
~§g Width Command, page 142.) 

3.	 Origin 1. (This can be changed. ~g~ Or l g i n 
Command, page 141.) 

4. Display of 10 significant digits, retention of 
17. (The display can be changed. ~gg Dip;its 
Command, page 142.) 

5.	 A fuzz (see page 120) of approximately 1.0E-13. 

6.	 Random Seed. This is a number (16807, i.e., 7*5) 
used as the start point for generating the result 
of the random function. Each use of? mod l f l e s 
the seed. Saving a workspace causes the current 
seed to be saved. 

7.	 The name CLEAR WS. 
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lnQ~! M~~nQnl£~. You can enter input whenever 
the keyboard is unlocked. (The first five sections 
of the manual describe types of APL input. Other 
types of input are discussed in System Commands, page 
125 . ) 

1.	 Generally the carrier spaces six places before 
the keyboard is unlocked to permit input. The 
exceptions are (1) after a quote-quad (see page 
72) where input begins at the left margin; (2) 
the editing of a command in a defined function, 
where you specify the number of places that the 
carrier is to space (see page 88); and (3) after 
a RESEND, where the carrier remains at the left 
margin. 

2.	 Backspacing to insert additional symbols is 
permitted. The expression evaluated is the 
expressi"on that appears on the paper just prior 
to entering regardless of how the expression was 
constructed. A good rule of thumb is "what you 
see goes in." So, for example, if you key in 
6+7 backspace backspace backspace backspace 
backspace 2*, you see on the paper 2*6+7 and the 
expression that the computer evaluates is 2*6+7. 

3.	 If a 1050 terminal is provided with a standard 
black-and-red ribbon, input is printed in red and 
output in black. 

4.	 Multiple spaces in a numeric expression or in a 
system command can always be shrunk to one space. 
Inserting extra spaces in an expression generally 
does not change the meaning (value) of the 
expression. Inserting or deleting a space will 
change the meaning of the expression in the 
following cases: 

a) The meaning changes if a space is inserted 
within a constant or a variable, with the 
exception of inserting extra spaces between 
successive components of numeric vector 
constants: 

MEAN is not the same as ME AN. 

'ABC', 'AB C', and 'AB C' are all 
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different. 

465 is not the same as 4 65. 

b) The meaning changes if deleting the space 
between a defined function name and its 
arguments makes the result look like a val id 
identifier (~~~ Identifiers, page 16): 

F 2 and F2 are not the same. 

F .2+4 and F.2+4 are the same. 

c) The meaning changes if the space between 
adjacent components of a vector constant is 
deleted: 

453 and 45 3 and 4 5 3 and 4 53 are all 
different. 
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Q~tQyt. The display of all data, with the 
exception of numeric arrays of rank two or greater, 
begins at the left margin. 

1.	 A fractional number is displayed with one leading 
zero, whether or not it was entered that way: 

+3000.3.5 

0.30.5 0.3333333333 

A fractional number is not displayed with trail ing 
zeros: 

.5000 3.000 
0.5	 3 

2.	 If a scalar or a co~ponent of a vector is less than 
lE-5, greater than lEN (where N is the number of 
digits displayed), or an integer greater than 
1+2*31, d i s p l ay of that number wi 11 be in 

exponential notation--regard1ess of which form the 
number was entered in. Exponential notation is 
always displayed as a number whose magnitude is less 
than 10 but not less than 1, immediately followed by 
E, immediately followed by an integer: 

3E4 
30000 

10080000000 .00000002634 
lEl0 2.634E-8 

5El0 12E11 
5E10 1 .. 2E12 

3.	 The number of significant digits retained by the 
system may be less than the number of significant 
digits keyed in: 

A+1234567891234567899 
8+1234567891234567811 
A-B 

o	 Manually executed, A-B 
would have value 88. 
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4.	 The number of significant digits displayed is less 
than the number retained by the system: 

D+A+1111111111111111 
1.111111111E15 

B+1.111111111E15 
A-B 

111111 

5.	 E~~~. Comparisons between numbers are relative. If 
two numbers are equal within a certain tolerance, 
the relationship will be considered true. This 
t o l erance is call ed f~~b and j s approx irna t e l y 
1.0E-13. The results of floor and ceil ing, the 
relational functions, and functions that use the 
relational functions as a basis for determining the 
result may be affected by fuzz. 

2.111111111111111=2.11111111111111119 
1 

2.111111111111111E2.11111111111111119 
1 

2.111111111111111-2.11111111111111119 
4.440892099E-16 

f6+10*-116 
77777 7 7 7 7 7 7 7 6 666 

X+lB 
X[6.00000000000004] 

6 

6.	 ~~mgrl~ yg~lQr~ are displayed with spaces between 
components. ~bar~f!gr ~g~lQr§ are displayed with no 
spaces between components: 

3+ 1 5
 
2 1 0 1 2
 

'ABCDE'F'
 
ABCDEF
 

'ABC EFG'
 
ABC EFG
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7.	 A m~1[1~ is displayed as a rectangular arrangement 
of its components. A £Qok=~ grr~~ is displayed as a 
set of matrices. (In array H for 2~ppH, there are 
x/-2+pH matrices, whose di[~ensions are -2tpH.) 

Numeric matrices and rank-N arrays are indented two 
spaces. Character matrices and rank-N arrays are 
displayed with no spaces between columns: 

3 4pl12 

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

2 2 3Pl12 

1	 2 3 
4	 5 6 

7 8 9 
10 11 12 

3 4p'DOWNRIPETORN' 

DOWN 
RIPE 
TORN 

2 2	 3p'TEAEATATEYUM' 

TEA
 
EAT
 

ATE 
YUM 

8.	 The §mQ1~ ~g~1Qr--a vector of no components--can be 
entered in several ways--pO or Op2 or 10 or 
(The empty vector is also called the null vector.) 
Besides the empty vector, there are empty arrays of 
rank 2 or more. One or more of the components of t,e 
dimension vector of an empty array are zero. The 
expressions 0 3p5 and 0 OpO and 0 1 3p2 and 3 OpS 
are examples of distinct empty arrays. 

The following example shows the display of the empty 
vector and an empty array. 
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1 0	 o 3pl0 

Paper advances leaving a blank 1 ine 
( den 0 ted b y BLin t his rnan ua 1 ) • 

~Qlg: Although there is no visible distinction 
between the empty vector and an empty array, the 
distinction does exist. 

The expression " represents an empty character 
vector, and the expression to represents an empty 
numeric vector. In general, these two expressions 
can be used interchangeably. The only time a 
distinction can be seen is when either is the right 
argument of expansion: 

0\' , O\tO 
BL o 

If an empty array is an argument of a scalar 
function, the result will be an empty array. 

3+10 O~O 3p4 
BL BL 

The empty vector is used in branching (see page 92), 
to initial ize a vector, or to print a blank 1 ine 
during the execution of a function. These three 
uses are shown in the function STAT below (lines 1, 
4, and 6). 

