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INTRODUCTION

This manual contains the print out of all the inplemented
documentation of the APL public libraries available at
CNUCE.

The authors wish to express sincere thanks to all those who
have contributed to APL public libraries with their program
packages which have been incorporated into the system.

The documentation in this manual have been gathered from
many sources, have been tested as much as possible and found
in perfect working order by the authors. However it 1is
always possible for error to occur either in the description
or in the programs in the APL public libraries. If this
should happen, we would appreciate the user contacting the
authors of the programs ' in question directly so that
correction can be made.

Anyone wishing to contribute to the APL public 1libraries
should contact the local APL coordinator at CNUCE - Pisa.

The dJdocumentation of the APL public libraries will be
revised and added to continually and methodically. Users
will be notified of new material by means of a message at
VSAPL loading time during their terminal sessions. The
updated material will be available for the user either using

the on-line documentation procedure or at the CNUCE
bookstore.






APL Public Libraries On-line Documentation

The documentation of the APL publie libraries c¢an be
obtained by the user also at the terminal by means of the
on-line procedure contained in the workspace 3 APLDOC,

Once the workspace has been loaded, the procedure starts
automatically by waiting from the user one of the following
possible commands:

END [APL ! CMS]
exits from the procedure entering the environment
specified by the option being APL the default
value.

HELP
prints at the terminal the sintax of all available
commands .

LIB °‘libnum’
prints at the terminal the names of the workspaces
contained in the library ‘'libnum' in the same way
as the APL command °')LIB libnum’.

LIBS
prints at the terminal the reference numbers of
all the implemented public libraries with a short
comment on their content as indicated in the
following table.

PRINT libnum [wsname] ! ALL

prints on the off-line printer one of the
following depending on the option chosen:

a) the documentation of the workspace ‘wsname' of the
library 'libnum’

b) the documentation of all the workspaces of the
library *libnum'®

c} the documentation of all the libraries.
Note that the off-line printer does not support
the APL character set so that the documentation is
printed out following the conventions established
by the convertion option 192 of the auxiliary
processor APLTI10,

TYPE libnum wsname [{ ABS | ALL)
prints at the terminal the documentation of the
workspace 'wsname' of the library 'libnum', If the
option ABS {default value) iz chosen only a short
abstract is printed, if the option ALL is chosen
the full documentation for the specified workspace
is printed.
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APL PUBLIC LIBRARIES CLASSIFICATION

IBM DISTRIBUTED UTILITY WORKSPACES
IBM DISTRIBUTED UTILITY WORKSPACES
GENERAL UTILITY WORKSPACES

TEXT EDITING

MISCELLANEGUS

APL TEACHING COURSE

MINIPERT (IBM PROGRAM PRODUCT)

STATPACK: A STATISTICAL PACKAGE.

STATISTICAL APPLICATIONS

TESTS FOR PARAMETRIC AND,DISTRIBUTION FREE DATA
INTERPOLATIONRS

IGDS:INTERACTIVE GRAPHIC DISPLAY OF SURFACES

APL GRAPH-II (TEKTRONIX PROGRAM PRODUCT)

BASIC GRAPHIC APPLICATIONS

GRAPHIC DISPLAY OF INTERPOLATED CURVES ARD SURFACES

LIMAR: MARIPULATION OF RATIONAL EXPRESSIONS
MARIPULATION OF FORMAL APL EXPRESSIONS
ARITHMETIC AND LOGICAL APPLICATIONS
FUNCTION ARALYSIS

MATRIX ALGEBRA AND EQUATIORS

ENGENEERING APPLICATIONS
CHEMISTRY AND GECLOGY
BIOLOGICAL SCIERCES
PRARMACOLOGY
URCATALOGUED WORKSPACES



LIBRARY 1

VVVV APLCOURS 1.1
CONVERT 1.2
EXAMPLES 1.7
PORMAT 1.9
MEDIT 1.10
SBIC 1.13
TYPEDRIL 1.18

WSFRS 1.18






LIB 1 APLCOURS
IBM DISTRIBUTED

APL PRIMITIVE FUNCTIONS DRILL. MOSTLY LIMITED TO
SCALAR AND VECTOR OPERATIONS WITH INTEGERS.

THE MAIN FUNCTIONS IN THIS LIBRARY WORKSPACE ARE:

TEACH
EASYDRILL

ALL OTHER FUNCTIONS ARE SUBFUKCTIONS AND ARE ROT
SELF-CONTAINED.

SYNTAX DESCRIPTION

TEACH AN EXERCISE IN APL FUNCTIORS USING SCALARS
AND VECTORS. THE FUNCTION PRINTS OUT THE
CHOICES AND OPTIONS AVAILABLE TO THE STUDERT.
EXAMPLES ARE SELECTED AT RANDOM WITH A RANDOM
STARTING POINT.

EASYDRILL THIS FUNCTION IS THE SAME AS TEACH EXCEPT THE
PROBLEMS SELECTED ARE GENERALLY SIMPLER IN
STRUCTURE. PROBLEMS INVOLVING VECTORS OF
LENGTH ZERO OR ORE ARE EXCLUDED.

NOTE: FOR EITHER FPUNCTION, A RESPONSE OF - PLEASE -
WILL DISCLOSE THE PROPER ANSWER. A RESPONSE
OF - STOP - WILL TERMINATE THE DRILL



LIB 1 CORNVERT
IBM DISTRIBUTED

THIS WORKSPACE IS DESIGNED TO ASSIST IN THE TRANSFER OF
APPLICATION WORKSPACES FROM PREVIOUS IBM APL SYSTEMS TO VS APL.
IT ANALYZES THE CONTERT OF EACH UNLOCKED FUNCTION AND CORVERTS
STATEMENTS WHERE POSSIBLE. IT PROVIDES A REPORT IDENTIFPYINGC EACH
STATEMENT THAT WAS CONVERTED, AND POINTS TO THOSE STATEMERTS
WHICH MAY NEED MANUAL CORRECTION IN ORDER TO EXECUTE COMPATIRLY
IN VS APL,

ALSO INCLUDED IS A FUNCTION TO LOCATE ALL OCCURRENCES OF ARY
STATED CHARACTER STRING.

-DIFFERENCES CONSIDERED

THE FOLLOWING DIFFERENCES WHICH COULD AFFECT THE OPERATION OF
USER DEFINED FUNCTIONS, ARE RECOGNIZED BY THIS CONVERT WORKSPACFE.

1. THE NEW LINE (OR CARRIER RETURK) CHARACTER IS NO LONGEP
ALLOWED WITHIN CHARACTER CONSTANTS, AND FRENCE CARNOT APPEAR IN
USER DEFINED FUNCTIORNS.

2. HETEROGENEOUS OUTPUT STATEMENTS, USING TRE ‘'3;' AS THE
SEPARATOR BETWEEN SEGMENTS, ARE NO LONGER SUPPORTED.

3. THE I-BEAM (1) PRIMITIVE FUNCTIOR IS RO LONGER SUPPORTED
EITHER MONADICALLY OR DYADICALLY.

YW, THE DEFINITION OF THE RESIDUE FURCTION NOW IKNCLUDES
NEGATIVE LEFT HAND DOMAINS. PREVIOUSLY THIS FUNCTION USED THE
ABSOLUTE VALUE OF ITS LEFT HAND ARGUMENT. HEWNCE RESULTS WILL NOW
BE DIFFERENT IN THOSE CASES WHERE THE RESIDUE FUNCTION RECEIVES
NEGATIVE LEFT HARD ARGUMENTS.

5. SIMILARLY THE ENCODE FUNCTION (v), WAICH USES THE RESIDUE
FURCTION IMPLICITLY, NOW BERAVES DIFFERENTLY FOR NEGATIVE LEFT
HARD ARGUMENTS, AND MAY YIELD DIFFERENT RESULTS.

6. THE DEFIRITION OF THE MONADIC TRANSPOSE FPUNCTION (&) HAS
BEEN CHANGED FOR THE CASFE WHERE THE RIGHT HAND ARGUMERT FHAS 4
RARK GREATER TRHAR TWO,

7. THE SYSTEM VARIABLES (UL AND NTT ARE HFOT SUPPORTED BY VS
APL.

8. THE LOCKED FUNCTIONS IN THE DISTRIBUTED WORKSPACKE CALLED
‘WSFNS*', WHICH DEPERD ON THE USE OF THE DYADIC I-BEAM (1)
FUNCTION, WILL KO LONGER BE EXECUTABLE. REVISED VERSIOCHS MAY FHAVE
TO0 BE COPIED FROM THE ‘WSFNS® WORKSPACE DISTRIBUTED WITE VS APL,
INTO APPLICATION WORKSPACES.



8. COMMERTS WITH A ‘'n' TRAILING AN EXECUTABLE STATEMERT ON A
LINE, ARE WOT ALLOWED IN VS APL.

-REPORT FORMATS

REPORTING IS PERFORMED ON AN EXCEPTION BASIS. LOCKED FUNCTIONS
ARE SO IDERTIFIED, ALL UNLOCKED FUNCTIORS ARE PROCESSED
ALPHABETICALLY, BUT ONLY THOSE REQUIRING CONVERSION, CAUTION OR
WARNING MESSAGES ARE LISTED.

THERE ARE FOUR CLASSES OF ITEMS IDENTIFIED IN THRE CONVERSIOWN
REPORTING., THE FIRST THREE MAY APPEAR UNDER EACH FUNCTION KAMF,

i. CORVERTED. THESE ITEMS ARE CHANGED S0 AS T0 EXECUTE
CORRECTLY IN VS APL.

2, CAUTIONS. THESE ITEMS MAY POSSIBLY CAUSE ERRORS OR
INCOMPATIBILITIES, DEPENDING ON THE ACTUAL ARGUMENTS GENERATED
DURING EXECUTION, OR ON A MORE DETAILED ANALYSIS OF PHE CONTEXT.

3. WARNINGS. THESE ITEMS WILL CERTAINLY CAUSE ERRORS OR
INCOMPATIBILITIES DURING EXECUTION, AND REQUIRE MANUAL FUNCTION
EDITING.

4, WSPNS. A LIST IS GIVEN OF FUNCTION NAMES, IF ANY, THAT WERE
PROBABLY COPIED AT SOME TIME FROM THE LIBRARY 1 WORKSPACE CALLED
'WSFNS®. THESE MAY NEED T0 BE MANUALLY RECOPYED FPROM THF
LIBRARY 1 ‘'WSFNS® WORKSPACE IN VS APL,

~-ITEMS REPORTED

NOTE THAT EACH ITEM IS FOLLOWED BY A LIST OF LINE NUMBERS IN
THE GIVER FUNCTION WHERE THE ITEM WAS ENCOUETERED.

~CONVERTED
CR ~ FEW LINE {(OR CARRIER RETURNY CRARACTER IN A CPARACTEFR
CONSTART
s =~ HETEROGEREOUS OUTPUT STATEMENT
I - MONADIC OR INDETERMIRATE USE OF TRE T~-BEAM PRINITIVE
FUNCTION .
~CAUTIONS

T - THE ERCODE FUNCTION IF PRECEEDED BY OFREFR THAR 4
CONSTANT .



| - DYADIC OR INDETERMINATE USE OF 4 '|' IF PRECEEDED BY
OTHER THAN A CONSTANT. ALSO USE OF A '1*' BY AW
OPERATOR.

& - MONADIC OR INDETERMINATE USE OF THF TRANSPOSE PRIMITIVE
FURNCTION.

UL - THE SEQUENCE (1 UL' SUGGESTS A POSSIBLE REMNANT OP THF
SYSTEM VARIABLE ‘'QUL'. IF IT IS, THEN IT WILL REQUIRE
MARUAL CORRECTION,

TT - THE SEQUENCE '01 TT' SUGGESTS A POSSIBLE REMRART OF THE
SYSTEM VARIABLE ‘(TT'. IF IT IS, THER IT WILL REQUIRE
MARUAL CORRECTIOR.

-WARNIRGS
I - DYADIC USE OF TRE I-BEAM PRIMITIVE FUNCTIONW.
Y - THE ENCODE FUNCTION IF PRECEEDED BY A REGATIVE CORNSTANT.

| - THE RESIDUE FUNCTION IF PRECEEDED BY A NEGATIVE CONSTANT.

KROTE THAT WARNING MESSAGES SHOULD BE VERY RARE, SO THAT RO
ATTEMPT WAS MADE TO CONVERT THESE SITUATIONS AUTOMATICALLY.

IF COMMERTS WITH A ‘' ARE FOUND TRAILING A STATEMERNT OR A
LIKE, THEN THEY ARE DELETED, ARD THFE MESSAGE ‘TRAILING COMMERNTS
DELETED' IS PRINTED FOR THAT FUNCTIOWN.

-RESPRICTICNS

1. THE ASSUMPTION IS MADE THAT THE APPLICATION WORKSPACE
CONSISTS OF TESTED ARND RUNRIFRG PROGRAMS. TRIS CONVERT WORKSPACE
DOES NOT PRESUME T0O MAKE A DIAGROSTIC SYNTAX ANALYSIS, AND THE
RESULTS OF TREIS CONVERSION ANALYSIS WILL BF UNBPREDICTABLE IF
APPLIED TO ILL-FORMED APL STATEMERTS.

2, IT I8 ASSUMED THAT SEGMERTS OF HETERCCGEREGUS ourreT
STATEMERTS ARE SCALARS OR VECTORS, IF HIGHER DIMENSION ARRAYS ARE
PRODUCED DURIRG EXECUTION, THEN THE OUTPUT FORMAT MAY DIFFER PROM
PREVIOUS RURNS, OR AN EXECUTION TIME ERROR MAY BE INDICATED.

3. WO CONVERSIOHN AFRALYSIS IS5 MADE ON LOCKED FUNCTICKS. EACH
LOCKED FUNCTIOR IS5 50 INDICATED ON THE REPORYT WRER ENCOURTERED.

W, THE CONVERTED I-BEAM FUNCTION WILL RETURN A4 ‘ROY VALID®
ERROR MESSACE FOR 123 AND 128 AS THESE CASES HAVE RO
CORRESPONDING FUNCTION IN VS APL. MANUAL CORRECTION WILL BE



REQUIRED, THE ‘x' IS CONVERTED T0 THE ‘IBE® FUNCPION URLESS ITS
USE IS CLEARLY DYADIC. IT MAY HAPPER THAT THE APPARENT USF IS
INDETERMINATE, BUT THAT AT EXECUTION TIME IT IS ACTUALLY DYADIC.
IR THIS CASE A SYNTAX ERROR WILL BE REPORTED DURING EXECUTION,
AND THE FUNCTION WILL REQUIRE MANUAL CORRECTION,

5. UNLOCKED FUNCTIONS IN THE WORKSPACE ARE ANALYZED. FUNCTIONS
CAN ALSO BE CREATED DYNAMICALLY USIKG TFX FROM VARIABLES
CONTAINING CANONICAL REPRESERTATIONS OF FUNCTIONS. NO CONVERSION
ANALYSIS IS MADE OF SUCH VARIABLES WHICH MUST BE UPDATED IF
NECESSARY EITHER MANUALLY, OR BY PREVIOUSLY ESTABLISHIWNG THE
ASSOCIATED FUNCTIONS., SIMILARLY, A CHARACTER VECTOR WHICH MAY
LATER BE EXECUTED WITH THE EXECUTE ‘&' FUNCTION, IS NOT ANALYZED
OR CONVERTED., THE FUNCTION ‘'PINDLOC' DESCRIBED BELOW MAY BE
USEFUL IN THESE SITUATIORNS .

-OTHEF FUNCTIONS IR TRHIS WORKSPACE

1. IF THERE IS5 A SHORTAGE OF SPACE, THEN ALL COMMERNT LINES IW
FUNCTIONS IN THIS (UOR ARY OTHER SELECTED) WORKSPACE CAN BE
DELETED WITH THE FUNCTION °'DELETECOMMENTS'., BEWARE IF USING WITH
FUNCTIONS WHICH BRANCH TO ABSOLUTE LINE NUMBERS, AS LIRES MAY BE
RERUMBERED ., A COPY OF THE WORKSPACE WITHOUT ITS FUNCTION COMMENTS
CAN BE STORFD SEPARATELY FOR USE.

2. THE FUNCTIONS 'OLDENCODE®, ‘OLDMONTRANS® AND *OLDRFSIDUE®
IN THIS WORKSPACE, GSIMULATE THE OPFRATION OF ENCODE, MOWADIC
TRANSPOSE, AND RESIDUE RESPECTIVELY, AS THEY WERE IMPLEMENTED IW
APL\360 (XM6). THESE FUNCTIONS CAN BE EXAMIKED, OR USED IFP
DESIRED TO REPLACE THE CORRESPONDING FUNCTION SYMBOLS IN THE
PUNCTIONS BEING CONVERTED.

3. THE MONADIC FUNCTION °*FIRDLOC® TAKES ONFE OR MORE CHARACTERS
AS ITS ARGUMENT. THE PRINTED RESULT IDERTIPIES ALL APPEARANCES OF
THE ARGUMERT IN VARIABLES OR UNLOCKED FUNCTIONS Id THE WORKSPACE,
COORDINATES OF SUCK APPEARANCES ARE GYVEN IK IRRO ORIGYN. IN THE
CASE OF FURCTIONS, THE FIEST OF 9THE TWO COORDINATES I3 PR
FUNCTION LINE NUMBER. THE CONTEXT OF THE ARGCUMERYT IS BHORY RY
PRINTIRG THE ARGUMENT PLUS TRE FOLLOWING CHARACTERS, THIS
FURCTYON IS USEFUVL IN CORVERTING WORKSPACES PROM AN APL SYSPEM
WRICH ALLOWS VARIATIONS YN THE APL CHARACTEP SET, I'T I8 ALSO 4¥
EXTREMELY USEFUL EDITING ARND DERBUGGING FACILITY.
W, THE VARIABLE ‘“ETRZ® IN TPHIS WORKSPACE & UBEPUL iR
CORVERTING CHARACTER SPRINGS WRITTEN IW THE INTEBFAL Z-CODES OF
© APL.SV INTO THE INTERNAL 2-CODES OF V& APL, Y27HZY T8 4 256
CHARACTREF VECTOR SUCH TRAT IF IT I& INDRXED WITE AN 4PL.SV
Z-CODE, IT YIELDS A CORRESPONDING V& APL Z-CODE.

" -OPERATIONS OF TRIS WORKSPACE



1. LOAD THE APPLICATION WORKSPACE BEING TRANSFERED.
2. ENTER : *)PCOPY 1 CONVERT CONVERTGP?®

3. IF THERE ARF ITEMS LISTED AS ‘'NOT COPIED', THFN THE
FUNCTIONS WITH THESE NAMES IN TRE APPLICATION WOPKSPACE, SHOULD
BE TEMPORARILY RENAMED AND STEPS 1 AND 2 REPEATED. VARTARLES WITH
THESE NAMES SHOULD BE FERASED AND 'PCOPTED' BACK IN BEFORF SAVIRG
IR STEP & BELOW.

“w, EXECUTE THE FUNCTION ‘CONVERT®'. IF A ‘WS PFULL®' ERROR
MESSAGE APPEARS, THEWN TEMPORARILY DIVIDE THE APPLICATION
WORKSPACE IN TWO PARTS FOR CONVERSION. ALTERNATIVELY, ERASF ALL
GLOBAL VARIABLES IN THE APPLICATION WORKSPACE, AND ‘'PCOPY' THEM
BACK IN BEFORE SAVING IN STEP 6 RFLOW.

S. ENTER : ‘*)YERASE CONVERTGP®

6. RESTORE ANY TEMPORARY CHANGES MADE IN STEPS 3 AND &
ABOVE, AND SAVE THE APPLICATION WORKSPACE RACK IN THE LIBRARY.

7. EXAMINE THE PRINTED REPORT AND MAKV ARY APPROPRIATR
CHANGES .

TO USE THE FUNCTION ‘FINDLOC®

i. LOAD THE APPLICATION WORKSPACE.

2, ENTER : )YPCOPY 1 CONVERT FIRKDLOCGP

3. ENTER : PINDLOC *XXXX° WHERE XXXX IS A CHARACTER STRIN®G
WHICH FORMS TRHE SFARCH ARGUMENT,



LIB 1 EXAMPLES
IBM DISTRIBUTED

THIS WORKSPACE CONTAINS A COLLECTION OF ILLUSTRATIVE DEFINED PURCTIONS.

