IEx APL Programming
Guide



First Edition (May 1978)

A form for readers’ comments has been provided at the back of this publication. If the

form has been removed, address comments to IBM Corporation, Marketing Publications,
Dept. 824, 1133 Westchester Avenue, White Plains, New York 10604, IBM may use or
distribute any of the information you supply in any way it believes appropriate without
incurring any obligation whatever.

(C) COPYRIGHT INTERNATIONAL BUSINESS MACHINES CORPORATION 1978



APL PROGRAMMING GUIDE

VECTOR OPERATIONS

FIRST EDITION

EDITED BY

TIMOTHY P, HOLLS

ABSTRACT
THIS GUIDE SUMMARIZES KEY CONCEPTS, CODING TECHNIQUES,

IDIOMS, GUIDELINES, AND TRADE-OFFS WHICH WILL HELP
THE APL PROGRAMMER TO PRODUCE EFFICIENT APL CODE,.

KEY WORDS: APL, APLSV, PROGRAMMING TECHNIQUES,
APLJCMS, VS APL, 5100 APL

A PUBLICATION OF DPD SCIENTIFIC MARKETING






APL PROGRAMMING GUIDE

PREFACE
THIS GUIDE IS A COMPILATION OF  KEY CONCEPTS, CODING
TECHNIQUES, IDIOMS, GUIDELINES, AND TRADE-OFFS InN APL

PROGRAMMING. IT IS INTENDED FOR INTERMEDIATE AND ADVANCED APL
PROGRAMMERS WHO ARE FAMILIAR WITH APL SYNTAX AND OPERATIONS AS
FOUND IN THE APL LANGUAGE MANUALS AND SIMILAR PUBLICATIONS. ITS
GOAL IS TO0 SHOW GOOD IMPLEMENTATIONS OF BASIC APL DATA
PROCESSING OPERATIONS.

THIS VOLUME COVERS VECTOR OPERATIONS TOPICS In APL
PROGRAMMING. IT IS DESIGNED TO BE A REFERENCE MANUAL. THE
INFORMATION INCLUDED IS CATEGORIZED ACCORDING TO THE TYPE OF
OPERATION PERFORMED AND THE DATA BEING PROCESSED. THE TABLE OF
CONTENTS IS INTENDED TO SERVE AS THE PRIMARY MEANS FOR LOCATING
THE APL CODE FOR A SPECIFIC OPERATION.

THIS GUIDE IS BASED ON EXPERIENCE WITH IBM APLSV SYSTEMS.
WHERE APPROPRIATE, THE TECHNIQUES HAVE BEEN CODED SO AS NOT TO
BE DEPENDENT ON -ANY APL SYSTEM IMPLEMENTATION. HOWEVER, THE
READER MUST DETERMINE WHETHER OR NOT CODE CHANGES ARE NECESSARY
FOR EXECUTION. ON ANOTHER APL SYSTEM. CERTAIN CODE
IMPLEMENTATIONS MAY HAVE TO BE SPLIT INTO ADDITIONAL STATEMENTS
IF THE ORDER OF EXECUTION OF OTHER APL SYSTEMS REQUIRES THIS.

IT IS THE PHILOSOPHY OF THIS GUIDE TO SHOW ONLY THE BASIC
CODE NECESSARY TO ~PERFORM A GIVEN OPERATION. ONLY A FEW
TECHNIQUES ARE ILLUSTRATED AS COMPLETELY-DEFINED APL FUNCTIONS.
IT IS LEFT TO THE READER TO COMBINE THESE BASIC COMPONENTS INTO
- STANDARDIZED SUBROUTINES OR LARGER FUNCTIONS AS DEFMED

APPROPRIATE FOR AN APPLICATION. ‘ :

* % % *x *

MORE THAN ONE IMPLEMENTATION OF A TECHNIQUE IS SHOWN WHEN
THERE ARE SIGNIFICANT DIFFERENCES IN THE NATURE OF THE
IMPLEMENTATIONS. EACH IMPLEMENTATION IS THE ~BEST ONE FOR ITS
PARTICULAR APPROACH. THE ORDER IN WHICH THE IMPLEMENTATIONS ARE
LISTED FOR EACH TECHNIQUE OR EACH TRADE-OFF IS BASED ON
MEASUREMENTS OF THE TIME TAKEN TO PROCESS A VECTOR OF ABOUT
25 ELEMENTS. THE FASTEST IMPLEMENTATION Is SHOWN FIRST.

THE READER IS CAUTIONED, HOWEVER, THAT SUCH CHARACTERISTICS
AS EXECUTION SPEED, STORAGE REQUIRED, DATA REPRESENTATION AND
HANDLING, ETC., ARE DEPENDENT ON THE APL SYSTEM IMPLEMENTATION.
THESE CHARACTERISTICS MAY ALSO CHANGE AS AN APL GSYSTEM IS
"MODIFIED AND IMPROVED. THEREFORE NO EXPLICIT MEASUREMENTS OF
THESE CHARACTERISTICS HAVE BEEN INCLUDED IN THIS GUIDE.
READERS WHO CONSIDER THESE CHARACTERISTICS IMPORTANT IN THEIR
APPLICATIONS SHOULD DETERMINE THEM FOR FEACH TECHNIQUE ON THE
APL SYSTEM WHICH THEY ARFE USING.
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EXECUTION SPEED CAN ALSO VARY WITH THE LENGTH AND NATURE OF
THE VARIABLES PROCESSED. AN IMPLEMENTATION WHICH IS FASTER FOR
SMALL VARIABLES MAY BE SLOWER FOR LARGE ONES. SIMILARLY,
- LOGICAL DATA (BITS) MAY BE HANDLED MORE SLOWLY THAN BYTE OR
INTEGER DATA.

* % % % %

THE IMPLEMENTATIONS SHOWN IN  THIS GUIDE ' ARE  LARGELY
NON-LOOPING SOLUTIONS USING THE POWER OF APL PRIMITIVE FUNCTIONS.
THE READER SHOULD BE AWARE, HOWEVER, THAT IMPLEMENTATIONS WITH
LOOPING CAN BE FASTER AND MORE EFFICIENT FOR LARGE  DATA
VARIABLES IN CERTAIN SITUATIONS. LOOPING WILL ALSO HELP AVOID
“WS FULL” INTERRUPTIONS, ALLOWING LARGER VARIABLES  TO BE
PROCESSED.

SOME ALTERNATE IMPLEMENTATIONS WHICH ARE KNOWN TO BE POORER
HAVE BEEN INCLUDED IN ORDER TO DOCUMENT THEIR EXISTENCE AS
VARIATIONS. CERTAIN ONES FOUND IN OLDER APL  FUNCTIONS
REPRESENT EARLIER SOLUTIONS DEVELOPED BEFORE NEW APL PRIMITIVE
FUNCTIONS WERE ADDED TO THE LANGUAGE. SOME OF THE ALTERNATE
IMPLEMENTATIONS, WHILE LESS EFFICIENT FOR PERFORMING THE ENTIRE
TECHNIQUE, MAY NEVERTHELESS BE BETTER IN A SPECIFIC APPLICATION
WHERE THEIR INTERMEDIATE RESULTS ARE ALSO USEFUL OR ALREADY
AVAILABLE FROM PREVIOUS PROCESSING. THE FINAL RESULT MIGHT BE
OBTAINED FASTER BY STARTING WITH THE INTERMEDIATE DATA THAN BY
PROCESSING FROM SCRATCH WITH THE FASTEST  TECHNIQUE. MINOR
VARIATIONS IN IMPLEMENTATION, E.G., COMPLEMENTARY OPERATIONS,
ARE GENERALLY OMITTED. THE NOTATION “<=»" MEANS IS THE SAME AS™.

EXPLANATIONS OF THE DETAIL-PROCESSING OCCURRING IN THESE
TECHNIQUES  ARE  INCLUDED  ONLY WHERE THEY WERE CONSIDERED
NECESSARY. READERS WHO SEEK A SPECIFIC TECHNIQUE MAY SIMPLY
COPY THE CODE AND VERIFY THE DESIRED OPERATION AND RESULTS.
THOSE WHO WANT TQ INCREASE THEIR GRASP AND UNDERSTANDING OF
APL PROCESSING ARE ENCOURAGED TO STUDY THE CODE IN DETAIL.
THIS CAN CONSIST OF FIRST WORKING IT OUT ON PAPER AND THEN
EXECUTING EACH PORTION IN SEQUENCE TO EXAMINE THE RESULTS. THIS
EXERCISE PROVES TO BE A VERY GOOD WAY TO UNDERSTAND AND MASTER
APL SEMANTICS AND PROGRAMMING LOGIC. IT CONTRIBUTES TO THE
ABILITY TO RECOGNIZE ENTIRE TECHNIQUES OR “IDIOMS™ OF APL WHEN
SUBSEQUENTLY READING APL PROGRAMS. SOME OF THESE TECHNIQUES
ARE THEMSELVES COMBINATIONS OF GSEVERAL SIMBLER  TECHNIQUES.

CERTAIN  BRIEF APL  OPERATIONS  OCCUR REPEATEDLY 1IN THESE
TECHNIQUES. THEY CAN BE THOUGHT OF AS “KERNEL™ APL OPERATIONS
AND ARE IDENTIFIED AS SUCH IN THE TEXT. WHILE THEY ARE NOT
NECESSARILY USED TO PRODUCE FINAL RESULTS IN THEMSELVES, THEY
FORM THE BASIS FOR MANY OTHER MORE COMPLEX  TECHNIQUES.
THEREFORE THEY ARE WORTH RECOGNIZING AND LEARNING.

Tt
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MANY OPERATIONS ARE SHOWN WITH A GENERALIZED TEST VARIABLE,
E.G., @ , AND THEY MAY BFE USABLE FOR EITHER NUMERIC OR CHARACTER
DATA. IN APPLICATIONS WHERE ONLY ONE KIND OF DATA IS PROCESSED,
THE SPECIFIC DATA ELEMENTS, E.G., 0 OR ' ', MAY BE SUBSTITUTED

IN THE EXPRESSION RATHER THAN ASSIGNING THEM TO THE VARIABLE.

WHEREVER POSSIBLE AND APPROPRIATE, THE IMPLEMENTATIONS OF
THESE TECHNIQUES ARE CODED TO EXECUTE THE SAME REGARDLESS OF
THE VALUE OF THE INDEX ORIGIN [IO. THIS IS DONE TO INCREASE
THE USABILITY OF THE TECHNIQUES. HOWEVER IT FREQUENTLY MAKES
THE APL CODE MORE DIFFICULT TO READ AND MORE CUMBERSOME. IF A
TECHNIQUE IS TO BE EXECUTED IN AN ENVIRONMENT WITH AN
UNCHANGING INDEX ORIGIN, IT IS GSUGGESTED THAT THE READER
SUBSTITUTE THE ORIGIN VALUE FOR [0IO WHERE IT APPEARS IN THE
CODE AND THEN GSIMPLIFY THE APL FEXPRESSIONS @ WHICH RESULT.

 *k * * %

THE PAGES OF THIS GUIDE HAVE BEEN FORMATTED AND GENERATED
BY EXECUTION OF APL FUNCTIONS. IN ALMOST ALL CASES THE RESULTS
SHOWN FOR EACH OPERATION HAVE BEEN GENERATED BY ACTUALLY
EXECUTING THE ILLUSTRATED APL CODE. THE CODE FOR ALTERNATE
IMPLEMENTATIONS HAS BEEN EXECUTED AND THE RESULTS COMPARED WITH
THE MAIN ILLUSTRATION. CODE WHICH IS AFFECTED BY THE INDEX
ORIGIN HAS BEEN EXECUTED IN BOTH ORIGINS AND THE RESULTS
COMPARED (WITH ANY NECESSARY ADJUSTMENTS). THEREFORE THE
CORRECTNESS OF THE CODE SHOWN FOR EACH TECHNIQUE HAS BEEN
VERIFIED InN THE PROCESS OF GENERATING THESE PAGES.

READERS WHO KNOW OF OTHER ~BETTER™ IMPLEMENTATIONS OF ANY
TECHNIQUE OR WHO DETERMINE IMPROVEMENTS TO ANY IMPLEMENTATIONS
SHOWN IN THIS GUIDE ARE REQUESTED TO SEND THIS INFORMATION TO
THE  EDITOR. CONTRIBUTIONS AND  SUGGESTIONS FOR ADDITIONAL
TECHNIQUES ARE ALSO WELCOME.

" THE EDITOR IS INDEBTED TO MANY APL PROGRAMMERS, BOTH KNOWN
AND UNKNOWN, FOR THE CODE WHICH HAS BEEN INCLUDED IN THIS
GUIDE. SPECIAL APPRECIATION IS EXTENDED TO THE REVIEWERS, WHO
CONTRIBUTED IMPROVEMENTS TO THE CODE, THE TEXT, AND THE FORMAT
OF THIS GUIDE.

CERTAIN MATERIAL IDENTIFIED BY FOOTNOTES HAS BEEN ADAPTED
FROM THE PUBLICATIONS LISTED BELOW. SOME OF THE MATERIAL IS
UNCHANGED EXCEPT FOR VARIABLE NAMES AND APL SYSTEM DIFFERENCES.

1. PERLIS, ALAN J., AND RUGABER, SPENCER, [HE APL IDIOM LIST,

RESEARCH REPQORT 87, YALE UNIVERSITY DEPARTMENT OF
COMPUTER SCIENCE, APRIL 1977.

