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PRIMITIVE MixeD FuNcTIONS

Name Sign<i> Definition or example<2>
Shape pAd Dimension vector of 4 pS ++ Empty vector opA ++ Rank of 4
{th pP +» 4 pE ++ 3 4 p7 «+ 10 ppE €+ 2 pppA ++ 1
Reshape Vod Reshape 4 to dimension V E + 3 4p112 12pE ++ 112 A GpE= sl 2 8 O B8
7pP «+ 2 3 57 2 35 0pP <+ 10 (10)pP «+ 2 G 9 8.9 10
Ravel WA Make 4 into a vector ++ (x/pd)pd ERC I WE e 112 p,7 «+ 1
Catenate A,B Join two arrays along an existing coordinate. 4 and B conform if either pAd <+ pB Or (I=ippA)/pA ++ pB
SR A,[I1B| or pA «» (I=1ppB)/pB or if A or B is scalar. A scalar arg t is extended (reshaped)
to conform to the other argument. moal ol 8
_% Ggpt [ OpPegl o UGl ABCDABCD 4 22 2 iosogl
) RIBUEASAL B Y SR X,X «+ EFGHEFGH 4,MM,{1] 5 5 5 «> 4 3 3 3 where MM «» 2 2 2
IJKLIJKL n.5 88 333
Laminate A,[I18]| Join two arrays along a new coordinate, Two scalars laminate to a length-2 vector. Two non-scalar
<3 4> S,S arguments must have identical shapes. If one argument is scalar, it is extended to match the shape
of the non-scalar argument. I is non-integral and shows what existing coordinate(s) the new coordinate
lies next to. AD
'0', 'K« 0K €,[.51D «+ ABC C,[1.5]D «+ BE C,[0.5] '+' «> ABC where € <« 'ABC'
100,5 <+ 100 5 DEF CF L2 D <> 'DEP'
Index VLAJ P(2] «+ 3 E[;1] «» 1 5 ¢ ABCD
<4 6> M[AA]D E[1;] «» 1 2 3 4 At 98 2 a4l = 8§ 4 g "ABCDEFGHIJKL'[LE] «+ EFGH
A[A;...;A)| P(% 3 2 11 3] «>7 53225 IS0 IJKL
Index <3> 18§ First S integers 15«1 2345 10 «> An empty vector
generator 8aas
Index of V1A First occurrence of 4 in V, or 1+pV if no occurrence 354 5 + P\E
<3> P13 «» 2 5 6 Bub = i P[P15 2] ++ 5 2 85886
Take 27 Take or drop the (|V(I]) first (if v[IJ20) or last (if V[I]<0) elements along coordinate I of 4 ABC
Drop 127 T24P +> 5 7 2+ 'THIS' ++ 'IS! 6+'THIS' «+ Empty vector ~64P «+ 00 2 3 5 7 2 34X +«+ EFG
Grade up<3> 4v The permutation which would order v {(ascending -- 43 or descending -- ¥)
Grade down A% 43.7 10 3.7 1.2 «+> 4 1 3 2 URo T A &9 o < 4 i d O V[4v] gives ascending sort
Compress V/A 101 0/P«+ 25 i 8 A BCD
<5> 101 0/F «+ 5 7 1 2 3 4 +«>10 1/[1]E < 1 0 1/4E 1011 1\X «» E FGH
Expand V\A 10 1\12 «+ 1 0 2 9 slak 9 10 11 12 I JKL
Reverse $4 Reflect 4 14 «— 4 3 21 DCBA IJKL BCDA
<5> dX «+ HGFE eX +«+ ¢[1)X «+ EFGH 1 0 T14X +«» EFGH
Rotate BdA Circulate 4 left B places LKJT ABCD LIJK
Transpose Va4 Coordinate 7 of 4 becomes AET
<6> coordinate V[I] of result 2 18X +> §X «+ BFJ
CGK
{4 Transpose last two coordinates DHL 16 11 « 1 18F
0110
Membership AcA pWeY +» oW EeP «+ 1 0 1 0
Bdﬁ Pe13 «+ 1100 0000
Deal <3> 578 W?Y +«+ Random selection of ¥ elements from :Y without replacement 52752 +» card deck shuffle
95 (16)e2?76 ++ vector with exactly two 1l's
Decode, BiA Polynomial evaluation 1011 7 7 & +*> 1776 X1C ++ Value of polynomial with coefficients ¢
Base value 1614 0 10 ++ 1034 (for several values of X if X is a matrix)
Encode, BTA Radix conversion of 4 10 10 10 1071776 «+ 1 7 7 6 0 1T3.1u41592 «+ 3 0,141592 (Split integer
Representation to base B 16 16 16 16T1034% +> 0 & 0 10 and fraction)
Matrix BA Generalized inverse of 4 A has (ppA)=2 and 2/p4 £ minimizes Euclidean norm of error term
divide BBA B has (ppBlel 2 m & 39
and 14pB «+ 14p4 105 97 114 § 3 9 2 ++ 2 9 5 V8(pV)e.*0 1 2 ++ Quadratic least-squares
7 10 2 fit of Vv