THE FUNCTIORS IN THIS WORKSPACE ARFE EXAMPLES OF THE POWER OF
APL IN SOLVIKG PROBLEMS. THE FUNCTIONS ARE BRIEP, OFTEKN NO MORE
THAN ONE OFR TWO STATEMENTS, BUT WITH POWERFUL RESULTS.

THESE FUNCTIONS ARE NOT NECESSARILY THE BEST WAY, OR THE

ONLY WAY, TO SOLVE THE PROBLEM. RATHER, THRY ARE ILLUSTRATIVE
OF WAYS TO USE APL WHICH ARE NOT ALWAYS INTUITIVELY OBVIOUS.
THEY ARE MEANRT TO BE STUDIED FOR TECHNIQUES.

THE EXAMPLES FALL IN TWO CATEGORIES: SCIENTIPIC AND COMMERCIAL.
THERE ARE ALSO A FEW OF INTEREST TO PROGRAMMERS SUCH AS
DECIMAL-EEXADECIMAL CONVERSIONS AND HEXADECIMAL ADDITION.

SCIENTIFIC AND ENGINEERING FUNCTIONS ARE:

BIN BINOMIAL COEFFICIERNTS

COMB FC LFC COMBIRATTONS

F ZERC ROOTS OF F

GC GCD GCV GREATEST COMMOR DIVISOR

HILEB HILBERYT MATRIX

DIN DIRV MATRIX ITHVERSE (GAUSS-JORDAN

ELIMINATION)Y .ROTE: SUPERCEDED
BY B WHICH USES HOUSEROLDER

TRANSFORMATIONS
PALL PER PERM PERMUTATIONS
PO POL POLY POLYB POLYNOMIALS
TRUTH TRUTH TABLES
AS50C TEST ASSOCIATIVITY OF PUTATIVE

ARITH. TABLES
COMMENGI&L APPLICATION FUNUCTIORS ARE:

RESET ENTER LOORUP ENTER ARD RETRIEVES ITEMS FROM
ASBOCTATED STRINES OF DATA. ORE
STRIRG, N, IS POR WAMES, PHE OFRER,
D, I§ POR COREESPOFDING DATA, SUCH
A PRONE RUMBERE,

BUILDVECTORS CREATEE A STRING OF ADDS TO A STRINS
ITEMS OF DATA., BEACH ITEM IS WARKED
WITH A SPECIAL CHARACTER,

BUILDMATRIY REFORMATE THE STRIKNG CREATED BY
BUTLDVECTORS ITHPO 4 TABLE.
FIRDETARY FINDE TRHE STARTIRG POSITIOR OF A

"TARGETY IN A STRING OF DATA.
USEFUL FOR EDITIRG
REPLACE REPLACEE A& 'TARCETY IN 4 STRINEG



SORTLIST SORTS A TABLE IN ALPRABRTICAL ORDFP

FIRDDUPRS FINDS DUPLICATED ENTRIES IN A TARLE
DELDUPS DELETES DUPLICATED ITREMS FROM A TABLE
FINDTYPE FINDS THFE TYPE OF 4 VARIABLE
(CHARACTFR OR NUMERIC)
FINDCOORDS FINDS THFE COORDINATES OF A 'TARGET!
IN A TABLFE
IRSERT INSFERTS A NEW ROW OF DATA INTO A TARLFE
BUILDERPRIES CREATES OR ADD TO A TABLE OF DATA

TRE 'COMMERCIAL' FUNCTIONS ARE PREFACED WITH COMMENTS WHICH CALL 0UT
THE IMPORTANT APL PRINCIPLE USED TO ACEIEVE THE DESIRED RESULT. IT IS
RECOMMERDED THAT THE NEW USER DISPLAY TRE FURCTION, READ TRE COMMENTS,
AND STUDY WRAT THF FPUNCTION IS ACTUALLY DOINC.

APL IS A VERY SUITABLE LANGUAGE FOR COMMERCIAL APPLICATIORS

AS WELL AS SCIENTIFIC AND ACADEMIC. COMMERCIAL APPLICATIONS

BOIL DOWN TO PROBLEMS IN MANIPULATING ARRAYS, AND APL IS AW

ARRAY ORIENTED LANGUAGE WITHOUT PEER. HOWEVER, THE MANIPULATION

OF ARRAYS IS USUALLY DESCRIBED IN MATHEMATICAL TERMS THAT ARE

USUALLY UNFAMILIAR TO THE BUSINESS PROGRAMMER, THEREFORE, YOUR
ATTENTIORN IS DIRECTED TO THE FOLLOWING ARRAY MANIPULATORS :

IRNER PRODUCT USED FOR TABLE LOOKUPS (aA,=)
OUTER PRODUCT USED TO FIND SEQUENCES (e ,=)
CATENATION USED TO ADD ROWS OR COLUMNS
TO A TABLF
ROTATE USED TO SHIFT ROWS AND COLUMNS
TRANSPOSE USED TO REORIERT A4 TARLE
COMPRSSION USSED TO ELIMINATE ROWS OR COLUMNS
FROM A TABLF
EXPARSION USED TO INSERT ROWS OR COLUMNS
IN A TABLE
DECODE USED TO CODIFY SRORT CHARACTER
' STRIRGS AS NUMBERS WHICH CAR BE
SORTED
GRADE USED TO SORT RUMBERS IF ASCERDING

OR DESCENDIKG SEQUENCE

INSTRUCTIONS FOR USE OF RACH PUNCTION IS CONTAINED IR PHE VARIABLE
OF THE SAME NAME AS THE FUNCTION BUT PREFIXED WITH THE LETTER D',
FOR EXAMPLE, SORTLIST IS DESCRIBED BY DSORTLIST,

DSORTLIST
SYNTAX SORTLIST NAMES
THIS FUNCTION SORTS A LIST OF NAMES (ROWS OF MATRIX OF TABLEY

IN ASCENDING ORDER BASED ON THE SORTING SEQUENCE
DEFINED IN 'SORTSEQ',



LIB 1 FORMAT
IBM DISTRIBUTED

THE FUNCTION FMT IN THIS WORKSPACE HELPS FORMAT RUMERIC DATA FOR
REPORTS

THE FUNCTION FMT IN TRIS WORKSPACE IS IRTENDED T0 ILLUSTRATE THE
USE OF TWO NEW PRIMITIVE FACILITIFS, THE DYADIC PORMAT FURCTION
ARD THE SCAN OPERATOR, AS WELL AS THE USE OF ARRAY OPERATINRS,
INSTEAD OF EXPLICIT ITERATION, WHERE SUCH USE IS NOT COMPLETELY
OBVIOUS. AT THE SAME TIME, THE FUNCTION SROULD PROVE USEFUL IN
GENERATING MANY VARIATIONS IK THE COMPOSITION OF NUMERIC OUTPUT -
IT ALLOWS THE INCLUSION OF COMMAS AS SEPARATORS ACCORDING T0
NORMAL CONVENTIONS, PROVIDES FOR EXTENSION BY LEADING OR TRAILING
ZEROS, PERMITS ARBITRARY SYMBOLS TO BF USED AS IRDICATORS OF
NEGATIVE NUMBERS, AND ALLOWS ARBITRARY TEXT (WITHIN SOME LIMITS)
TO BE USED IN ASSOCIATION WITH EACH ROW OF NUMERICAL OUTPUT.

THE SYNTAX OF THE PUNCTION IS: JeP PMP 4
THE SHAPE OF THE RESULT IS: pZ«>( 14pA),p,P

THE LEFT ARGUMENT IS A LITERAL REPRESERTATION, OF PICTURE, OF THF
FORM DESIRED FOR THE RESULT. IN GENERAL TERMS, DIGITS IN THE
PICTURE GIVE THE POSITIONS IN WHICH DIGITS ARE T0O APPEAP IN TRHE
RESULT, AND OTHER CHARACTERS IN THE PICTURE ARE EITHER
DECORATIONS OR HAVE SOME SPECIAL SIGNIFICANCE. THE RIGHT
ARGUMENT MAY BE ANY ARRAY OF NUMBERS, AND THE LEPT ARGUMERET MUST
HAVE AS MARY FIELDS AS THE RUMBER OF COLUMNS (LAST DIMERSTORY OF
THE RIGHT ARGUMENT, FIELDS ARE DETERMINED BY SPACES AND DICITS
IN SUCHE A WAY THRAT EXTRANFOUS FPIELD MARKRRS ARE NOT REQUIRED .,

FURTHER INFORMATION ORN THE USKE OF FMT IS8 AVAFLABLF INW THTS
WORKSPACE IN TWO PORMS:

1. THERE ARE A NUMBER OF PREPARED EIAMPLES IN ™ER PORNM OF
CRARACTER VECTORS Bt THROUGH B4, WEICH CAN BE EXECUTED BT a1,
ETC., AND SEVERAL PATTERES, P1 PHEOUGH P&, YRAT SEOW
VARIATIONS IN THE LEFT ARGUMENT FOR FMWP,

2. THERE IS ALSO A DRSCEIPTIVE PEXT, I8 TEER POPM OF A4 RISROPONS
DEFIRITION OF THE LEFPT ARGCUMENT FOP PMT., THTS TEXT Is CATLED
PATTERNDEF, IS5 APOUT TWO PAGFES LONG, AND USES P FPRROUGE B& "o
TLLUSTRATE THEE RULES,



LIB 1 MEDIT AND LIB 1 SEDIT

IBM DISTRIBUTED

THE WORKSPACES MEDIT AND SEDIT ARE USEFUL FOR EDITING LINFE TYPE
DATA. THEY ARE FUNCTIONALLY EQUIVALENT BUT SEDIT STORES

TEXT IN A STRING

WITH ALL OF THE BLANKS REMOVED WHILF MEDIT

STORES ITS TEXT IN A MATRIX., MEDIT IS FASTEFP THAN SEDIT BUT

TAKES MORE SPACE.

THE FUNCTIONS IN THESFE WORK SPACES ARE INTENDED 70 ASSIST IN CARD ENTRY
AND PROGRAM EDITING OPERATINNS., THE PUNCTIONS WORK IN EITHFR ORIGIWN
BUT ALWAYS ASSUMFE COUNTING FROM ZERO.

THE VARIABLE OR FUNCTION TO-BE EDITRD MAY BF COPIED INTO THIS WS, OR THF®

OBJECTS IN THIS WORKSPACE MAY BF COPIED (USTWN

REFERENCING THEM

THE CONCEPT OF A4

ALWAYS BE REFERENCED TO DETERMINE THE CURRENT LIRE. MOST FUNCTIONS USF

BY THE GROUP NAME "EDITGP”)Y INTO THF USER'S WS.

“CURRENT LINE™ IS EMPLOYED. THF VARIABLE “LR™ CAWN

G THE “PCOPY™ COMMAND AND

THE CURRENT LINE VALUFR AND RESET IT TO A NEW VALURE AFTER THF OPERATION.
LINE NUMBERING IS IN ZERO ORIGIF WITH THF TOP LINE ALWAYS BFING RUMRER 0o,

THE AVAILABLE FUNCTIONS ARE DESCRIBED IW ALPRABFTICAL ORDER. THNSF

PRECEEDED BY “R<"

AFTER

ADD

APLFIR N

APLVIRN W

E+AT L

INDICATE FUNCTIONS WHICH RETURKE AN FXPLICTT RESULT,

TAKES LINE INPUT FROM THE KEYBOARD AND INSERPS IT IRTN
THE STORED TEXT AFTER THF CURRENT LINE. EVALUATED TINPU™
MAY BF REQUESTED BY ERTERING TN: ALONE OW AR INPUT LINF.

AN EMPTY INPUT LINE INDICATES RND OF TRSERTTON,
THE NEW CURRENT LINF IS THE LAST LINE FTRSEPRPTED .,

CAUSES WEW TEXT T0O BE ADDED AT THE END OF THF TEXT.
THE NEW CURRENT LINE I§ THE NEW BOTTOM LIRE.

TAKES THE APL FUNCTIOWN WHOSE NAME IS IR B, 4RD PORMSTS

AR e i e

IT POR THIS TEXT PROCESSOFR. AN EXAMPLE 18
APLFIN "PNRAME®
TRE CURRENT LINE IS SET T0O ZERO, AFTER ERpITIRG,
THF APL FUNCTION MAY BF REDEFIEFD RY THE STATEMERT
NFX LIST ALL

TAKES THE CHARACTER MATRIXY CONTAINED IN N AFND PORMATS

IT FOR THIS TEXT PROCESSOR. AW EYAMPLE I8
APLVIN VARNAME

THE CURRENT LINE IS SET TO ZERO. APTFR EDITIRG,

THE VARTABLE MAY BF REDEFINED RY THF STATEMENT
VARNAME«LIST ALL

CHANGES THF LINE NUMBER "LN" TO L AND RFETURES 1 45 4
MAY BE USED AS IN  REPLACE AT 37

RESULT



R<ALL

BEFORE

ReBNT

Rel

CHARGE ¥

CLEAR

DELETE N

Rell R

ReFTHD K

it

MOVES THE LINE NUMBER “LE™ To THER TOP OF THF YEXT
AND RETURNS THR RUMBER OF LINES IN THE PrRYT, 70
BE USFD AS IN LIsT ALL

SAME AS APTER, BUT THF INPUT TREYT IS THSRRTED BREFORE
THE CHORRENT LIRE.

MOVES THE LINE RUMBER LN~ T0O THE BOPTOM OF THF TEXT
AND RETURES TEFR LINF NUMBFP OF TYF LAST LTR® (COUNTING
FROM 0).

CONTRXT LOOK-UP EDITING PUNCPION WHICHE APPLIFS T0 THP

CURRENT LINE, TEF USFR IS PROMPTED FOR OLD TEXT AND FOP

THE NEW REPLACEMERT TPREYT. THE IMAGE OF THE RFPLACED

LINE IS RETURNED AS THR EXPLICIT RESULT.

THE VARIABLE CCOL (USUALLY S®F AT 71) IS USED BY € AND CHANGF
Ty AVOID RRPLACING A SEQUENCE NUMBER BY A DIFFPEPENT LENGTH
FIELD OR A COMMENT TRAT WAS BEEN DISPLACED TRTO THFE SEQUENCE
RUMBER PIELD. COMMERTS EYCEEDING THF CRITICAL COLUME APF
TRUNCATED, "LE™ IS UNCHANGED,

CORTEXT EDITING FUNCTION WHICK PROMPTS THE USFR FOP
OLD TEXT AND FOR RVWPLACEMERT TFXT. THE FREW TFPXT WILL
REPLACE EACH OCCURENCE OF THE OLD TFXT WITHIK THF &
LIRES STARTING WITH THE CURRENT LINE.
AR EXAMPLE OF USE IS

CHARGE 3 PROM 37
THE WEW CURRENT LINE IS THE LAST LINE BRIRG CRARGED.

RESETS THE VARIABLES IN WHICH TRYXT IS STORED. SETS
CCOL  TO 71, AND LREC T0 B8O,
THE CURRENT LINE IS SET T0O ~1.

DELETES B LIRES STARYING WITHE THR CURRENT ONE.
LE¥ IS URCHAWNGED,

MOVES THE LINE RUMBER LE  DOWN N LIPS AND BRETUENE
PHAT LIRE A5 A& RESULY,

PROMNPTS THE USER FOR TEXT, ARD ¥REN SEARCERS THROUGH
TEE N LINES STAETING WITH THE CURREERT LINF POR PR
TEXT, THE FIRSYT LINE (IF AFNYY IW W EXT OISR
FOURD IS RETURNED AL THE EYPL: T NEW
CURRERY LINE IH EITHER THAYT L] §OPRXT I8
PIRST FOURD, OFR IF NOPT POUND,
THE LASY LINE SEBARCHED.
AR EXAMPLE OF DSE IS

FIRD ALL




R<A FROM B

R«LIST N

R+NUMBEFR A

REPLACE W

START

R«4 THRU B

ReTOP

Rell N

TABS W

SETS THE LINE RUMBER TO B AND RETURNS A AS A4 RESULT.
AR EXAMPLE OF USE IS :
LIST 5 FROM 1u

RETURNS N LINES STARTING WITH THE CURRENT ORF,
THE NEW CURRENT LINE IS ONE PLUS THF LAST LINF LISTED.

TAKES THE CHARACTER MATRIX IN A~ AND RETURNS A RESULT
WHICH IS “A" WITH LINE NUMBERS ATTACHED ON THF LEFT.
AN EXAMPLE OP USE IS

NUMBER LIST 7 FROM 13
TRE ORIGIN FOR NUMBERING IS COMPUTED AS "LR~ LESS THFE
NUMBER OF ROWS IN "A",

ACCEPTS KEYBOARD INPUT WITH SAME RULES AS AFTER, AND
REPLACES N LIYNES STARTINGC WITH TRE CURRERT ONE.
THE NEW CURRENT LINE IS THE LAST LINE INSERTED.

CLEARS THF STORED TEXT AND CALLS ~APTER™ FOR
INPUT OF REW TEXT. THE RESULTING CURPERT LINF IS THF
LAST LINE ERNTERED.

SETS THFE CURRERT LINFE NUMBER TO A ARD RETURNS (1+B-4).
AN EXAMPLE IS

LIST 10 THRU 18

MOVES TRE LINE NUMBER TO THE TOP OF THE TEXT AND ALWAYS
RETURNS A RESULT OF o0,

MOVES THE LINE NUMBFR UP N LINES AND RETURNS THAT LIRF.
ASSISTS IN SETTING TAB STOPS ON 27wl LIKE TERPMINALS RY

SPACING AND PAUSING AT THFE POSITIONS INDICATED RY THF
VECTOR OF INTEGERS IR N,
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LIB 1 SBIC
IBM DISTRIBUTED

THIS WORKSPACE CONTAINS THE APPLICATION ILLUSTRATED IN THE
INTRODUCTION TO THE APL LANGUAGE MANUAL (GC26-38u7), IT IS A
SKELETAL SYSTEM FOR SALES, BILLING, AND INVENTORY CONTROL.

THIS WORKSPACE CONTAINS FUNCTIONS FOR RECORDING ORDERS,
MAINTAINING AN INVENTORY, AND PREPARING INVOICES. IT IS A
SKELETAL SYSTEM DESIGNED T0 ILLUSTRATE THF USE OF APL IWN
COMMERCIAL DATA PROCESSING.

THE VARIABLES CUSTLIST, ORDLIST, AND STOCXLIST UCARRY,
RESPECTIVELY, CUSTOMER NAMES AND ADDRESSES KEYED TO A
CUSTOMER NUMBER, ORDERS BY STOCK NUMBER AND CUSTOMER NUMBER,
AND THE IRVERTORY LIST OF STOCK ITEMS. IRVNO IS A COURTER
FOR SUCCESSIVE IRVOICE NUMBERS, LOW INDICATES ITEMS TO BF
REORDERED, AND MTH HOLDS NAMES FOR MONTHS OF THE YEAR.

WHEN DISPLAYIRG THE STOCK LIST OR CUSTOMER LIST ORN A
TYPEWRITER TERMINAL IT WILL BE DESIRABLE TO CHANGE TO A
TYPE-ELEMERT HAVING BOTH UPPER AND LOWER CASE ALPHABETS.

MEANINGFUL STATEMERTS IN THIS WORKSPACE ARE:

NEWSTOCK

ORDERERTRY

PRINT INVOICE ORDER N
RESTOCK

WHERE N IS A CUSTOMER NUMBER., FOR CONSISTENCY WITH THE DATA
ALREADY ENTERED, NEWSTOCK AND PRINT SHOULD ALSO RE USED
WITH A TYPE-ELEMENT THAT HAS BOTH ALPHABETS.