1t
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2. SMITH, ROBERT A., BQOLEAN  FUNCTIONS AND  TECHNIQUES,
WORKING MEMORANDUM NO. 106, SCIENTIFIC TIME SHARING
CORPORATION, FEBRUARY 1975, REVISED JULY 1975.

3. SYKES, ROY A., USE AND MISUSE QF APL - EFFICIENT CODING
TECHNIQUES, SHARE XL, MARCH 7, 1973, SCIENTIFIC TIME
SHARING CORPORATION.
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TYPE 1: CATENATING INDIVIDUAL ELEMENTS
o INITIALIZE TO AN “EMPTY" VECTOR

V<10 OR Vet OR V<0p ...
an ADD ELEMENTS BY CATENATION

V«<¥V.,45 78 23

p USE THIS METHOD WHEN THE FINAL SIZE OF V IS UNKNOWN

A CAUTION: CATENATION REQUIRES THAT OWA > THE STORAGE
] TAKEN UP BY V . WHEN [OWA BECOMES <, A WS FULL
A WILL OCCUR.

TYPE 2: CATENATING SEVERAL VECTORS
n GENERATE SEPARATE “PARTIAL" -VECTORS

T<'FINAL SUMMARY REPORT OF ANNUAL SALES'

D«'DECEMBER 31, 19', 2 0 ¥Y

BR<«'BRANCH OFFICE NO. ',%N
a CATENATE VECTORS TO FORM LONGER VECTOR

HDR<«T,' -- ',BR,t' -- ']
3

USE THIS METHOD WHEN FINAL VECTOR WOULD BE T00 LONG
FOR ONE FUNCTION STATEMENT. THIS ALSO ALLOWS THE

THE INDIVIDUAL VECTORS TO BE USED IN MORE THAN ONE
STATEMENT.

» ®»® D

(CONTD ON NEXT PAGE)



CREATING A VECTOR ¥
BY CATENATION (CONTD)

TYPE 3: MANUALLY ENTERING A VECTOR WHERE THE DATA EXCEEDS
THE TERMINAL INPUT LINE LENGTH

A CATENATE A "00° AT THE END OF EACH LINE WHICH IS
A TO BE CONTINUED

V<2.3 9.7 6.2 5.8 ... 43.79, 0

93.7 105.2 125.3 ... 155.1, O

... ETC.

A CHARACTER INPUT MUST BE TYPED WITHIN QUOTES
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CATENATING UNIQUE ELEMENIS @ IQ ¥ AND INCREMENIING
COUNTERS €

m CATENATE THE ELEMENTS ONLY IF THEY DON'T OCCUR IN V
V<V, (L+~QeV)/Q * %

INCREMENT THE CORRESPONDING COUNTER IN C FOR EACH
ELEMENT

®» D

C«(C,L/0)+Veq * %

b -]

pV <=+ pC »
cLI] IS THE COUNT OF OCCURRENCES OF VLI]

D

EXAMPLE:  V<'MECRVKID'
C«2 5211231
Q«'BASED"

BESULT: V: MECRVKIDBAS |
c: 26211232111

a IF ANY ELEMENTS IN @ OCCUR MORE THAN ONCE:
V<V, (L<~UeV)/U«((1pQ)=@1Q)/Q
C+(C,L/0)++/Vo.=Q

EXAMPLE:  Q+'MISSISSIPPI IS THE MAGNOLIA STATE'

RESULT: V: MECRVKIDBASP THGNOL
C: 4y 8 211292147 24311111



BY ASSIGNMENT AND INDEXING

]
L]

D

e B <]

FIRST ASSIGN "N FILL-ELEMENTS TO THE VECTOR, E.G.,
PAD-ELEMENTS (0 OR BLANK); N = A POSITIVE INTEGER

V<lNpO
NQTE: NpO PRODUCES 1-BIT ELEMENTS. THESE WILL
INCREASE TO INTEGER OR FLOATING PQINT ELEMENTS
WHEN THE FIRST VALUE = 0 OR 1 IS ASSIGNED.
INITIALIZE INDEXING VARIABLE
PTR<0 [O10<«1]

STORE ELEMENTS IN VECTOR BY INDEXING, CHECKING FOR
END OF VECTOR

+(N<PTR<PTR+1) /END

VLPTR1«45
ALTERNATIVELY
+(N<"14I<«PTR+1K)/END
VIIl«1 2 3 ... X [010<«11
PTR<«PTR+K .

USE THIS METHOD IF THE FINAL SIZE OF VECTOR (OR AN
UPPER LIMIT ON THE SIZE) IS KNOWN

CAUTIQON: IF THE STORAGE TAKEN UP BY "v" > OWA, NO

oy e e S

OPERATION CAN BE PERFORMED WHICH WOULD DUPLICATE “v"

(WILL RESULT IN A "WS FULL™)



CREALING A VECIOR ¥
BY RESHAPING ANQTHER VARIABLE K
V<NpW

A W MAY BE AN ARRAY OF ANY RANK (0, 1, 2, 3, ...)
p N MUST BE AN INTEGER 2 0

EXAMPLE:  W<'O"
N+«10

BESULL: 00000o0ooo

EXAMPLE:  W<«'ABCD'

N<«13
RESULT: ABCDABCDABCDA
EXAMPLE: W<2 3 4p 1 0 0 1 O
N<«17
RESULT: 1 001 021200101001010

n TO REPLICATE A VECTOR W N-TIMES:
V<(NxpW)pW

a N MUST BE AN INTEGER =2 0

EXAMPLE:  W<«'1234!
N<«y

RESULT: 1234123412341234
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GENERAIING 4 VECIOR USING 4 LOGICAL VECTOR AND 4 SCALAR @

V<( LOGICAL VECTOR )\@Q

a PAD-ELEMENTS (0 OR BLANK) OCCUPY THE 0-BIT POSITIONS
EXAMPLE: UNDERLINING A HEADING (REPLACE @ WITH '~t)

HDR<'THIS IS A HEADING'
V<(HDR=z' t)\t7t

EXAMPLE: L«1 1 0011001100110 0
V*.L\‘ 'y t



CREATING A4 VECIOR Y
GENERATING A VECIQR OF INDICES
IN EIELDS QF WIDIHS ¥

V<(+/W)pO
VL+\(10I0), 1+¢Wl«1
V<+\V

EXAMPLE: W«2 2 4 1.
RESULT: 11 2233334 [0I0+1]

p ALTERNATE IMPLEMENTATIONS:
V<0I0++\ (v +/W)eOdIO++\W
V<010++/(1+/W)e . 20I0++\W

a TO GENERATE A VECTOR OF THE ELEMENTS IN VECTOR "X ,
A CODE: XLV] :

EXAMPLE:  X<+'Ac*>V!
We3 11 2 3

BESULT: AAAck>>VVY



CREATING 4 VECTOR Y

S i . e S s Ty S S Sy R

R« (~I0)+X-ppd
I«,(Ro1ppA)Q(ROpA)p1(pA)LX]

m THIS CAN BE SIMPLIFIED FOR ARRAYS OF RANK 1 OR 2:
@ RANK 1 (= VECTOR): I<1ip4

m NQTE: THIS IS A "KERNEL" APL OPERATION

m RANK 2 (= MATRIX):

A ROW INDICES (X=1): I*,8(¢pd)p114pA

A COL INDICES (X=2): I+,(pA)p1i 14pA

a NOTE: FOR RANK 2 3, THE EXPRESSION FOR THE LAST AXIS
] (COLUMNS) IS THE SAME AS SHOWN ABOVE FOR RANK 2.

EXAMPLE:  A<2 3 2p112
1 2
3 o
5 6
7 8

9 10
11 12

4
s
1234567 8 9 10 11 12

RESULT: CORRESPONDING PLANE INDICES (X<«1): [DOI0+11
111111222222

CORRESPONDING ROW INDICES (X<2):
112233112233

' CORRESPONDING COLUMN INDICES (X+3):
121212121212

(CONTD ON NEXT PAGE)



CREATING 4 VECIOR Y

GENERATING THE "X TH AXIS INDICES I
VEL

OR ALL ELEMENTS
QF ABRAY A, CORBESPONDING IQ RAVE (,4)

E
-4 (CONTD)
A ALTERNATE IMPLEMENTATION:

I+0I10+((pA)T(1x/pA)-0I0)LX;5]

a NQTE: THIS IMPLEMENTATION GENERATES INDICES FOR ALL
o THE AXES AT ONE TIME



CREATING 4 VECTIOR ¥
GENERAIING 4 YECTOR QF INDICES
IN INCREASING-DECREASING SEQUENCE, WITH LENGTH L
V«(1[H),d1LH<L%2

EXAMELE:  L+8

RESULT: 1 23 443 21 [0ro<«11

EXAMPLE:  L+13

RESULT: 012345865043 210 L010+«01

p NOQTE: IF H « A DIMENSION OF A MATRIX M, V CAN BE
A USED TO EXPAND M SYMMETRICALLY, I.E., M[V;] FOR
A ROW SYMMETRY, ML;V] FOR COLUMN SYMMETRY

iN INCREASING-DECREASI
M ALU

E G SEQUENCE, WITH LENGIH L,
AND KITH MAXIMUM V.

NG SEQUENCE, WITH LENGTH
E K
V<KL(1TH),d1LH<L 32
EXAMPLE : L<«12
K<3

RESULT: 1 233333332321 [010«1]

10



CREATING 4 VECIQR U

EXAMPLE: J<7
K« 2

RESULT: 76 543210 12

SUCCESSIVE REAL NUMBERS FROM J TQ K INCREMENTING BY D
V<J+(DxxK-J)x(11+]|L(X-J)+D)-010
an J AND K,ARE ANY REAL NUMBERS: D REAL AND > 0
EXAMPLE: J«l.4
K«8.2
D<.7
RESULT: 1.4 2.1 2.8 3.5 4.2 4.9 5.6 6.3 7 7.7

(CONTD ON NEXT PAGE)
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CREATING 4 VECIOR Y

R SUCCESSIVE REAL NUMBERS STARTING WITH N AND
LNCREMENTING BXY D

V<«N+Dx(1R)-[1I0
A R IS ANY INTEGER = 03 N AND D ARFE ANY REAL NUMBERS
EXAMPLE: R<«10
N<0
D<«.1
&E§QQZ: 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

p SPECIAL CASE IMPLEMENTATIONS, FOR INTEGER N
A AND D = 1:

V«(N-0I0)+1R
V< (N-0I0)+1R+N-0I0 * %
EXAMPLE: R<8
N<13

RESULT: 13 14 15 16 17 18 19 20

*x ADAPTED FROM (3) USE AND MISUSE OF ABL

12



CREATING A VECIOR ¥

GENERALING A LOGICAL (BOOLEAN) VECIOR

V<L4+Kp1
EXAMELE: L«12
; K<5
RESULT: 1111 1000O0O0O00O0

n ALTERNATE IMPLEMENTATION:

V«(X-~0I0)21L

WITH K TRAILING 1'S AND LENGIH L
V<«(-L)4Kp1
RESULT: 000000011111

A ALTERNATE IMPLEMENTATION:

V<(L-K+~0I0)<1L

13



CREATING A4 VECTOR ¥

GENERATING 4 LOGICAL (BQOLEAN) VECIOR

DEEINING THE EIELD PARTITION P QF ¥

]

pP <> pV
PLI] = 1 WHERE VLI] IS THE FIRST (OR LAST) ELEMENT
OF A FIELD; OTHERWISE PLI] =0

®» D

k]

NQTE: THIS VECTOR "P~ TS REQUIRED WHEN PERFORMING
CERTAIN OTHER OPERATIONS ON FIELDS OF V

]

FIRST: P«(KxW)pWt1

LAST: P<(KxW)p(-W)+1

m NOQTE: THIS IS A "KERNEL™ APL OPERATION

EXAMPLE:  K<5
W<3

RESULT: FIRST: 1 0
00

0100100100100
LAST: 1001001001001

n ALTERNATE IMPLEMENTATIONS:

FIRST: P<+(KxW)pl,(W-1)p0

LAST: P<(KxW)p((W-1)p0),1

NOTE: THIS FIELD PARTITION CAN BE USED WHEN

A
] PROCESSING A KxW MATRIX RAVELED AS A VECTOR

(CONTD ON NEXT PAGE)
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CREAZING 4 VECIOR ¥

WHEN THERE ARE NQ FIELD DELIMITERS (CONTD)

TYPE 2: FROM A VECTOR I OF INDEX NUMBERS OF THE
18T ELEMENTS OF EACH FIELD

FIRST: P<«(1pV)el

LAST: P<19(1pV)el

o NOTE: THIS IS A "KERNEL  APL OPERATION

EXAMPLE: V<110
I«1 4 5 9 [0I0<«1]
RESULT: FIRST: 1 0 011 0 0 0 1 0
LAST: 0011000101

a NOTE: “P<(1pV)eI IS ALSO VALID FOR A VECTOR V
o WITH FIELD DELIMITERS

(CONTD ON NEXT PAGE)
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CREATING 4 VECTOR ¥
GENERATING A LOGICAL (BQOLEAN) VECIQR
REEINING THE EIELD PARTITIQN P QF Y (CONTD)

WHEN THERE ARE NQ EIELD DELIMITERS (CONTD)

]
I<
Iy
Iy

w

FROM A VECTOR OF FIELD-WIDTHS W,
WHERE pV <> +/W

FIRST: P<(1+/W)e+\OIO, W

LAST:  P+(1+/W)e(+\W)-~0I0

EXAMPLE : W«3 1 4 2
RESULT: FIRST: 1 0 01100010
LAST: 0011000101

o ALTERNATE IMPLEMENTATIONS:

FIRST: B«(GxpW)p(G<l/W)+1
P«(,Wo.>(1G)-0I0)/B

LAST:  B<«(GxpW)p(-G<[/W)+1
P«(,Wo.>¢(1G)-010)/B

(CONTD ON NEXT PAGE)
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CREATING 4

<

ECTOR ¥

DEFINING THE FIELD PARTITION P QF ¥V (CONTD)

WHEN THERE ARE NQ FIELD DELIMITERS (CONTD)
TYPE 4: FROM A VECTOR OF FIELDS OF IDENTICAL ELEMENTS

FIRST: P«1,(14V)= 14V

LAST: P<((147V)=2"14V),1

A JQTE: THIS IS A "KERNEL™ APL OPERATION
'a NQTE: MAY HAVE TO SORT V FIRST TO PRODUCE THE FIELDS

EXAMPLE: V<'BBUDDDCCCA"

RESULT: FIRST: 1
0

010001001
LAST: 1 00010011

A ALTERNATE IMPLEMENTATIONS:

FIRST: P«Vz 14(140pV),V

LAST:  P<«V=14V,140pV

A THESE CAN BE SIMPLIFIED AS FOLLOWS :

NUMERIC V CHARACTER V
FIRST: P<Vz 140,V PeVz"14t 1,V
LAST:  P«V#1+V,0 P<Vz14V,* !