'V STAT X;R 
[1 ] R+-tO 
[2J R+-R, (X=L/X)/X 
[ 3 J X+-(X;eL/X)/X 
[ 4 ] -+2 xtO.cpX 

[ 5 J 'MEDIAN: ';.5 x+/R[r.5 xO l+pRJ, ,[6] 
[7 J 'AVERAGE: ';(+/R)+pR 
[ 8 J ALINES 1 THROUGH 4 SORT X 

9.	 If the display of a vector or of a row of a matrix 
or rank-N array exceeds one 1 ine (~~g Width 
Command, page 142), the excess is pr i nted on the 
next line with an indention of six spaces. 
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10.	 A display can be stopped at any time by 
signal ing attention (see page 112). If attention 
is used during execution, output stops as soon 
as the attention is received. The paper 
1 inefeeds, and the carrier returns to the 
left-hand margin and indents six spaces for new 
input. An attent ion wi 11 not interrupt the 
execution of most system commands, but it will 
stop the display of a report. 

If attention is used to halt the display of a 
function definition, the computer will leave 
definition mode if a del closed the display 
command. If no del closed the display command, 
the computer will remain in definition mode and 
the command number N+1 will appear; N is the last 
command of the function. 

The attention can be used to suspend the 
execution of a function. But suspending a 
function by attention, unl ike suspending it by 
the	 stop control vector (see page 97), cannot be 
regulated. With the stop control vector, you 
specify the exact place you want a function 
suspension to occur. With attention, it is not 
possible to know which command is being executed 
at the time you signal attention. Output is not 
a rel iable guide, since the execution of the 
function may be well in advance of the output. 
In fact, the results of more than one command may 
be ready and waiting to be displayed, and so an 
attention will not only halt the current output 
but	 will also wipe out any data waiting to be 
displayed. Furthermore, since the t lme it takes 
to display a line is considerably longer than 
the	 compute time, the computer might be finished 
executing a function long before the output is 
completed. Because of this, attention used 
during the execution of a function may either 
suspend execution of the function or return the 
function to another level of execution. If 
execution of a function is suspended by an 
attention, the function name and line number are 
typed out (~~e Suspension, page 98). 
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If the function definition contains a right-hand 
quad or quote-quad, using attention may cause 
another request for input. When the request for 
numeric input is given, entering + w·ill terminate 
the function execution. A request for character 
input can be terminated by typing 0 overstrike U 
overstrike T, in that order. 

An attention signal will not interrupt the 
execution of a command. If it becomes desirable 
to interrupt execution within a command, signal 
attention a second time. The report INTERRUPT 
will be given and the interrupted command will be 
displayed with a caret marking the approximate 
place that the line was interrupted. 
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System commands# are used for ~Q[k~Q~~~ 

~QQt[Ql--affecting the state of the active workspace; 
CQQm~Ql~atiQQ~--transmitting messages around 
terminals; iQg~lL~--providing information about the 
active workspace; llQ[q[~--affecting the state of 
the 1 ibrarYi and signing on and off. All system 
commands, and only system commands, have as their 
fir 5 t c ha ractera rig h t par en the sis. S ys t em c ornmand s 
cannot be used in APL expressions and cannot be part 
of a function definition, and conversely APL 
expressions cannot be used in system commands. The 
following paragraphs describe the system commands. 
Table XI, page 145, lists the trouble reports that 
may occur, the associated problem, and the corrective 
action to be taken. A summary of all system commands 
will be found in Appendix B, page 150. 

E~Q~tlQQ Li~t kQmmaQd. The command )FNS 1 is t s 
alphabetically the names of all defined functions in 
the active workspace: 

)FNS 
cos STOP TRS 

If )FNS is followed by a letter, all function names 
from tha t 1e t te r on wi 11 be 1 is ted: 

)FNS T
 
TRS lL
 

~a.rl'lb.le. Ll~t CQmrnSiQQ. The command )VARS 1 ists 
al~habetically the names of all global variables in 
the active workspace: 

)VARS 
C CRP FH PRM Q 

If )VARS is followed by a letter, all variable names 

#See alsQ APL\360 U~er~~ Man~Ql, E~r! Z, ~y~t~w 

.GQcoCJgnd~ 
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from that letter on will be 1 isted: 

)VARS M
 
PRM Q
 

QrQ~Q ll~t CQmmgQg. The command )GRPS 1 ists 
alphabetically the names of all groups in the active 
workspace: 

)GRPS 
LESSONl LESSON2 LESSON3 STAT 

If )GRPS is followed by a letter, all group names 
from that letter on will be 1 isted: 

)GRPS R
 
STAT
 

GLQYQ M~m~gL§blQ tQmmgDg. The command )GRP NAME 
1 ists the names in the group NAME: 

)GRP LESSONl 
GAS P PLOT VS 
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11Qr~Llg~ 20g In§ 11Qr£ry ~Qmm2nQ. Assigned to 
each user identification number is a 
Qrl~gte llQrQr~ in which a user may save workspaces. 
Each user has a quota of workspaces. He may have a 
workspace named CONTINUE (see page 132) in addition 
to this quota. 

The command )LIB 1 ists the names~ but not the 
keys~ of the saved workspaces in a user's own private 
1 l b r a r v : 

)LIB
 
APPLECORE
 
MANUAL
 
CONTINUE
 
PROBSOL V
 

Library numbers 1 through 999 are reserved for 
oub l l c 1 i b r a r l e s , All users have access to the 
workspaees in publ ie 1 ibraries. For example~ anyone 
who wants to can use the workspaces in publ ie 1 ibrary 
l~ which is distributed with the system. (Each of 
the workspaces in 1 ibrary 1 has a descriptive 
function~ usually named DESCRIBE, that describes how 
the functions in that workspace are used.) 
Workspaces in publ ie 1 ibraries are establ ished and 
maintained by individual users (~gg Save, page 128). 

If the command )LIB is followed by a publ ie 
library number, the workspaces in that publ ie 1 ibrary 
wi 11 be 1 isted: 

)LIB 1
 
ADVANCEDEX
 
PLOTFORMAT
 
APLCOURSE
 
WSFNS
 
TYPEDRILL
 
NEWS
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~a~LQg aQg LQadLug ~QC~~~a~~~. The save and 
load procedures for storing work in 1 ibrary 
workspaces and for bringing saved work into the 
active workspace is illustrated in the following 
ex~mples (~ea al~Q diagram, page 149). 

)CLEAR Command discussed on page 133. 
CLEAR WS 

)L1B 
MYWORK 
CONTINUE 

To check workspace names. User has 
one named workspace in addition to 
CONTINUE. 

APL activities: function definition, 
execution of commands, variables 
specified, and so forth. 

)SAVE MYOTHERWORK 
SAVED 10.51.01 01/23/99 

Save command fixes MYOTHERWORK as a 
1 ibrary workspace. The name may be 
any val l d identifier, al though only 
the first 11 characters are 
recognized--that is, two names that 
differ only at the twelfth character 
will not establ ish two workspaces. A 
dupl icate of all functions, variables, 
and groups as well as the width, 
origin, digits, fuzz, random seed, and 
functions active on various levels is 
placed in the 1 ibrary workspace named 
MYOTHERWORK. 

)WSID Command discussed on page 133. 
MYOTHERWORK 

When a copy of the active workspace is 
stored, the active workspace assumes 
the stored workspace name and 
identification number (called ~JSID). 
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)LIB 
MY~/ORK 

CONTINUE 
MYOTHERWORK 

APL activities. 

)SAVE 
11.45.23 01/23/99 MYOTHERWORK 

Replaces work in MYOTHERWORK with a 
dupl icate of the active workspace. If 
no WSID follows the )SAVE, the WSID of 
the active workspace is assumed. 