THE FUNCTIONS ADDRESS, DATE, GET, AND PUT ARE HOY
NCRMALLY INVOXED BY A DIRECT KEYBROARD ENTRY, BUT ARE USED BY
THE VARIOUS FUNCTIONS NOTED ABOVE,

1,13



LIB 1 TYPEDRIL
IBM DISTRIBYUTED

A TIMED TYPING EXERCISE

THE MAIN FUNCTION IN THIS WORKSPACE IS: TYPEDRILL. ALL OTHER
FUNCTIONS IN THIS WORKSPACE ARE USED AS SURFUNCTIONS. ™

SYNTAX DESCRIPTIOR

TYPEDRILL A TIMED TYPING EXERCISF., WHEN FXECUTING TYPEDRILL
THE SYSTEM RESPONDS WITH A STATEMENT - YOI ARE IN THF
CONTROL STATE. FOUR COMMANDS ARE AT YOUR DISPOSAL:
ENTER, DPILL, STAT OR STOP,

THE COMMAND ENTFR WILL BRING YNU INTO THF ENTRY STATE.
IN THIS STATE YOU TYPE ONF-LINF SENTENCES, CHARACTERS
OR APL EXPRESSIONS YOU WISWH T0 RE DRILLED ON. TYPING
ONLY A CARRIAGE RFTURN CAUSES A RETURN ™0 THEF CONTROL
STATE,

THE COMMAND DRILL PRODUCES RANDOMLY TRE LINES FNTERED
VIA THE ENTER STATE. THE LINES ARR PRODUCED ONE LINFE

AT A TIME AND YOU ARF EXPECTED TN RETYPE THF LINE, IF®
IT IS EPROR-FREE, THF TIME REQUIPED T0O TYPE THF LINE

IS SHOWN. IF NOT, YDU APE ASKED TO RRTYPE IT. AGAIN,

TYPING ONLY A CARRIAGE RETURN CAUSES A FFTURN TO THE

CONTROL STATE.

THE COMMAND STAT DISPLAYS ACCUMULATED STATISTICS. THF
VERTICAL AXIS IS THFE TIME/SEC(%) AND THE HORIZONTAL
AXIS SHOWS THE TRIAL NUMBFRS(0), A VFRTICAL APROW(4)
INDICATES THAT THE TIME EXCEEDS THE LIMIT OF THR RAPH,
YOU ARE AUTOMATICALLY RETURRED TC TREE CONTROIL STATE.

THE COMMAND STOP DISPLAYS THE ACCUMULATED STATISTICS
AND TERMINATES THFE DRILL.
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LIB 2 CPCMSFNS
IBM DISTRIBUTED

THIS WORKSPACE CONTAINS FUNCTIONS TRAT ALLOW A USER
PO ENTER CP OR CMS COMMANDS AND USE THE AVAILABLE SERVICES
WITHOUT SIGNING OFF FROM APL,

THE FURCTIONS ARE DESIGNED TO MEET THE MOST COMMON NEEDS
AND THUS MAY NOT SERVE A PARTICULAR USFERS REQUIREMENT.

FOR THIS REASON NO FUNCTION IS LOCKED AND, IF NECESSARY,
A USER MAY MODIFY A FUNCTION TO BETTER SUIT HIS PROBLEM.

ALTHOUGH THEY WILL SERVE MOST NEEDS WITHOUT ALTERATIOR, THFSE
FUNCTIONS SHOULD PROPERLY BE THOUGHT OF AS MODFLS T0O BE USFD AS
ONE SEES FIT. FOR EXAMPLE, THEY MAY NOT INSPECT ARGUMENTS FOR
SHAPE, TYPE, ETC, IF THE USER WISHES SUCH DIAGCWOSTICS HE MAY
ADD THEM HIMSELF,

~-USIKNG INFORMATION

CMSA TYPING CMSA WILL TRANSFER ONE FROM THE APL ENVIRONMENT
TO THE CMS SUBSET ENVIRONMENT, IN THIS STATE THE USER IS
COMMURICATING DIRECTLY WITR CMS AND HE MAY ISSUE A SERIFS
OF CHMS COMMANDS SUCH AS PRINT, PUNCH, ETC. ANY CMS COMMAND
MAY BE TYPED, BUT ONLY THOSE WHICH WILL NOT AFFECT THE
TEMPORARILY SUSPENDED APL ENVIRONMENT WILL RF EXECUTED ;
OTHER COMMANDS, SUCH AS EDIT, WILL RESULT IN AN IRVALID
SUBSET COMMAND MESSAGE. TYPING RETURN WILL CAUSE
THE USER TO RETURK TO THE APL ENVIRONMENT.
CAUTION SHOULD BE TAKEN WHEN EXECUTING EXECS OF COMMANDS
THAT CHANGE TERMINAL OUTPUT OPTIONS SUCH AS THE SPOOL
CONS COMMAND OR THE TERM COMMAND. IT IS ALSO IMPORTANT 70
AVOID CHANGING OTHER OPTIONS SPECIFIED IN THE APL EXEC USED
TO START APL.

CPA TYPING CPA WILL TRANSPER ONE FPROM THE APL ENVIRONMERT
TO THE CP ENVIRONMENT. IN TRIS STATE THR USER IS
COMMUNICATIRG DIRECTLY WITH CP ARD HE MAY ISSUE A SERIES
OF CP COMMARDS SUCH A£ SPOOL, QUERY, DETACH, EYC. TYPING
B WILL CAUSE THE USER TO RETURN TO THE APIL ERVIROHMERT ,
WARNING: SOME COMMANDS MAY CAUSE ABRUPT FAILURE OF APL &WD
LOSS OF THE ACTIVE WORKSPACE. FOR EXAMPLE, DEFIKE STORACGE
ARD IPL CMS ARE DISASTROUS UNDER ANY CIRCUMSPARCES .

DISCA IF A FUNCPION EXECUTES 1 DISCA 1 THEN TKE PHONE LIRE
WILL BE DISCONNECTED AND THE FUNCPTION WILL CONTIRUE
EXECUTING UNTIL IT IS DONE (OF UNTIL IT SRIES TO UELOCK
THE KEYBOARD LOOKING FOR INPUT)Y. WEER EXECUTION T8
COMPLETED, THEN THE USER WILL BE LOGCED-OFF,



FAO

1 DISCA O WILL BEHAVE AS ABOVE EXCEPT THAT A
YCORNTINUE COMMAND WILL BE PUT ON THE END OF THE

CMS STACK SO THAT AFTER EXECUTION IS DONE, THE SYSTEM
WILL SAVE THE WORKSPACE IN CONTINUE BEFORE THE
LOG-OFF OCCURS. IF THIS OPTION IS SELECTED THEN THE
USERS FUNCTION SHOULD NOT SUBSEQUENTLY PUT SOMETHING
ON THE CMS STACK,

IF THE USER WISHES TO DISCONNECT A JOB WHICH WILL ASK
FOR KEYBOARD INPUT THEN HE MAY MAKE USE OF APL101 TO
STACK THE INPUT JUST AS 1 DISC 0 STACKS THE APL
CONTINUE COMMAND.

THE ABOVE USAGE WILL CAUSE THE USER TO LOSE ANY OUTPUT
TYPED BY HIS JOB. HE CAN, INSTEAD OF THE ABOVE, USE

0 DISCA o WHERE o IS EITHER O OR 1 AS IN THE ABOVE
CASES, THIS WILL CAUSE THE CONSOLE OUTPUT TO BE
SPOOLED TO HIS VIRTUAL READER. WHEN HE LOGS-ON AGAIN TO
APL HE MAY EXECUTE PRTACON (ALSO IN THIS WORKSPACE)

TO HAVE THE CONSOLE FILE PRINTED AT HIS TERMINAL.
WARNING: LONG CONSOLE OUTPUT LIRES (> 132 CHARS
INCLUDING IDLES AND OTHER TERMINAL CONTROL CHARACTERS)
WILL NOT BE SPOOLED TO THE CONSOLE. SHORTER LINES MAY
ALS0 BE LOST IF WRITTEN TO THE CONSOLE AS ORE RECORD
(I.E. BLOCKED) AND GREATER THAN 132 CHARACTERS. IN
ADDITION, ERROR MSGS ISSUED DURING FUNCTION EXECUTION
MAY BE WRITTER TO THE CONSOLE ONLY PARTIALLY CORRECT.
IN ARY CASE, PRTACONS PRINTS EXACTLY WHAT APPEARS IN
THE CONSOLE FILE.

IF A USER DIALS BACK INTO THE SYSTEM BEFORE HIS
JOB IS COMPLETED HE WILL RECEIVE A RECONNECT
MESSAGE. IF THIS HAPPENS THEWN HE MUST TYPF ...

TERM APL ON ATTN OFF LIRESIZE 255
CP SET TIMER REAL

CP SET EMSG OFF

CP SET IMSG OFF

SP CON STOP CLOSE

BEGIR

THIS FUNCTION IS PROVIDED TO FPACILITATE THE USE OF
AUXILIARY PROCESSOR 111, THE FILEDEF I/0 PROCESSOR,
IT WILL ISSUE APPROPRIATE CMS FILEDEF COMMANDS, GIVE
VARIABLES A CORRECT INITIAL VALUE, AND OFFER THEM T0O
THE PROCESSOR. IT IS USED IN THE FORM ...

a FAO w

o IS A NAME T0O BF USED FOR THE RECORD VARIABLE. aC



WILL ALS0 BE ESTABLISKEED AS A CONTROL VARIABLE FOR
THE DATA SET AND o« WILL BE THE FILEDEF DD-NAME,

w MAY BE ANY OF THE FOLLOWING: PRINTER, PUNCH,
READER, TERMINAL, OR DUMMY (IT MAY ALSO REFER
TO DISK FILES AS WILL BE DISCUSSED LATER). THUS ...

CARD FAO RFEADER

WILL ESTABLISH CARD AS A SHARED VARIABLE WHICH
WILL GET RECORDS FROM THE VIRTUAL CARD READER AND
CARDC AS A SHARED VARIABLE WHICH WILL TRANSMIT
CONTROL INFORMATION, SUCH AS AN EOF CONDITIONW.
w MAY SPECIFY A CONVERSION OPTION BY APPERNDING
THE AP111 OPTION. THE DEFAULT CONVERSIONS ARE ...

PRINTER (370
PUNCH (370
READER (370
TERMINAL (APL
DUMMY (VAR

CMS DISK FILES MAY BE ACCESSED BY USING AN w RAVING
THE FORM ...

DISK KAM (CVT FMT MOD

DISK IS ACTUALLY THE LETTERS DISK; TRE OTHFR WOPDS
REPRESENT ARGUMENTS. THE NAM (CVT ARGUMENT

IS EXACTLY THE SAME AS IN TRE INITIAL VALUES

OF VARIABLES OFFERED TO AP110, THE CMS DISK

I/0 PROCESSOR. FMT SPECIFIES THE FORMAT AS Fp

OR Vp WHERE p REPRESENTS THE LENGTH OF THE DATA
(FAO WILL AUTOMATICALLY ADD THE POUR BYTE OVERBEAD
FOR VARIABLE FORMAT RECORDS). FMT DOES NOT NEED 70O
BE GIVEN; THE DEFPAULT IS V796 AND IN ARY CASE, IF
THE FILE ALREADY EXISTS, THE TRUF CHARACTERISTICS
WILL BE USED., MOD SPECIFIES THAT A FILE IS TO BE
MODIFIED AND THUS THE RECORD POINTER SHOULD BE SET
AT THE END OF THE FILE; THE LETTERS MOD MUST BE
USED FOR THIS OPTION. THE OPTIONS FOLLOWING THE (
MAY OCCUR IN ANY ORDER,

ROTES :

1. THE FIRST WORD OF w IS DECODED BY LOORING AT ONLY
THE MINIMAL AMOURT. THUS THE USER MAY USE R (OF
EVEN REALLY?) PO INDICATE THE READER. SIMILARLY
PRINTER MAY BE SHORTENED TO PR,



2, THE NAME o MUST BE DIFFERENT FROM RAMES USED BY
THE FAa0 FURCTIOR. TRIS PUNCTION USES VARIABLE
NAMES CONSISTING OF A SINGLE UNDERLINED LETTER.
ITS LABELS ARF ALL THREE UNDERLINED LETTERS ARD
THE ONLY PUNCTION IT REFPEREWCES IS PARSEA.

3. IFP THE DISK OPTION IS USED THEN THE PARSEA
FUNCTION WILL BE REQUIRED,

%, IP THE DISK OPTION IS USED THER TRE CMS DISK FILE
CMS EXEC WILL BE CREATED ARD DESTROYED.

5. NO CORRESPONDING CLOSE THE PILE PUNCTIOF IS PROVIDED

SINCE THIS IS MERELY A MATTER OF RETRACTING TRE SHARES.

PARSEAM THIS FUNCTION IS PROVIDED PRIMARILY FOR USE BY THP FAOD

FUNCTIOK, BUT IT MAY BE USED BY OTHERS. IT ACCEPTS A

CHARACTER STRING RIGHT ARGUMERNT AND PRODUCES A CHARACTER
ARRAY, THE ARRAY CONSISTS OF TOKRENS PRON THE STRIRG, ONE

PER ROW. THAE BREAK CRARACTERS ARE BLARE ARD (, PAFE
( IS CONSIDERED A TOKENW.

QT4 THIS FUNCTION CAUSES TIME INFORMATION TO BE TYPED

SLA THIS FUNCTIOR CAUSES THE KEYBOARD TO LOCKUP AND THE USER'S TERMINAL

ON THE TERMIRNAL. THE INPORMATION I'NCLUDES: THE TIME
OF DAY, THE DATE, THE LERGTH OF TIME THE USER HAS
BEEN USIRG THE SYSTEM, THE AMOUNT OF VIRTUAL CPU
TIME USED AND TRE TOTAL CPU TIME USED. TRE CP

QUERY TIME COMMAND IS USED IR THIS FUNCTIORW.

ENTERS A DORMANT STATE DURING WHICH HF WILL ACCUMULATE
NO CPU TIME., SINCE THE KEYBOARD IS LOCRED ARY INCOMING
MESSAGES WILL BE TYPED, AS LONGC AS MSC OFFP IS NOT IN

EFFECT., SINCE THIS PUNCTION USES THE CP SLEEP COMMARD,

THE USER CAN RETURN TO THE APL ENVIROBMENT BY SIGNALLING

ATTERTIORN.



LIB 2 DATACOWN
IBYM DISTRIBUTED

THE FUNCTIORS ON TRYS WORKSPACE ASSIST A USER IN CORNVERTING
SYSTEM/370 INTERNAL DATA FPORMATS TO AND FROM APL CHBARACTERS
ARD NUMBERS.,

THESE ARE SPECIALLY USEFUL FPOR MAWIPULATING PIFRLDS WITHEIN RECORDS
WHICH ARE TRANSFERRED AS ROW BYTES TO ARND FROM ACTIVE APL
WORKSPACES . THIS HAPPENS WITH VSAM FPILES, OR WITH CMS PILES USING
BYTE CON.VERSIOWN

IFP THE FOLLOWING PUNCTIONS ENCOUNTER AN INVALID ARGUMENT, THEY
PRINT A MESSAGE CONSISTING OF THE PUNCTION NAME FOLLOWED BY THE
WORDS 'DOMAIN ERROR®. THEY ‘THEN EXIT WITHOUT ASSICNING A RESULT.
HENCE THE APPLICATION FPUNCTION WILL HALT WITR 4 'VALUE ERROR®
POINTING TO THE DATA COWNVERSIOR FUNCTION WRICH WAS EXPECTED T0O
PROVIDE A VALUE. THE ARGUMENT CAN THEN BFE CHRECKED BY THE
FOLLOWING DEFINITIONS FOR FACH FURCTION.

A+«ECI C (EBCOIC CHARACTERS IN)

'C® IS A CHARACTER ARRAY,

RESULT : A CHARACTER ARRAY OF PTHE SAME SIZE AND SHAPE AS 'C*.
IT CONTAINS THE APL CHARACTERS WRICH ARE EQUIVALENT TO THE
EBCDIC CHARACTERS REPRESERTED IN °C°. TRANSLATIOR IS
PERPORMED USING THE GLOBAL VARIABLE YECT. (*ZCY IS A 256
CHARACTER VECTOR WRICH IF INDEXED WITH AN EBCDIC CODE VALUE
GIVES A UNIQUE APL CHARACTER CODE.)

CeECO 4 (EBCDIC CHARACTERS OUT)

'4° IS A CHARACTER ARRAY,

RESULT : A CHARACTER ARRAY OF PEE SAME SIZE AND SWAPE A4S A4Y,
IT CORTAINS THE EBCDIC CHARACTERS WHICE ARE EQUIVALENT PO
THE APL CHARACTERS IN '4', TRANSLATION I8 PERPORNED USINE
THE GLOBAL VARIABLE v30°,

A-CCYF C (APL/CHS PRPQ CHARACTERS IR

CCY IS A CHARACTER ARRAY,

RESULY : & CHARACTER ARRAY OF THE SAME SIZE AND SHAPE AS SN
IT CORTAIRS ZTHE APL CHARACTERS WHICH ARE FQUIVALENT P TRE
LZ-CODES USED IN THE APL/CMS PRPD WHICH ARE REPRESERTED XN
'C'. THIS FURCPION IS USED WHER READIRG PILES CBEATFED URpER
THE APL/CMS PRPQ, AND WHERE CHARACTER DATA WAS STORED A5
Z-CODES. TRARSLATIOR IS PERFORMED USING THE GLOBAYL, VARIABLE
PCLTRZ® . ("CZTREZY IS A 255 CHARACTER VECTOR WEICE IF ITNDEXED
WITH AR APL/CMS Z-CODE VALUF CIVES 4 URIQUE APL CHARACTER
CODE . )




C«CCO A (APL/CMS PRPQ CHARACTERS OUT)

'A' IS A CHARACTER ARRAY.

RESULT : A CHARACTER ARRAY OF THE SAME SIZE AND SHAPE AS ‘A",
IT CONTAINS THE APL/CMS PRPQ Z-CODES WHICH ARE EQUIVALENT TO
THE APL CHARACTERS IN 'A'. TRANSLATION IS PERFORMED USING
THE GLOBAL VARIABLE ‘CZITRZ'.

P«FI C (FLOATING IR)

'C' IS A CHRARACTER ARRAY, THFE LAST COORDINATE OF WRICH MUST
HAVE A LENGTH OF 4 OR 8., THE LAST COORDIWNATE THUS REPRESENTS
EITHER SINGLE OFR DOUBLE PRECISION SYSTEM/370 PLOATING POIRT
RUMBERS .

RESULT : AN ARRAY OF NUMBERS EQUIVALERT TO THE PLOATING POIRT
REPRESERNTATIORS IN °C*. THE RARK OF *FY IS ONE LESS THAN THE
RARK OF ‘¢,

pFes"14pC

C+«FO F (FLOATING 0OUT)

'F* IS A NUMERIC ARRAY.

RESULT : A CHARACTER ARRAY WHOSE LAST COORDINATE HAS A LENGTH
OF 8, AND WHICH CONTAINS THE SYSTEM/370 DOUBLE PRECISION
FLOATING POINT REPRESENTATIONS OF THE WNUMBERS IN ‘'F°, THE
RANK OF °'C"' IS ONE GREATER THAN THE RANK OF °*F°, IF SINGLE
PRECISION IS REQUIRED THEN DROP THE LAST POUR COLUMNS OF THE
RESULT .

ple>{(pF),8

I«II C (INTEGERS IW)

*C' IS A CHARACTER ARRAY WHROSE LAST COORDINATFE MUST HAVE A
LERGTH OF BETWEEN 1 ARD 7 INCLUSIVFE, AND WRHICH CONTAINS THE
SYSTEM/370 BINARY REPRESENTATIONS OF INTEGERS. TRE LIMIT OF
7 CAARACTERS OR 56 BITS IS THE  MAXIMUM  PRECISTON
REPRESENTABLE IN VS APL,

RESULT : AN ARRAY OF INTECERS REPRESENTING THE BINARY NUMBERS
IN *C*., THE RANK OF "I IS ONE LESS THAR THFE RANK OF (¢,

ples"134pC

C+8 I0 I (TNTEGERS OUT)

'I' IS AN ARRAY OF INTEGERS.