(CONTD ON NEXT PAGE)
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CREATING A VECIOR V

— e o

WHEN THERE ARE NQ FIELD DELIMITERS (CONTD)

13

LBE 4:

(CONTD)

A CAUTION: 18T AND LAST ELEMENTS OF V MUST BE ,
a  DIFFERENT TO USE THE FOLLOWING IMPLEMENTATIONS

FIRST:

LAST:

P<«Vz 16V

P<Vz1¢V

T S e, T e e T e Py

P+S>"140,5«V=Q

P«S>14(S«V=2Q),0

EMPTY FIELDS ARE ELIMINATED FROM THE PARTITION

EXAMPLE : V<',ALPHA ,PHI, ,BETA"

o Ty S ey e B

A NOTE:
) FOR

Qet, it
FIRST: 01 00 0 00100001000
LAST: 0000041 0O0O0O1IO00O0O0O0OT0?1
TO DELETE THE FIELD DELIMITERS FROM V AND P
OTHER PROCESSING, USE:
V<S/V OR V< (V2Q)/V
P<S/P OR P«(V#Q)/P

18



CREATZING 4 ZECIQOR ‘X
GENERATING 4 LOGICAL (BOQLEAN) VECTOR
IN FIELDS QF WIDTHS W, ALLERNATING 1'S AND 0'S

TYPE 1: K FIELDS WITH SAME WIDTH W

V«(KxW)p(Wx2)tWp1l
& NOQTE: TO START WITH 0'S, CODE: ~...(-Wx2)...
EXAMPLE:  K<5
W<3
RESULT: 1110001211000111

TYPE 2: FROM A VECTOR OF FIELD-WIDTHS W,
WHERE pV <+ +/W

V<z2\(1+/W)e+\OIO, W

a YOTE: TO START WITH 0'S, CODE:  ~V
EXAMPLE: W<5 2 3 1 &

RESULT: 1111100111011 11
IQTE: THIS IS A ~# SCAN~ OPERATION PERFORMED ON A
LOGICAL VECTOR DEFINING THE 1ST ELEMENTS OF THE
FIELD PARTITION OF V (SEE PREVIOUS TECHNIQUE).

® D® D
=
| )
I3

[c3]

p ALTERNATE IMPLEMENTATION:

B« (GxpW)p(Gx2)+(G+[/W)p1
V<(,We .>(1G)-0I0)/B

NQTE: TO START WITH 0'S, CODE: ~...(-Gx2)...~

e

19



EXPANDING / INSERIING ELEMENTS INIQ A YECIOR I
LNSERTING X ELEMENTS @ BEFQRE/AFTER EACH ELEMENT QOF ¥
ZYPE 1: INSERTING PAD-ELEMENTS (0 OR BLANK)

AFTER: Ve, V,((pV),K)pQ [@«0 OR Q«' ']

EXAMPLE:  INSERTING ZEROES

V<15
K<2
Q<0
0200
100 2

RESULT: AFTER: 1 0
BEFORE: 0 0

o4 0 00
300 0 5

3 0 0 5
0 o 4 0
A ALTERNATE IMPLEMEJTATIONS:

AFTER: Ve, ((pV),K+1)+((pV),1)pV

BEFORE: V<«,((pV),-Kk+1)+((pV),1)pV

AFTER: V«(((K+1)xpV)p(K+1)41)\V

BEFORE: Ve (((K+1)xpV)p (-K+1)+1)\T

(CONTD ON NEXT PAGE)
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EXPANDING / INSERTING ELEMENTS INIO 4 VECIQR V

INSERTING K ELEMENTS Q BEFQRE/ATIER EACH ELEMENT QF V (CONTD)

TYPE 2: INSERTING ANY OTHER ELEMENT @

AFTER: V<, Vo, ((pV),K)p@
EXAMBLE: V<15
K+«2
_@+«10
RESULT: AFTER: 1 10 10 2 10 10 3 10 10 4 10 10 5 10 10
BEFORE: 10 10 1 10 10 2 10 10 3 10 10 4 10 10 5
a ALTERNATE IMPLEMENTATIONS:
AFTER: V+(B+((K+1)xpV)p(K+1)+1)\V
VL(~B)/1pV1«@Q
BEFORE: V<«(B<«((K+1)xpV)p(-K+1)41)\V
VL (~B)/1pV1«@Q

p ALTERNATE IMPLEMENTATION, FOR K = 1

AFTER: V«,v,[0I0+0.5]1 @

Oro<«i: Vv<«,V,[1.5] @
0ro«o: V<«,v,[0.5]1 @

BEFORE: V<,Q,[010+0.51 V
A NQTE: AXIS-NUMBER DECIMAL-PART IS A DECIMAL VALUE
A BETWEEN 0 AND 1; 0.5 SHOWN HERE

EXAMPLE: INSERTING ASTERISKS

V<*ABCDEFG!'
Q.(..l*l
RESULT: AFTER: A*B%C*xD*ExFxGx

BEFORE: *A*xBxC*D*E*xF*G

21



T e e T i o e

TYPE 1: INSERTING PAD-ELEMENTS (0 OR BLANK)

AFTER:  N«KxpI<«,I [Q«0 OR Q«' ']
V<(V,NpQ)LAC1pV),NpI]

BEFORE: N<«KxpI<«,I
V«((NpQ),VILA(NpI), 1pV]

a NOTE: TO INSERT AFTER FIELDS OF WIDTHS “W~, SET I<«+\W

EXAMPLE : V<«'NOWISTHETIME!

e T e v T S

I«3 5 8 [01I0+«1]
K<?2
Q.(_. t 1 3
RESULT: AFTER: NOW IS THE TIME

BEFORE: NO WI STH ETIME
A ALTERNATE IMPLEMENTATIONS:

AFTER: I<I[AI<«,I]
B+«((KxN<«pI)+pV)p1
BL(,Q(K,N)pI+~0I0)+1KxN1+«0
V<«B\V

BEFQRE: REPLACE “~0ro~ wrITy “-0ro"

AFTER: I<I[AI+«,T]
J«(,Q(K,N)pI+~[0I0)+1KxN<pI
V<(~(W(KxN)+pV)ed ) \V

BEFORE: REPLACE “~010" wITH “-0I10"

AFTER: C«((K+1)xpV)pL«(K+1)41
V«((, (CrpV)el)e.vL)/CI\V

BEFORE: REPLACE "L+«(X+1)...  WITH "L<(-K+1)..."
(CONTD ON NEXT PAGE)
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INSERIING K ELEMENTS Q BEEQRE/AEL

S

INDICES I (CONTD)

LYPE 1:

(CONTD)

A FOR K = 1, THESE SIMPLIFY TO:

AFTER:

AFTER:

AFTER:

BEFORE:

EXAMPLE:

R R 3N

Ve(V,(p,I)p@)[AC1pV),(p,I)pI]

I<«I[AI<«,I]
B+((N<«pI)+pV)p1
BL(I+~0I0)+1N1<0
V<B\V

Ve(~(W+pV)e(I+~0I0)+1N«pI)\V

INSERTING ANY OTHER ELEMENT @
N«KxpI<«,I
V<(V,NpQ)[A(1pV),NpI]
N<«KxpI<«,I
V< ((NpQ),VILA(NpI),rpV]

Q+l*l

K<2

AFTER: NOWx*IS**xTHEx*TIME
BEFORE: NOx*WI*xSTHx*xETIME

A ALTERNATE IMPLEMENTATION:

AFTER:

BEFORE:

I«ILAI+«,I]
B<((KxN«pI)+pV)p1l
BL(,8(X,N)pI+~[I0)+1KkxN]1+0
V<«B\V

VL(~B)/1pV1<@

REPLACE “~0Or0" wITH “-010"

23
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EXPANDING / INSERTING ELEMENTS INTQ 4 VECTOR

<

IE&EEZEEQ ELEMENT @ LN WIDTHS W BEFORE/AFTER THE ELEMENTS
WITHE INDICES I

TYPE 1: INSERTING PAD-ELEMENTS (0 OR BLANK)

AFTER: I«I[S«pI«,I]
C«(GxpV)p(Ge1+[/W«W[S]) 41
U«((rpV)el)\W _
V«((,Ue.2(1G)-010)/C)I\V

BEFORE: REPLACE “(G<... WITH "(-G<..." AND
G WITH G

A EACH ELEMENT OF W CONTAINS THE NUMBER OF ELEMENTS TO
A BE INSERTED BEFQRE/AFTER THE ELEMENT OF V WHOSE
p INDEX IS THE CORRESPONDING ELEMENT OF I; pI <> pW

EXAMPLE: V<7 6 5 4 3 2 1

I«2 5 6 (Oro<«11]
W<i1 3 2
RESULT:  AFTER: 7 6 0 54 3 00 0 2001

A ALTERNATE IMPLEMENTATIONS:

AFTER: I<I[S«AI+«,T]
K<[0I0++/(1pV)e.>I
J<(1pV)+(+\0,W+WLS1)[K]
V«((1(+/W)+pV)ed)\V * %

BEFORE: REPLACE “o.> WITH “o.>"

** ADAPTED FROM (1) THE APL IDIOM LIST

(CONTD ON NEXT PAGE)
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EXPANDING / INSERTING ELEMENIS INTQ A VECIOR V

INSERTING ELEMENT @ IN WIDTHS W BEFQRE/AFITER IHE ELEMENIS
WIZE INDICES I (CONTD)

TYPE 2: INSERTING ANY OTHER ELEMENT @

AFTER: I«I[8«4dI+,I] ‘
C+«(GxpV)p(G«1+[ /W«WLS]) 41
U«((CrpV)eI)\W
Ve(B<«(,Ue.2(1G)-0I0)/C)\V
VL(~B)/1pV]1<Q

BEFORE: REPLACE “(G¢.... WITH "(-G+...  AND
16" WITH “o1G™
EXAMPLE:  @«1

RESULT: 76 1543 11712271711

25



EXPANDING / INSERTING ELEMENIS INIQ A VECIOR ¥

EXPANDING FI
L4AME WIDTH

RIGHT-JUSIIFIED EIELDS
Ve(,Wo . > (L) -0I0)\V
A INSERTS PAD-ELEMENTS (0 OR BLANK)

m L" MUST BE = [/W
EXAMPLE : V<'AABCDABABC
W<l 4 2 3
Ly
BESULT: AABCD AB ABC
n ALTERNATE IMPLEMENTATIONS :

V< (, (W-~0I0)°.2¢1L)\V

Ve(, (L-W)o.<(1L)-0I0)\V

LEFT-JUSTIFIED EIELDS
V«(,We.>(L)-0I0)\V
RESULT: A ABCDAB ABC
A ALTERNATE IMPLEMENTATIONS:
Ve(,We.2(1L)+~0I0)\V
V<(, (W-~0I0)e .21L)\V

m NOTE: THESE ARE "KERNEL" APL OPERATIONS

26
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EXPAUDING / INSERTING ELEMENTS INIO A YECIOR ¥

INSERTING ELEMENT Q AFTER EVERY "K TH ELEMENT QF ¥

V«, ((([(pV)+K),K)pV),Q

m @ IS A SCALAR; Q MAY BE A VECTOR ONLY IF pQ <+ [(pV):K

EXAYUELE:

RESULI:
n NOTE:

A
A

A NOTE:
A

V<«t123178"
K+«2

Q«t/!

12/31/78/

MAY ALSO CATENATE @ AT THE LEFT, BEFORE THE RAVEL.

LEADING @ MAY BE DELETED VIA: V<«1v,
THEN THE EXAMPLE CAN BE SIMPLIFIED TO:

V«lt,'/%, 3 2 pV

MAY NEED TO DELETE TRAILING OCCURRENCES OF @ AND/OR
EXTRANEQUS ELEMENTS OF V PRODUCED BY THE RESHAPE:

V<("1+R+pV)p (((R«[ (pV)3K),K)pV),@

RESULL:

12/31/78
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V<((I+~010)4V).S,(I+~QI0)+V
0ro<«a: V<« (IAV),S8,IYV
010«0: V<«((I+1)4V),S,(I+1)+yV
n S MAY BE A SCALAR OR VECTOR
EXAMPLE: V<'ABCDHIJ "
S«'EFG'
I+«y [O10+«11]

RESULT: ABCDEFGHIJ

p ALTERNATE IMPLEMENTATION:
V<(V,8)[AC1pV), (pS)pI] %* %

A TO INSERT S AFTER SEVERAL ELEMENTS:

N<(pS+,S)xpI«,I
V<(V,NpS)LACrpV), s 8((pS),pI)pI]

EXAMPLE: V«'B«(B=0)+B%+15"

e T o iy e T S

S+t'[3]!
I«+3 8 0 [Oro<«ol
RESULT: B[3]«(B[3]1=0)+B[ 3115

a NOTE: SEE ALSO THE TECHNIQUE "REPLACING MULTIPLE
m  OCCURRENCES ...