)LOAD MYWORK 
SAVED 11.12.51 11/20/99 

Replaces work in active workspace with 
a duplicate of everything in 1 ibrary 
workspace MYWORK. 

APL activities. 

)SAVE MYOTHERWORK 
NOT SAVED, THIS WS IS MYWORK 

Save command not honored. Tried to 
save in an already existing workspace 
when the WSID was different. 

)SAVE MYWORK:KEY 
SAVED 15.23.34 01/23/99 

Following the workspace name with a 
colon and a passw0rd (up to 8 letters 
long) lQ~t.§ the workspace. )SA VE NAME 
with no lock, discontinues protection. 
)SAVE retains the lock. 

APL activities. 

)SAVE 259 EXAMPLES
 
SAVED 15.10.51 03/19/99
 

The active workspace is saved in 
publ ic 1 i b r a r y 259 under the name 
EXAMPLES. 
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)LIB 
MYWORK 
CONTINUE 
MYOTHERWORK 

A publ ic 1 ibrary workspace is not 
1 isted in )LIB. Nevertheless user has 
three workspaces plus CONTINUE in 
which to store work. 

)LOAD MYWORK 
IMPROPER LIBRARY REFERENCE 

) LOAD MYWORK:KEY 
SAVED 15.23.34 01/23/99 

)LOAD EXAMPLES 
WS NOT FOUND 

Although user estHbl ished publ ic 
workspace EXAMPLES, it is not stored 
in his private library but rather is 
stored in the publ ic 1 l b r a r y • 

)LOAD 259 EXAMPLES 
SAVED 15.10.51 03/19/99 

)LOAD 234123 HISWORK 
SAVED 12.12.43 09/15/99 

Loading a workspace from another user. 
Library identification number (and 
key) is required. Identification 
number is optional for workspace in 
user's private 1 ibrary. 

APL activities. 

)SAVE 234123 HIS WORK 
IMPROPER LIBRARY REFERENCE 

Save command not honored. Cannot save 
in another user's private library. 

)LOAD 1 NEWS 
SAVED 14.51.09 08/14/99 

APL activities. 
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)SA VE 1 NEWS 
IMPROPER LIBRARY REFERENCE 

Only the user who establ ished the 
publ ic 1 ibrary workspace can save or 
drop it. 

A save to 1 ibrary workspace X causes a 
duplicate of everything in the active workspace to 
supersede everything in the library workspace X. And 
a load from workspace X causes a dupl icate of 
everything in workspace X to supersede everything in 
the active workspace. (~~g Copy command, page 136, 
for bringing selected objects into the active 
wor k 5 pac e • ) 
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~Qrk2Qg~g CONTINUE. The workspace na~ed 

CONTINUE is establ i shed when )SAVE CONTINUE, 
)CONTINUE, or )CONTINUE HOLD is executed or when a 
disconnect occurs. CONTINUE receives the active 
workspace automatically if the connection drops or 
if the APL operator disconnects the user (called 
Hoauncing"). If a disconnect occurs during function 
definition, the definition is closed and COllTINUE is 
5 a ve din ex ecut ion rna de. Ifad i 5 con nee toecur 5 

during command execution, the effect is the same as 
ATTN and )CONTINUE. If the computer itself fails, the 
active workspace is usually not saved in CONTINUE. 

CONTINUE can also be used as any other named 
wor ks pace. I t can be saved, loa ded, dropped, cop i ed 
from, et cetera. However, it is advisable to use it 
only for temporarily holding a workspace--for 
instance, during an involved sequence of loading, 
saving, and copying--since any equipment malfunction 
may cause an automatic save of the current active 
workspace. 

The com~and )SAVE CONTINUE will be honored even 
if CONTINUE had not previously been loaded into the 
active workspace. You will never get the report 
NOT SAVED, THIS WS IS WSID when you execute 
)SA VE CONTINUE. 

)LOAD MYWORK 
SAVED 15.23.35 01/23/99 

APL activities. 

)FNS 
cos PLOT TR UVW 

Trouble. Line drops. 

)999999:KEY 
on report 
SAVED 01.14.15 01/24/99 

CONTINUE is automatically loaded if 
terminating the last work session 
caused CONTINUE to be saved--unless 
the active workspace was protected. 
1fthe act i ve w0 r kspa c e ~J asp rot e c ted, 
CONTINUE is saved with the same lock 
and is not automatically loaded. 
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)WSID Command discussed on page 133. 
CONTINUE 

)FNS 
COS PLOT TR UVW 

All wo rkin the act i ve workspace at 
time of malfunction is in CONTINUE. 

kl~a..r kQIJJQ]gQg. The command )CLEAR makes the 
ac t i ve \-"0 rkspace a fresh, clean workspace named 
CLEAR WS. 

122 
6095 

)CLEAR 
CLEAR WS 

122 
31872 

VQr~~Q~~§ 199Q!lfl~al1Qo.. The command )WSID 
returns the name assigned to the active workspace and 
the identification number if it is different from the 
sign-on number. The name and number of the active 
\1/0 r k s p ac e is c orrmon 1y ca 1 1ed ~JS 10 (p ronounced 
"whiz-id ll

) . 

)WSID
 
CONTINUE
 

)LOAD 1 NEWS 
SAVED 15.31.45 12/31/99 

)WSID 
1 NEWS 

The command )WSID followed by NAME changes the name 
of the active workspace to NAME: 

)SAVE MYOTHERWORK 
NOT SAVED, THIS WS IS CONTINUE 

)WSID MYOTHERWORK 
WAS CONTINUE 

)SAVE 
14.05.14 8/15/99 MYOTHERWORK 

The password is neither changed nor erased by )WSID 
NA[\'1E. 
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QrQQQlng Q ~Qr~~Q~~g. A drop command removes a 
workspace and its contents from the 1 ibrary. Use of 
)DROP is illustrated below. 

)LIB 
MYWORK 
MYOTHERWORK 
CONTINUE 

)DROP MYOTHERWORK 
12.15.42 01/26/99 

)LIB 
MYWORK 
CONTINUE 

)SA VE NEWNAME 
SAVED 12.22.04 01/26/99 

A new workspace can be establ ished at 
any time except during function 
definition. 

)DROP 23412 HISWORK 
IMPROPER LIBRARY REFERENCE 

)LOAD MYWORK 
WS LOCKED 

)DROP MYWORK 
12.30.21 01/26/99 

A protected workspace can be dropped 
without knowing the workspace 
password. 
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~rQ~Q ~Qmm£nQ. A group is a collection of names. 
If a name in a group is the name of a function, 
variable, or group in the workspace, the name is said 
to have a referent: it refers to something. The 
referent of a function name is the function definition; 
the referent of a variable name is a value, the 
referent of a group name is the group definition. The 
command )GROUP NAME LIST defines a group: NAME is the 
name of the group. It cannot be the same as that of a 
function or variable in the workspace. LIST is a 
list of the names that are members of the group. The 
members of the group mayor may not have referents in 
the workspace. 

)GROUP LESSONl PLOT VS P GASl V T 
)GRPS 

LESSONl 
)FNS 

PLOT VS GASl 
)VARS 

P 

v and T are names in group LESSONl although at 
this time neither has a referent. 