‘N IS AN INTEGER SCALAR NOT GREATER THAN 7. IT GIVES THE
NUMBER OF BYTES IN WHICH EACH INTEGER IS TO BE REPRESENTED,
"N® MUST BE LARGE ENOUGK TO REPRESENT THE LARCEST MAGNITUDE
OF THE IRTEGERS IN 'T',

RESULT : A CHARACTER ARRAY WHBOSE LAST COORDINATE CONTAINS THE
SYSTEM/370 BINARY REPRESENTATIONS OF THE INTEGERS IN TV,



3
©
LS

THE RANK OF 'C°® I8 OFE GREATER TRHAN THE RAFE OP °T°¢,
pCes(pl) N

LeLI € (LOGICAL IR)

'CY IS A CHARACTER ARRAY WHOSE LAST COORDINATE CONTAINS
SYSTEM/370 LOGICAL DATA OR A STRING OF BOOLFAN BITS.

RESULT : A NUMERIC  ARRAY  CONSISTING OF ZER0OS OR ORES
REPRESENTING THE LOGICAL DATA IN °CY., THEF RANX OF °L° IS THE
SAME AS THE RANK OF 'C', BUT TRE LAST COORDINATE OFP L' IS 8
TIMES AS LONG AS THE LAST COORDINATE OF °'C'., A SCALAR VALUE
POR 'C' PRODUCES AN EIGRT ELEMENT VECTOR.

pLe>("14pC) ,8x 141,pC

CeLO L (LOGICAL 0UT)

L' IS A NUMERIC ARRAY CONSISTINGC OF OWLY ZEROS AND OWNES. THE
LENGTH OF IPS LAST COORDINATE MUST BE A MULPIPLE OF 8.

RESULT : A CHARACTER ARRAY WHOSE LAST COORDINATE CONTAINS THR
SYSTEM/370 REPRESENTATION OF THE LOGICAL DATA IN TRE LAST
COORDIRATE OF ‘L', THE RANK OF ‘C* IS PHF SAME AS THE RARX
OF *L°, BUT? TRE LENGTH OF THE LAST COORDINATE OF 'C' IS
ONE-EIGRETH OF THE LENGTH OF THF LAST COORDINATE OF YL,

pCe++("14pL), (T14pC)s8

I«PDI C (PACKED DECIMAL IWN)

'C' IS A CHARACTER ARRAY WHOSE LAST COORDINATE MUST HAVE A
LENGTH OF BETWEEN 1 AND 16 INCLUSIVE, AND WHICH CONTAINS THE
VALID SYSTEM/370 PACKED DECIMAL REPRESENTATION OP INTEGERS.

RESULT : AN ARRAY OF INTEGERS REPRESENTING THE PACKED DECIVAL
RUMBERS IN °C'. THE RANK OF *I' IS ORE LESS THAW THE RANK OF
er.

pI«+"14pC
NOTE THAT IF THE LENGTH OP THE PACKED DECIMAL NUMBERE T2
GREATER THAN S BYTES, THEW A LOSS OF PRECISION MAY RESULT,

C«N PDO I (PACKED DECIMAL OUT)

'I' IS AR ARRAY OP INTEGCERS.

'N' IS AN INTEGER SCALAR NOT GREATER THAN 16. IT GIVES THE
NUMBER OF BYTES IN WHICH EACH INFEGCER IS T0 BE REPRESENTED.
‘N' MUST BE LARGFE ENOUCH TO REPRESENT THE LARGEST MACHNYTUDE
OF THE INTBGERS IN °I°%,

RESULT : A CHARACTER ARRAY WHOSE LAST COORDINATE CONTAINS THE
SYSTEM/370 PACKED DECIMAL REPRESENTATIONS OF TRE INTECERS IW
"I'., THE RANK OF 'C*® I5 ONE CREATER THAW THE RANEK OF 'I°,

pCes{pl) N

"DATACVGP' IS THEE NAME OF TRE GROUP CONTAIRING THE OBJECTS
RELATED TO SUPPORT OF CORVERSIOR OF SYSTRM/37T0 YRNTPERWAL DATA
FORMATS




LIB 2 PRIRT
IBM DISTRIBUTED

THIS WORKSPACE (2 PRINT) CONTAINS PROGRAMS FOR TRANSMITTING APL
PROGRAMS ARD DATA TO THE OFFLINE PRINTER USING THE APL PRINT PTRAIN.
THESE PROGRAMS ARE ORGANIZED S0 THAT YOU CAN EASILY MODIFY THEM PO
SUIT YOUR SPECIFIC NEEDS. THE PRINCIPAL FPURCTIONS ARE ‘PRIRT®
WRICH PRINTS TEXT, AND 'PRINTF' WHICH PRINTS FUNCTIORS.

THERE ARE TWO APL PRINT TRAINS AVAILABLE., TRAIN NUMBER RPQ-S00232
CONTAINS THE APL CHARACTER SET PLUS SOME SPECIAL NOW-APL CHARACTERS
AND PRINTS AT A FASTER RATE. TRAIN NUMBER RPQ-500233 CONTAINS, IN
ADDITION TO THIS, UPPER AND LOWER CASE ROMAN LETTERS. TO USE THESE
TRAINS IT IS NECESSARY TO LOAD THE PRINTER CONTROL BUFFER WITH THE
PROPER CONTROL PATTERNWNS. THIS FUNCTIOR IS CARRIED OUT BY THE
MACHINE-ROOM OPERATOR WHEN HE MOUNTS THE PRIKNT TRAINW. THE
NECESSARY CONTROL PATTERNS ARE GIVER IN 'UCSPULL® ARD ‘'UCSFAST:.

ARNYTHING THAT CAR BE PRINTED ON THE FAST TRAIN CAR ALSO BE PRINTED
ON THE FULL TRAIN.

THIS WORKSPACE CONTAINS EXTENSIVE DESCRIPTIVE MATERIAL, INCLUDING
PROGRAMS FOR PUNCHING THE BUFFER LOAD IF THAT IS DESIRED, AND A
COMPLETE DESCRIPTION OF THE ENCODINGS OF EACH OF THE CHARACTERS

(IN THE VARIABLE 'HOWENCODED'). THESE ARE NOT NEEDED FOR OPERATION
OF THE WORKSPACE, AND IT IIS RECOMMENDED THAT THEY BFE ERASED (BY
THE COMMAND °)ERASE DESCRIPTIVE') BEFORE USING THE WORKSPACE, AND
BEFORE RUNNING THE TEST PROGRAM ‘VALIDATE®.

THE PROGRAMS AND VARIABLES NEEDED TO USE THE PRINT FUNCTIONS ARE
GROUPED UNDER THE NAME ‘PRINTER® AND MAY BE COPIED INTO A WORKSPACE
FOR USE.

I PRIRT M

PRINTS THE DATA IDENTIFIED IN THE RIGHT ARGUMENT M ACCORDING TO TRE
MODE CONTROL CONTAINED IN THE LEFT ARGUMENT I.

THE VALUE OF THE OBJECT (OR EXPRESSION) NAMED IF EACH ROW OF
M IS PRINTED. IF A ROW OF M IS RNCLOSED IN QUOTES, THEN TH® TRYT
WITHIN THE QUOTES IS PRINTED. FOR EXAMPLE, IP M IS THE MATRIY

CPEXT
TEZT
o TEXT

THEN THE EXPRESSION 1 PRINT M WILL CAUSE PRINTING FIRST OF A LINE
CONTAINING THE FOUR CHARACTERS TEXT®, THEN A DISPLAY OF WHATEVER




VALUFE THE VARIABLE TEXT WOW HAS, AWND FINALLY A LIRE CONTAINING THE
CHARACTERS THAT REPRESENT THE LENGTHK OF THE VARTABLE TEXT.

ALTERNATIVELY, INSTEAD OF A MATRIX OF SUCCESSIVE ITEMS, THFE
RIGHT ARGUMENT M MAY BE A CHARACTER VECTOR IN WHICR THE SUCCESSIVE
ITEMS ARE SEPARATED BY THE DELIMITING CHARACTER (THE VALUF OF THF
GLOBAL VARIABLE DELIM). HENCE THE SAME RESULT COULD BE PRODUCED
BY THE EXPRESSIOR

1 PRINT '"°°'TEXT'';TEXT;pTEXT?

THE DELIMITER COULD BE A SPACE... BUT IN THAT CASE, OF COURSF,
NO ITEM COULD CONTAIN A BLANK SPACE WITHIN IT.

THE LEFT ARGUMENT I SHOWS THFE MODE-SWITCHING CHARACTER.
IF MODE-SWITCHING IS NOT REQUIRED, THE LEFT ARGUMENT SHOULD BF
A RUMERIC 1, AS SHOWN IN THE PRECEDING EXAMPLES.

IF THE LEFT ARGUMENT IS A CHARACTEPR, WHENEVER THAT CHARACTEP
IS ENCOUNTERED IN THE COURSE OF PRINTING, THE CURRENT MODE WILL
BE REVERSED. THE MODE IS INITIALLY APL,

IF THE LEFT ARCUMENT CONTAINS TWO ELEMERNTS, THE ITEMS TO
BE PRINTED ARE SORTED INTO ALPRABETICAL ORDER BEFORE PRINTING.
IT DOESN'T MATTER WHAT VALUE THE SECOND ELEMENT HAS.

CHARACTER DATA PRINTED BY THE PRINT FUNCTION MAY CONTAIN
THE BACKSPACE CHARACTER (PRESENT IN THE WORKSPACE AS THE GLOBAL
VARIABLE BSP). BY INSERTIRG BACKSPACES, YOU MAY CAUSE A GIVEW
PRINT POSITIOR TO BE PRINTED TWICE (BUT NOT MORE). BACKSPACING
PAST THE BEGINNING OF A LINE IS IGNORED. TRE USE OF EXPLICIT
BACKSPACES IS REQUIRED ONLY TO FORM CHARACTERS NOT PART OF THFE
APL CHARACTER SET; BACKSPACING TO FORM STANDARD CHARACTERS,
SUCH AS ® OR ¢, IS PROVIDED AUTOMATICALLY BY TRE PRINT FUNCTION,
NOTE HOWEVER THAN IN TEXT MODE SOME OF THESE CHARACTERS ARFE
USED TO PRODUCE SPECIAL SYMBOLS SUCH AS THFE DOLLAR SIGK,
THE POUND SIGN, AND S0 OW.

THE GLOBAL VARIABLE WIDTH ESTABLISHES THE LONGRST LINE 70
BE PRINTED, JUST AS [UPW DOES IN DISPLAY TO THF TERMINAL. THE
MAXIMUM PRINTING WIDTH PRYSICALLY AVAILARLE IS 130 CHARACFERS.
LINES EXCEEDING THAT LENGTR ARE FOLDED, WITHR THE CORTIRUATION
INDERNTED BY SIX SPACES.

IN THE SCRIPT MODE THE MAPPING IS AS POLLOWS:
A-Z MAPS INTO LOWER CASE ROMAN A-Z2 @ MAPS TO PERCENT-SIGHN
A-7 MAPS INTOC UPPER CASE ROMAN A-Z ™ MAPS TD POURD-SICN
® MAPS TO AT7-SIGR
' MAPS TO QUOTE
MAPS TO LAMBDA

c MAPS TO CENT~SIGHN
* MAPS TO AMPERSAND

&




& MAPS TO DOLLAR-SIGN ¥ MAPS TO LEFT-BUMPER
~ MAPS TO ROT-SIGN & MAPS TO RIGHT-BUMPER
THE REMAINING CHARACTERS MAP TO THEMSELVES,
N PRINTF M :
PRINTS THE FUNCTIONS NAMED IN MATRIX M'. (*M® CAN ALSO BE 4

VECTOR OF NAMES, EACH SEPARATED FROM ANOTHER BY ONF OF MORE
BLARKS.) 'N' CONSISTS OF THREE ELEMENTS.

R[01 = PAGE LENGTE (N[01230)
N(1] = PAGE WIDTH (30sN[11s130) DEFAULTS T0 [PW IF OMITTED .,
N[21 = 0 IF PUNCTIONS ARE TO BE PRINTED IN ALPHABETIC ORDER,

#

0 (DEFAULT VALUE) TO PRINT FUNCTIONS IN THF ORDER NAMED .
YOU WILL BE PROMPTED TO ENTER A ONE-LINE PAGF HEADING. THE ouUrPUT
WILL BEGIN WITH AW INDEX OF THE FUNCTIONS LISTED. THE PAGES WILL
BE NUMBERED. THE NAME OF FACH PUNCTION LISTED WILL BF PRIRTED
FLUSH WITH THE RIGHT MARGIN FOR READY IDENTIFICATION. A FURCTIOR
WILL BE SPLIT ACROSS TWO PAGES ONLY IF AT LEAST 5 LIRES WILL
APPEAR ON BOTH PAGES. THE GLOBAL VARIABLE ‘PSPLIT' CONTROLS THIS.
IT CONTAINS TWO NUMBERS, THE NUMBER OF LINES REQUIRED ON EACH PAGE

BEFORE SPLITTING IS ALLOWED. TO PREVENT SPLITTING OF ANY FURCTIOR
DO 'PSPLIT«100 100°,

THE FOLLOWING GLOBAL VARIABLES PROVIDE PRINT OPTIORS., ASSIGN PTHE
DESIRED VALUES TO THEM PRIOR TO EXECUTING PRINT OR PRINTF,
VARIABLE DEFAULT MEANING

PRINDERT 0 NUMBER OF POSITIONS TO INDENT OUTPUT

PRCLS Z PRINTER SPOOL CLASS

PRCPY 1 NUMBER OF COPIES TO BF PRINTED
FIVE SUB-FUNCTIONS ARE USED BY ‘PRINT® AND "PRINTF®, YOU CAN USE
THESE TO BUILD YOUR OWN PRINTER-WRITING FURCTIORS. THEY ARF
'QPEN', ‘'CLOSE*', 'LINEOUT', 'OUTM®, AND 'ACRY, FACH OF THESE

FURCTIONS RETURRS AN EMPTY VECTOR IF THREY PERFORM WITHOUT ERROR,
AND ISSUE AN ERROR MESSAGE AND RETURN A VALUE OF ZERC IF SOMETHING
GOES WRONG. THE POLLOWING CALL DISCIPLINE IS USUALLY CONVERIENT:

+FURC EXITS FROM TRE CALLER WHEN AN ERROR OCCURS.
»X+FURC BRANCHES TO X ON AN ERROR CONDITION.

2+QPEN

QPEN INITIALIZES A VIRTUAL PRINTER NAMED ‘APLPRTY T0 RECRIVE YOUR
oUTPUT. IT THEN INITIATES SHARING OF VARIABLES POMEY  (CMS
COMMUNICATION), "OUTLINE® (THE OUTPUT RECORD VARTABLE) AND OUTLC®
(THE OUTPUT CONTROL VARIABLE) WHICH ARF CORRECTED TO ‘APLPRT®,
THESE VARIABLES SHOULD BE DECLARED LOCAL TO TRE CALLER OF ‘QPEN',

Z+CLOSE
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CLOSE DIRECTS THE VIRTUAL PRINTER TO TRANSMIT TO THE OUTPUT CLASS
SPECIFIED BY 'PRCLS' SO TRAT THE MACHINE-ROOM OPERATOR CAR SEND IT
TO THE PRINTER WHEN THE APL PRINT-TRAIN IS INSTALLED, I? THEWN
RETRACTS THE SHARING OF VARIABLES SET Uvp BY QPEWN,. THIS
AUTOMATICALLY RESULTS IN THE CLOSING OF THE VIRTUAL PRINTEFR. IF
ALL GOES WELL IT TYPES A MESSAGE TO YOU THAT THE OUTPUT KAS BEEW
SENT TO THE SPECIFIED CLASS. ONCE TKE PRINTER IS CLOSED, THE
PRINTER CLASS IS RESET T0O A, THE NORMAL CLASS. NOTE THAT YOUR
INSTALLATION MAY HAVE A DIFFERENT PRINTER CLASS FOR APL OUTPUT. IF
§0 YOU WILL HAVE TO MODIFY 'CLOSE* ACCORDINGLY.

Z«M LINEOUT L

LINEOUT ACCEPTS A VECTOR, ‘L' TRANSLATES IT TO THE PROPER OUTPUT
CODES ARD SENDS IT T0O ‘THE PRINTER. LINEOUT PERFORMS MODE
SWITCHING, BACKSPACE CHARACTER INTERPRETATION, AND LINE POLDING.
THE ARGUMENT ‘'M' IS THE MODE SWITCH CHARACTER. IF 2=pM A PAGE
EJECT IS FORCED., NOTE THAT IT IS THE RESPONSIBILITY OF THE CALLER
OF 'LINEOUT® TO MAINTAIN LINE COUNTS FOR °"AUTOMATIC' PAGE EJECTION.

LINEOUT® REFERS TO THE GLOBAL VARIABLES YALFA® AND °TRA®, THE
VECTOR ALFA CONTAINS ALL CHARACTERS THAT THE PRINTER PROGRAM
RECOGNIZES. THE ENCODING FOR EACH IS SHOWN IN MATRIX IkA. TO PIRD
THE ENCODING USED FOR A PARTICULAR CHARACTER X, FIND ITS POSITIOR

IN THE REFERENCE VECTOR ALFA, AND USE THAT PO SELECT A COLUMN FROM
IRA :

TRAT sALFPA X1
ROWS 0 AND 3 OF TRA SHOW THE ENCODING USED FOR THE NORMAL MODE, AWD
ROWS 1 AND 3 SHOW THE ENCODINGS USED FOR THE ALTERWATE OR TEXT
MORE. THE CODE 64 INDICATES A BLANX. FOR EACH CRARACTER THAYT
REQUIRES NO OVERSTRIKING, THE COMPANIOR CODE WILL BF 8&u,

TRE TABLE MAY BF EXAMIRED BY DISPLAYING

(1354ALFA) , vQTRA

NOTICE THAT THE LAST COLUMN OF LRA CONTAINS THE DRFAVLT CODES TO BF
PRINTED FOR ANY CHARACTERS TEAT CANNOT BF FPOURD IN ALFA,

L+0UTH M
OUTM PUTS OUT MULTIPLE LINES OF TEXT IW THE YAPL® MODE, 7 WILL
ACCEPT A TEXT VECTOR OF CHARACTEER ARBAY OF ANY DIMERSTON, IT

DOES BOT HANDLE BACKSPACE CHARACTERS, MODE-SWITCHING OF LIWE
POLDING. (NORMAL APL OVERSTRUCK CHARACTERS SUCK A8 & ARE 0K,
LINES THAT ARE TOO LONG ARE TRUNCATED. IT DORS, HOWEVER, SUPPOBRT
PAGINATION, TAKING ITS DIRECTION PROM FOUR GLOBAL VARIARLES, "7+,
'St, YI', AND 'W', ‘T IS THE PACE HEADING ARD *S8' IS THE PAGK
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NUMBER. 'N' IS THE PAGE LENGTH, AND 'I' CONTAINS THE NUMBER OF
LINES REMAINING AVAILABLE ON A PAGFE, IF I=N+1 IT WILL CAUSF A
PAGE EJECT. IF I=N-1 IT WILL CAUSE A DOUBLE SPACFE BFFORE PRINTING
THE FIRST LINE OF 'M',

Z+«F ACR V \
ACR FORMATS THE FUNCTION NAMED IN V' INTO A MATRIX (RFTURNED IR —
'2'). THE FORMATTING IS LIKE TRAT PERFORMED BY THE APL EDITOR g
(OPENING AND CLOSING vV AND (.,.] LINE NUMBERS ARE APPERDED). °'N?®
SPECIFIES THE WIDTH (N230) WHICH MUST NOT BE EXCERDED. LINES ARFE
FOLDED AND INDENTED 6 CHARACTERS IF THEY EXCEED THIS WIDTH. TRE
OUTPUT WILL NOT BE ANY WIDER THAN NECESSARY HOWRVER.



LIB 2 VSAMFNS
IBM DISTRIBUTED

THIS WORKSPACE CONTAINS FUNCTIORS THAT SUPPORT THE ACCESS
OF EXTERRAL VSAM FILES.

THE FUNCTIORS ARE DESIGNED TO MEET THE MOST COMMOR NEEDS
AND THUS MAY NOT SERVE A PARTICULAR USERS REQUIREMENT.

FOR THIS REASOR NO FUNCTION IS LOCKED ARD, IF NECESSARY,
A USER MAY MODIFY A FUNCTION TO BETTER SUIT HIS PROBLEM.