** ADAPTED FROM (1) LHE ARL IDIQM LIST
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EXPANDING / LNSERTING ELEMENIS INIQ 4 VECIOE
EXPANDING ¥V IQ LENGTH L

PADDING WITH THE PAD-ELEMENT (0 QR BLANK)

V<L4V
EXAMBLE: V<17
L<15
RESULT: 1234567 00000000

A ALTERNATE IMPLEMENTATION:

V<L4V,Lp@ [Q«0 OR Q@«' ']

PADDING WITH THE LAST ELEMENT
Y<LAV,Lp 14V
RESULT: 1 23456777777777
# ALTERNATE IMPLEMENTATION:

V<VL (L)L (pV)-~0I01
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LESTING ITHE ELEMENTS IN A VECIOR Y

DETERMINING IF ELEMENT @ QCCURS IN Y
R<QeV

A RESULT R IS 1 IF @ OCCURS IN V AND 0 IF IT DOESN'T
p IF @ IS A VECTOR, R IS A VECTOR OF THE SAME LENGTH

EXAMPLE:  V<«'WE THE PEQPLE"
Q«'LATE"

RESULT: 1 01 1
n ALTERNATE IMPLEMENTATIONS, WHEN Q IS A SCALAR:
R«v/V=@Q OR R«Vv.=@

R«0<+/V=@Q OR R<0<V+.=Q

A ALTERNATE IMPLEMENTATIONS, WHEN @ IS EITHER VECTOR
A OR SCALAR:

R«(OI0+pV)>V1Q
0I0«1: R<«(1+pV)>V1@
0I0«0: R<«(pV)>V1@
R«Vv/Qe .=V
R«((pV)-~0I0)2V1Q

OI0«1: R<«(pV)=V1Q
0I0«0: R<«((pV)-1)2V1@

30



IESIING THE ELEMENIS IN 4 VECIQR Y

DETERMINING [IN WHICH EIELD OF YV AN ELEMENI @ QCCURS

FIND THE INDICES OF THE QOCCURRENCES OF THE ELEMENT @Q
IN V; RANGE~CHECK THESE INDICES AGAINST THE INDICES
OF THE FIELD BQUNDARIES

DPD® D

0C«z2/(I+(V=Q)/1pV)e.2FB

‘FB" IS AN Nx2 MATRIX WHERE EACH ROW CONTAINS THE LOWER
AND UPPER BOUNDARY INDICES OF A FIELD (SEE TECHNIQUE

FINDING THE BOUNDARY INDICES ... ). THE INDICES USED
FOR THESE BOUNDS ARE DEPENDENT ON THE RELATIONAL
FUNCTION USED (> OR 2).

D ®» D ® D

-]

NQTE: “#/Ne.2R™ IS A "KERNEL APL OPERATION FOR
RANGE-CHECKING THE NUMBERS N AGAINST THE LOWER AND
UPPER RANGE LIMITS R

e - T -}

EXAMPLE : J<«'55.55 59,55 59.59 50.50 50.59 90.09!
FB«6 2p1 6 7 12 13 18 19 24 25 30 31 36 [0r0+«11
Q+lgl

RESULT: BOUNDS : 6 12 18 24 30 36
1 7 13 19 25 31

INDICES: 8
a4
17
29
31
35

éc>o<3c>o
ocoocooocok
coobk ko
O0OO0O0O0O0
ook ooOO
l—si—foooo

THE RESULTANT BIT MATRIX ~0C~ HAS 1 ROW FOR EACH INDEX
OCCURRENCE OF @, AND 1 COLUMN FOR EACH FIELD DEFINED
In “"FB", I.E., pOC <+ (pI),14pFB. A 0 OR 1 INDICATES
THE ABSENCE OR PRESENCE OF THAT OCCURRENCE OF Q IN THE
FIELD

D d® O DO®D

EACH COLUMN OF ~0C” CAN BE USED TO SELECT THE INDICES
THAT OCCUR IN FIELD "K , I.E.: O0CL;K1/I

> D

(CONTD ON NEXT PAGE)
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TESTING IHE ELEMENTS IN A YECTOR ¥

DETERMINING IN WHICH EIELD QF YV AN ELEMENT Q@ QCCURS (CONTD)

®

THE FIRST OCCURRENCE OF Q@ IN FIELD "X~ CAN BE DETERMINED
USING: T«<X}0C
AND THEN: TL3K1/I

®» D

A VAOC INDICATES WHICH FIELDS CONTAIN Q

p -4

THE COLUMNS CAN BE SUMMED TQ CQUNT THE NUMBER OF
OCCURRENCES OF @ IN THE FIELDS, I.E.: +£0C

D

o

TO TEST FQR ANY OF SEVERAL DIFFERENT ELEMENTS “pQ”
REPLACE "V=Q  WITH “VeDQ" OR “v/Vo.=DQ

>

o

THEN v/0C INDICATES WHICH ELEMENTS OF “DQ” OCCUR IN
SOME FIELD

k-
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TESIING IHE ELEMENIS IN A YECIOR ¥
N+«+/Qe .=V

o "N CONTAINS THE COUNTS FOR EACH RESPECTIVE ELEMENT IN @Q

a IF @ IS A SINGLE ELEMENT, THIS SIMPLIFIES TO:

N<«+/@Q=V OR N<Q+ .=V
EXAMPLE : V<«'ALPHA ,BETA ,GAMMA ,DELTA ,EPSILON"
Q<L  AFIT?
RESULT: 4 6 01 2

A TO COUNT THE GRAND TOQOTAL OF ALL OCCURRENCES OF ELEMENTS @
n IN V:

N<+/Ve@

RESULL: 13
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IESTING THE ELEMENIS IN A VECIQR V
PERFORMING RELATIQNAL IESTS ALQNG V

R<(714V) a 24V

ped

THIS REPRESENTS: (V[1laV[21),(VL2laV[31),...,
) VI 1+pV3aVlpV1 [0I0+«11]

"o IS ONE OF THE RELATIONAL FUNCTIONS < < = # > >
FOR NUMBERS AND = # FOR CHARACTERS

> >

-]

TO TEST IF THE RELATION HOLDS ALONG V, SUBSTITUTE
2] R"'A/o.’ OR .« e Ao ¢ e e

A pR «> (pV)-1

>

REDUCTION (a/V) DOES NOT PRODUCE THIS RESULT, SINCE ITS
INTERMEDIATE RIGHT-COMPARANDS BECOME BOOLEAN AFTER THE
RIGHTMOST COMPARISON

D D

-

EXAMPLE:  TESTING FOR "< ALONG V

o T S e, S o S

V«1 2 4 6 5 9 13 17

RESULT: 1110111

A ALTERNATE IMPLEMENTATIONS [pR <= pV]:

A FOR <: R+(AV)=1pV * %

A FOR ALL =: R<A/V=1pV OR » R<VA.=1pV * *

*% ADAPTED FROM (1) THE ABL IDIOM LIST
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TESTING IHE ELEMENTS IN A VECIOR ¥

DETERMINING IF ALL IHE ELEMENIS QF V AEE UNIQUE

R«A/(vpV)=VV * %

EXAMPLE : V<tconuiT|alLVAed*xO1+4+~pewa?<s=2>2VAl
RESULT: O

o ALTERNATE IMPLEMENTATION:
R<~0e(1pV)=VV

x*x ADAPTED FROM (1) LHE APL IDIOM LIST
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ﬁELEQZiEQvEL_MEﬂI§ LHAT SATISEY A IEST
R<( TEST )/V

A THE "TEST" MUST PRODUCE A BOOLEAN RESULT (E.G., USING

A A LOGICAL OR RELATIQNAL EXPRESSION) WHICH IS A SCALAR

@ OR A VECTOR WITH THE SAME LENGTH AS V

a IF NO ELEMENTS ARE SELECTED, THE RESULT IS AN EMPTY VECTOR
EXAMPLE:  SELECTING ELEMENTS > 5

R«(V>5)/V«2 5 8 13 19

RESULT: 8 13 19

EXAMPLE:  SELECTING ELEMENTS = BLANKS

R<(V=' v)/V<«' THIS IS A CHAR. LINE®

RESULT: THISISACHAR.LINE

T o S e e Sy

EXAMPLE:  SELECTING | DELETING A SUBSTRING

R«'#*xDATE',(( TEST )/'-RANGE'),' ERROR!
TEST<0

BEESULT: *%*DATE ERROR

e T Sy e, S S

A NOTE: THE CODE FOR OTHER "TESTS" MAY BE EXTRACTED FROM
A THE APPROPRIATE TECHNIQUES IN THIS GUIDE. FOR

@  EXAMPLE, THE TEST FOR “ALL LEADING OCCURRENCES™ MAY BE
a  FOUND IN THE TECHNIQUE FOR DELETING SUCH OCCURRENCES.

A ADDITIONAL TESTS ARE SHOWN ON THE FOLLOWING PAGES.
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SELECTING ELEMENTS QF A VECIQR V

SELECTING ELEMENTS P WEICH ARE BEIWEEN PAIRED DELIMITERS D

L]

YPE 1: ONLY 1 TYPE OF DELIMITER ELEMENT
P<«(B21+#\1,B<D=V)/V

a THE RESULT WILL INCLUDE THE DELIMITERS AND THE ELEMENTS

a BETWEEN THEM

A CAUTIQN: NO "NESTING OF PAIRED DELIMITERS IS ALLOWED

EXAMPLE:  BETWEEN PAIRED QUOTATION MARKS ()

V<'THE “BEST" ANSWER IS "LIMIT .!
o ,
RESULT: “BEST "LIMIT"
a ALTERNATE IMPLEMENTATION:
P<(C<14=\0,C<«D=2V)/V
A T0 SELECT WITHOUT THE DELIMITERS:
P<(B¥1+#\1,B<«D=V)/V
P«(CA14=\0,C«D2V)/V
BESULT: BESTLIMIT
a NQTE: THE TEST FOR BALANCED DELIMITERS IS:

0=2]+/B OR 0=2]+/D=V

(CONTD ON NEXT PAGE)
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8- -3 Rl e e

T iy e v e ey e S e

(CONTD)

2: LEFT AND RIGHT DELIMITER ELEMENTS

3
I~
I
Iy

P«(L=+\(V=14D)-"140,V=14D)/V

"D” CONTAINS THE DELIMITERS IN THE ORDER OF PAIRING,
E.G., De«'[]?

A
A
o THE RESULT WILL INCLUDE THE DELIMITERS AND THE ELEMENTS
A BETWEEN THEM

A

(1]

“L” IS THE LEVEL OF NESTING OF THE PAIRED DELIMITERS
TO0 BE SELECTED

EXAMPLE: BETWEEN PARENTHESES

V< ((1pR)=R\R)/R«(5|N)*2!
Det( )t
L<1
RESULT: ((1pR)=RR)(5|N)
n ALTERNATE IMPLEMENTATION:
P«(L<+\14-# 0 "1 ¢0,Do.=V)/V
A TO SELECT WITHOUT THE DELIMITERS FOR LEVEL L™ :
P«(L<s+\(7140,V=14D)-V=14D)/V
P«(L<+\1¥-# "1 0 ¢0,Do.=V)/V
RESULT: (wpR)=R1RS|N

A NOTE: TESTS FOR BALANCED DELIMITERS ARE:

A/0<+\(V=14D)-V=14D OR A/O<+\-¢#Do .=
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SELECTING ELEMENIS OF A VECIOR ¥
SELECTING ELEMENTS P WHICH ARE QUISIDE PAIRED DELIMITERS D
TYPE 1: ONLY 1 TYPE OF DELIMITER ELEMENT
P«(Bv1i+z\1,B«D=V)/V
n THE RESULT WILL INCLUDE THE DELIMITERS AND THE ELEMENTS
m OQOUTSIDE THEM
n CAUTIQN: NO "NESTING OF PAIRED DELIMITERS IS ALLOWED

EXAMPLE:  OUTSIDE PAIRED QUOTATION MARKS (™)

V<«'THE “BEST" ANSWER IS “LIMIT .!
D+ l“ 1
RESULT: THE ~" ANSWER IS ~
a ALTERNATE IMPLEMENTATION:
P<(Cn1+¥=\0,C«D2V)/V
a TO SELECT WITHOUT THE DELIMITERS:
P+«(B<14#\1,B<«D=V)/V
P«(C>1+=\0,C«D=V)/V

RESULT : THE ANSWER IS .