)GROUP LESSONl LESSONl GAS2 
)GRP LESSONl 

PLOT VB P GASl V T GAS2 

Repeating the name of the group in a )GROUP 
command adds to the members of the group. 

The command )GROUP NAME disperses the group NAME. 
It deletes the definition of the group, but does not 
delete the referents of the names in the group: 

)GROUP LESSONl
 
)GRPS
 

)FNS 
PLOT VS GASl GAS2 

)VARS 
P 
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CQQ~ CQmmand. The transfer of information takes 
place primarily from the user's terminal to his 
active workspace; for example, a function that a user 
defines at his terminal goes to his active workspace. 
The transfer of information can also take place fro~ 

a 1 ibrary workspace to the active workspace. This is 
done by means of a copy command. There are two ways 
to use the copy command: 

1. The copy command can be used to copy a single 
object--one function, one variable, one g r oup-i-i f r ou a 
library workspace. This is done by entering the 
command )COPY WSID key NAME. 

SAVED 
)LOAD MYWORK 
15.23.34 01/23/99 

COS 
)FNS 

PLOT TR UVW 

AB 
)VARS 

CD TIP s 

GPl 
)GRPS 

SAVED 
)COPY WORK:KEY SIN 
12.23.32 03/19/99 

cos 
)FNS 

PLOT SIN TR UVW 

)VARS 
AB CD TIP 

)GRPS 
GPl 

When a group is copied, the group name and the 
referents of the group, jf any, are copied: 

)GROUP GPl F T GP2 

)GROUP GP2 S R 

F+T+S+T+'VARIABLE' 

)SA VE CONTINUE 
SAVED 12.34.54 12/12/99 
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)CLEAR 
CLEAR WS 

SAVED 
)COpy 
12.34

CONTINUE 
-.54 12/1

GPl 
2/99 

F 
)VARS 

T 

)GRPS 
GPl GP2 

)GRP GP2 
S R 

S 
VALUE	 ERROR 

S 
/\ 

R 
VALUE ERROR 

R 
A 

F 
VARIABLE 

T 
VARIABLE 

2. The copy command can be used to copy all objects 
f r orn a 1 ibrary workspace. This is done by entering 
)COpy WSID key. Only the functions, variables, and 
groups in the workspace are copied. The digits, 
width, origin, random seed, suspension 1 ist, trace 
control, and stop control are not copied. 

)COpy 259 CHEM 
SAVED 12.13.34 07/12/99 

If you copy from a publ ie 1 ibrary 
workspace or from another user's 
workspace, the identification number 
(and key) must be included in the copy 
command. 
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)FNS 
COS GAS1 PLOT SIN TR UVW 

)VARS 
AS C CD TIP 11 M. 

)GRPS 
CP1 

)COPY MYOTHERWORK Q 
OBJECT NOT FOUND 

Q does not exist in workspace. 

The definition of an object copied into an 
active workspace which already has an object by that 
name replaces the former definition (2~~ g12Q 
Protecting Copy Command, page 139). 

The copy command can be used to clear the state 
indicator: 

)SI 
G[3] * 
F[ 2 ] * 
G[3] * F[ 2] * 
G[3] * 
F[2] * 
G[3] * 
T[ 4] 

)EAVE 
19.21.40 01/27/99 MYWORK 

)CLEAR 
CLEAR WE 

)COPY MYWORK 
SAVED 19.21.40 01/27/99 

)SI 

) WSID MYWORK 
WAS CLEAR WE 

)SAVE 
19.53.31 01/27/99 MYWORK 
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rrQtg~11ng ~QQ~ ~Qmmgng. The command )PCOPY is 
like )COPY except that no functions, variables, or 
groups will be copied if the active workspace 
already contains objects by those names: 

SAVED 
)LOAD 21356 
21.23.45 

TABLE 
11/26/99 

A 
)VARS 

C S UV 

345 
A 

7 8 
C 
9 

16 8 
S 

5 . 6 

ABCD 
uv 

CLEAR 
) CLEAR 
WS 

SAVED 

A+B+C+' 
)COpy 21356 
11.23.45 

VARI
TABLE 

11/26/99 

ABLE' 

A 
)VARS 

B C s UV 

A 
VARIABLE 

B 
VARIABLE 

C 
VARIABLE 

S 
16 8 5.6 

uv 
ABeD 

Using )PCOPY to copy a group will copy only 
those referents which are not names of objects 
already existing in the active workspace. It is 
possible that all the referents of a group will be 
copied but not the group definition. 
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Erg~lng QQ1~~1~. The command )~RASE followed by 
a 1 ist of names deletes the referents, if any, of 
those names. If a group is erased, the referents of 
the group will be deleted. This means that if 
functions and variables are referr2J to in the group, 
they will be deleted. If a group is r e f e r r e d to, it 
will be dispersed--that is, the group definition will 
be deleted but not the referents of the group. A 
pendant function cannot be erased. A function cannot 
be erased while it is being edited. 

)FNS 
F1 F2 F3 F'-1 F5 

)VARS 
Vi V2 V3 114 

)GRPS 
Gi G2 G2, 

)GRP Gi 
F4 Fi G2 V3 

)GRP G2 
F3 Vi G3 

)ERASE F2 V2 Gi 

)FNS 
F3 F5 

)VARS 
Vi V4 

)GRPS 
G3 

VFi 
[ 10] )ERASE Pi 
NOT ERASED: Pi 

)SI 
F2[3] * 
F3[5] 

)ERASE F2 F3 
NOT ERASED: F3 

)FNS 
F3 F5 



141 

Qci..z.Ltl C-Q.lllrn.qQQ.. I n a c 1ea n 'wo r k 5 pace, i nde x i ng 
and functions related to indexing, such as monadic 
and dyadic 1, have origin 1. The first component of 
a ve c tor, for e xamp 1e , has i nde x 1, 0 f a rna t r ix, 1; 1, 
and so forth. The coordinates of an array Hare 
numbered 1 t h r ough c oH, The system command 
)ORIGIN 0 makes the index of the first component of a 

vector 0, of a mat r i x 0; 0, and so fort-h. The 
coordinates of an array H are numbered 0 through 
-l+ppH. )ORIGIN 1 restores the origin to 1. 

The functions affected by the origin command are 
index i ng, index gene ra to r, index of, ra ndom, grade 
up, and grade down. The subscript values for 
subscripted functions are also affected by the origin 
change: 

)ORIGIII/ 1 )ORIGIN 0 
viAS a viAS 1 

1 5 1 5 
1 2 3 4 5 0 1 2 3 4 

2 11 2 5 5 2 11 2 5 
2 1 1 0 

D+-M+-2 3p9 6 5 3 2 1 

9 6 5 
3 2 1 

+/[lJM +/[lJM 
12 8 6 20 6 

+/[2JM +/[O]M 
20 6 12 8 6 

The expression 11 is a quick check of origin, since 
it returns 0 in origin 0 and 1 in origin 1. 

tlQte: The system-related function ORIGIN found in 
1 WSFNS can also be used to change the origin. 
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WIdth CQffimang. The width command affects output 
only. In a clean workspace, the width of aline of 
output is fixed at 120 spaces. The command )WIDTH N, 
for N between 30 and 130, will change the output 
width to N number of spaces: 

)WIDTH 31 
WAS 120 

'THE QUICK BROWN FOX JUMPED OVER THE HEDGE' 
THE QUICK BROWN FOX JUMPED OVER 

THE HEDGE 

~Qte: The system-related function WIDTH found in 
1 WSFNS can also be used to change the width. 