ALTHOUGH THEY WILL SERVE MOST NEEDS WITHOUT ALTERATION, THESE
FUNCTIONS SHOULD PROPERLY BE THOUGHT OF AS MODELS TO BE USED AS
ONE SEES FIT. FOR EXAMPLE, THEY MAY WNOT INSPECT ARGUMENTS FOR
SHAPE, TYPE, ETC. IF THE USER WISHES SUCH DIAGNOSTICS HE MAY
ADD THEM HIMSELF,

FOR ENTRY SEQUENCED AND KEY SEQUENCED VSAM FILES, PUNCTIORS
ARE PROVIDED FOR SEQUENTIAL READING, DIRECT READING, WRITING,
AND UPDATING. RECORDS APPEAR IN THE APL WORKSPACE AS CHARACTER
VECTORS WHOSE ELEMENTS ARE AN EXACT COPY OF THE BYTES OF TEE
VSAM RECORDS. OTHER FUNCTIONS ERASE RECORDS AND POSITIOR A
POINTER FOR THE START OF SEQUENTIAL OPERATIORS.

~USING INFORMATION

USE FR

"FN' IS A CHARACTER VECTOR CONTAINING A FILE WNAME.

RESULT : THERE IS FO EXPLICIT RESULT. THE CONTENTS OF 'FN' ARE
STORED IN THE GLOBAL VARIABLE 'FN' AND THUS THE REFERENCED
FILE BECOMES THE CURRENTLY SELECTED FILE. APPLICATIONS
INVOLVIRG MULTIPLE FILES CAN USE THIS FURCTION BETWEEN USES
OF FILE ACCESS FURCTIONS.,

R+VREAD

RESULT : THE EXPLICIT RESULT IS TRE RETRIEVED RECORD WRICH IS
ALWAYS AR APL CHARACTER VECTOR. THE CURRENTLY SELECTED FILE
(AS DEFINED IN 'FN') IS OPENED FOR READING (IF ROT ALREADY
OPEN). THE NEXT RECORD IN SEQUENCE IS READ. WHEN PIRST
OPENED THE NEXT RECORD IS THE FIRST RECORD. THE POSITION OF
THE NEXT RECORD IN A KEY SEQUENCED FILE CAN BE CHANGED BY
USE OF THE ‘VPOSITIOR', ‘VGET®, ‘VGETHOLD® OR YVSET®
FUNCTIONS. IF THE RESULT IS AN EMPTY VECTOR THEN THE END OF
FILE HAS BEEN REACHED AND THE FILE IS CLOSED. TC CLOSE THE
FILE PRIOR TO REACHING THE ERD, USE THE PUNCTION ‘CLOSE".

Re«VREADHOLD




SIMILAR TO °'VREAD' EXCEPT THAT THE FILFE IS OPENED FOR UPDATE,
"VREADHOLD' IS USED IN CONJUNCTION WITH 'VSET' FOR UPDATING
EXISTING RECORDS IN A FILE.

R+VGET KEY

'KEY' IS A CHARACTER VECTOR CORTAINING THE VSAM KEY FOR THE
DESIRED RECORD. THE KEY MUST MATCH THE KEY LENGTE OF THE
DEFINED FILE. IT IS CONSTRUCTED VUSING NAV OR THF DATA
CONVERSION FUNCTIONS IN THIS WORKSPACE AS APPROPRIATE SO IT
MATCHES THE BIT PATTERN OF THE KEY IN THE FILE,

RESULT : THE EXPLICIT RESULT IS THE RETRIEVED RECORD WHICH IS
ALWAYS AN APL CHARACTER VECTOR. THE CURRENTLY SFLECTED FILE
IS OPENED FOR READING (IF NOT ALREADY OPER)., IT MUST BE A
VSAM KEY SEQUENCED DATA SET,.

Re«VGETHOLD KEY

SIMILAR TO 'VGET' FEXCEPT TRAT THE FILE IS OPENED FOR UPDATFE.
'VGETHOLD® IS USED IN CONJUNCTION WITH ‘VSET® FOR UPDATING
EXISTING RECORDS IN A FILE.

VSET A

‘A" IS A CHARACTER VECTOR AND REPRESENTS THE RECORD TO BE
WRITTEN INTO THE FILE. FOR AN ENTRY SEQUFNCED FPILE THE
RECORD IS ADDED TO THE END OF THE FILE. FOR A KEY SEQUENCED
FILE THE KEY MUST BE APPROPRIATELY IMBEDDED IN THE RECORD.
NO TRANSLATING IS PERFORMED AND ‘A" MUST RE CONSTRUCTED
USING THE DATA CONVERSION PUNCTIONS AS APPROPRIATE,

RESULT : THERE IS NO EXPLICIT RESULT. THE CURRENTLY SELECTED
FILE IS OPENED FOR WRITING (IP NOT ALREADY OPEN FPOR WRITING
OR UPDATIRG). THE CONTENTS OF ‘'A% ARE WRITTER INTD THFE
CURRENTLY SELECTED FILE. IF UPDATING AN EXISTING RECORD THEY
THE PREVIOUS OPERATION MUST RAVE BEEN A4 ‘VREADWOLD' 0F A4
‘VGETHOLD® OF THFE SAME RECORD., IF UPDATIRG A¥ ERTRY
SEQUENCED FILE, TRE NEW RECORD MUST NOT BF LONGER YHAN THE
RECORD BEING REPLACED.

VERASE KEY

‘KEY® IS A CHARACTER VECTOR CONTAINING THE KEY OF TRE RECORD
TO BE EFRASED.

RESULY : THERE IS NO EXPLICIT RESULT. PTRF CURRENTLY SELECTED
FILE IS OPENED FOR UPDATING (IF NOT ALREADY OPER POR
UPDATING). THE REFERENCED RECCRD IN THFE CURRENTLY SELECTED
VSAM KEY SEQUENCRD FILE IS ERASED,

VPOSITION KEY
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'KEY' IS A CHARACTER VECTOR CONTAIRING TRE KEY OF THE CROSEW
RECORD. IF 'KEY® IS AN EMPTY VECTOR THEN THE FIRST RECORD IR
THE FILE IS SELECTED.

RESULT : THERE IS NO EXPLICIT RESULT. THE CURRENTLY SELECTED
FILE IS OPENED FOR READING (IFP NOT ALREADY OPEN). A POINTER
IS SET AT THE BEGINNING OF TRE SELECTED RECORD AND PROVIDES
A STARTING POINT FOR THE KNEXT SEQUENTIAL READ OPERATION.

‘‘‘‘‘‘‘ CLOSE
RESULT : THERE IS NO EXPLICIT RESULT. THF CURRENTLY SELECTED
FILE IS CLOSED AND ITS ASSOCIATED SHARED VARIABLES EXPUNGED.

'VSAMGP® IS THE NAME OF THE GROUP CONTAINING OBJECTS RELATED TO
SUPPORT OF EXTERNAL VSAM FILES.

'READVSAMGP® IS THE NAME OF THE GROUP WHICHE IS A SUBSET OF
‘VSAMGP' AND WHICH CONTAINS OBJECTS NEEDED FOR READ ORLY
ACCESS TO EXTERNAL VSAM FILES.

IP AN ERROR CODE (OTHER THAN ZERO) IS RETURNED FROM AUXILIARY
PROCESSOR WO. 123, THEN THE APPROPRIATE ERROR MESSAGE IS PRINTED,
AND EXECUTION IS TERMINATED WITH A 'SYNTAX ERROR' IN THE FPUNCTION
'CHK®. IT IS RECOMMENDED THAT ‘CHK' BE LOCKED IN ACTUAL USF SO A
‘DOMAIN ERROR® WILL POINT TO °'CHK'.

AN OPTION IS PROVIDED WHERE IF THE VARIABLE ‘CLEARSW' IS SET
TO 1 INSTEAD OF O, THEN AFTER PRINTING THE AUXILIARY PROCESSOR
ERROR MESSAGE, THE STACK WILL BE CLEARED AND ALL NON-SHADOWED
SHARED VARIABLES RETRACTED, WITHOUT ANY SSYNTAX' OF ‘DOMAIN®
ERRORS .

SPECIAL HANDLING OF SELECTED ERRORS

AROTHER OPTION PROVIDES FOR APPLICATIONS PO HANDLE SELECTED
ERROR RETURN CODES BY SPECIAL PROGCRAMMING WITHOUT PHE PUNCTIONS
PRINTING ANY ERROR MESSAGES AND WITHOUT SUSPENRDING EXECUTION.

O USE THIS FACILITY THE APPLICATION SHOULD INSERT INTO THE

GLOBAL VARIABLE ‘'PCQDES® A NQN-EMPTY VECTOR OF AP RETURN CODES

WHICH THE APPLICATION WILL HANDLE BY SPECIAL PROGRAMMING. THE

ACTUAL RETURN CODE GIVEN BY THE AUXILIARY PROCESSOR CAN ALWAYS BF

) FOUND IN TRE GLOBAL VARIABLE °‘RCODE' WRICH CAN BE REFPERENCED BY

¢ THE APPLICATION. ‘'RCODE' ALWAYS CONTAINS EITHER A ZERO, A RETURR

- CODE PROM ‘PCQDES' OR ONE OF THE RETURN CODES HARDLED WITHIN TRE
WORKSPACE FUNCTIONS (SUCH AS THE END OF FILE CODFE).

NOTE THAT A RETURN CODE FROM THE EXTERNAL VSAM AUXILIARY
PROCESSOR CONSISTS OF A TWO ELEMENT VECTOR. SUCH A RETURK CODE rs




REPRESENTED IN ‘PCODES®' BY A SINGLE INTEGER OBTAINED BY ADDING

THE SECOND ELEMENT TO 100000 TIMES THE FIRST ELEMENT (I.E. BY
100000401 C2).

IF ANY PUNCTION RECEIVES A RETURN CODE FROM THE AUXILIARY
PROCESSOR WHICH IS CONTAINED IN ‘PCODES® THEN THAT FUNCTION
TERMINATES WITH THE ACTUAL RETURN CODE IN 'RCODE'. POR FUNCTIONS

WBRICH GIVE AN EXPLICIT RESULT, THAT RESULT WILL BE THE EMPTY
VECTOR.

THE DEFAULT VALUE OF ‘PCODES® IS ANY IMPOSSIBLE VALUE SUCH AS
T1. BE CAREFUL NOT TO INCLUDE A ZERO IN ‘PCODES' UNLESS FOR A

VERY SPECIAL REASON. ALSO ‘'PCQDES® SHOULD NEVER CONTAIN THE EMPTY
VECTOR.
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LIB 3 APLDOC

15/5/78

P.PALAMIDESE

THIS WORKSPACE CONTAINS FUNCTIONS WHICH PROVIDE

YOU WITH THE COMPLETE DOCUMENTATION OF THE APL PUBLIC
LIBRARIES AVAILABLE AT CNUCE,

YOU HAVE AT DISPOSAL THE FOLLOWING COMMANDS :

HELP

LISTS ALL AVAILABLE COMMANDS IR WS 3 APLDOC
AND THEIR OPTIONS )

LIBS

LISTS ALL IMPLEMENTED LIBRARIES WITH A FEW
WORDS OF DESCRIPTIONWN

LIB N
LISTS ALL WORKSPACES IMPLEMENTED IN LIBRARY N

TYPE LIBNUM WSNAME [ (ABS|ALL]

PRINTS OUT ON YOUR PERMINAL THE FULL DOCUMENTATION

OF WS LIBNUM WSNWAME IP (ALL SPECIFIED,0THERWISE

ONLY A FEW WORD OF DESCRIPTION ARE PRINTED. THE SYSTEM
PRINTS ONE PAGE AT A TIME (FIFTY LINES) AND STOPS. ENTER
AN EMPTY LINE T0 CONTINUE EXECUTION.

THE DEFAULT OPTION IS (ABS.

PRINT LIBNUM WSNAME

PRINTS OFFP-LINE THE DOCUMENTATION OF
THE WORKSPACE LIBRUM WSNAME

PRINT LIBRUM

PRINTS OFF-LINE THE FULL DOCUMENTATION OF
LIBRARY LIBRUM

PRIBT ALL

PRINTS OFF-LINE ALL THE IMPLEMENTED
DOCUMENTATION OF THE APL PUBLIC LIBRARIES

ERD [APLICHS]

THIS COMMAND IS USED TO EXIT FROM THE
APLDOC EWNVIRORMENT AND TO GO IN THE

APL ENVIRORMERT OR IN THE CMS ENVIRONMENT
DEPENDING ON THE OPTION CHOSEN, THE
DEFAULT OPTION IS APL,



LIB 3 APLERF
G.FIORIO, IEI, PISA

THE FUNCTIORS ERF ARD ERFC COMPUTE THE ERROR PURCTIOR ARD
THE COMPLEMENTED ERROR FUNCTION EXACT T0 AT LPAST 1iu
SIGNIFICANT DIGITS.

THE ARGUMERNT X IS ARY SCALAR, VECTOR OR MATRIX OF ANY RAREK,
THE EXPLICIT RESULT RAVING THE SAME STRUCTURE AS THE ARGUMENT.
THEY EMPLOY THE VARIABLE RPe«+$+(01)+,5 AND THE AUXILIARY
FUNCTIONS SERF OR EXERFC DEPENDING ON TRE VALUE OF THE
ARGUMENT IN ORDER TO MINIMIZE THE ERROR.

SINCE THE MAGNITUDE LIMITATION IS ABOUT S.BE" 79, ERPC X IS
SET EQUAL TO ZERO IFP X213.306. HOWEVER IP (2XxX)xERFC X
REEDS TO BE COMPUTED POR X>13, USE EXERFC DIRECTLY.

SYNTAX DESCRIPTIOR

Z+«ERF X COMPUTES ERP X

Z+ERFC X - COMPUTES 1-ERF X

Z+SERF X COMPUTES (ERP X)x,5%(01)¢.5 BY MEANS OF THRE

ALTERRATE SIGNS SERIES UNTIL THE TERMS BECOME
LESS THAW 3E~ 17 TIMES THE PARTIAL SUM

2+<REL EXERFC X COMPUTES (ERPC X)x(2XxX)x(01)e.5 BY MEANS OP
THE CONTINUED FRACTION UNTIL TWO SUCCESSIVE
CONVERGENTS DIFFER BY A FRACTIOWN LESS THAN REL

LIB 3 CETEST
IBM DISTRIBUTED

THE FUNCTIORS IN TRIS WORKSPACE MAY BE USED TO EXERCISE TERMIRALS SUPPORTED
BY VSAPL.

A LIST OF ALL FUWNCTIORS PROVIDED ARD A SAMPLE EXECUTIOR OF BACH IS OBTAINED
BY FYPIRG
TEST

EACR PUNCTION LISTED BY TEST TAKES AN INTEGER ARCUMENT CIVING THE WUMBEP
IIMES THE TEST IS TO BE REPEATED. FOR EXAMPLE, /
FIVE BACKSPACE TESTS -

BST 5



LIB 3 XREF
IBY DISTRIBUTED

THIS WORKSPACE CONTAINS AN APL PROGRAM CROSS-REFERENCER (GROUP
XREFER) AND TWO APL PROGRAM LISTERS (GROUP LISTER).

CROSS~-REFERENCE FUNCTIONS:

XREFO INITIALTZE CROSS REFERENCE TABLES

XREF ADD CROSS REFERENCE INFORMATIOR

LISTREF LIsr CROSS REFERENCE INFORMATIOR ABOUT
FUNCTIONS AWND GLOBAL VARIABLES

LIS?TL LIST CROSS REFERENCE INFORMATION AROUT LOCAL
VARTABLES AND TAGS

SHOWREFS PRODUCE FOR DISPLAY A COMPLETE CROSS REFERENCE
MATRIX

TURNR TRANSPOSE THE DISPLAY MATRIX

UNREF REMOVE RAMES FROM THE CROSS REFERENCE
INFORMATION

CLEARREF REMOVE UNREFERENCED VARIABLES FROM THE CROSS
REFERENCE DATA

STATS DISPLAY STATISTICS ABOUT THE PROGRAMS BEING
CROSS REFERENCED

TOPO DISPLAY THE TOPOLOGICAL RELATIONSHIPS AMOWNG
THE PROGRAMS

BROWSE BROWSE A FUNCTION LOOKING FOR VARIOUS PATTERNS

AND DISPLAYING THE LINES CONTAINING THEM
LISTER FUNCTIONS:

LISTF LIST ORE OR MORE APL PROGRAMS
MAGC LIST APL PROGRAMS IN A FORMAT FPOR MAGNETIC CARDS

~USING INFPORMATION

XREF wo: COLLECY CROSS-REFERENCE IRNFORMATIOR ABOUT
FUNCTIONS LISTED IN w. a CAN BE NAMEL KAME?2 RAME3 ,.. ' OR
A MATRIX OF NAMES (AS PRODUCED BY YNOWFL 3%), RECOMMENDED USE
IS AS FOLLOWS:
AXXNL 3
JCOPY 3 XREF XREFPER
AREF XXX

AS PROCESSING PAKES PLACE THE FPUNCTION WAMES WILL BF PRINTED
AND YOU WILL BF INFORMED IFP TRERE ARE ARY UNREFERENCED LOCAL
VARITABLES

a CAN ALSO TAKE THE FORM '+NAMEL WAME? NAMEZ ...t IN WEICH
CASE THE FUNCTION 'NAMEL' WILL BFE ASSUMED TO REFERENCE RAME?
ETC. THIS IS USEFUL WHER YOUR PROGRAMS REFER TO VARIABLES OF




OTHER FUNCTIORS INDIRECTLY THROUGH THE EXECUTE (&) OPERATOR
OR THROUGH (: IRPUT, '

XREF CAR BE USED REPEATEDLY TO ADD PO INFORMATION ALREADY
COLLECTED, AND YOU CAN RE-CROSS-REFPERENCE A PURCTION APTER
YOU HAVE CHANGED IT. PHE DATA THAT HOLDS PHE CROSS REFERENCE
INFORMATION IS GROUPED AS ‘XDATA', YOU CAN RESET THIS DATA
EXPLICITLY BY USIRG THE FUNCTIOR 'XREFOt (IT HAS WO
ARGUMERTS) .

a LISTREP w: LIST GLOBAL VARIABLES AND TREIR REFERENTS
(LIST a) ARD LIST PUNCTIONS (LIST w), THEIR HEADER LINES,
GLOBAL VARIABLE ARD PUNCTION REPERENCES, AND THE FUNCTIONS
THAT CALL TREM., THE LISTS @« AND w CAN BE A QUOTED LIST OF
FAMES -- 'NAME1 NAME2 ... EPC.*, OR THE WORDS ‘'ALL® OR
‘NORE'. IF YOU USE "ALL® THE VARTABLES AND FURCTIORS WILL BE
LISTED IN ALPHABETICAL ORDER. OTHERWISE THEY WILL BFE LISTED
IR THE ORDER YOU GIVE,

STATS : REPORT STATISTICS ABOUT THE PROGRAMS
CROSS-REFERENCED .