(CONTD ON NEXT PAGE)
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SELECTIING ELEMENTS QF A VECTOR ¥

§E%§g%zg§ ELEMENTS P WHICH ARE QUTSIDE PALRED DEL

IYPE 2: LEFT AND RIGHT DELIMITER ELEMENTS

P+«(L>+\("140,V=14D)-V=14D)/V

E.G., D<'[]"

QUTSIDE THEM

®» ®® ® DD

TO BE SELECTED
EXAMPLE : OUTSIDE PARENTHESES

V<'((1pR)=R1R)/R<(5|N)*2"
D+t()t
L+1

RESULT: ()/R<()*2

A ALTERNATE IMPLEMENTATION:

P<(L>+\1+-# "1 0 $0,Do.=V)/V

IMITERS D

“D” CONTAINS THE DELIMITERS IN THE ORDER OF PAIRING,
THE RESULT WILL INCLUDE THE DELIMITERS AND THE ELEMENTS

“L" IS THE LEVEL OF NESTING OF THE PAIRED DELIMITERS

p TO SELECT WITHOUT THE DELIMITERS FOR LEVEL "L :

P«(L>+\(V=14D)-"140,V=14D)/V
P«(L>+\14-# 0 "1 $0,De.=V)/V

RESULT : /R<%2
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SELECIING ELEMENTS QF 4 VECIQR V

SELECIING SUBSIRING & WIIH STARIING INDEX I AND LENGTH L

S<«LA(I-010)3V

EXAMPLE: V<'THESE ARE THE TIMES'
I«6 LOI0+«11
L+8
BESULT: ARE THE
p ALTERNATE IMPLEMENTATION:
S<«VL(I-010)+1L]

p TO SELECT MULTIPLE SUBSTRINGS WITH SAME LENGTH:

S<«V[,(I-0I0)ec.+1L]

EXAMPLE: I+8 1 17 [070+«1]
L<3
RESULT: RE THEMES

e e e e iy S
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SELECTING ELEMENIS QF A VECIOR ¥

SELECTING LEFI AND RIGHT FIELDS QF ¥ DELIMITED BY
LHE ELEMENT @

R«(1+pL«((V1Q)-0I0)4V)4V
EXAMPLE : V«'PARM1 ,ARG2"
Qet,t

RESULT: L: PARM1
R: ARG2
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SELECTING ELEMENIS QF A VECIOR ¥
SELECTING FIELD N QF I

TYPE 1: USING A FIELD PARTITION VECTOR P

A MUST FIRST GENERATE A LOGICAL VECTOR P DEFINING THE
n FIELD PARTITION OF V, WITH A 1-BIT FOR THE 18T

a ELEMENT OF EACH FIELD OF V AND 0'S OTHERWISE

R (SEE SECTION “GENERATING A LOGICAL VECTOR™).

A ALSO pP <=+ pV

k]

CAUTION: ANY FIELD DELIMITERS MUST BE DELETED FROM V
F«(N=+\P)/V

ap N IS THE NUMBER OF THE FIELD

A NOTE: ~+\P" IS A "KERNEL™ APL OPERATION

EXAMPLE: J<11111122233444556666667
P«1 0 0001 0021201 00212012000O0O01
N<6

RESULZT: 666666

o ALTERNATE IMPLEMENTATIONS, WHEN N IS A VECTOR:
F«((+\P)eN)/V
F<(V{ANo .=+\P)/V

EXAMPLE : N<«2 5 7

RESULL: 222557

(CONTD ON NEXT PAGE)
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SELECTING ELEMENTS QF 4 VECIOR ¥

SELECTIING EIELD N QF ¥V (CONTD)

LIPE 2:

USING THE INDEX OF THE FIRST ELEMENT AND THE
FIELD WIDTH

p PERFORM THE FOLLOWING 3 TECHNIQUES:

o __ oo

IS

COMPUTE WIDTHS W OF THE FIELDS OF V

FIND THE STARTING (BOUNDARY) INDICES I OF EACH
FIELD

USE THESE TO SELECT THE SUBSTRING “FIELD N~ VIA:

F«WlNI+(ILN]-010)+V

THE INDEX-NUMBER OF THE FIELD

Ly



FINDING INDICES QF ELEMENTS QF A VECIQR ¥V
EINDING THE INDICES QF ELEMENTS THAI SAIISFY 4 IEST
I«( TEST )/veoV

a NQTE: THIS IS A "KERNEL™ APL OPERATION
EXAMPLE: FINDING THE INDICES OF THE DELIMITER “n”

V<« tnALPHANBETANGAMMANPINZETA"
I«(V=tnt)/vrpV

RESULT: 17 12 18 21 [Or0+«1]

A NOTE: TO OBTAIN THE INDICES FOR A SPECIFIC
] INDEX ORIGIN, ADD:

OrIo<«i: I<«(~010)+( TEST )/1oV

O0ro«o0: I<«(-0I0)+( TEST )/1pV
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EINDING INDICES QF ELEMENTS QF A VECIOR ¥

ELNDING IHE INDEX QOF IHE 1ST QCCURRENCE QF ELEMENTS @
I«VQ
EXAMPLE:  V<«'EDCBAJIHGFEJDIZG!
| Q< 'GADH!'
RESULT: 95 28 [O0ro«11
a ALTERNATE IMPLEMENTATION:

I<0I0++/A\Qe .2V

m ALTERNATE IMPLEMENTATIONS, WHEN @ IS A SCALAR OR
A 1-ELEMENT VECTOR:

I«14(V=@)/1pV

I«(<\V=@)/ 1oV
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FINDING INDICES QF ELEMENIS QF A VECIOR ¥V
FINDING THE INDEX OF ITHE LAST QCCURRENCE OF ELEMENTS a
I«( "1 40 2x0101+pV)-(®V)1Q
0I0«1: I<«(1+pV)-(9V)1Q

O0I0<«0: I«(4+pV)-($V)1Q

EXAMPLE : V<«'EDCBAJIHGFEJDIZG"
Q«'GADHX!

e s o e

RESULT: 16 5 13 8 0 (0r0+1]

A ALTERNATE IMPLEMENTATIONS:
I<(((2x010)-1)+pV)-(dV)1Q
I<((T1%x~0I0)+pV)-($V)1Q
I«(+/v\Qe .=¢V)-~0I0

A ALTERNATE IMPLEMENTATION WHEN @ IS A SCALAR OR
] 1 -ELEMENT VECTOR:

I+ 14(V=Q)/1pV
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A THE SMALLEST ELEMENT:
I<VL/v * %

A NOTE: FINDS INDEX QF THE 1ST OCCURRENCE

EXAMPLE: V<14 76 46 54 22 5 68 68 94 39

RESULT: 6 [O0ro+«11
p ALTERNATE fMPLEMENTATIONS:

T<«14AV OR I« 14YyV

a NQTE: «.. 14..." FINDS THE LAST OCCURRENCE

) THE LARGEST ELEMENT:
I<Vl/V * %

RESULT: 9 [0I0+«1]

A ALTERNATE IMPLEMENTATIONS :

I<«14YV OR I« 144V

*x ADAPTED FROM (1) THE APL IDIOM LIST

o —— S -

Lg



EINDING INDICES Q

1=y
1=
I~
It
5]
1=
13
195
10
Iy
£
<
[lea]
10
M3
)
flay)
<

L e S = — e et

a FIND INDICES OF ALL OCCURRENCES OF 1ST EBELEMENT OF
p SUBSTRING, EXCEPT ANY THAT ARE T0O0O CLOSE TO END OF V

IT«(LyV=148)/1(pV)+L+1-pS<«, S

A EXTRACT THE SUBSTRINGS AND KEEP ONLY THE INDICES OF
A THE IDENTICAL ONES

I<(VL(I-0I0)e.+1p81A.=8)/I

n NOTE: IF “pI” WILL BE GREATER THAN “pS , CODE
A 0..VEI°.+(LQS)—DIO]OOQ

EXAMPLE : V<'STORE THE FIRST INSTANCE OF ST LAST!
S«t3T! f

RESULT: . 1 14 19 30 36 [070+«1]

RESULT IS THE EMPTY VECTOR WHEN THE SUBSTRING IS NOT
FOUND

D

n ALTERNATE IMPLEMENTATIONS:
I«((-L)¥SA.=(L,1+pV)pV)/1(pV)+1-L«pS+«,S * %

I«(A£((1p8)-0I0)$(S«,8)e.=V)/1pV

-]

NQTE: THIS LAST IMPLEMENTATION FINDS OCCURRENCES
WRAPPED AROUND THE ENDS OF V. TO AVOID THIS:

D

T<(14A£((1p8)~0I0)$0, (S<«,8)0.=V)/1pV

xx ADAPTED FROM (3) USE AND MISUSE QF APL
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EINDING ALL OCCURRENCES QF A WORD S

® DD

> D

NOTE: IGNORES ANY OCCURRENCE OF THE WORD THAT IS
EMBEDDED WITHIN ANOTHER WORD '

FIND INDICES OF ALL OCCURRENCES OF 1ST ELEMENT OF
WORD, EXCEPT ANY THAT ARE TQO CLOSE TO END OF V
I«(LyV=148)/1(pV)+L<«1-pS«, S

EXTRACT THE SUBSTRINGS AND KEEP ONLY THE INDICES
OF THE IDENTICAL ONES '

I«(VL(I-0I0)e.+1pS1A.=8)/T

COMPUTE THE INDICES OF THE ELEMENTS IMMEDIATELY
BEFORE AND AFTER EACH SUBSTRING, AND RANGE-CHECK

L<,2/(J«Io.+ 1,p8)e.>(0,pV)~-~0I0
KEEP ONLY THE STARTING INDICES OF THE SUBSTRINGS
WHOSE ADJACENT ELEMENTS ARE NON-WORD ELEMENTS OR
AT THE VECTQR ENDS

NOTE: “ALF™ IS A VECTOR OF VALID ELEMENTS FOR
WORDS OR LABELS

I«(~v/(pd)pL\VIL/,J1e€ALF)/I

EXAMPLE: V<« STORE THE FIRST INSTANCE OF “ST  LAST!

S«'8r!

ALF«'ABCDEFGHIJKLMNOPQRSTUVWXYZA0123456789¢

ALF<ALF, ‘4 BCDEFGHIJKLMNQPQRSTUVHXYZ0t

BESULT: 30 [(0ro«11

e ey S S S
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FINDING INDICES OF ELEMENIS OF A VECIOR ¥
EINDING THE BQUNDARY INDICES QF THE EIELDS OF ¥
LIPE 1: FROM A VECTOR OF FIELD-WIDTHS W, WHERE oV <> +/W

FIRST ELEMENTS: LB<«+\ 1+0I0,W

LAST ELEMENTS: UB<(+\W)-~0I0

EXAMPLE : W<5 2 3 1 4

BESULT: LB: 1 6 8 11 12 [O10+11
UB: 5 7 10 11 15

LB: 0 57 10 11 [0ro<«o01]
UB: 4 6 9 10 1u4

am JOTE: FOR “K FIELDS WITH SAME WIDTH L™, SET “W<KoL

o

NQTE: TO OBTAIN THE INDICES FOR A SPECIFIC
INDEX ORIGIN, ADD: '

>

0I0«1: LB<(~0I0)+...

O0ro<«o: LB<(-010)+...

n [LIKEWISE FOR “UB" 1.
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EINDING THE BQUNDARY INDICES QF IHE EIELDS QF Y (CONTD)

— T i e Sy S

=
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18
o
I
=
[
I

LELD DELIMITERS (CONTD)
TYPE 2: WHEN V CONTAINS FIELDS OF IDENTICAL ELEMENTS

FIRST ELEMENTS: LB<«(1,(14V)2 14V)/1pV

LAST ELEMENTS:  UB«(((14V)2 14V),1)/1pV

m NQTE: IF 1oV~ IS REPLACED BY "V", THE BOUNDARY
m  ELEMENTS (FIRST OR LAST) OF EACH FIELD WILL BE
5]

SELECTED
EXAMPLE:  V<'AABBBBCDDDEEEE!
RESULT: LB: 13 7 8 11 [0I0+1]

UB: 26 7 10 14
a NQTE: TO OBTAIN THE INDICES FOR A SPECIFIC
ap  INDEX ORIGIN, ADD:

0ro<«i1: LB+«(~0I0)+...

0ro<o: LB«(-0I10)+...
n ALTERNATE IMPLEMENTATIONS:

FIRST: LB<«(Vz 1+(140pV),V)/1pV

LAST: UB«(Vz1+4V,140pV)/1pV

A THESE CAN BE SIMPLIFIED AS FOLLOWS:

NUMERIC V CHARACTER V
FIRST: LB«(Vz 140,V)/1pV LB« (V2 14t ', V)/1pV
LAST: UB«(V214V,0)/ 10V UB«(V=iyV, ' ')/1pV

(CONTD ON NEXT PAGE)
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TYPE 2: WHEN V CONTAINS FIELDS OF IDENTICAL ELEMENTS
(CONTD)

A CAUTION: 1ST AND LAST ELEMENTS OF V MUST BE
] DIFFERENT TO USE THE FOLLOWING IMPLEMENTATIONS

FIRST: LB«(Vz 1¢V)/1pV

LAST: UB«(Vz1¢V)/roV

WHEN THE FIELD DELIMITER IS @

FIRST ELEMENTS: LB<(1,V=Q)/11+pV

LAST ELEMENTS: UB«+ 1+((V=@Q),1)/11+pV

<]

ASSUMES THAT V CONTAINS NO LEADING OR TRAILING
DELIMITERS @, UNLESS IT HAS EMPTY FIELDS.