Dlglt~ ~gIDm~ng. The digits command affects 
output only. In a clean workspace, the maximum 
number of significant digits displayed is fixed at 
10. The command )DIGITS N, for N between 1 and 16 
will change the number of significant digits 
displayed to N. The digits displayed affect the 
display of nonintegers in exponential representation. 
A number equal to .o r greater than lEN wi 11 be 
displayed in exponential representation. 

f3
 
0.3333333333
 

)DIGITS 3
 
WAS 10
 

f3 
0.333 

lE5
 
lE5
 

)DIGITS 16
 
WAS 3
 

f3 
0.3333333333333333 

100000 
100000 

1k>..t.e: The 5 ys t ern- re 1a ted func t i on DIGITS found in 
1 WSFNS can also be used to change the digits. 
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l:l~.?.?Eg~ B~~§j'yj.Dg ilD9 ~~.D.9jD.&. A me5 sage from 
the computer operator or from another terminal can be 
received at a terminal anytime between sign-on and 
5 i gn-of f wheneve r the k e vbo a rd is locked. I f no rep 1y 
is expected, a message from the operator is 
identified by OPR:. If no reply is expected, a 
message from another terminal is identified by PORT: 
(PORT is the terminal port number); if a reply is 
expected, an B immediately follows the colon. 

To send a "p l ease r e p l y" message, use the 
command )OPR MESSAGE or )MSG PORT MESSAGE. )OPR or 
)MSG PORT sends your port number, a colon, and 
R MESSAGE to the operator or ~ddressed terminal. 
~hen the message is actually transmitted, SENT is 
printed. Your keyboard remains locked either until 
you get a message or until you signal attention. An 
)OPR message may be sent before you have signed on. 
For example: 

)OPR IS LMB THERE? SPAKIN 
SENT 

OPR: NO. HE'S AT LUNCH. BACK 15 MIN. 

The command )OPRN MESSAGE or )MSGN PORT MESSAGE 
sends your port number, a colon, and MESSAGE to the 
ope ra tor 0 r add re s sed te nil ina 1 • when the mes sage is 
received, a SENT report is given and your keyboard 
un OJ oc ks , 

If the message is directed to a port that is 
signed off or to a nonexistent port, your port number 
and message are reflected back to you: 

)MSG 1000 MESSAGE 
021:B. MESSAGE 
SENT 

A publ ie address (PA) message sent by the APL 
ope rat 0 r to all s l gned - 0 r. use r 5 i 5 pre fix P.d b y PA ! : . 
Since a PA message generally contains information of 
i mme d i ate i n t ere 5 t tothe use r, i tis sen t tot hp 

user's terminal as soon as possible. A PA, unl ike an 
oPRO r MS G me5 sage.. will i n t err LI p t the ex e cut ion 0 f a 
function. After the message is receive n, execution 
of the function can be resumed (see Suspension of 
Function Execution, page 98): --

F[14]
 
FA! APL GOING DOWN AT 22:30 TONIGHT.
 

-+14 
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EQ.r! .bl~j; -CQ!Dmg!JsJ. The command )PORTS 1 ists the 
port number and user code for each connected port. 
(The expression I23 teils how many users are 
connected. ~~~ gl~Q System Information, page 148.) 
The user code is the first three letters of the user 
identification name: 

)PORTS 
21 SPA 
34 KEI 
45 SPA 
51 ADF 

The command )PORT CODE 1 ists all port numbers 
associated with the given user code: 

)PORT SPA 
21 SPA 
45 SPA 

IDgIng ~Qmm!:!ols;2.tlQ!J. The command )OFF will 
sign you off the system and drop the DATA-phone 
connection. The command )OFF HOLD will sign you off 
the system and keep the DATA-phone connection for 6Q 
seconds, permitting another user to sign on without 
redial ing. Both )OFF and )OFF HOLD cause all the 
work in the active workspace to be wiped out. 

After the sign-off command, the following report 
is given: 

021 17.49.29 09/12/99 SPA 
CONNECTED 1.13.09 TO DATE 3.14.5Fl 
CPU TIME 0.05.05 TO DATE 0.10.09 

021 is the port number. SPA is the user code (not 
his password). CONNECTED stands for actual time 
connected. CPU (Central Processing Unit) TIME is the 
time it took for the computer to execute all your 
commands. Time is in hours, minutes, and seconds. 

The commands )CONTINUE and )CONTINUE HOLD are 
similar to )OFF and )OFF HOLD except that the work in 
the active workspace is put into 1 ibrary workspace 
CONTINUE and if the active workspace was not locked, 
CONTINUE will be loaded automatically at the next 
sign-on. A save report is given after )CONTINUE. 
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Table XI '--System Information 

(R+IB) 

The family of functions denoted by I (.1 overstruck 
wi th T) provides l n f o rma t ion about APL\360. The 
argument must be scalar: 

r19	 Acc umul a t e d keying time in GOths of a second 
during this session. Time during which keyboard 
has been unlocked awaiting entries. 

r20	 Time of day in 60ths of a second. 

121	 CPU time since sign-on in 60ths of a second. 

ILL	 Remaining unused space in workspace in bytes. A 
byte is a unit of storage equal to 8 binary 
digits. A workspace with 32000 bytes has roo~ 

for approximately 32000 characters or 8000 
integers or 4000 mixed numbers or 256000 logical 
numbers or several hundred 1 ines of function 
definition. 

123	 tJumber of users currently signed on. 

124	 Your sign-on time in 60ths of a second. 

I 2 :)	 Tad a y I S date . r· it·]00 YYin bas e 1 0 . 

126	 Current value of 1 ine counter. In the execution 
of a defined function, this is the command 
number of the command being executed. 126 can 
be used for branching. For example, -+2+126 is a 
branch to two commands beyond the present one. 

r27	 Vector of 1 l ne numbers of functions in the state 
indicator. p127 tells how many items there are 
in the state indicator. 

I28	 The terminal device being userl: 
1 2741 ATS 
L 2741 TSS 
3 1050 
4 console typewriter 

I29	 User sign-on number 
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Appendix n--System Commands 

Object indicated by capital roman type is a required part of the 
command; object indicated by lowercase roman type is an optional 
part of the command. Number in parentheses refers to the page on 
which the command is discussed. 

)CLEAR 

)CONT INUE 

)CONTINUE HOLD 

)COP Y \'J 5 I D key 

)COpy WSID key NAME 

)DIGITS 1-16 

)DROP WS I D 

)ERASE NAME (S) 

)FNS letter 

)GROUP NAME L I 5T 

)GROUP NAME 

)GRP NAME 

)GRPS letter 

)LIB number 

)LOAD WSID key 

)MSG PORT text 

)MSGN PORT text 

Activate a clear workspace. (133) 

Terminate a work session and store 
the act i ve wor kspa c e inC0 NT IN UE. 
(144) 

Like )CONTINUE, but the dial-up con

nection is held. (144)
 

Copy all functions, variables, and
 
groups from a stored workspace. 
'-136 )
 

Copy a function, a variable, or a
 
group from a stored workspace. (136)
 

Set number of significant digits to
 
be displayed. (142)
 

Delete a stored workspace. (134)
 

Erase objects listed. (140)
 

List names of defined functions.
 