@ LISTL w: LIST LOCAL VARIABLES ARD THEIR USACE. a IS
THE LIST OF LOCAL VARIABLES (THOSE APPEARING IN THE FURNCTION
HEADER) . w IS THE LIST OF LINE LABELS (THOSE APPEARING
PRECEDIRG A COLON IN SOME PUNCTION LIFRES)., AS WITH LISTREF w
ARD w CAN BE QUOTED LISTS OF NAMES, OR CAN BF THE WORDS YALL"®
ARD NORE®,

M-SHOWREFS 3 PRODUCE A CROSS-REFERENCE MATRIX AND RETURN
IT AS A VALUE. THE VALUE RETURNED WILL BE A CRARACTER MATRIX
WITH ALL WAMES USED IN THE PROCRAM LISTED DOWR ONE SIDE, ARD
THE FUNCTION WAMES LISTED ACROSS THEE TOP, (THESE WILL BFE
DENOTED BY °"N' AND °P' RESPECTIVELY.) ENTRIES IN THF MATRIX
DENOTE WHICH HNAME IS REPERENCED BY WHICH PUNCTION. TRE PYPES
OF REFPERENCE ARE IRDICATED AS POLLOWS:
G: GLOBAL REFERENCE
L: LOCAL REPERENCE
F: TAG (LIFE LABEL)
THE LAST COLUMN IN THE MATRIX WILL CONTAIN A CODE IRDICATING
ALL OF THE WAYS IF WHICR A WAME WAS REVERENCED , THE
FOLLOWIRG CODES ARE USED:
©: ROT REFERERCED BY ANY PUNCTION
T: TAG ORLY
L: LOCAL ORLY
G: GLOBAL ORLY
B: BOTH TAG AFD LOCAL
©: GLOBAL ARD TAG
§: SEMI-GLOBAL (GLOBAIL AKRD LOCAL)
x: GLOBAL, LOCAL, ARD TAG



SHOULD BE IN THE MACHINE, AND SET AY LINE 1 BEFORE YOU
START.) THE FUNCTION(S) WILL PRINT ANRD SIMULTANEOUSLY BF
RECORDED UNTIL THE CARD IS FULL OR THE END OF ALL PUNCTIORNS
IS REACHED. WHEN THE END OF A CARD IS REACHED IT WILL
AUTOMATICALLY BE EJECTED AND THE COMPUTER WILL PAUSE, WAITING
POR YOU TO ENTER AN EMPTY LINE. YOoU REPLACE THE EJECTED CARD
WITH THE NEXT ONE, PRESS THE °‘PLAY®' BUTTON ON THE LEFT OF THEF
TYPEWRITER, RETURN THE CARRIACE, AND PRESS THE °‘REC® BUTTOR
AS BEFORE. TPRIS PROCESS IS REPEATED UNTIL ALL OF THE
PURCTIONS HAVE BEEN RECORDED, IF THE FUNCTION COMPLETES
BEFORE THE LAST CARD IS FILLED YOU HOLD DOWN THE ‘'CODE?
BUTTON WHILE YOU PRESS THE ‘EJECT' KEY (XKEY 3) WHICH RECOFRDS
AN EJECT CODE ON THE CARD AND EJECTS IT. OFN COMPLETIOR OF
RECORDING, PRESS THE °'PLAY' BUTTOR T0O RETURN THE TYPEWRITER
TO ITS NORMAL MODE. 'YOU SHOULD BECOME FAMILIAR WITH THE
FUNCTIONS OF THE MAGRETIC CARD SELECTRIC TYPEWRITER BEFORE
USING THIS FUNCTIONW. (NOTE THAT '*MAGC a IS EQUIVALENT TO

'$50 99 0 LISTF a' EXCEPY THAT LISTF DOES NOT STOP AT THE END
OF A PAGE.)



Z+TURNR M: TRANSPOSE TRE CROSS-REFERENCE MATRIY PRODUCED

BY SHOWREFS.

UNREF «a REMOVE THE NAMES LISTED IN QUOTED ARGUMENT,

a, FROM THE CROSSREPERENCE DATA. IF A FURCTION IS WAMED IT
IS REMOVED ALONG WITH THOSE NAMES THAT ONLY IT REFERENCES,

CLEANREF REMOVES ALL UNREFERENCED VARIABLE NAMES FROM

CROSSREFERENCE DATA,

TOPO : PRODUCE A LIST OF FUNCTIONS SHOWING THEIR

CALL-NESTING RELATIONSHIPS. FACH FURCTION WITH KO CALLER
(I.E. OFES PRESUMABLY CALLED FROM THE KEYBOARD) ARE [LISTED
WITH A = IN FRONT OF THEM. ALL FPUKCTIONS CALLED BY A GIVEWN
FUNCTION ARE LISTED BELOW IT, INDEWNTED AND PRECEDED BY A ‘ot
VERTICAL BARS, '|', ARE USED AS AN EYE-ALIGNMENT AID TO
CONNECT ‘' (HARACTERS VERTICALLY. FACH COLUME oOP ‘]|°
INDICATES ONE LEVEL OF CALL-NESTING. IF THE LIST SPANS A
PAGE, THE COLUMNS ARE NUMBERED AT THE BOTTOM OF ORE PAGE ARD
THE TOP OF TRE FOLLOWING PAGE FOR ALIGNMENT PURPOSES .

BROWSE ‘aq‘: BROWSE THE FPUNCTION NAMED ‘o', THE KEYBOARD

WILL UNLOCK TO RECEIVE A CHARACTER STRINC. WHER YOU ENTER
IT, YOU WILL BE GIVEN THE LIRE NUMBER(S), OF ANY LIRE(S)
FOUND IN THE FUNCTION WHICH CONTAIN THE STRIRG. IF THE
STRING IS SUFFIXED BY A BLANX THE LINES WILL BE LISTED, IF
YOU ENTER ONLY A SINGLE BLANX CHARACTER THE LINES FROM THE
PREVIOUS SEARCH WILL BE PRINTED. IF YOU ENTER *[' ALL LINES

WILL BE PRINTED. IF YOU ENTER AR EMPTY STRING, °"BROWSE' WILL
TERMINATE.

€l €2 €3 ¢4 LISTF a: LIST THE APL FPUNCTIONS NAMED TN THE LIST a.

MAGC

-a  CAN BE A MATRIX OF RAMES AS PRODUCED BY ‘OFEL 3°', OR CAN BE

A CHARACTER VECTOR OF WAMES FACH SEPARATED BY ONE OR MORE
BLANKS. THE FUNCTIONS ARE LISTED IN THE ORDER GIVER €1 LIKES
PER PAGE, €2 CHEARACTERS WIDF, 10€eis60. 30<e2s0PW, £2 CAR
BE OMITTED, ARD IF IP 18, e¢2=01PW. IP €3 IS8 PRESENT ARD ¢3e=0
ARD TRE FUNCTIORS WILL BE LISTED INW ALPRABETICAL ORDER, IF eu
IS PRESENT AR D eu=0 THE POCRAM WILL STOP AT THE END OF FACH
PAGE WAITING FOR AN EMPY LINE TO CORTIRUE ,

@ LIST THE APL FUNCTIORS NAMED IN LIST a IF A
FORM SUITABLE FOR RECORDING ON MAGNETIC CARDS. THIS PURCTIOR
STOPS AT A PAGE-BREAK (I.E. END OF A MAGNETIC CARD) WAITING
FOR YOU TO ENTER AN EMPTY LINE 70O SIGRAL CONTINUATION., 7TO
USE IT WITH A MAGNETIC CARD SELECTRIC TYPEWRITER YOU CALL THE
FURCTION. IMMEDIATELY APTER YOU RETURN THE CARRIAGE (BEFORE
THE COMPUTER CAN RESPOND) YOU PRESS THE ‘REC® BUTTON ON TRE
LEFT SIDE OF THE TYPEWRITER. (NATURALLY, A MAGNETIC CARD
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LIB 4 APLTEXT
IBM DISTRIBUTED

APLTEXT IS A PACKAGE OF PROGRAMS FOR PROCESSING TEXT PROM WITHIN APL.
THE PACKAGE IS FULLY DOCUMENTED IN ‘AN APL TSEXT EDITOR AND COMPOSER
PROGRAM DESCRIPTION/OPERATIONS MANUAL® - ORDER FORM SH20-1089-1.
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LIB S CALENDAR ‘
E.ARMITAGE, COMPUTING CENTER, U. OF ALBERTA

THIS WS SOLVES THE PROBLEM OF RELATING DATES TO CALENDAR DAYS.

THE FUNCTION °'CDATE' CONVERTS A DATE TO THE NUMBER OF
0 CALENDAR DAYS SINCE THE BEGINNING OF YEAR 1. THE ARGUMENT IS A
e DATE IN THE FORM OF A 3 ELEMENT VECTOR MM DD YYYY (OR IT CAW BFE A
SCALAR IF THE ARGUMENT IS A VECTOR, OR A VECTOR IF TRE ARGUMENRT
IS A MATRIX., THE INVERSE PUNCTION IS ‘CDAYS* WHICH CONVERTS THE
NUMBER OF DAYS SINCE THE BEGINNING OF YEAR 1 TO A CALENDAR DATE.
THE RESULT RETURNED BY °CDAYS' IS A 3 ELFMENT VECTOR IF THE
ARGUMENT IS A SCALAR, OR A 3 COLUMN MATRIX IP THE ARGUMENT IS A
VECTOR. .
TO FIND THE DAY OF THE WEEK EXECUTE *7|CDATE DATE(S)® WHICH
WILL RETURN A DIGIT (OR DIGITS) O THRU 6 WHICH REPRESERTS THE
DAYS SUNDAY THRU SATURDAY.

SAMPLE APPLICATIONS :

FIND THE EXPIRATION DATE OF A 120-DAY WARRANTY ASSUMIRG A
STARTING DATE OF 11/9/1971%.

CDAYS 120 + CDATE 11 9 1971
3 8 1872

PIND THE NUMBER OF DAYS FROM 2/20/1971 TO 9/12/1971.

-/CDATE 9 12 1971,0.11 2 20 1971
204

WHAT IS THE DATE OF LABOR DAY (FIRST MONDAY IN SEPTEMBER) IW
198u?

CDAYS N+7|31-N+CDATE 9 1 198%
9 3 198%




LIB S5 GRADES
BARBARA STANLEY, PSYCHOLOGY DEPT, URIV., OF ALBERTA

THIS FUNCTION CALCULATES TRE TERM MARK, PINAL MARK, ARD
GRADE POINT MARK.

THE PROGRAM WILL ASK FPOR ALL THE DATA IT
NEEDS. FOR EACH EXAM A WEIGHT AND A SET OF MARKS (ONE POR
EACH STUDENT) MUST BE SUPPLIED. THE PROGRAM WILL CALCULATE
A TERM MARK, A FINAL MARK AND A GRADE POINT MARX FOR FACH
STUDENT. THE GRADE POINTS ARE ALLOCATED IN THF FOLLOWING
PROPORTIORNS :

1,9---4 PERCENT EACH

2,8---7 PERCENT EACR

3,7---12 PERCENT EACH

4,6---17 PERCERT EACH

$ ---20 PERCERT

THE SETS OF MARKS MUST BE SUCH THAT THE FIRST MARK
ALWAYS REFERS TO THE FIRST STUDENT, THE SECOND MARK TO THE
SECOND STUDENT, ETC. IP YOU WART TO CALCULATE TERM MARKS
ARD GRADE POINTS FOR TERM MARXS WITHOUT INCLUDING FPINAL EXAM
RESULTS, ENTER A VECTOR OF ZEROES FOR THE LAST SET OF MARKS .
THE CALCULATED TERM MARK AND GRADE POINTS WILL BE CORRECT
BUT THE FINAL MARK WILL HAVE NO MEANING. ALL MARKS MUST BRE
OUT OF THE SAME TOTAL. (I.F. ALL GRADE POINTS, OR ALL ‘
PERCENTS, OR ALL OUT OF 200, ETC.) THE PINAL GRADE AND TERM
GRADE WILL ALSO BE OUT OF THE SAME TOTAL.

LIB 5 DEMO
M.WILLARD; MATH.DEPT.; U. OF ALBERTA

DEMO IS A PACKAGE OF PROGRAMS WHICH
DEMONSTRATE SOME OF APL'S CAPABILITIES.

TO RUN THE PROGRAM, THE USER WNEED OKLY TYPE BRI,
THE PROGRAM ITSELF TELLS THE USER WHAT TO DO NEXT.
THE PROGRAM IS NOT WRITTEW IN THE MOST CORCISE APL
NOTATION POSSIBLE; THIS IS 80 THAT IT CAR BE COPIED
ARD FASILY DISSECTED AND/OR MODIFIED TO SUIT THE
USER'S PURPOSES,



LIB S INDIRIZZ
S. TRUMPY

LO SPAZIO DI LAVORO INDIRIZZ CONTIENE FPUNZIORNI PER LA GESTIONFE
DI INDIRIZZARI.,

OGRNI INDIRIZZARIO E' IDENTIFICATO DA UN NOMFE DI

NON PIUY DI 10 CARATTERI E CONTIENE UN NUMERO DI INDIRIZZI
VARIABILE CON LE DIMENSIONRI DELLO SPAZIO DI LAVORO 4
DISPOSIZIONE.

OGNI INDIRIZZO PUO' ESSERE AL MASSIMO DI SEI RIGHE DI NON PIU® DI
32 CARATTERI,

LE FURZIONRI A DISPOSIZIONE DELL'UTILIZZATORE SOWNO:

AGGIUNGI, CANCELLA, CORREGGI, INIZIA, RNOMI, PULISCI, STAMPA,
SCASSA.

AGGIURGYI ARG

PERMETTE DI INSERIRE WUOVI INDIRIZZI WELL'INDIRIZZARIO ‘'ARG®,
ROTIFICANDO CON OPPORTURI MESSAGGI GLI EVENTUALI ERRORI
COMMESST .

NUM CANCELLA ARG

PERMETTE DI CANCELLARE L'INDIRIZ20 (GLT
INGIRIZZI) CHE RA NUMERO D'ORDINE °'NUM® DALL°INDIRIZZARIO "ARGC®.
DOPO OGNI CANCELLAZIONE L'ORDINAMENTO DELL*INDIRIZZARIO E*
AUTOMATICAMENTE RICOMPOSTO. PONENDO WUM=‘*TUTTI®, VENGCONO CANCELLA
TI TUTTI GLI INDIRIZZI DELL*INDIRIZZARIO 'ARG® CHE RESTA INTZTALTZ
ZATO,

UM CORREGGI ARG

PERMETTE DI CORREGGERE URA © PIU® RIGHE
DELL®INDIRIZZO CHE HA NUMERO D'ORDINE ‘NUM' DELL'INDIRIZZARIO
YARGY, FOTIFPICANDC EVENTUALI ERRORI COMMESST.

INIZIA ARG
CREA UN WUOVO INDIRIZEZARIO IDENTIFICATO DA 'ARCY

KHOMI ARG
STAMPA TUTTI I NOMI CONTENUTI NELL'INDIRIZZARIO ‘ARGS
CON I RELATIVI NUMERI DCORDINE.

PULISCT

CANCELLA TUTTI GLI INDIRIZZARI COFRTENUTI NELLO SPA2IO DI
LAVORO,

SCASSA ARG
CARCELLA L'INDIRIZZARIO ARG DALLO SPAZI0O DI LAVORO,

NUM STAMPA ARG
STAMPA L'INDIRIZZARIO (GLI INDIRIZZI) DEFINITI DA

'HUM® DELL®INDIRIZZARIO ARG,

TUTTE LE FURZIONI DESCRITTE SONO INSERITE WNEL GRUPPO °INDPAC®,




LIB 5 UTIL
E.M. EDWARDS;E.E. DEPT.3;U. OF ALBERTA

THIS WS CONTAINS FUNCTIONS WHICH SUBSTITUTE SOME
OPERATORS ,MEASURE THE CPU TIME REQUIRED TO EXECUTE
A FUNCTION ,HELP YOU STRUCTURING REAL DATA,

E«X BAS C

BAS IS AN EXTENSION TO 1. IT PERMITS USE OF ANY DIMENSION
ARGUMERTS .

(pR)+=»(pX),( 14pC)
THE POLYNOMIAL ((X%2)+(2xX)+1) MAY BE EVALUATED FOR
X=0 1 2 3 4 BY:
0 1 2 3 4 BAS 1 2 1
THE LAST DIMERSION OF C REPRESERTS COEFFICIENT ORDFP,

R«X CAT Y

THE COLUMNS OF Y ARE ATTACHED TO X AS ADDITIONAL COLUMNS ON
THE RIGHT. THE RANKS OF X AND Y MAY BE ANY VALURS THAT DO NOT
DIFFER BY MORE THAN ONE.

RANKS EQUAL: ALL DIMENSIONS MUST BE EQUAL FEXCEPT THF LAST.

RANKS DIFFER BY ONE: THE LOWER RANK STRUCTURE IS TAKEN AS 4
ONE COLUMN STRUCTURE AND USED AS ABOVE.

M<FORM V

FORM TAKES A SCALAR OF VECTOR V AND RETURNS A MATRIY
OF LITERALS M. THE ELEMENTS OF M ARFE DIGITS, DECIMAL POINTS,
AND PLUS OR MINUS SIGNS. EACH ROW OF M REPRESENTS AN ELEM®RRT
OF V AND CONTAINS N SIGNIFICANT FIGURES PLUS LFADING OR TRAILING
ZEROS AND A DECIMAL POINT, IF NECESSARY. A COLUMWN OF SIGNS IS
ADDED ONLY IF ANY OF THE FRLEMENTS OF V ARE NEGATIVFE,

TIMER

TIMER IS USED TO MEASURE THE CPU TIME REOQUIRED T0O RXECUTF
ONE OR MORE FUNCTIOWNS.
TIMER IGNORE THE RESULT PRINTED AT THIS TIME. FEXFCUTE THE
FURCTION(S) TO BF TESTED AND RE-EXECUTE TIMFR, THE NUMBER PRINTED



OUT IS THE CPU TIMF REQUIRED FOR ALL OPERATIONS SINCE THF
PREVIOUS EXECUTION OF TIMEPR,

ENTERDATA

THIS IS A STRUCTURING PROGFRAM WHICH ALLOWS ARY
NUMBER OF REAL DATA SETS TO BF ENTERED ROW RBY ROW IN
A DATA MATRIX. THE DATA SETS DO NOT HAVE TO RF OF
EQUAL LENGTH. THFE PROGRAM 'ENTFRDATA® WILL REOUEST
INPUT FROM THE TERMINAL. IF THE INPUT IS T0O BF
TERMINATED TYPE: 10 . THE PROGRAM WILL GIVE A DIFECT
OUTPUT UNLESS IT IS ASSIGNED TO A VARIABLF. THFE FIRST
COLUMN IN THFE ARRAY ‘ENTERDATA' GIVES THF LENGTH OF
THE DATA VECTOR IN EACH ROW AS ORIGINALLY ENTERED.
IF THE DATA SETS ARE OF UNEQUAL LFENGTH, THFE SHORTER
ROWS WILL BE FILLED UP WITH ZEROS S0 AS NOT TO VIOLATE
ANY MATRIX STRUCTURING RULES.
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LIB 8 4
LAKEHEAD UNIVERSITY, ONTARIO

THIS WS CONTAINS THE FIRST PART OF THE INTERACTIVE ‘APL TEACHING
COURSE®' FOR PEOPLE WITH NO KNOWLEDGE OF COMPUTIRG.

THIS WORKSPACE CAN BE STARTED BY TYPING 'START' AND REQUIRES
45 MINUTES OF TIME.

CONTENTS: USE OF THE TERMINAL
SIMPLE CALCULATIONS
VARIABLES
ERROR MESSAGES
RIGHT TO LEFT RULE

LIB 9 B
LAKEHEAD UNIVERSITY, ORNTARIO

THIS WS CONTAINS THE SECOND PART OF THE INTERACTIVE
'APL TEACHING COURSE' FOR PEOPLE WITH NO KNOWLEDGE COF COMPUTING.

THIS WORKSPACE CAN BE STARTED BY TYPING °'START' AND REQUIRES
40 MINUTES OF TIME,
CONTENTS: USE OF A STORED FUNCTION FOR SOLUTION OF A SIMPLE
PROBLEM INCLUDIRG BRARCHING
INTRODUCTION TO WORKSPACE CONCEPT

LiIB 9 C
LAREAEAD UNIVERSITY, ONTARIO

THIS WS CONTAIRS THE THIRD PART OF THE INTERACTIVE
YAPL TEACHING COURSE® FOR PEOPLE WITH NO KNOWLEDGE OF
COMPUTIRG.

THIS WORKSPACE CAN BF STARTED BY TYPIRG 'START®
AND REQUIRES w0 MINUTES OF TIME,
CONTERNTS: INTRODUCTION TO ARRAYS

A FEW PRIMITIVE FUNCTIONS

DEFIRITION HMODE



LIB 8 C1
LAKEREAD UNIVERSITY, ONTARIO

THE WORKSPACES C1, C2, C3 CONTAIN THE FOURTH PART OF
THE INTERACTIVE °APL TEACHING COURSE' FOR PEOPLF WITH
RO KNOWLEDGE OF COMPUTING.