-

D

T0 PRODUCE AN Nx2 MATRIX "FB" WHERE EACH ROW
CONTAINS THE BOUNDARY INDICES OF A FIELD,
ENTER: FB<«LB,[[0I0+0.5]UB

> D

EXAMPLE:  V<'55.55 59.55 59.59 50.50 50.59 90.09"
Q<«t ;
RESULT: LB: 1 7 13 19 25 31 [O0I0<«11

UB: 5 11 17 23 29 35
A ALTERNATE IMPLEMENTATIONS:

FIRST: LB«(U=Q)/1pU<Q,V

LAST: UB«+ 1+(U=Q)/1pU«V,Q
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SHIFTING A VECTOR V

e i T S e T B 6 e AR SmsRLS

AP-ARQUND (RQTATING)

LIH W

RIGHT: V<(-N)oV

LEFT: V<NoV

EXAMPLE: V<110
N<3

RESULT R: 8 9101 2 3 456 7
L: 4 56 78 910 1 2 3

m NQTE: USING ONLY V<NV

A LEFT <+ N>0 AND RIGHT <> N<O

s S o s e e B

a PAD-ELEMENT WILL BE O FOR NUMBERS, BLANKS FOR CHARS

RIGHT.: V<(-pV)t(-N)+V

LEFT: V<(pV)4N4TV

EXAMPLE: V<110
<y

T i o
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SHIFTING A VECIOR ¥
QEEZEEIEQ 4
WHEN THE FILL-ELEMENT IS Q
V+(f0.5x(511)-(¢B+V=Q)11)¢V
EXAMPLE:  V<'--AB-C---D--E-----"

Q.(_l..‘

RESULT:  =--AB-C---D--E----
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SHIFTING A VECTOR ¥

CENTERING V

WITHIN 4 EIELD OF PAD-ELEMENTS QOF WIDIE W

W (-L(W+pV)s2)4V

n OMIT THE "W+~ IF DO NOT NEED RESULT IN FULL WIDTH W

EXAMPLE : V<«'TABLE OF CONTENTS!
W+<30

BESULT: l TABLE OF CONTENTS |
A ALTERNATE IMPLEMENTATIONS:
WAC([O.5xW-pV)-W)4V

W2 ((LO.5xW-pV)p@Q),V [@«<0 OR @« ']
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SHIFTING A VECIOR ¥

COMPRESSING IHE EILL-ELEMENT @ IQ THE SIDES

V<«(T0.5%+/~B)OVLAB«~V=4]

EXAMPLE : V<«'oo0doo0oBCoDooEFooooo(!
Q.(.lol
RESULT: 000000ABCDEFGoeooococoo

A ALTERNATE IMPLEMENTATION:

V<([0.5%x+/~B)$(-pV)+((pV)pQ), (B+V=Q)/V
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WHEN THE FILL-ELEMENT IS @

V<(0I0-(Q=¢V)11)¢V

OI0«1: V<«(1-(Q@=0V)11)0V
O010«0: V«(-(Q@=dV)11)0V

A THE COMPLEMENT IS: V<«(OIO0-(Q=9V)10)¢V

EXAMPLE : Vet x%x*x A% BBx*x(CCC**x %% %!
Q+.|*|
RESULT: xxkkkkk*A*xBBx*xCCC

A ALTERNATE IMPLEMENTATIONS :
V<((T14(V=Q)/1pV)+~0I0) 0V
V(1-(V=Q)11)¢V * %
V(-+/A\@=0V) oV

a NQTE: IF Q" IS A VECTOR QF DIFFERENT FILL-ELEMENTS,
m  REPLACE “"VzQ" WITH "~VeQ  AND "Q=¢V™ WITH "~(¢V)eq

*% ADAPTED FROM (1) IHE ARL IDIQM LIST

(CONTD ON NEXT PAGE)
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BIGHI-JUSTIFYING V
KHEN THE FILL-ELEMENT IS @ (CONTD)
# SPECIAL CASE IMPLEMENTATION:
A WHEN V IS LEFT-JUSTIFIED AND THERE ARE NO
] EMBEDDED FILL-ELEMENTS @
V«(+/V2Q)dV OR V<(V+.2Q) oV
EXAMPLE . V«YALASKA *k*kk%%'
Q(_l*l
BESULT: *kkkkx*xALASKA

p ALTERNATE IMPLEMENTATION:

V<((V1Q)-010)¢V
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WITHIN A ELELD QF PAD-ELEMENTS OF WIDIH W
(-W)+V

A NOTE: IF W < oV, V WILL BE TRUNCATED ON THE LEFT

EXAMPLE: V<17
W<12

BESULT: 0000012345867

D

NQTE: THE FORMAT FUNCTION “w CAN ALSO BE USED TO
RIGHT-JUSTIFY THE CHARACTER RESULT WHEN FORMATTING
NUMBERS

» D

A ALTERNATE IMPLEMENTATION:

(-W)+(WpQ),V [Q«0 OR @<« ']
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SHIFTING A VECIQR V

BIGHT-JUSTIFYING V

V<V AV=Q]
EXAMPLE : V' %%x%xA*xBBx*xCCCHr**% %1
Q*.,'*l
RESULT: kkkkkxkxxxxABBCCC

A ALTERNATE IMPLEMENTATIONS:
V<(B/V), (~B<V=Q)/V
V«((+/~B)pQ), (B«V=Q)/V
Ve«(-pV)4((pV)pQ),(V=Q)/V

n ALTERNATE IMPLEMENTATION, WHEN Q IS THE PAD-ELEMENT:

V+(-pV)4(V=2Q)/V

EXAMPLE: V<0 01 0 2 300140
@«0
RESULI: 00000012314
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V<(((V2@)11)-0I10)¢V

Oro<«i: V<«(((V=Q)11)-1)¢V
O0I0«0: V<((V=Q)11)¢V

m THE COMPLEMENT IS: V<«(((V=Q)10)-0I0)¢V
EXAMPLE: V«'x%kxA*xBB*x*xCCC** k%% !
Q+'*(

RESULT: A%BB%CCC* %% %k %k %
p ALTERNATE IMPLEMENTATIONS:
V<((14(V=Q)/1pV)-010)¢V

V<(+/A\V=@Q)0V

V< (((@=0V)11)-1)oV

a NOTE: IF Q" IS A VECTOR QF DIFFERENT FILL-ELEMENTS,
@ REPLACE “V=Q WITH “~VeQ AND "Qz¢V" WITH “~(9V)e@

(CONTD ON NEXT PAGE)
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WHEN THE FILL-ELEMENT IS @ (CONTD)

A SPECIAL CASE IMPLEMENTATION:

A WHEN V IS RIGHT-JUSTIFIED AND THERE ARE NO
EMBEDDED FILL-ELEMENTS @

o

V<(-+/V2Q)oV OR V< (-V+.2Q)0V

EXAMPLE:  V<'sxx*xxxALASKA"
Q(_'*t

RESULT: ALASKA%*xkx% %%
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KIIHIN A EIELD QF PAD-ELEMENTS QF WIDTH W
WV

A NOTE: IF W < pV, V WILL BE TRUNCATED ON THE RIGHT

EXAMPLE : V<17
W<12

BESULT: 123456700000

A ALTERNATE IMPLEMENTATION:

WAV, Wpo@Q Q<0 OR @«' ']

-



SHIFIING A VECIOR ¥

V<Vl ¥V=Q]
EXAMPLE : Ve 'sx%xAxBB**x(CCCx%x*,x!
Q*,'*l
RESULT: ABBCCChkxkkkkk®kk

A ALTERNATE IMPLEMENTATIONS:
V<(B/V),(~B+V=Q)/V
V<(B/V), (+/~B+V=Q)pQ
V<(pV)4((V=Q)/V),(pV)p@

p ALTERNATE IMPLEMENTATION, WHEN @ IS THE PAD-ELEMENT:

V<(pV) 4 (V2Q)/V
EXAMPLE: V<0 01 0 2 3 0 0 4 0
@<0
RESULT: 12343000000
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SHIFTING A VECIQOR ¥V

A ]

Sl el e

VieIrl<«vLI]
EXAMPLE: V<13 56 35 44 21 60 78
I«2 5 [0I0+«1]
RESULT: 13 21 35 44 56 60 78

IF 2<pI, THIS WILL REVERSE THE POSITIONS OF
E GROUP QOF ELEMENTS

=
1o
NN
o Iy
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Sl R e e e i S e iy S

MUST FIRST GENERATE A LOGICAL VECTOR P DEFINING THE
FIELD PARTITION QF V, WITH A 1-BIT FOR THE 18T
ELEMENT OF EACH FIELD OF V AND 0'S OTHERWISE
(SEE SECTION “GENERATING A LOGICAL VECTOR™).

ALSO pP <+ oV

® ® ©® D D

>

CAUTION: ANY FIELD DELIMITERS MUST BE DELETED FROM V
V<VI[oy+\P] **

EXAMPLE:  V<'ABCDEFGHIJ'
P«1 0 01100010

RESULTL: CBADHGFEJI

— e S L, e

«% ADAPTED FROM (2) BOOLEAN FUNCTIQNS AND TECHNIQUES

AR e e e & o e e e o . o
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A CAUTION: BEFORE SORTING, MAY HAVE TO USE "“V<,V”

oy S T e e

] TO ENSURE THAT V IS A VECTOR

EXAMPLE : V<77 29 42 3 18 81
RESULT: 3 18 29 42 77 81

A NOTE: CAN USE “I«AV" TO SORT ANOTHER VECTOR "W WHOSE
m  ELEMENTS CORRESPOND TO V, I.E.: W<WLI]

V<VLyV1]
RESULT: 81 77 u2 29 18 3
p NOTE: IN SUBSEQUENT TECHNIQUES, é QESCENQIQG SORT
A MAY BE OBTAINED BY SUBSTITUTING Y FOR A

L=l mEs,A s me S ALl

V<«VLAVxT] %%

.o e

A FOR ASCENDING SORT, SET "T<1"; FOR DESCENDING, ~T<«"1

EXAMPLE: T+ 1

** ADAPTED FROM (1) THE APL IDIOM LIST

E A T N A
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SORTING 4 NUMERIC VECTOR
SORTING IHE ELEMENTS QF V WITHIN THE EIELDS QF V

MUST FIRST GENERATE A LOGICAL VECTOR P DEFINING THE
FIELD PARTITION OF V, WITH A 1-BIT FOR THE 1ST
ELEMENT OF EACH FIELD OF V AND 0'S OTHERWISE
(SEE SECTION “GENERATING A LOGICAL VECTOR™).

ALSO pP <+ pV

®»Dd® D DD

b

CAUTIQN: ANY FIELD DELIMITERS MUST BE DELETED FROM V
IN ASCENDING QRDER
V<VLSLA(+\P)LS«AV]]] * %
EXAMPLE: V<10 9 8 7 6 5 4 3 2 1
P«1 001100010
RESULT: 8 910 7 3 4 5 6 1 2
p ALTERNATE IMPLEMENTATION, FOR NUMBERS > O0:

V<VLAV++\Px[/V]

a THE SORT INDICES “WITHIN EACH FIELD CAN BE
A  GENERATED VIA:

I<0r0+SLA(+\P)LS«AV1I-T\Px1pP * %

RESULT : 3211432121 [0I0+1]

*% ADAPTED FROM (2) BQOLEAN FUNCTIONS AND LECHNIQUES

(CONTD ON NEXT PAGE)
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SORTING A VECTOR ¥

e oy S

e e S T Ry e AR R e T e o o

P e e S5 o i e S T oy iy

V<VESLA(+\P)LS«yV11] * %
EXAMPLE V<1 2 3 4 56 7 8 9 10
P«1 001100010
RESULT: 3214876510 9

A ALTERNATE IMPLEMENTATION, FOR NUMBERS > 0:
V<VLVV++\Px-[/V]

A LIKEWISE THE SORT INDICES “WITHIN THE FIELDS" ARE:
I«0I0+SLA(+\P)LS«VVI]1-T\Px1pP * %

RESULT: 2100321010 [010<«01]

*% ADAPTED FROM (2) BQQLEAN FUNCTIQNS AND TECHNIQUES
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SORTING A4 YECIOR Y
SQRTING A NUMERIC VECIOR
DETERMINING IHE RANK-QRDER R QF THE ELEMENIS QF ¥
ASCENDING RANK-ORDER
RepAV

A pR «> pV

o R[I1 IS THE RANK OF V[I] IN V, I.E., THE INDEX
a OF VLI]1 IN A SORTED V

a NOTE: THIS IS A "KERNEL™ APL OPERATION

EXAMPLE: V< 148 149 152 157 153 160 143
V<V, 137 146 151 155 147 150 145
RESULT: 6 7 10 13 11 14 2 1 4 9 12 5 8 3

p ALTERNATE IMPLEMENTATION:

R<VLAVIWYV

DESCENDING RANK-QRDER

R<AVYV
RESULT: 985 2 4 1 13 14 11 6 3 10 7 12

n ALTERNATE IMPLEMENTATION:

R«VLVVIV
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SORTING A CHARACIER VECTOR

A NOTES:

k-]

1. NON-NUMERIC DATA MUST BE ENCODED AS NUMBERS IN ORDER
TO BE SORTED.

D

2. THE NUMERIC SORT OPERATIONS CAN BE MODIFIED FOR
SORTING A CHARACTER VECTOR V BY REPLACING “AV™ WITH
THE "KERNEL APL OPERATION “ASSEQV" (SEE BELOW
FOR POSSIBLE "SSEQ ). LIKEWISE FOR Y.