(125) 

Define a group NAME whose members
 
are LIST. (135)
 

Disperse group NAME. (~35)
 

List members of group NAME. (126)
 

List names of groups. (126)
 

List names of workspaces in
 
designated 1 I b r a r y • (127)
 

Activate a copy of a stored 
workspace. (128)
 

Send text to designated port;
 
keyboard locks. (143)
 

Like )MSG, but the keyboard 
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)OFF lock 

)OPP HOLD lock 

)OPR text 

)OPRN text 

)ORIGIN 0-1 

)PCOpy ws I D key 

)PCOPY WSID key NAME 

)PORTS 

)PORTS CODE 

)SAVE 

)SAVE WSID lock 

)51 

)SlV 

)VARS letter 

)NUMBER key 

)WIDTH 30-130 

)WSID 

)WSID NAME 

unlocks. (143)
 

Terminate a work session. (144)
 

Like )OFF, but the dial-up
 
connection is held. (144) 

Send text to APL operator; keyboard
 
locks. (143)
 

Like )OPR, but the keyboard unlocks.
 
(143) 

Set index origin. (141) 

Like )COPY, but protecting the
 
contents of the active workspace. (139)
 

Like )COPY NAME, but protecting
 
the contents of the active
 
workspace. (139)
 

List port number and associated user 
code for all terminals signed on. 
(143) 

Port number(s) associated with 
designated user's code. (143) 

Re-store a copy of the active 
workspace. (128)
 

Store a copy of active workspace.
 
(128)
 

State indicator. (99)
 

State indicator plus local
 
variables. (100)
 

List names of global variables.
 
(125)
 

Sign on. (113)
 

Set width of output line. (142)
 

Identification of active workspace.
 
(133) 

Change identification of active 
workspace. (133) 
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Appendix C--Function Synbols 

~ttJaQb ~8~£. P8~E ~YM~Qb ~8~.E 

< Less than 26 :':':: Less 

> Greater than 26 » Greater 

= Equal 25 ;C. Not 

v Or 27 ¥ Nor 

1\ And 27 1': fJand 

- Negation 20 + Identity 
Subtraction 23 Addition 

Reciprocal 20 x Signum 
Division 23 r~ul 

? Monadic random 22 p 

Dyadic random 59 

E Membership 59 ..... Not 

t Take 57 -t Drop 

1 Index generator 37 0 Pi 
Index of 45 Circular 

¢ Reversal 38 ~ /Vlonad i c 
Rotation 43 Dyadic 

e Natural logarithm 21 * 
Loga r it hm 25 

r Ce i 1 i ng 21 L Floor 
Maximum 24 f'4i n l rnurn 

W Grade down 40 ~ Grade 

~ Factorial 22 [ J Indexing 
Combination 25 

1 Base value 46 T 

I Absolute value 21 Ravel 
Residue 24 

/ Compression 48 \ 

o • d Outer product 35 d.D Inner 

d/ Reduction 30 I ,) \, -. l ('I! 

than or equal 

than or equal 

equal 

t l o l ication 

Dimension 
Restructuring 

times 

transposition 
transposition 

Exponential 
Exponentiation 

up 

Representation 

Catenation 

Expansion 

product 

in r ()t"!,hJ t ion 

E8QE 

26 

26 

27 

27 

27 

20 
23 

20 
23 

38 
41 

22 

58 

22 
24 

39 
52 

20 
25 

21 
23 

40 

GO 

47 

37 
42 

50 

33 

148 
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Appendix E--Symbols Used in This t~anual 

BL 

d or D 

H 

1n 

Empty array 

Dyadic function symbol 

Assertion 

3.141592653589793 

Rank-l argument 

Rank-N argument 

An expression 

Natural logarithm 

Gamma function 

rn 

e 

s 

M 

c 

1 im 

( L) 

Monadic function symbol 

Equivalence 

2.7182818284590451 

Rank-O argument 

Rank-2 argument 

Any APL command 

Lim it 

Character argument 

Beta function 

Appendix F--Overstruck Characters 

An overstruck character is made by striking one key, backspacing,
 
and then striking the other key.
 
The order in which the keys are struck is immaterial.
 

SXr.1~Q.L EQB M8Q.E kYIlti 

Nor ¥ v 

Rotate ¢ 0 

Reversal ¢ a 
Logarithm 0 

Down Grade ", 'iJ 

Comment ~ fl 
Quote-quad [!J 0 
Nand 11 /I.. 

Transpose ~ a 
Protected function fii' 'Y 
Up grade ! b. 
Factorial 
Combination 
I-beam I .1 T 
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Abso 1ute va 1ue I, 21
 
Account number, 113
 
Active function, 99
 
Active workspace, 116
 
Addition +, 23
 
Alphabetic characters, 111
 
ALREADY SIGNED ON report, 145
 
Alt coding key, 112
 
And A, 27
 
APL\360, 110
 
Arccos, 24
 
Arccosh, 24
 
Arcsin, 24
 
Arcsinh, 24
 
Arctan, 24
 
Arctanh, 24
 
Arguments
 

conformabil ity of, 17
 
in function header, 76
 
left and right, 17
 

Arrays
 
dimensions and ranks of, 13
 
structuring of, 15, 41
 
types of, 12
 

Assertion symbol ~t 19
 
Assigning values
 

to local variables, 78
 
to variables, 64
 

Attention
 
procedure, 112
 
use of, 123
 

Backspace, 117
 
Base value 1., 46
 
Beta function, 25
 
Block structure, 79
 
Body of function definition, 75
 
Bracketed value after function
 

symbol, 29
 
Branch arrow, no argument, 93
 
Branch commands, examples, 93
 
Branch conditions, 92
 
Branching +
 

affected by editing, 94
 
described, 92
 

BL, used in manual, 9
 
Byte, 148
 
Cancel ing a li ne , 112
 
Carrier return
 

as character data, 10
 
in entering, 112
 

Catenation t' 42
 
Ceiling r • 21
 

Character 
arguments with primitive 

functions, 19, 36
 
data, 10
 
intermixed with numbers, 10
 
vectors, 10
 
vectors displayed, 120
 

Character error, 103
 
Circular 0, 24
 
Clear command )CLEAR, 133
 
CLEAR WS, 116, 133
 
Colon :, 94
 
Combination, general ized !, 25
 
Command, system. Sgg System
 

commands.
 
Comments A, 74
 
Common 1 ibrary. Sgg Publ ic
 

library.
 
Components of an array, 12
 
Composite functions
 

desc r i bed, 28
 
table of definitions, 30
 

Compression I, 48
 
Conformable arguments, 18
 
Connecting to the computer, 113
 
Continue
 

command )CONTINUE, 144
 
workspace named, 132
 

Coordinates of an array, 12
 
Copy command )COPY
 

how to use, 136
 
illustrated, 149
 

Copy, protecting )PCOPY, 139
 
Correction of typing error, 112
 
Cosh, 24
 
Cosine, 24
 
d , inman ua 1, 17
 
Data
 

character, 10
 
intermixed, 11
 
number, 7
 

Data check key, 112
 
DATA-phone, 113
 
Deal. ~gg Dyadic random.
 