THIS WORKSPACE CAN BE STARTED BY TYPING °START®,
CONTENTS: STORAGE AND MODIFICATION OF A DEFINED
FURCTION
USE OF SYSTEM COMMANDS

LIB 8 C2
LAKEHEAD UNIVERSITY, ONTARIO

THE WORKSPACES C1, C2, C3 CONTAIN THE FOURTH PART OF
THE INTERACTIVE 'APL TEACHING COURSE®' FOR PEOPLE WITH RO
KNOWLEDGE OF COMPUTIRNG.,

THIS WORKSPACE CAN BE STARTED BY TYPING °START®.
CORTERTS : STORAGE AND MODIFICATION OF DEFINED
FUNCTIONS
USE OF SYSTEM COMMANDS

LIB 9 C3
LAKERFAD UNIVERSITY, ONTARIO

THE WORKSPACES Ci, C2, €3 CONTAIN THE FOURTH PART
OF THE INTERACTIVE °"APL TEACHING COURSE® FOR PEOPLE
WITH NO RNOWLEDGE OF COMPUTIRG.

THIS WORKSPACE CAN BE STARTED BY TYPING °START®.
CORTENTS: STORAGE ARD MODIFICATION OF A DEFINED
FUBCTIOR
USE OF SYSTEM COMMARDS




9.3

LIB 8 D
LAREHEAD UNIVERSITY, ONTARID

THE WORKSPACES D, D3 CONTAIN THE FIFTH PARY
OF THE IRTERACTIVE APL TEACHING COURSE® POR
PEOPLE WITH NO KNOWLEDGE OF COMPUTING.

o THIS WORESPACE CAN BE STARTED BY TYPINC "START® .
CONTENTS : FUNCPTIOR MODIFICAPION
SYSTEM COMMARND
LOCAL VARIABLES
EXPLICI® RESULTS
LABELS
THE TRACE CONTROL

LIB 9 D1
LARKEHEAD URIVERSITY, ONTARIO

THE WORKSPACES D, D1 CONTAIN THE PIFTH PART
OF THE INTERACTIVE ‘'APL TEACHIWNG COUREE! FOR
PEQPLE WITH RO KNOWLEDCE OF COMPUTIRG.

THIS WORKSPACE CAN BFE STARTED BY TYPING SSTARTY .
CORTERNTS : PUNCTION MODIFICATIOR

SYSTEM COMMARD

LOCAL VARIABLES

EXPLICIT RESULTS

LABELS

THE TRACE CORPROL
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i1.1

LIB 11 MINIPER?
IBM DISTRIBUTED

MINIPERT IS A CRITICAL PATH METHOD (CPM) SYSTEM POR PROJECT MANRAGEMERT.

THE INTERT OF MINIPERT IS TO PROVIDE AN INTERACPIVE CPM SYSTEM, WITH
TRE FPOLLOWIRG FACILITIES:

-SUBNETWORHS WHOSE ACTIVITY CAPACITY IS A FUNCTIOR OF THE SIZE OF THE
APL WORKSPACES AND LENGHT OF ACTIVITY DESCRIPTIONS.

-INTEGRATION OF SUBNETWORKS INTO A TOTAL WETWORK., THE NUMBFER OFP SUBNETS
WITHIN A NETWORK IS A PUNCTION OF THE SUBWETWORK CAPACITY.

~-MILESTONE SUMMARIZATION,

-MANPOWER LOADIRG

~A VARIETY OF REPORTS IRCLUDING A PROJECT DIAGRAM,

THE FIVE APL WORKSPACES CORTAINED IN THE MINIPERT PACKAGE ARE:
-MINIPERT CPM NETWORE MANIPULATION AWD CALCULATION

-MINIREPO BASIC CPM REPORTING PACILIRIES

-DIAGRAM GRAPHIC FOR PLOT MINIPERT PLAN

~NEWDIAGR ENHANCED DIAGRAM REPORT PROGRAM
-MANPOWER CPM RESOURCE MARIPULATION ARD REPORTING.

FOR A DETAILED DESCRIPFTION OF TRE MINIPERT PACKAGE, SEE 'MIWNIPERT -
PROGRAM DESCRIPTION AND OPERATIONS MARUAL - ORDER SH20-0995-0°



11,

LIB 11 DIAGRAM
IBM DISTRIBUTED

MINIPERT IS A CRITICAL PATH METHOD (CPM) SYSTEM FOR PROJECT MANAGEMERT .

FOR MORE INFORMATION, SEE DOCUMERTATION OF 11 MINIPERT,

LIB 11 MARPOWER
IBM DISTRIBUTED

MINIPERT IS A CRITICAL PATH METHOD (CPM) SYSTEM FOR PROJECT MANAGEMENT.

FOR MORE INFORMATION, SEE DOCUMENTATIOF OF 11 MINIPERT,

LIB 11 MIRIREPO
IBM DISTRIBUTED

MIBRIPERT IS A CRITICAL PATE METHOD (CPM) SYSTEM FOR PROJECT MANAGEMENT .

FOR MORE INFORMATION, SEE DOCUMENTATION OF 11 MINIPERT.

LIBE 11 NEWDIAGR
IBM DISTRIBUTED

MINIPERT IS A CRITICAL PATH METHOD (CPM) SYSTEM FOR PROJECT MANAGEMENT.

FOR MORE INPORMATION, SEE DOCUMENTATIOR OF 11 MINIPERT.
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LIB 12 3TP1
K.W. SMILLIE, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS UTILITY FURCTIONS FOR STATPACK
AND FUNCTIONS FOR ARALYSIS OF VARIANCE, MEANS, VARIANCES,
FREQUENCY VECTORS AND HISTOGRAMS, AND MEDIANS ARD QUARTILES.

THE POLLOWING FUNCTIONS ARE AVAILABLE TN THIS WORKSPACE:
T«ANOVA D

THIS PROGRAM DOES AN ANALYSIS OF VARIANCE OF A COMPLETE
FACTORIAL DESIGN WITH ARBITRARY NUMBERS OF REPLICATIONS AND
FACTORS, WITH ARBITRARY NUMBERS OF LEVELS, WITH THE RESTRICTION
THAT THERE ARE NO MISSING OBSERVATIONRS .
I IS A MATRIX WITH uw COLUMNS POR IDENTIFICATION, DEGREES OF
FREEDOM, SUMS OF SQUARES, AND MEAN SQUARES. THE ROWS OF T
REPRESENT REPLICATIONS, MAIN EFFECTS AND INTERACTIONS, ERROR
ARD TOTAL.
AS AN EXAMPLE, CONSIDER THE FOLLOWIRG 2x2 DESIGW WITH 3
REPLICATIONS:

i 2 5 6 9 10

3 u 7 8 i1 12
WHERE THE COLUMNS WITHIN EACH SQUARE REFER TO TRE PIRST FPACTOR
A ABD THE ROWS TO THE SECOND FACTOR B, THE DATA SKOULD BF
PREPARED AS 4 VECTOR 1,2,....,12, AND THEN RESTRUCTURED INTO
D WITH DIMEWSIONS (3,2,2). T WILL HAVE 6 ROWS FPOR REPLICATIONS
A,B AND AB EFFECTS, ERROR AND TOTAL., THE IDENTIPICATION IN THE
FIRST COLUMN WILL BE 1,10 AND 11 FOR A,B AND AB, RESPECTIVELY,
ARD 0S FOR THE REMAIRNING ROWS. IFP IT IS DESIRED TO TREAT TRE
DESIGN AS A 3x=2x2 PACTORIAL WITH A SIRGLE REPLICATION, THER D
MUST BE RESTRUCTURED TO HAVE DIMENSIONS (1,3,2,2), T WILL THEW
HAVE 8 ROWS FOR A,B,C, AB,AC,BC, ABC AND TOTAL., THE ROWS FOR
REPLICATIONS AND ERROR WILL BE OMITTED,
DATA FOR ANOVA SHOULD BE SEY OUT I¥ THE FOLLOWING MAKRER
REPLICATIONS TREAT E TREAT A ETC DpAvTA

Ri Bi A3 i
A2 2

B2 At 3

42 4

B2 B3 A1 5
A2 8

B2 41 7

A2 8

g3 81 A1 g
A2 10

B2 A1 13

A2 i2

THIS DATA SEOULD BE PUT IN AS A VECTOR ARD THEN RESTRUCT-
URED AS FOLLOWS :




12.

D+vi 2 3 4 § § EPC

D<(R,B,A)pD
ANOVA D
THE RESULT WILL BE AS POLLOWS ;
IDERT nF g8 Ms
R 0 2 128 5%
4 1 1 3 3
B io 1 12 12
AB 11 i 0 o
ERROR 0 6 v 0
FOPAL 0 11 %3 0

NOTE THE DIFFERENCE BETWEEN THE RESTRUCTURING AND THE
RESULT: (R,B,A) AND R,A,B., IP THERE ARF MORE DIMERNSIORS
THE SAME PATTERNW IS FOLLOWED. (R,B,A) GOES TO B,A,R,
THE RESULT BEING PRINTED AS R,A,B. (R,C,B,A) GOES TO
CoB,A,R, THE RESULT BEINC PRINTED AS R,A,B,C

AROVA1L

THIS FUNCTION ANALYZES A FACTORIAL DESIGN WITH RO MISSIRG

DATA AS A CROSSED, WESTED OR CROSS-RESTED DESIGW, REPLICATIONS
ARE CONSIDERED AS A FACTOR. THERE MAY BE ARNY RUMBER =2 OF
LEVELS OF ANY NUMBER 22 OF PACTORS .,

IP THE DATA HAVE NOT BEEN STORED AS A MULPIDIMENSIONAL

ARRAY (AS IN ANOVA) IN THE GLOBAL VARIABLE X, THEWN ENTER A
VECTOR GIVING THE NUMBER OF LEVELS OF BACH PACTOR (INCLUDING
REPLICATIONS) AS THE PARAMETERS . THEN ENTER THE OBSERVATIORS ,
ONE AT A TIME, IN TRE FORMAT: LEVEL OF 18T FACTOR, LEVEL OP
28D FACTOR,...., OBSERVATION. APTER THE LAST OBSERVATION HAS
BEEN ENTERED, ENTER o,

AFTER THE GRAND MEAN AND TOTAL DF AND 85 HAVE BEEN TYPED

OUT, ENTER EFFECTS, ONE A% A TIME, WITH 1-PACTOR EPFECTS FIRST,
2~-FACTOR EFFECTS SECOND, ETC. EFFPECT 1, POLLOWED BY EPFECT 2,
FOLLOWED BY EFFECT 1 2 CQIVES MAIN EPPECPS POR PACTORS 1 4WD 2
AND THEIR INTERACTION, EFFECT 1 FOLLOWED BY EFFECT 1 2 WILL
GIVE MAIN EFFPECT POR FACTOR 1 ARD THEW 20D PACTOR RESTED
WITHIN 18T FACTOR., AW EFPFECT OF O PRODUCES ANY RESIDUAL TEEREM,
THE DATA X AND RESIDUALS RY ARE GLOBAL VARIABLES,

ReAROVA2 D

ANOVA2 PERFORMS AN ANALYSIS OF VARTAWCE ON 4 ORE~WAY
CLASSIFICATIOR WITH MISSING OBSERVATIONS, D IS AN Mxpy MATRIY,
WHERE M IS TRE WUMBER OF UBSERVATIORS FPOR PHE TREATHERT WITR
THE MAXIMUM RUMBER OF OBSERVATIONS, ARD ¥ IS TR BUMBER OF
TREATMERTS . LEGITIMATE OBSERVATIONS ARE GIVEW BY POSTPIVE
COMPORENTS IN D, AND MISSING OBSERVATIONS BY ZERCG COMPORERNTS .,

B IS AR (W+3)x4 MATRIY MADE UP AS POLLOWS:
ROW T, Isl,...,K:
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I #0. OF OBSERVATIONS FOR TREATMENT I,
MEAN OF TREATMENT I, ©

ROW W+1: DF, 85, MS AND P-RATIO FOR TREATHENTS

ROW N+2: DP, S8 AND MS POR ERROR, ©

ROW N+3: DP AND $S FOR TOTAL, SQUARE ROOT OF
ERROR MS, 0.

DSTAT X

FOR A VECTOR X OF UNGROUPED OBSERVATIONS, DSTAT COMPUTES

ARD LISTS WITHE APPROPRIATE LABELS THE POLLOWIRG STATISTICS:
SAMPLE SIZE, MAXIMUM OBSERVATION, MINIMUM OBSERVATION,
RARGE, MEAN, VARIANCE, STANDARD DEVIATION, MEAR DEVIATION,
MEDIAN AND MODE. IF THE MODE OCCURS FOR SEVERAL VALUES, EACH
MODE IS LISTED, EXCEPT IP ALL OBSERVATIONS ARE DIPPERENT IN
WHICH CASE WO MODE IS LISTED.

I'«P PREQ X

T IS A FREQUENCY TABLE RESULTING FPROM CLASSIPYIRG THE VECTOR
X OF OBSERVATIONS ACCORDING T0O TREE VECTOR P, WHERE Pf1] IS THFE
LEFT-HARD END OF THE PIRST FREQUENCY CLASS, Pl2) IS THE CLASS
WIDTR, PL3] IS THE WUMBER OF CLASSES, AND Plu1 IS ARY RUMBER,
SAY, 0. T IS A MATRIX OF PI31+2 ROWS AND & COLUMNS MADE UP AS
FOLLOWS ;
COL 1: 0, LEFPT-HAND ERDS OF FREQUENCY CLASSES, ©
COL 2: O, RIGHT-HAND ENDS OF FPREQUENCY CLASSES, ©
COL 3: 0, MID-POINTS OF PREQUENCY CLASSES, ©
COL 8: 0, OBSERVED FREQUENCIES, ©
COL S: EXPECTED FREQUENCIES (INCLUDING PWO TAILS
OF DISTRIBUTION)
COL 6: DIFFERENCES BETWEEN OBSERVED AND EXPECTED
FREQUENCIES

IF %EE LAST COMPONENT OF P I8 OMIFPPED, THE BORMAL
FIT IS NOT DORE, ARD THE PIRST AND LAST ROWS, ARD PRE
LAST TWO COLUMNS OF T ARE OMITTED.

FeP FR X

F IS A VECTOR OF PREQUENCIES RESULTIRG FROM CLASSIPYING
THE VECTOR X OF OBSERVATIONS ACCORDIRG TO THE VECTOR P,
WHERE P[1]1 IS THE LEPT-HAWD END OF TBRE PIRST PREQUERCY
CLASS, P[2] IS THEP CLASS WIDTH, AND PL3] IS THE WUMBER OF
CLASSES

T«P PR2 M

M IS A MATRIX WITH 2 ROWS GIVING THE (SAME NUMBER OF)
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OBSERVATIONS OR TWO VARIABLES TO BE CLASSIPIED. IN A TWO-WAY
FREQUENCE TABLE. P IS A MATRIX WITH 2 ROWS AND 3 COLUMNS
WHICH GIVES THE PARAMETERS FOR THE TABLE. TRE COMPONENTS IN
THE FPIRST ROW OF P ARE AS FOLLOWS: P(1311 IS THE LEPT-HARD
END OF THE PIRST FREQUENCY CLASS, P[1;2) IS THE CLASS WIDTR
ARD P[1;3] IS THE NUMBER OF CLASSES FPOR THE OBSERVATIORS IN
THE FIRST ROW OF M. THE COMPONERTS IN THE SECORD ROW OF P
ARE SIMILARLY DEFINED FOR THE OBSERVATIONS IN THE SECOND ROW
OF M. T IS A MATRIX GIVING THE FREQUENCY TABLE, WHERE TRE
ROWS CORRESPOND TO THE FPIRST VARIABLE ARD THE COLUMNS TO
THE SECOND VARIABLE,

G«W HIST F

G IS A FREQUENCY HISTOGRAM GENERATED BY THE VECTOR F OF
FREQUENCIES. EACH COMPONENT OF F IS DIVIDED BY THE INTEGER
W>0 AND ROUNDED BEFORE PLOTTING.

T«MVSD X

X IS A MATRIX WITH THE ROWS CORRESPONDING P0 OBSERVATIONS
AND THE COLUMNS TO VARIATES. T IS A MATRIX WITH 3 COLUMRS,
ARD THE NUMBER OF ROWS EQUAL TO THFE NUMBER OF COLUMNS OF X.
THE PIRST COLUMN OF T GIVES THE MEANS OF, THE VARIATES, THE
SECOND THE VARIANCES, AND THE THIRD THE STANDARD DEVIATIONS.

P+«P NTILES F

F IS A VECTOR OF FREQUENCES. P IS A 3-COMPONENT VECTOR,

WAERE P{1] = LEFT-HAND END OF THE FIRST FREQUENCY CLASS,
PL2] = CLASS WIDTH, AND P(3] = INTEGER>1, T IS A VECTOR.
IF P{3]=2, T GIVES THE MEDIAN; IF P[31=4, T GIVES PRE 3

QUARTILES; ETC.



LIB 12 8TP2
K.W, SMILLIE, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

TRIS WORKSPACE CONTAINS A NUMBER OF FUNCTIONS FOR MATRIX
INVERSION, SIMPLE ARND PARTIAL CORRELATIONS, AND SIMPLE AND
MULTIPLE LINEAR REGRESSION.

THE POLLOWING FUNCTIONS ARE AVAILABLE :
ReCH X

E IS5 THE MATRIX OF SIMPLE CORRELATION COEFFICIENTS

GENERATED FROM THE MATRIX X, WHERE THE RQWS OF ¥ CORRESPOND
TO OBSERVATIONS AND THE COLUMNS TO VARIATES. FOR EXAMPLE, 10
OBSERVATIONS ON EACH OF 6 VARIATES WOULD BE ASSEMBLED INTO A
MATRIX WITH 10 ROWS AND 6 COLUMNS. R WOULD HAVE & ROWS AND 6
COLUMNS . THE ELEMENT IN ROW 3 AND COLUMN 5, SAY, OF R IS THE
SIMPLE CORRELATION COEFFICIENT BETWEEN VARIATE 3 AND VARIATE
5,

CeV CORR M

M IS THE SQUARE MATRIX OF SIMPLE CORRELATION COEPFICIENTS
GIVEN BY THE RESULT R OF THE PUNCTION CM. V IS A VECTOR
SPECIFYING THE CORRELATION COEFFICIENT TO BE CALCULATED.
SUPPOSE, E.G., M IS OF ORDER 8. THEN, IP V=(3,6), C IS THE
SIMPLE CORRELATION COEFFICIENT BETWEEN VARTABLES 3 AND &; IF
Va(4,1,8,2), ¢ IS THE PARTIAL CORRELATION COEFFICIENT BETWEEN
VARIABLES % AND 1 WITH THE EFFECTS OF VARTABLES 8 AND 2
REMOVEDs ETC,

RB«IRV RA

RB IS THE INVERSE OF THE WON-SINGULAR SQUARE MATRIX RA
CALCULATED BY THE GAUSS-JORDAN METHOD WITH PIVOTING FOR
MATRIX INVERSION,

Bed TRV M

B IS THE INVERSE OP THE WON-SINGULAR SGUARE MATRIX M
CALCULATEDL BY THE GAUSS-JORDAN METHOD OF MATRIXY INVERSION.

T« REG X

X IS A MATRIX OF OBSERVATIONS, WHERE THE COLUMPS CORRESPORD
PO VARIATES AND THE ROWS 70 OBSERVATIORS. V IS 4 VECTOR OF
POSITIVE INTEGERS. T IS A MATRIX OF S COLUMRS. AS AN EXAMPLE
OF THE OUTPUT, LET Y HAVE 6 COLUMNS, AND LET V=(3,5,1,8),
THER T GIVES THE RESULTS OF THE BEST LEAST-SQUARES PIT OF
TRE PUNCTION

i2.%
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XuzA+BxX3+CxXS+Dx Xy
IN THE FOLLOWING FORMAT:
ROW1: u, 4, o, 0, 0

ROW2: 3, B, ST ERROR OF B, P-VALUE, 0
ROW3: S, C, ST ERROR OF C, T-VALUE, o©
EOW4: 1, D, ST ERROR OF D, T-VALUE, 0©
ROWS: 0, DF POR REGRESSIOR, SUM OF SQUARES, MEAWN

SQUARE, F-VALUE

ROW6: 0, DP POR ERROR, SUM OF SQUARES, MEAN SQUARE, o

ROW7: 0, DF POR TOTAL, SUM OP SQUARES, ST ERROR OF ESTIMATE,
SQUARE OF MULTIPLE CORR COEFF

R«T RES X

X IS THE MATRIX OF OBSERVATIONS DEFINED POR REG, AND T IS

OF ROWS IN X, WHICH CIVES THE FOLLOWING RESULTS OF FITTING
THE REGRESSION SPECIFIED BY X ARD V.