<1>

<2>

<3>

<>

<6>

Restrictions on argument ranks are indicated by: S for scalar, V for vector, ¥ for matrix, A or B for any. Except as
the first argument of 514 or S[A], a scalar may be used instead of a vector. A one-element array may replace any scalar.

Arrays used s 8 0 ABCD
in examples: PP 8B E+«+5 6 7 8 X «+» EFGH
9 10 11 12 IJKL

Function result depends on index origin.

Elision of any index selects all along that coordinate.

The function is applied along the last coordinate; the symbols #, X, and ¢ are equivalent to /, \, and §, respectively,
except that the function is applied along the first coordinate., If [S] appears after any of the symbols, the relevant
coordinate is determined by the scalar S.

Index origin affects left argument of ® and index list of [4;...;4l.




APL PLUS System ComMmanDs

ws ++ workspace

wsid ++ library number and workspace name or workspace name alone

yannnnnn

YOFF

YOPF HOLD

) CONTINUE
)CONTINUE HOLD

Sign on with user number nnnnnnn and start APL PLUS work session. Use )nnnnnan:lockword if user number is locked.
Sign off (end work session). Use )gpr:newlock to change user number lockword to newlock.

Sign off and hold teleph dialup ion. Use )OFF HOLD:newlock to change useér number lockword to newlock.
Sign off and save active ws as CONTINUE in library. Use )CONTINUE :newlock to change user number lockword.

Sign off, save active ws as CONTINUE and hold dialup connection. US€ JCONTINUE HOLD:newlock for new lockword.

YCLEAR
JLOAD wsid

)YCOPY Wsid name(s)
)COPY wsid Topy into active workspace all global objects from wsid.
)PCOPY wsid name (s)

)PCOPY wsid
)SAVE T
)SAVE wsid
)DROP Wsid
YWSID
YWSID newwsid
JLIB

Discard contents of active workspace; load a clear workspace.

load a copy of wsid from library into active workspace. Use )LOAD wsid:lockword if wsid is locked.

Copy into active ws named global objects from wsid. Use )COPY wsid:Jockword name(s) if wsid is locked.

Use )COPY wsid:lockword if wsid is locked.

Same as COPY except protect (do not replace) objects already ih active ws leven tho the objects were named).
ame as COPY except protect (do not replace) objects already in active ws (even tho the objects were in wsid).
Store a copy of the active workspace.

Store a copy of active workspace using wsid.
Delete the workspace wsid from user's library.
Show wsid of active workspace.

Change wsid of active workspace to newwsid.
List names of workspaces in user's Iibrary.

Use )SAVE wsid:newlock to change workspace lockword to newlock.
No change made to active workspace. z

No change made in library.

JLIB nnn List names of workspaces in public library nnn. 1 s nnn s 999

)BLOT Obfuscation (deliberate smudge) to cover next input line. It can be used to keep lockwords secret.