Decimal digits, 7
 
Decimal point, 7
 
Decode. See Base Value.
 
Defined f~nctions
 

described, 75
 
display of, 86
 
dummy variables in, 76
 
editing of, 84
 
examples of, 81
 
headers of, 76
 
1 ist, 125
 
local variables in, 77
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Defn error, 103
 
Deletion. See Erase.
 
Depth error~-103
 
Diagonal plane, selecting from
 

an array, 55
 
Digits
 

command )DIGITS, 142
 
inc 1ear wor kspa c e , 116
 

Oimension p, 38
 
Dimension of an array, 13
 
Dimensions and rank of result
 

with scalar functions, 18
 
Display
 

of character vectors, 120
 
of a command in a defined
 

function, 86
 
of defined function, 85, 86
 
of empty vector, 122
 
of a fractional number, 119
 
a f a mat r l x , 12 1
 
of a number in exponential
 

notation, 119
 
of numeric vectors, 120
 
of rank-N array, 121
 
of significant digits, 119
 
of value of expression, 70
 
of a vector, 120
 

Division -;-, 23
 
Domain error, 103
 
Drop +, 58
 
Drop command )DROP, 134
 
Dummy variables, 76
 
Dyadic function, defined, 17
 
Dyadic random ?, 59
 
Dyadic mixed functions, table
 

of definitions, 41
 
Dyadic scalar functions, table
 

of definitions, 23
 
Dyadic transposition Q, 52
 
e, meaning of, 20
 
E notation
 

display of numbers in, 119
 
writing in, 7
 

Editing
 
of a function, 84
 
of a function header, 84
 
of aline in a function, 88
 

Element of an array, 12
 
Empt y a r ray, 13, 121
 
Empty vector
 

discussed, 121
 
uses for, 122
 

Encode. ~~~ Representation.
 
Enter, 112
 
EOB. ~~§ Enter.
 

Erase
 
characters, 88, 112
 
command )ERASE, 140
 
a line in a function, 85
 
an object, 86, 140
 
workspace. See Drop command.
 

Error reports, table of, 103
 
Errors
 

described, 102
 
in a defined function, 106
 

Evaluation of expressions
 
with parentheses, 69
 
rule for, 68
 

Expansion \, 50
 
Exponential *, 20
 
Exponential notation. ~g~ E
 

notation.
 
Exponentiation *, 25
 
Expression
 

evaluating of, 68
 
with a quad U or quote-


quad ~, 70
 
Factorial i , 22
 
F100 r L, 21
 
Fractional numbers, 119
 
Function, defined
 

body of, 75
 
definition, 75
 
editing, 84
 
examples, 81
 
heade r, 76
 
name, 16
 
1 ist command )FNS, 125
 
rule, 75
 
tracing TD, 96
 

Functions, primitive
 
absolute value I, 21
 
addition +, 23
 
and A, 27
 
base value .1, 46
 
catenation 42
 
ce i 1 i ng r• 21
 
circular 0, 24
 
combination !, 25
 
compression I, 48
 
dimension p, 38
 
d i vis ion -;-, 23
 
drop +, 58
 
dyadic random ?, 59
 
dyadic transposition Q, 52
 
equal <, 26
 
expansion <, 50
 
exponential *, 20
 
exponentiation *, 25
 
factorial i • 22
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f 100 r L, 21
 
grade down If, 40
 
grade up 4., 40
 
greater than >, 26
 
greater than or equal ~, 26
 
identity +, 20
 
index generator 1, 37
 
indexing [J, 60
 
index of 1, 45
 
inner product d.D, 33
 
1ess than <, 26
 
1ess than 0 r equa 1 5., 26
 
logarithm e, 25
 
maximum r, 24
 
membership E, 59
 
minimum L, 23
 
monadic random ?, 22
 
monadic transposition ~, 39
 
multiplication x, 23
 
nand 1'<, 27
 
natural logarithm e , 21
 
negation -, 20
 
no r », 27
 
not ~, 22
 
not equal ~, 27
 
or v, 27
 
outer product o.d, 35
 
pi times 0, 22
 
ravel" 37
 
reciprocal f, 20
 
reduction d/, 30
 
representation T, 47
 
residue I, 24
 
restructuring p, 41
 
reversal ¢, 38
 
rotation ¢, 43
 
signum x, 20
 
subtraction 23
 
take t, 57
 

Fuzz, 116 120
 
Gamma , 22
 
Generalized combination !, 25
 
General ized factorial !, 22
 
Global variable, 77
 
Grade down tf', 40
 
Grade up 4., 40
 
Greater than >, 26
 
Greater than or equal ~, 26
 
GrOl.IP 

name, 16
 
command )GROVP, 135
 
1 ist command )GRPS, 126
 
membership command )GRP, 126
 

H, used in manual, 28
 
Header editing, 84, 91
 
Hyperbolic trigonometric
 

functions, 24
 

IBM 1050 terminal, 110
 
IBM 2740 terminal, 110
 
IBM 2741 terminal, 110
 
Identifier, 16
 
Identity +, 20
 
Identity elements for scalar
 

functions, 32
 
IMPROPER LIBRARY REFERENCE 

report, 145
 
INCORRECT SIGN-ON report, 145
 
Index error, 103
 
Index generator 1, 37
 
Indexed function, 29
 
Index of 1, 45
 
Indexed variable in speci


fication command, 64
 
Indexing [J, 60
 
Indices
 

of an array, 12
 
affected by origin 0, 141
 
described, 13
 
sequence of, 14
 

Inner product d.D, 33
 
Input
 

mechanics, 117
 
requested by quad 0, 71
 
requested by quote-


quad C!J, 72
 
Inserting
 

characters in a command, 88
 
a command in a defined
 

function, 85
 
extra spaces, 117
 

Intermixed data, 11
 
Interrupt. ~~~ Attention.
 
Keyboard, 111
 
Keys, locks and, 115
 
( L), use din man ua 1, 19
 
Label
 

name, 16
 
use of, 94
 

Label error, 104
 
Leaving definition mode, 86
 
Left argument, 17
 
Length error, 104
 
Length of an identifier, 16
 
Less than <,26
 
Less than or equal -5, 26
 
Library
 

command )LIB, 127
 
pub l ie, 127, 129
 
workspaces in, 127
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Lights on 1050, 112
 