D >®DO®D

]

3. THE SORT SEQUENCE (SSEQ) IS USER-DEFINED. ~BLANK™
[ MUST BE POSITIONED WHERE APPROPRIATE.

A 4. CAUTION: UAV IS SYSTEM DEPENDENT. THE FOLLOWING
A SORT SEQUENCES WITH UAV ARE FOR APLSY.

o

POSSIBLE SORT SEQUENCES (SSEQ):

] SSEQ<'ABCD.. .WXYZA 0123456789' - EXPLICIT DEFINITION

] SSEQ«UAV - SYSTEM DEFINITION: LETTERS (PLAIN AND

] UNDERSCORED), NUMBERS, BLANK

A SSEQ<«*' ',[JAV - BLANK, LETTERS, NUMBERS

A SSEQ+(6u+86+[0AV), 0" - LETTERS, NUMBERS, SPECIAL CHARS
A (SEQUENCE FOR LABELS)

i

OR ANY OTHER SEQUENCE OF ANY CHARACTERS.

MOVING CHARACTERS NOT IN IHE SORT SEQUENCE TQ END QF ¥
V<VLASSEQV]
EXAMPLE:  V<'PROBLEM DEFINITION:  (IsJ)+C[52!

"""""" SSEQ«'ABCDEFGHIJKLMNOPQRSTUVWXYZ 01234567891
RESULT: BCDEEFIIIIJLMNNOOPRT 25:(+)+[
A NOTE: SUBSTITUTE “¥  FOR A" TO OBTAIN A DESCENDING SORT

(CONTD ON NEXT PAGE)
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SORTING A VECIOR ¥V
SORTING A CHARACTER VECIOR (CONTD)
QELETING CHARACTERS NOI IN Iﬁﬁ SORT SEQUENCE
V<V (I01<0I0+pSSEQ) /J+AI«SSEQY]
RESULT: BCDEEFIIIIJLMNNOOPRT 25
A ALTERNATE IMPLEMENTATION:

V«VIASSEQ1V<(VeSSEQ)/V]
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RORTING A VECIOR V
V«VLAV<«V1,V2]
EXAMPLE: V1<53 25 98 33 86
y2«u42 79 17 101 64

RESULT: 17 25 33 42 53 64 79 86 98 101°

a NOTE: SUBSTITUTE ¥~ FOR “A" TO OBTAIN A DESCENDING
A MERGE
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SORTING A VECIOR ¥
MERGING 2 VECTQRS USING ITHE PATITERN IN LOGICAL VECIOR L
V<(V1,V2)LAVL]

A 1'S IN L DESIGNATE POSITIONS FOR ELEMENTS OF V1,
] 0'S FOR V2
A pL <« pV1,V2
EXAMPLE:  Vi<'ACDG'
V2<«'BEF!
L«l1 011 001

RESULT: ABCDEFG
a ALTERNATE IMPLEMENTATIONS:
V<(V2,V1)[AML]

V<IL\V1
VE(~L)/vpV]<«V2 * %

*%* ADAPTED FROM (1) ITHE ARL IDIOM LIST
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QORTING A VECTOR ¥

V3<«,V1,[000+0.51 V2
0ro«1: Vv3<«,v12,[1.5] V2
Oro«o: Vv3<«,vi,L0.5] V2
o NOTE: AXIS-NUMBER DECIMAL-PART IS A DECIMAL VALUE
A BETWEEN O AND 1;- 0.5 SHOWN HERE

EXAMPLE: Vi<1 3 5 7 9
V2«2 4 6 8 10

RESULT: 1 23 456 78 910

Tt e P e e S
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COMPUTIING VALUES EROM A VECIOR

DETERMINING THE WIDIHS W OF IHE EIELDS OF V

a FROM FIELDS OF IDENTICAL ELEMENTS
WeI-"140,I<(~010)+(((14V)="24V),1)/1pV

a I" CONTAINS THE ORIGIN-1 INDICES OF THE LAST

m  ELEMENTS IN EACH FIELD

A NQTE: MAY HAVE TO SORT V FIRST TO PRODUCE THE FIELDS

EXAMPLE : V<« 'BBADDDDCCC?

RESULT: 214 3

ARE el e e e ey

We(I,1+pV)-1+0,I+(~0I0)+(V=Q)/1pV
A ASSUMES THAT V CONTAINS NO TRAILING DELIMITERS Q
a (UNLESS THERE IS AN ~EMPTY" FIELD)
EXAMPLE:  VECTOR OF FIELDS DELIMITED BY COMMAS

V<'XKR235,RT1,32,TEST VARIATIONS,,9/27/78"

Q+"'
RESULT: 53 215 0 7
p ALTERNATE IMPLEMENTATIONS:

W+I-1+'i+o,I+(~DIO)+((V=Q),1)/11+pV

W«I-1+ 140,I«(~0I0)+(U=Q)/1pU+«V,Q
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COMPUTING VALUES EROM A VECIQOR V

SUMMING SEIS OF ELEMENTS OF V

e i o e e S W S e S e, e S G o S e i i

e S i ST e e e e i G e S  Soen v T S i e S Gvn i e S

a SETS OF IDENTICAL ELEMENTS
S<«W-"1%0, W« (Vz1+V,0)/+\V

A CAUTION: ANY FIELD DELIMITERS MUST BE DELETED FROM V

EXAMPLE: V<2 2 555 4 1 3 3 3

P e S s, e T

RESULT: 4 15 4 1 9

a TO SUM THE ELEMENTS OF ANOTHER VECTOR "X~ WHOSE _
a ELEMENTS CORRESPOND TO V, SUBSTITUTE “+\X" FOR “+\V

n ALTERNATE IMPLEMENTATIONS:
S«W=-"140,W<(((14V)2"14V),1)/+\V

S«(V214V,0)/Vx+/Vo .=V
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IYPE 1: SETS OF IDENTICAL ELEMENTS

S<V+.xVo.=((1pV)=VaV)/V .
EXAMPLE: V<2 5 4 1 3 2 5 3 5 3
RESULT : 15 4 1 9

IYPE 2: SETS DEFINED BY VECTOR I

S<V+.xITo.=((1pI)=II)/I * %

o]

VECTOR "I  DEFINES THE SETS IN V BY IDENTICAL ELEMENTS.
ALL ELEMENTS OF V WHOSE CORRESPONDING ELEMENTS IN T
ARE THE SAME COMPOSE A SET; oV <+ oI

D D

A pS <+ THE NUMBER OF SETS DEFINED BY I

IF "I" CONSISTS OF POSITIVE INTEGERS, AND ALL INTEGERS
OF “+[/I  OCCUR IN I, THEN THIS TECHNIQUE CAN BE
SIMPLIFIED TO:

D D® D

S«V+.xIo,=1[/T * %
EXAMPLE: V<« 72 78 94 83 85 83 76 91 75
I+« 22 44 411 55 11 22 55 55 22

RESULT: 230 78 179 250

T e e e i e

i AR S e
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COMPUTING VALUES ERQM A VECTOR ¥

DETERMINING THE PAIRWISE DIFFERENCES D IN ¥

D«(14V)-"1+4V

A pD <=+ (pV)-1
EXAMPLE : V<1 4 9 16 25 36 49 64

RESULT: 357 911 13 15
® ALTERNATE IMPLEMENTATION:

D<«14V-"16¢V

a TO INCLUDE THE 1ST ELEMENT OF V IN THE RESULT [pD <+ pV]:
D<V-"140,V
RESULT: 1 35 7 9 11 13 15

a NOTE: THESE ARE "KERNEL™ APL OPERATIONS
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AVG«(+/V)+1Tp,V * %

A WILL PROCESS A SCALAR AND AN EMPTY VECTOR (O
EXAMPLE : V<86 81 92 73 68 89

RESULT: 81.5

*%x ADAPTED FROM (1) I[HE APL IDIOM LIST

81
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COMPUTING VALUES ERQOM A VECTOR V

i e e B e G, B By . R e L4

PERFORMING ARITHMETIC SCAN QPERATIONS QN ¥V

A THE SIGNIFICANCE OF CERTAIN SCAN OPERATIONS IS AS
A FOLLOWS LADAPTED FROM (1) THE APL IDIOM LIST]:

EXAMPLE: V<1 3 0 0 5 1 0 2

+\V = PROGRESSIVE SUM: 14 4 4 9 10 10 12
x\V = PROGRESSIVE PRODUCT: 1 3 0 0 0 0 0 0
[\v = PROGRESSIVE MAXIMA : 133350555
L\V = PROGRESSIVE MINIMA: 11 000 0 0 O

A SPECIAL CASE:

-\w¥ = ALTERNATING SERIES: [N«7] 1 "1 2 "2 3 "3 4

A ALTERNATE IMPLEMENTATIONS FOR "PLUS-SCAN™, WITHOUT
A USING THE SCAN OPERATOR ~+\ :

S<«V+.xIo <I<1pV

D+ (-pT<+-pS<«V)+ 1
LP:8«S+T4D+S
+(T<"14D«2%xD)/LP * %

*%x ADAPTED FROM (3) USE AND MISUSE QF APL

— = e RS s =
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COMPUIING VALUES EROM A VECIOR Y
PERFORMING LOGICAL SCAN QPERATIQNS ON ¥

a THE SIGNIFICANCE OF CERTAIN SCAN OPERATIONS IS AS
a FOLLOWS [ADAPTED FROM (1) THE APL IDIOM LISTI:

EXAMPLE: V<0 0 0 01 011 01 0

v\V = ALL 1'S STARTING WITH THE FIRST (LEFTMOST) 1:

0000212111111

<\V = ALL 0'S EXCEPT THE FIRST (LEFTMOST) 1:

00002000O0CO0C0O0

2\TV = ALTERNATING 0'S AND 1'S UNTIL FIRST 1; THEN
ALL SAME AS LAST DIGIT:

010111121111
=\V = ALTERNATING FIELDS OF 1'S AND 0'S, CHANGING
‘ T0 THE COMPLEMENT AS OF FACH 0. FIRST FIELD
OF 0'S OCCURS STARTING WITH FIRST o0 [0'S IN V
DESIGNATE 18T ELEMENTS OF FIELDS IN RESULT]:

01011000110

EXAMPLE: V<1 11 0010001010

>
-~

<

"

ALL 0'S STARTING WITH THE FIRST (LEFTMOST) O:

1411 00000000O0O00O0

(CONTD ON NEXT PAGE)
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COMPUTING VALUES ERQM 4 VECTOR ¥

e e e S S S Tk Sy S

EXAMPLE : V<1 11 0010001010 (CONTD)

IA
-
<

n

ALL 1'S EXCEPT THE FIRST (LEFTMOST) O:

1110111111111

>\V = ALTERNATING 1'S AND 0'S UNTIL FIRST 0; THEN
ALL SAME AS LAST DIGIT:
1011111111111
z\V = ALTERNATING FIELDS QF 1'S AND 0'S, CHANGING

T0 THE COMPLEMENT AS OF EACH 1. FIRST FIELD
OF 1'S OCCURS STARTING WITH FIRST 1 [1'S IN V
DESIGNATE 18T ELEMENTS OF FIELDS IN RESULT]:

1011100001100

A REPETITIVE EXECUTION OF =\~ ON A LOGICAL VECTOR
@ WHICH INITIALLY HAS ALL 1'S WILL PRODUCE THE

p FOLLOWING BIT-PATTERNS: * %
1111112111131112111 ,0000000000000000
1010101010101010 © o o 0 o o o o
1100110011001100 oo ) oo oo
1000100010001000 ° ° ° °
212110000121110000 cooo 0000
1010000010100000 o o o o
1200000011000000 oo oo
1000000010000000Q ° o
1111111100000000 ©c0o00o0o000
1010101000000000 o 0o o o
1100110000000000 °oe oo
1000100000000000 ° °
1111000000000000 0000
1010000000000Q000 o o
1100000000000000 X
1000000000000000 °

£ . { - B
*% ADAPTED FROM (2) BQOLEAN FUNCTIONS AND TECHNIQUES
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VL(C TEST )/1pV1«@

THE “TEST MUST PRODUCE A BOOLEAN RESULT (E.G.,
USING A LOGICAL OR RELATIONAL EXPRESSION) WHICH
IS THE SAME LENGTH AS V

» ®» D

IF 2<p@Q, @ MUST CONTAIN THE SAME NUMBER OF ELEMENTS
AS THOSE TO BE REPLACED IN V

DD

EXAMPLE: V«42 “75 0 "3 27 0 0 " 59
TEST<«V<0
Q<0

RESULT: 42 0 0 0 27 0 0 O

A ALTERNATE IMPLEMENTATION:

V«(pV)p( TEST )eoV,[0I0-0.5] @

h+]

Q@ IS A SCALAR OR A VECTOR WHERE p@ <=+ oV

WHEN @ IS A VECTOR AND (p@Q)<pV, @ MUST BE EXPANDED
IO THE LENGTH OF V, E.G., WITH PAD-ELEMENTS :

> >

V<«(pV)pBeV,[[0I0-0.5]1 (B« TEST )\Q

>

NOTE: AXIS-NUMBER DECIMAL-PART IS A DECIMAL
VALUE BETWEEN 0 AND 1 0.5 SHOWN HERE

>

(CONTD ON NEXT PAGE)
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REPLACING ELEMENTS QF A VECIOR V¥
REPLACING ELEMENTS SELECTED EZ'A LEST (CONTD)
 WITH ELEMENT Q@ (CONTD)
# ALTERNATE IMPLEMENTATION, FOR NUMERIC VECTORS:
V< (Vx~L)+@xL«TEST

EXAMPLE : V<42 75 0 "3 27 0 0 ~59
TEST<+V<0
Q«2

RESULT: 42 2 2 2 27 2 2 2
A SPECIAL CASE IMPLEMENTATIONS, REPLACING 0'S WITH @

V<V+@xV=0 * %

V«V+(V=0)\Q

=

XAMPLE: Q<99

ESULT: 42 75 99 T3 27 99 99 ~59

I

*% ADAPTED FROM (1) ITHE ABRL IDIQOM LIST

S Ty s P e i S
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V<B\(B<«~TEST)/V

EXAMPLE:  REPLACING ‘/‘' WITH BLANKS

V<«t12/31/78"
TEST<V="/"

RESULI: 12 31 78

QTE: THIS TECHNIQUE ALLOWS FURTHER PROCESSING
QF V ON THE SAME LINE, IN CONTRAST TO
REPLACEMENT BY INDEXING
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REPLACING ELEMENTS QF 4 VECIOR ¥

WITH A NEW SUBSTRING NS

MUST FIRST FIND THE STARTING INDICES I OF THE
OCCURRENCES OF THE OLD SUBSTRING (SEE TECHNIQUES
“FINDING THE STARTING INDICES ..."). THESE
INDICES MUST BE IN ASCENDING ORDER.