)FRS List alphabetically names of defined functions in active workspace. Use )FN5 letter to start list at letter.
)VARS List alphabetically names of variables in active workspace. Use )VARS letter to start list at letter.

YGRPS List alphabetically names of groups in active workspace.

)JGROUP groupname name(s)

)GRP groupname

)JERASE name(s) Delete named global objects (functions vari

use )GRPS letfer to start list at letfer.
Gather named objects (functions variables groups) into a group named groupname.
List names of objects in group grougname.

eés groups) from active workspace. No change made to library.

)SEAL Unify a program package; lock and inhibit dispersal of functions in a workspace.

}DIGITS nn Set maximum for significant digits in output. 1 s nn s 16

JWIDTH nnn Set maximum width for output line. 30 s nnn s 130 ~ In a clear workspace, 30 s nnn s 254

)TABS nnn Set tab interval for automatic tabbing fof input and output. nnn must correspond €o manual tabs. 0 s nnn s 254
)SYMBOLS nnnn In a clear workspace, set the minimum size of the symbol tableT 26 s nnnn s 4241 =%
YORIGIN n’ Set index origin (where n=1 or n=0) for array operations including mixeéd functions {;...;] 14 ¥ 2?7 &

)SI List halted functions (workspace state indicator).

ysIv List halted functions and associated local variables (augmented state indicator).

JMSG port message
JMSCHN port message

Send message to specified port and lock keyboard to await reply.
Send message to specified Eor and unlock keyboard.

)JOPR mesga Send messa 0 operator and lock keyboard to await reply. Names of commands may be abbreviated
)gpgﬂ'ﬁ's'igs'gg Send Eﬁ to ogerator and unlock keyboard. L to the first four letters.
DETERMINING AND CHANGING TERMINAL INpuT MoDE
APL Typed: Input Mode APL Expects: Escape by Typing:

6 space indent

Immediate Execution

Any Input

0:

Evaluated Input

Any APL expression

+ or )CLEAR or )}LOAD wsid

Keyboard unlocked
at left margin

@ Input

Unmatched guote mark

1 line of characters

Any characters

[ OBSUBST BS=backspace

' (quote mark)

[nl
[n] line of function
indent to some position

[n] line of function
no carrier return

Function Definition

Line-edit Phase 1

Line~-edit Phase 2

Line of function or
editing command

f, 0-9, A-2

Line modification
by "visual fidelity®

or )CLEAR or )LOAD wsid

RETURN

v as rightmost character

SPECIAL SyMBOLS

Assign value to A.

Quote marks delimit character data constants,
Request character data input; assign it to 4.

first character of comment statement.
Set trace vector of statement numbers for function F.

CoMpoSITE FUNCTIONS

0/4

A9.0B
Ao .08

Reduction across last coordinate of 4.
©/[5]4 Reduction across coordinate 5 of 4.

Generalized Inner Product of 4 and B.
Generalized Outer Product of 4 and B.

A+D Request evaluated input.

TX7w?

A«

O«A Print value in A and pass it to left.
a Lamp symbol;

ToF+V

SAFeV

Set stop vector of statement numbers for function F.

+X Branch to X; X may be a label or statement number. If
X is a vector, -+Xx[1].
no branch;
statement number in the function, terminate
execution of the function.

> Terminate entire execution sequence of functions.

g Separates

8 Separates character and numeric data in same output
statement. as»

Overstruck symbols: ABCDEFGHIJKLMYOPQRSTUVWXYZAevwpRox!V4llaks

where 6 can be any of +-xs#x®[ljlocs=2>2vavn
E.G. +/V sums all elements of vector V.
A+.xB is ordinary matrix product of A and B.

If X is empty vector, there is
the next line is taken. If X is not a

o\ n
e\{¢in

label from statement in functions.