Line control switch, 110
 
Line counter I26, 148
 
Line drops, 132
 
Line editing, 88
 
Line number
 

editing of, 90
 
in function definition, 75
 
renumbering of, 86
 

Line width
 
in clear workspace, 116
 
changing )WIDTH, 142
 

Linefeed key, 112
 
Load command )LOAD
 

illustration, 149
 
use of, 128
 

Local variables
 
assigning values to, 77
 
in block structure, 79
 
in state indicator )SIV, 100
 
establ ishing, 77
 

Locking functions ~, 101
 
Locking a workspace, 129
 
Locks and keys, 115
 
Logarithm e, 25
 
Logarithm, natural &, 21
 
m, used in manual, 17
 
M, used in manual, 28
 
Ma t r i x
 

described, 12
 
display of, 121
 
structuring, 35, 41
 

Maximum r, 24
 
Membership E, 59
 
MESSAGE LOST report, 145
 
Messages )MSG, 143
 
Message, in a workspace, 72
 
Minimum L, 23
 
Mixed functions
 

described, 36
 
table of definitions, 37
 

Monadic function defined, 17
 
Monadic mixed functions, table
 

of definitions, 37
 
Monadic random ?, 22
 
Monadic scalar functions, table
 

of definitions, 20
 
Monadic transposition ~, 39
 
Multiple spaces, 117
 
Multiple sp~~ification, 66
 
1v'1 u 1tip 1 i cat ion x, 23
 
Mysteries, table of, 108
 
Name, active workspace, 116, 128
 
Nand '1<, 27
 

Natural logarithm e , 21
 
Nega t ion -, 20
 
Negative sign 

position on keyboard, 111
 
use of, 7
 

No-element array, 13, 121
 
Nonexecuting commands, 74
 
Nonscalar arguments used with
 

scalar functions, 17
 
Nor ¥, 27
 
Not "', 22
 
Not equal ~, 27
 
NOT ERASED: report, 145
 
NOT GROUPED, NAME IN USE
 

report, 145
 
NOT SAVED THIS WS IS report, 146
 
NOT SAVED, WS QUOTA USED UP
 

report, 146
 
NOT WITH OPEN DEFN report, 146
 
Null vector. ~§~ Empty array.
 
NUMBER IN USE report, 146
 
NUMBER LOCKED OUT report, 146
 
NUMBER NOT IN SYSTEM report,
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Number, sign-on, 113
 
Number data
 

described, 7
 
wi th character data, 11
 

Numerals, where on keyboard, III
 
Numeric vector
 

constant, 8
 
display of, 120
 

OBJECT NOT FOUND report, 147
 
One-element array, 13
 
Operator. ~g~ Functions,
 

p r imit i ve.
 
Operator, messages to, 143
 
Or v, 27
 
Or i gin
 

in clear workspace, 116
 
command )ORIGIN, 141
 

Origin 0, effect on
 
functions, 29, 141
 

Outer product o.d, 35
 
Output, 70, 119
 
Overstruck characters, 112, 154
 
Pa ren theses ()
 

with constant vector, 8
 
in an expression, 69
 
;n a system command, 125
 

Pas swo r ds , 115
 
P~ndant function, 99
 
Pit i meso, 2 2
 
Pol y nam i a 1, 46
 
Port list )PORTS, 143
 
Port number, 113
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Primitive functions. See 
Functions, primitive~-


Procedures for terminal, 112
 
Proceed light, 113
 
Protecting copy )PCOPY, 139
 
Protecting functions ~, 101
 
Quad 0
 

in an expression, 70
 
in function editing 85, 88
 
quitting Quad input, 72,73
 

Quit line editing, 91
 
Quitting. ~~~ Sign-off.
 
Quote-quad l!], 72
 
Quotes '
 

in character data, 10
 
with quote-quad, 72
 

Radices, 46
 
Random, dyadic ?, 59
 
Random, monadic ?, 22
 
Random seed, 116
 
Rank
 

of an array, 13
 
codes for in defintions, 28
 
determined by dimension
 

function, 38
 
Rank error, 104
 
Rank-N arrays
 

described, 12
 
display of, 121
 

Rave 1 ~, 37
 
Recursive function, 95
 
Reduction d/, 30
 
Referent, 135
 
Representation T, 47
 
Request for input, 71
 
Resend key, 110, 112
 
RESEND report, 112
 
Reshape. See Restructuring.
 
Residue 1,-2"4:
 
Restructuring p, 41
 
Result
 

e x p l i c l t , 76
 
meaning of, 17
 
value of expression, 68
 

Return key, 112
 
Reversal <P, 38
 
Ribbon, 117
 
Right argument, 17
 
Right-to-left execution, 68
 
Roll. See Monadic random.
 
Rotation-;P, 43
 
S, in manual, 28
 
Save command )SAVE
 

how to use, 128
 
illustration of, 149
 

Scalar
 
single character, 10
 
number, 13
 

Scalar functions
 
described, 17
 
definitions, 18
 
table of definitions, 20
 

Scientific notation. ~Q~ E 
notation.
 

Seed, random, 116
 
Semicolon
 

and indexing, 60
 
with local variable, 77
 
with mixed output, 11
 

Sign-off, 144
 
Sign on, 113
 
S j gn urn x, 20
 
Sine, 24
 
Sinh, 24
 
Sequence of characters, 10
 
Sequence of indices, 14
 
Significant digits, 119, 142
 
Size. See Dimension.
 
Spaces -- 

wi th character da t a , 10
 
with constant vector,
 
in exponen t i a 1 rep re

sentation, 8
 
extra with mixed data, 11
 
extra, 117
 
in an identifier, 16
 
in a numeric expression, 117
 

Special characters. See
 
Symbo1s 1 j st. -- 

Specification A~B
 

described, 64
 
of indexed variable, 64
 
multiple, 66
 

Standard functions. See
 
Functions, primitive~

State indicator lSI, 99
 
Stop control vector, 97
 
Stopping. ~gg Sign-off.
 
Stopping execution, 97, 98, 123
 
Storage space
 

at any time I22, 148
 
in clear workspace, 116
 

Structure of an expression, 69
 
Structuring an array, 15, 41
 
Subtraction -, 23
 
Suspended functions
 

correcting errors in, 107
 
detection of, 99
 
meaning of, 98
 

Switches on the terminal, 110
 
Symbol 1 i s t , 152-154
 
Symbol, primitive function, 17
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Symbol table full error, 104 Vector 
Syntax character, 10 

of defined functions, 76 described, 12 
of primitive functions, 17 display of, 120 

Syntax error, 104 empty, 122 
System commands numeric constant, 8 

)CLEAR, 133 Width command )WIDTH, 142 
)CONTINUE, 144 ~Jo r k s p ace 
)CONTINUE HOLD, 144 attributes of, 116 
)COPY, 136 CLEAR WE, 133 
)DIGITS, 142 CONTINUE, 132 
)DROP, 134 identification, 133 
)ERASE, 140 1 i b r a r y , 127 
)FNS, 125 locking of, 129 
)GROUP, 135 name, 128 
)GRP, 126 vJS full error, 105, 147 
)GRP5, 126 WSID, 133 
)LIB, 127 WS LOCKED report, 147 
)LOAD, 128 WS NOT FOUND report, 147 
),ylSG 0 r )i>1SGN, 143 
)OFF or )OFF HOLD, 144 
)OPR or )OPRN, 143 
)ORIGIN, 141 
)PCOPY, 139 
)PORTS, 143
 
)SAVE, 128
 
sign-on, 113 
)SI, 99
 
)SIV, 100
 
)VARS, 125
 
)WIDTH, 142
 
)W5ID, 133
 

Sys t em co rnrn and s , i n [J s tat e , 71 
System error, 104 
System information I, 148 
Table, making one, 35 
Take t, 57 
Tangent, 24 
Tunh, 24 
Terminal, III 
Terminating function execution 

after a suspension, 98, 106 
from input quad, 72,73 

Tracing function execution, 96 
Transposition. See Monadic or 

Dyadic transposItion. 
Trigonometric functions, 24 
Trouble, table of remedies, 145 
Turning on terminal switches, 110 
V, in manual, 28 
Value error, 105 
Variable 

global, 77
 
label, 94
 
list command )VARS, 125
 
local, 77
 
name, 16
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