> ® » 2D

o

THEN COMPUTE THE ADJUSTED STARTING INDICES OF THE
OCCURRENCES OF THE OLD SUBSTRING

R}

I«(I-010)+((WNI<+pI)-0I0)x-(0L«p0S)-pNS
NI<NI+K<[1I0-1
'LP:+(NI<K+K+1)/O
p SUBSTITUTE THE NEW SUBSTRING IN PLACE OF THE OLD ONE

V<(PAV),NS, (OL+P«ILK])VV

+LP
EXAMPLE:  V<'RV<((1pRV)=RVRV)/RV"

08« 'RV

NS«'FACTORS*

I«1 8 12 15 19 [010+1]
RESULT: FACTORS«((1pFACTORS)=FACTORS1FACTORS)/FACTORS
a NOTE: IF "NS IS AN EMPTY STRING, THE OLD STRING IS
a  DELETED FROM THE VECTOR

A ALTERNATE IMPLEMENTATION:

D<~(1pV)e(I-0I0)e.+1p08
R<«((1pV)eI)o.A(pNS)p1
V<(,D,R)/,V,((pV),pNS)pNS
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DELETING ELEMENTS FROM A VECIQR ¥
DELETING ALL QCCURRENCES QF ELEMENT @
V<(V2Q)/V

EXAMPLE:  DELETING BLANKS
V<! M35 , M40, u42.5,TEST, 4/23/78"
Q.(_.l 1

RESULT: M35,M40,42.5,TEST,4/23/78

n ALTERNATE IMPLEMENTATIONS, WHEN @ IS A VECTOR:

V<(~VeQ)/V

V<(A/Veo.2Q)/V

EXAMPLE:  V<'M35,M40,42.5,TEST,4/23/78"
Q«',./!
RESULT:  M35Mu0u25TEST42378

p NOTE: “~VeQ IS A "KERNEL" APL OPERATION
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V< (((V2@)11)-0I0)yV

0r1o<1: V<(((V=2@)11)-1)+V
OI0<0: V<{((VzQ)w1)+V

@ THE COMPLEMENT IS: V<(({(V=Q)10)-0I0)+V

a NQTE: ~((v=@)11)-0I0" IS A "KERNEL™ APL OPERATION
EXAMPLE:  DELETING LEADING ZEROES

V<0 0 0 22 3 0 14 0 O 57 0 O

Q<0
RESULT: 22 3 0 14 0 0 57 0 O

m ALTERNATE IMPLEMENTATIONS:

V< (Vv\V=Q)/V
V<(+/A\V=Q)+¥V
V<((14(V=Q) /1pV)-0I0)4V

V«(((Q=9V)11)-1)+V

A YQTE: IF Q" IS A VECTOR QF DIFFERENT ELEMENTS,

"REPLACE “V#Q~ WITH "~VeQ  AND “Q=¢V" WITH “~(dV)e@
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V<(OI0-(Qz¢V)11)+V

O0I0<«1: V<«(1-(@=20¢V)11)+V
O0I0<«0: V<(-(QzdV)Ir1)+V
a THE COMPLEMENT IS: V<(OIO-(Q=0V)10)+V

A NOTE: “OI0-(Q=¢V)11" IS A "KERNEL™ APL OPERATION

EXAMPLE : DELETING TRAILING ZEROES

T e i, ey

V<0 0 0 22 3 0 14 0 0 57 0 O
Q<0
RESULT: 0 00223014 0 0 57
n ALTERNATE IMPLEMENTATIONS:
V<(1-(V=Q)11)+V * %
V<((T14(V=Q) /1pV)+~0I0)4V
V<(dv\Qz0oV)/V

Ve(-+/A\Q=¢V)+V

NQTE: IF "Q IS A VECTOR OF DIFFERENT ELEMENTS,

=]
m  REPLACE “VzQ WITH ~VeQ AND “Qz¢V" WITH "~(dV)e@

*x ADAPTED FROM (1) IHE APL IDIQM LIST
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RELETING ELEMENIS FROM 4 VECIOR ¥

DELETING LEADING AND TRAILING QCCURRENCES QF ELEMENT &

i e T Gl e S o b o o e e

V<((B11)-0I0)+(0OI0-($B«V=@)11)+V

O10«1: V«((B11)-1)+(1-(dB«V=Q)11)¥V
O0I0«0: V<«(B11)+(-($B«V=Q)11)+V

0 THE COMPLEMENT IS: V<((B10)-0I0)+(0I0-($B«V=Q)10)+V

EXAMPLE: DELETING ZEROES

V<0 0 0 22 3 0 14 0 0 57 0 0
Q<0

RESULT: 22 3 0 14 0 0 57
o ALTERNATE IMPLEMENTATIONS:

Ve((14I)-0I0)+((T14I«(V=Q)/1pV)+~0I0) 1V

V<((V\B)AOV\IB<+V=2Q)/V
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DELETING ELEMENTS FROM A VECTOR ¥

—_—— S e

V<(Lv 131,L«V=2Q)/V

p REDUNDANT = THE 2ND, 3RD, ETC., CONTIGUOUS OCCURRENCES
EXAMPLE : DELETING ASTERISKS

T e S e

VelxkAdkxkxBBxCCCx*x% !
Q+'*l

RESULT: *A*BB*xCC(C *

p NOTE: BOTH V<(LV1oL«V=2Q)/V

A AND V«(Lrx1$L<V=Q)/V [THE COMPLEMENT]

k-

DELETE THE TRAILING OCCURRENCES OF @ ENTIRELY IF @ ALSO
OCCURS AS THE LEADING ELEMENT. THE LEADING OCCURRENCES
ARE DELETED WHEN ... 1¢... IS SPECIFIED.

D D

BRESULT: *A*BB*xCCC

DD

NOTE: Lv 141,L AND [Lvi$L [AND THEIR COMPLEMENTS]
ARE “"KERNEL™ APL OPERATIONS
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e e e e v MRS s eaEm.=

Ve(1,(13V)=2 14V)/V

p REDUNDANT = THE 2ND, 3RD, ETC., CONTIGUOUS OCCURRENCES

EXAMPLE:  V<'AAABBCBBBAABCCCC!

RESULT: ABCBABC

a NOTE: THIS SELECTS THE 1ST OCCURRENCES OF ELEMENTS

a IN THE FIELDS OF REDUNDANT ELEMENTS. TO SELECT THE
a LAST OCCURRENCES:

V<(((1¥V)=z"14V),1)/V

oL



DELETING ELEMENTS FROM 4 VECTOR ¥V

= %N

DELEIING LEADING. TRAILING, AND REDUNLANT QCCURRENCES
QF ELEMENT @

V<(14L)¥(L*1PL«V=Q)/V
EXAMPLE : DELETING BLANKS

y<t A BC DEF GHIJ '
Q+l t

RESULT: A BC DEF GHIJ
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RELEIING ELEMENIS FROM A VECIOR ¥V
DELETING THE ELEMENTS WITH INDICES I
Ve(~(1pV)el)/V

EXAMPLE: V<15 37 0 22 3 "19 8
I«2 5 6 [0r0+«11

BESULT : 15 0 22 8

A ALTERNATE IMPLEMENTATIONS :
V«(AfIo . 21pV)/V

V< (~Vv{Io . =1pV)/V
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V<(PAV),(L+P<I-[JIO)+V

OI0<«1: V<« (PAV),(L+P«I-1)47V
O0ro<0: V<« (IAV),(L+I)¥V

EXAMPLE:  V<'ABCDEFGHIJKLMNOP!

I+8 [O10+«11]
L+4
RESULT: ABCDEFGLMNOP

a ALTERNATE IMPLEMENTATIONS :
V<(Oro-I1)¢rL+(Ir-010)¢v

A NOTE: THE ABOVE IMPLEMENTATION WILL DELETE A SUBSTRING
] WRAPPED AROUND THE ENDS OF V

V<VL(1P), ((L+P<«I-0I0)-pV)t1pV]
V«(~(1pV)e(I-0I0)+1L)/V

an T0 DELETE MULTIPLE SUBSTRINGS WITH SAME LENGTH:
V<(~CrpV)e(I-01I0)e .+ L)/V

EXAMPLE: I+1 6 11 [010+01

RESULT:  AFKP

A NOTE: TO DELETE MULTIPLE OCCURRENCES, SEE ALSO THE
] TECHNIQUE REPLACING MULTIPLE OCCURRENCES ...
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DELETING DUPLICATE QCCURRENCES QOF ALL ELEMENTS

— e e i e e e

V<((1pV)=VV)/V
A ELEMENTS OF RESULT OCCUR IN SAME ORDER AS THEIR FIRST
p  OCCURRENCE IN V
EXAMPLE:  V<'TENNESSEE!

RESULT: TENS

A ALTERNATE IMPLEMENTATION:
V<((2p0I0)8<\Ve.=V)/V * %

A ALTERNATE IMPLEMENTATION, ONLY WHEN V IS NUMERIC
V+(1,(1+V)¢‘1+V)/V+V[AV]

a ELEMENTS OF RESULT ARE SORTED IN ASCENDING ORDER
EXAMPLE: V<4 3 2 1 3 2 1

REQULT: 1234

*x ADAPTED FROM (1) LHE APL IDIOM LIST

(CONTD ON NEXT PAGE)
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DELETING ELEMENTS FROM A YECTOR ¥

e e i T e iy P P Sy e — e

DELETING DUPLICATE QCCURRENCES QF ALL ELEMENIS (CONTD)'

A SPECIAL CASE IMPLEMENTATIONS:

A WHEN V CONTAINS INDICES AND (pV)>[/V
B«(([/V)+~0I0)p0
BLV]«1
V<«B/1pB

o ELEMENTS OF RESULT ARE IN ASCENDING ORDER

a CAUTIQN: THIS IS NOT EFFICIENT IF [/V IS MUCH GREATER
o  THAN pV

A CAUTION: THE INDICES IN V MUST BE GENERATED IN THE

SAME ORIGIN IN WHICH THE CODE IS TO BE EXECUTED

EXAMPLE : V<5 4 4 3 33 2 2144 4355222

o o i i Py P

RESULT: 123145 [O10<«11]

p ALTERNATE IMPLEMENTATION:

V<(NeV) /N« ([/V)+~0I0
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Staples can cause problems with automated mail sorting equipment.

Note:

Please use pressure sensitive or other gummed tape to seal this form.

APL Programming Guide ggl\Allll:\)/IEE?\l'?

FORM
G320-6103-0

This manual is part of a library that serves as a reference source for systems analysts, programmers, and
operators of IBM systems. This form may be used to communicate your views about this publication.
They will be sent to the author’s department for whatever review and action, if any, is deemed appropriate.
Comments may be written in your own language; use of English is not required.

IBM may use or distribute any of the information you supply in any way it believes appropriate with-
out incurring any obligation whatever. You may, of course, continue to use the information you supply.
Note:  Copies of IBM publications are not stocked at the location to which this form is addressed.

Please direct any requests for copies of publications, or for assistance in using your IBM system, to
your IBM representative or to the IBM branch office serving your locality.
Possible topics for comment are:

Clarity Accuracy Completeness Organization Coding Retrieval Legibility

If you wish a reply, give your name and mailing address:

What is your occupation?

Number of latest Newsletter associated with this publication:

Thank you for your cooperation. No postage stamp necessary if mailed in the U.S.A. (Elsewhere, an IBM
office or representative will be happy to forward your comments or you may mail directly to the address-
in the Edition Notice on the back of the title page.)



G320-6103-0

Reader's Comment Form

Fold and tape Please Do Not Staple

Business Reply Mail

No postage stamp necessary if mailed in the U.S.A.

Postage will be paid by:

International Business Machines Corporation
Department 824

1133 Westchester Avenue

White Plains, New York 10604

Fold and tape Please Do Not Staple

International Business Machines Corporation
Data Processing Division
1133 Westchester Avenue, White Plains, N.Y. 10604

IBM World Trade Americas/Far East Corporation
Town of Mount Pleasant, Route 9, North Tarrytown, N.Y., U.S.A. 10591

IBM World Trade Europe/Middle East/Africa Corporation
360 Hamilton Avenue, White Plains, N.Y., U.S.A. 10601

Fold and tape

First Class
Permit 40
Armonk

New York
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Fold and tape

-————— - — — — — — — —~ — —3UI" BUO|Y PIO4 10 N = — — ——



G320-6103-0

International Business Machines Corporation
Data Processing Division
1133 Westchester Avenue, White Plains, N.Y. 10604

IBM World Trade Americas/Far East Corporation
Town of Mount Pleasant, Route 9, North Tarrytown, N.Y., U.S.A. 10591

1BM World Trade Europe/Middle East/Africa Corporation
360 Hamilton Avenue, White Plains, N.Y., U.S.A. 10601
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