PRIMITIVE ScALAR Dvapic FUNCTIONS 4 e B

PRIMITIVE ScALAR MonaDIc FuncTIONs

® B

Definition or Example Name Name Definition or Example
25 oM 131015 5.5 ++ 2+43,5 T1.5 +> 2+ 3.5 Add + | No Change 0+B «+ +B 3.5 +> $3.5 T3.5 ++ +7°3,5
Talald S Aokl 1,5 «+ 3,5-2 5.5 «> 2-73,5 Subtract - JChange Sign 0-B ++ -B a8 = sRHE o & =785
5 «+> 4x1,25 T3 > 6x7.5 0 «> 0x .09 Multiply x Signum Sign of B: 1 «» x7,2 0 «+ %0 T e 1T
1.75 «+ 3,5%+2 75 e+ 10+72 4 ++ 12:3 Divide + Reciprocal 1%+B «+ B .5+ 32 T2 «+ 17,5
A raised to the power B +-+ A#B Power * |Exponential (2.71828...)*B 2.71828.,., +«+ %1
8 <+ 2x3 2 «> u4x,5 T3 > T27x(143) 4 «> %x1,386294361... 20.0855..., +> *3
(eB)+®4A «» logarithm of B for base 4 «+ 4eB Logarithm [ Natural (A TABAB ¢ 6 0 NOB N «+ xoN «+ exN
1.87506.,. «>+ 10875 3 +> 208 Logarithm 1.386294361.., ++ o T0.693147.,, «+ @.5
Larger of 4 and B «> A[B Maximum r Ceiling Smallest integer = B ++ [B
7 <> 3[7 6.01 «+ 6.0176.01 & o gy 4 +> [3.141 T3 e+ [73.141 101 <> [101
Smaller of 4 and B + ALB Minimum L Floor Largest integer s B <«+ [B
3 «+ 317 6.01 «+> 6.0116.01 7 = TElTY 3 +> [3.141 T4 o> L73.141 101 ++ {101
3 «+ 513 B-(|A)x|lB+]A ++ A|B For A=0 Residue | Magnitude Absolute value of B «+ |B
S «» 0[5 B +«+ A|B For A=0, B20 9.5 «+ [8.5 9,5 «» |79.,5 0 <> |0
S ++ 145 Domain Error «+ A|B For A=0, B<0
14 «> 1{3,14 4 «> 5]|711 D.E. «»> 0|4
6 ++ 24 (!B):(!A)x!B-A «+ A|B For A<B Combinations| ! Factorial Bx!B-1 «+ !B For B21, B an integer; 1 «+ !0
0 +«+ 9!3 il <= BB 0 <+ A!B For A>B or Binomial or Gamma Gamma(B+1) <+ !B for non-integer B 6 «+ !3
Complete Beta Function for A and B Coefficient 39916800 «> !il 2.68344, ., > 12,3
10 ++ 3!73 4,9346,,., «+ 1,1!4,5 or Beta B08208 000 § R D.E, «+ ! 2
See Table of Mixed Functions 72 | Roll Random choice from 18 «+ ?B (Origin dependent)
Random integer from 1 2 3 4 5 6 7 8 +» ?8
See Table at right Circular (] Pi times Bx3.14159... +> OB 6.283185.,, ++> 02
A B AAB AVB AnB ~(AAB) A¥B ~(AVB) ~ Not Logical Negation 0 ++ ~1 1 ++ ~0
0 o 0 0 1 1 1 1 And A - .
0 1 0 1 1 1 0 [} or v Table of Dyadic o Functions
1 0 0 1 1 1 0 0 Nand n 5
101 1 1 0 o 0 0 Nor v (1-Bx2)*.5 <> 00B (1-B*2)x,5 «> 00B
Arcsin B «» (-1)0B Sine B «+ 10B
Relational Tests: 1 <> 3<y4 0 «+ 4<3 Less < Arccos B ++ (-2)0B Cosine B ++ 20B
Result is 1 if 1 «> 4y 0 «> 63y Not Greater| < _ Arctan B «+ (-3)0B Tangent B <+ 30B
the relation is 1 ++ 9=9 0 +«+ 2=9 Equal = ("1+B%2)*.5 <+ (-L)OB (14B*2)*.5 ++ LOB
true; result is 1 «+ 727 0 «+ 328 Not Less z Arcsinh B «+ (-5)0B Sinh B «+> 50B
0 if the relation 1 «+ 750 0 «+ 258 Greater > Arccosh B ++ (-6)0B Cosh B <«»> 60B
is false. 1 ++ 3%6 0 ++ 929 Not Equal 2 Arctanh B <+ (-7)0B Tanh B ++ 70B

B in radians




syntax use codes
access FF -
expression FAPPEND fn place new component on file 8 7
'1ib name amt' FCREATE f£n create and tie new file =yl
FDROP fn,n delete component from file 32 13
*1lib name' FERASE fn erase file 4 5
FHOLD fn,fn,... request temporary exclusive 64 14
use of files
result « FLIB n names of files in library n - 9
result « FLIM fn gives component numbering 110
result « FNAMES names of tied files - 19
result « FNUMS numbers of tied files - 18
result « FRDAC fn gives access matrix 256 16
result « FRDCI fn,cn gives component information 512 11
(space,who,when)
result « FREAD fn,cn reads component from file 1 6
'lib name amt' FRENAME fn change 1ib, name, or space 128 15
expression FREPLACE fn,cn replace component in a file 16 8
result « FSIZE fn gives component numbering, 110
space used, space reserved
expression FSTAC fn defines accesses for users 256 17
'lib name' FSTIE fn opens file for shared use any 4
'lib name' FTIE fn opens file for exclusive use 2 2
FUNTIE fn,fn,... unties files - 3
Notes: fn is file number; cn is component number
Access Matrix Columns -+ 1 2 3
account number permission code lock
(0 for everyone) (sum of access (0 for none})
codes)
Reference: APL PLUS FILE SUBSYSTEM INSTRUCTION MANUAL

SysTEM DePENDENT FuNcTIONS

X|Definition of xX

19]Accumulated keying time (time during which the keyboard
has
20{The
21{The
22| The
23| The
24| The
25| The
26 | The

been unlocked awaiting entries) during this session.
time of day.

central computer time used in this session.

amount of available space (in bytes).

number of terminals currently connected.

time at the beginning of this session.

date.

first element of the vector r127.

23

3.

27| The vector of statement numbers in the state indicator.
28| A code indicating the terminal device being used.
29| User sign-on number.
NOTES
1. All times in 1:60 seconds

Date 1is represented by a 6-digit integer; successive

digit pairs represent month, day, and year.

127 yields a vector; all other results are scalars.

AFMT Workspace 1 PLOTFORMAT
'fp,fp,...,fp' AFMT (expri;expr;...;expr)
expr scalar, vector, or matrix
fp format phrase:
mAw character data
mEw.d floating-point
mqFw.d fixed=-point
mqIw Integer
mXw skip
mitextd literal text
m repetition factor (optional)
w field width
d number of decimal positions
q qualifiers (optional):
B blank if zero
¢ comma Iinsertion
L left justify
i leading zeroes
MMtextd left of negative result
~ NOtextM right of negative result
PMtexth left of zero or positive result
Qltext right of zero or positive result
RMNtext® background for result
FunctioN EDITING
FORM
J W [0 « [ ZIST ENTIRE FUNCTION.
[own1 LIST BEGINNING WITH
LINE N,
(WA} INSERT OR REPLACE LINE
N; T0 DELETE, FOLLOW
WITH INTERRUPT AND
CARRIAGE RETURN.
{¥0] LIST LINE N AND INSERT
REPLACE OR DELETE.
[NOM] LIST LINE N AND PLACE
TYPE BALL UNDER COL-
M

WHEN EDITING A LINE OF A FUNC-
TION, SPACES TO BE REMOVED ARE
INDICATED BY '/', SPACES TO BE
ADDED BY SINGLE DIGITS OR LET-
TERS; THE SPACES ARE INSERTED
BEFORE THE INDICATED SPOT; WHEN
LETTERS ARE USED, THE NUMBER OF
SPACES INSERTED IS EQUAL TO
Sx'ABCDEFGHI... ' \LETTER,