COL 1: 1,2,,..

COL 2: OBSERVED VALUES OF DEPENDERT VARIABLE

COL 3: ESTIMATED VALUES OF DEPENDERT VARIABLFE

COL u: RESIDUALS

R<+SCORR D

D IS A MATRIX OF OBSERVATIORS WITH THE ROWS CORRESPORDING ro
OBSERVATIONS AND THE COLUMNS TO VARIATES. MISSING OBSERVATIORS

OBSERVATIONS ARE MISSING POR THE PARTICULAR PAIR OF VARITATES IR
QUESTION., R IS A MATRIY WITH FOUR COLUMRS IN PHE FOLLOWING
FORMAT ;

COL 1: I=COLUMN INDEX OF FIRST VARIATE

COL 2: J=COLUMN INDEX OF SECOND VARIATE

COL 3: NUMBER OF OBSERVATIONS POR VARIATES T AWND o

COL &: CORRELATION COEFFICIERT FOR VARIATES T ARD J

IF D BAS K COLUMNS, THEW R RAS K(X-1):2 ROWS.

T«X SR ¥

ROW1: MEAN OF X, ST DEV OF X, o
ROW2: MEARN OF Y, ST DEV OF ¥, o
ROW3: 4, 0, 0



ROWW: B, ST ERROR OF B, T-VALUFE
ROWS: ST ERROR OF ESTIMATE, R=SIMPLE CORR COEPF, Rx2

STATRES T

T IS THE MATRIX WITH POUR COLUMNS RESULTING FPROM TRE USE

OF THE RESIDUAL FUNCTION RES. ITS LAST COLUMN GIVES THE
RESIDUALS RESULTING PROM THE SPECIPIED REGRESSION., THIS
FUNCTION GIVES THE POLLOWING STATISTICS, COMPUTED FPROM THE
RESIDUALS, WITH SUITABLE LABELS: SUM OF RESIDUALS, SUM OF
SQUARES OF RESIDUALS, DURBIN-WATSON STATISTICS, TRE NUMBER

OF RUNS OF POSITIVE ARD NEGATIVE SIGNS, THE NUMBER OF POSITIVFE
SIGNS, THE WUMBER OF WEGCATIVE SIGRS, AND THE MEAN ARD STANDARD
DEVIATION OF THE NUMBER OF RUNS BASED ON A NORMAL DISTRIBUTIONW.

T«V STREG X

THIS PROGRAM IS IDENTICAL IN PUNCTION TO THE SIMPLE AND
MULTIPLE REGRESSION PROGRAM REGC EXCEPT THAT THE INDEPENDENT
VARITABLES ARE ENTERED IRTO THE REGRESSION FUNCTION IR THE
STEPWISE ORDER.

THE VECTOR V IS IDENTICAL T0 THE VECTOR V IN REC EXCEPT

THAT THE INDEPENDENT VARIABLES MAY BE SPECIFIED IN V IN AWY
ORDER., THE PORMAT OF THE MATRIXY OF RESULTS T IS IDENTICAL

TO THE MATRIX T OF REG EXCEPT THAT THE PROPORTION OF THE
VARIATION OF THE DEPEWNDENT VARIABLE ACCOUNTED FOR BY EACH
INDEPENDENT VARIABLE IS GIVEN IN THE PIFTH COLUMN OF T IN THE
ROWS CONTAINING THE REGRESSION COEFFPICIENTS, STANDARD ERRORS
AND T-VALUES FOR THE INDEPENDENT VARIABLES.

12.7
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LIB 12 S7P3
KW, SMILLYE, COMPUTING SCIENCE, UNIVERSIPY OF ALBERTA

THIS WORKSPACE COWNTAINS FUNCPTIONS FOR A VARIETY OF
CALCULATIONS SUCHE AS BINOMIAL AND POISSOW PROBABILITIES,
PERMUTATIONS, ROUADING, SORTING AND SMOOTRING.

THE FOLLOWIRG PUNCPIORS ARE AVILABLE
B+l BINOM P

CALCULATES THE VECTOR B OF PROBABILITIES IN W BINOMIAL
TRIALS WITH PROBABILITY P OF SUCCESS IW A SINGLE TRIAL,
WHERE N ARD P ARE SCALARS, AND N IS AN INTEGER>0 ARD 0sP<y,

ReCTAB T

CALCULATES CHI-SQUARE AND DEGREES OF FREEDOM FOR 4

TWO-WAY CONTINGENCY TABLE. T, 4 MATRIX, IS THE CORTINGENCY
TABLE. R[1] IS THE DEGRZES OF FREEDOM, ARD R[21) IS8
CEI-SQUARE ROURNDED TO 2 DECIMAL PLACES.

R<PERMUTE V

V AND R ARE VECTORS GIVING TWO DIPPERENT PERMUTATIORS OF

THE K22 IWNTEGERS 0,1,2,....,K-1. R IS THF PERMUTATION OBTAINED
FROM V BY CONSIDERING V AS A X-DICIT SUMBER TO BASE R, ARD
ADDING (K-1) BASE K SUCCESSIVELY UNTIL THE SUM CONTAIRS EBACHE OF
THE DIGITS 0,1,2,.0..,K-1., IF V IS THE PERMUTATION K-1,K-2,,.,1,0
THEN R IS THE PERMUTATION 0,4,2,0000,K~1. EXECUTION OF PERMUTE

K FACTORIAL TIMES STARTING WITH V AS ANY PERMUTATION GIVES ALL

K FACTORIAL PERMUTATIONS OF 0,3,2,...,K-3,

P+l POISSOR K

CALCULATES THE VECTOR P OF THE FIRST W+1i PROBABILITIES
FPOR A4 POISSON DISTRIBUTION WIPH PARAMETER K, WHERE ¥,
AN INTEGER>0, AND K>0 ARE SCALARS,

R+l RED X

ROUNDS X, A SCALAR, MATRIX, ETC., TO B DECINAL PLACES ,
WEERE N IS A SCALAR=20, AND PLACES TRE RESULT TN R,

Veld SMOOTH X
& IS THE VECTOR T0 BE SMOOTEED BY A WETGCHTED MOVIRG

AVERAGE USING THE VECTOR OF WEIGHTS ¥, V IS THE SMOOTHED
VECTOR .,

VeSORY X
X IS A VECTOR OF WUMBERS, WITR OR WITHOU?T DUPLICATES ,
E

TO BE SORTED IN ASCERDING ORDER. V I8 THE VECTOR oF
SORTED NUMBERS.,

®
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LIB 12 8PPy
K.W. SMILLIE, COMPUTIRG SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS FUNCTIONS FOR THE SIMPLEX ARD
REVISED SIMPLEX ALGORITHMS, TRANSPORTATION AND CAPACITATED
TRANSPORTATION PROBLEMS, ASSIGNMERT PROBLEM, VARIOUS
NETWORK FLOW PROBLEMS, AND ONE PRELIMINARY CRITICAL PATE
METHOD

THE FOLLOWING FUNCTIONS ARE AVAILABLE:
ASSICR W

TAIS PUNCTION USES THE HUNGARIAN METHOD TO SOLVE AN W=pm
MINIMIZING ASSIGNMENT PROBLEM WITH COST MATRIX €. THE PRICES
MAY BE ENTERED EITHER ROW-BY-ROW BY EXCUTING TRE FUNCTION OR
MAY BE PREVIOUSLY SPTORED IN THE NxN MATRIY C, WHERE C IS 4
GLOBAL VARIABLE WHICH IS UNCHANGED WHENW THE PUNCTION s
EXECUTED .,

THE OUTPUT CONSISTS OF THE PROBLEM NUMBER AND DATE, THE
COST OF THE OPTIMAL ASSIGNMENT, AND AN FxN LOGICAL ASSIGRMERT
MATRIX IN WRICH ELEMERT (I,J) IS 1 IF AND OFNLY IP ROW I IS
ASSIGNED TO COLUMN J IN THE OPTIMAL ASSIGNMERT

COSTFLOW MAX

THIS FUNCTIOR FPINDS THE MINIMUM COST OF A GIVER FPLOW OF
VALUE MAX, A SCALAR, TBROUGH A WETWORYK. TER NETWORK IS DEPINED
BY TWO GLOBAL VARIABLES G AND C WHICHE ARE WxF MATRICES, WHERE
GLI3J) IS THE CAPACITY OF THE ARC PROM NODE I PO NODE J, AND
CLIsJ] IS THE COST OF MOVING ONE UNIT PROM WODE T TO WODE 4.

TRE FLOW VALUE (WHICR MAY BE LESS TEAR MAX IF SUCKR 4 FLOW T8
WOT POSSIBLE) AND THE COST OF TAIS FLOY ARE GIVER IW THE CLOBAL
SCALAR VARIABLES FLOW ARD HIRCOST, RESPECTIVELY. THE EYOESS ARC
CAPACITIES ARE GIVER BY THE MATRIY €. THE NODE WUMBERS OF THE
LAST FLOW-AUGMERTING PATE ARFE GIVEN BY THE VECPOR PATE., (IFP ¢
ABRD C ARE NOT SQUARE MATRICES OF PHFE SAME ORDER, THEF P47y I8
SET TO AN EMPTY VECTOR AND COMPUTATION STOPE) ., MAXFLOVW IS 4
GLOBAL BINARY SCALAR VARIABLE WEICY I8 SET T0 1 WHEN & PLOW ©F
MAX IS ATTAINED,

CPT«T CPM RBTW

CPM PERPORMS A CRITICAL PATH ARALYSIS OF THE NETWORK
REPRESENTED BY THE MATRIY NTW USIRG TEE NODE-ORIENTED METHOD.
P IS A SCALAR WHICH 7S5 0 (0F 1) ACCORDING AS PHEE IWMEDTATE
FREDECESSORS (OR SUCCESSORS) OF BACH JOB (NODE) ARE SPECIPIED,

IBPUT: NTW IS A MATRIX WITH N ROWS ARD M COLUMRS, WHERE W
IS THE WUMBER OF WODES NUMBERED FROM 1 70 N, INCLUSIVE, IR ARY
ORDER. COLUMN 1 OF NTW CIVES THE NODE KUMBERS, COLUME 2 THR
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NODE TIMES AS INTEGERS AND COLUMNS 3 T0O M THE IMMEDIATE
PREDECESSORS OR SUCCESSORS OF THE NODES., IF ANY NODE HAS LESS
THAN M-2 IMMEDIATE PREDECESSORS OR SUCCESSORS, THE REMAIRNIRG
COLUMNS IN THE CORRESPONDING ROW MUST BE FILLED OUT WITH
ZEROS . N
OUTPUT: POR EACH ANALYSIS TEE POLLOWING OUTPUT IS GIVER AS -
A MATRIX WITH ONE ROW FOR EACE NODE: NODE NUMBER IN SUCCESSOR )
ORDER (THAT IS NODE I IS GIVER BEFORE THE NODES WRICH ARE ITS
IMMEDIATE SUCCESSORS), NODE TIME, EARLIEST START TIME, TOTAL
SLACK AND FREE SLACK. EACH ROW ON THE CRITICAL PATH, PHAT IS
NODES WITH A TOTAL SLACK OF ZERO, IS PRECEDED BY AN ASTERISK.
THE OUTPUT IS ALSO STORED, APART FROM THE ASTERISKS, IN THE
MATRIX CPT,
SECONDARY OUTPUT: THE NETWORK NTW, SORTED IN THE SAME WODE
ORDER AS CPT, IS STORED IN THE MATRIX CPA., THE LOGICAL MATRIX
PSM WITH N ROWS AND COLUMNS GIVES THE PREDECESSOR-SUCCESSOR

COMPUTATION IS ENDED.
REFERENCE: LEVY, THOMPSORN AND WEST, HARVARD BUSINESS
REVIEW, VOL.s1, NO.S5, PP.98-108, SEPT,-0CT., 1963,

S+CAP CTRANSPORT COST

THIS FUNCTIOR USES THE PRIMAL-DUAL ALGORITHM 70 SOLVE TRE
CAPACITATED TRANSPORTATION PROBLEM, COST IS AN (M+1)x(F+1)
MATRIX, WRERE COSTUI3J1 IS TRE URIT COST OF SHIPPING FROWM
ORIGIN I TO DESPINATION J, WHERE I=1,...,M ARD J=L, 0.0, 8,
COSTUI;N+11 IS THE AMOUNT AVAILABLE AT ORIGIW I=4,....M AND
COSTIM+13J1 IS THE AMOUNT REQUIRED AT DESTIRATION J=1,...,F,
THE SUM OF THE ORIGIN AVAILABILITIES NUST BE EQUAL TC THE Sum
OF THE DESTINATION REQUIREMERNTS, CAP IS AR MxJy MATRIX, WHERE
CAP(I;J 1 IS PHE CAPACITY RESTRICTION ON THE ROUTE FROM ORIGIK
I TO DESTINATIOR J.

S IS AN M=K MAPRIX WITH SUI3;d1 GIVING THE RUMBER OF URITS
SHIPPED FROM ORIGIN I TO DESTIRATION J IN THE OPTIMAL SOLUTION,
THE CORRESPONDING.MINIMUM COST IS GIVEN IF THE CLOBAL SCALAR
VARIABLE MINCOST, IF THERE IS RO FEASIBLE SOLUTION, A4 SUITABLE
MESSAGE IS GIVEW IN & WRICE IS THER A MATRIX WITR OFF ROW, AND
MINCOST IS THE EMPTY VECTOR .

B LPSOLRW 4
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THIS FURNCTION RECALCULATES THE OPTIMAL SOLUTIOR AFD DOES
A SEWNSITIVITY ANALYSIS POR THE PRICE ARD REQUIREMENT VECTORS
FOR A4 LINEAR PROGRAMMING PROBLEM.

THE MATRIX A IS THE SAME MATRIX A AS REQUIRED FOR EITEFER
SIMPLEX OR RSIM, AND THE VECTOR B GIVES THE VARIABLES IN THE
OPTIMAL BASIS. LPSOLN SHOULD NOT BE USED IF SOME COLUMES OF
A CORRESPOND TO ARTIFICAL VARIABLES, '

THE OUTPUT CONSISTS OF THE FOLLOWINC INFORMATION WITH
IDERTIFYIRC LABFLS:

MAXIMUM VALUE OF OBJECTIVE FUNCTION.

VARTABLES IN OPTIMAL BASIS AND THEIR VALUES,

MARGINAL VALUE, LOWER BOUND, RIGHT-HAND SIDE

AND UPPER BOUND FOR THE RIGHT-HAND SIDE OF

EACH COWNSTRAIRT,

LOWER BOUND, PRICE AND UPPER BOUND POR EACH

HOR-ZERO PRICE,

INFINATE LOWER AND UPPER BOUNDS ARE INDICATED BY VALUES OF
T7.237E7% AND 7.237E75, RESPECTIVELY,

RETFLOW

THIS FUNCTION USES THE FORD-FULRERSON ALGORITHM TO CALCULATFE
THE MAXIMUM PLOW IN A CAPACITATED NETWORK. TAE INPUT CONSISTS
OF TWO GLOBAL VARIABLES ¢ ARND N, WHERE G IS AN WxN CAPACITY
MATRIX SUCH THAT GTI;J] IS THE CAPACITY OF THE DIRECTED ARC
FROM NODE I TO NODE J, AND N IS A SCALAR., THRE FPUNCTION LEAVES
THE MAXIMUM FLOW IN THE GLOBAL SCALAR VARIABLE FLOW AND THFE
EXCESS ARC CAPACITIES IN THE MATRIX G. IT ALSO GENERATES AN
§-COMPONENT GLOBAL VECTOR DELTA.

REFERENCE: HADLEY, G., 1962, LINEAR PROGRAMMING.
(ADDISON-WESLEY).

T+RETM A

THIS FUNCTION USES THE REVISED SIMPLEX ALGCORITHM PO SOLVE
THE LINEAR PROGRAMMING PROBLEM SPECIFIED BY TRE MATRIY 4.

THE FIRST ROW OF &, EXCEPT FOR THE LAST COLUMR WHICH IS
ALWAYS ZERO, CIVES THE PRICES. THE REMAINING ROWS GIVE TRE
CONSTRAINTS WITH WECESSARY SLACK AND SURPLUS VARIABLES, AND
THE REQUIREMENTS VECTOR WITH RON-NEGATIVE COMPOWENTS IN THE
LAST COLUMN. NOTE THAT ARTIFICIAL VARIABLES ARF NOT REQUIRED.
T IS A MATRIX WITH 2 COLUMNS, THE PIRST COLUMN GIVES THE
VARITABLES IN THE OPTIMAL BASIS EXCEPT POR THE LAST ROW WHICH
IS ALWAYS ZERO. THE SECOND COLUMN GIVES THE VARIABLES INW THE
OPTIMAL BASIS EXCEPT POR THE LAST ROW WHICH GIVES THE OPTIMAL
VALUE OP TRE OBJECTIVE FURCTION, IF THE PROBLEM BHAS FEITRER
AN UNBOUNDED SOLUTION OR A RON-FEASIBLE SOLUTION, THEN THE
PROPER INDICATION IS GIVER IN T WHICH IS THEN AW ALPRARUMERTC
MATRIX WITH A SINGLE ROW,
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EACH LINEAR PROGRAMMING PROBLEM SOLVED WITH THIS FUNCTIORN
MUST BE A MAXIMIZING PROBLEM,

KS5TM1

TRIS FUNCTIORN ASSEMBLES THE INPUT FOR THE FUNCTION RSIM,
TRANSFERS CONTROL TO RSIM AND GIVES THE OUTPUT WITH SUITABLE
LABELS. THE DOCUMENTATION POR RSIM SHOULD BE CONSULTED POR
THE FORM IN WHICH THE OBJECTIVE PUNCTION AND CORSTRAIRTS
SHOULD BE PUT.

R+«B SIMPLEX A

THIS FUNCTION USES THE SIMPLEX ALGORITHM T0 SOLVE THE
LINEAR PROGRAMMING PROBLEM SPECIFIED BY THE MATRIX A. THE
ROWS OF A GIVE THE CONSTRAINTS WITH NECESSARY SLACK AND
SURPLUS VARIABLES, AND ALSO ARTIPICIAL VARIABLES WHERE
NECESSARY TO MAKE UP AN IDENTITY MATRIX. THE LAST COLUMR
OF A, EXCEPT FPOR THE FIRST ELEMENT WHICH IS ALWAYS ZERO,
GIVES THE REQUIREMENTS VECTOR, THE FIRST ROW OF A, EXCEPT
FOR THE LAST ELEMENT, GIVES THE PRICES. B IS A VECTOR
OF POSITIVE INTEGERS WHICH GIVES THE COLUMN RNUMBERS
CORRESPONDING TO THE IDENTITY MATRIX.

R IS A MATRIX WITH 2 COLUMNS. THE FIRST COLUMN GIVES THE
VARIABLES IN THE OPTIMAL BASIS EXCEPT FOR THF LAST ROW WHICH
IS ALWAYS ZERO. THE SECOND COLUMN GIVES THE VARIABLES IN THE
OPTIMAL BASIS EXCEPT FOR THE LAST ROW WHICH GIVES THE OPTIMAL
VALUE OF THE OBJECTIVE FUNCTION. IF THE PROBLEM HAS AN
UNBOUNDED SOLUTION, THEN TRE PROPER INDICATION IS GIVEN IR
R WHICH IS THER AN ALPHANUMERIC VECTOR.

EACH LINEAR PROGRAMMING PROBLEM SOLVED WITH THIS FUNCTIOWN
MUST BE A MAXIMIZINGC PROBLEM.

S+TRANSPORT COST

THIS FPUNCTIORN USES THE PRIMAL-DUAL ALGORITRM T0 SOLVE THE
TRANSPORTATION PROBLEM., COST IS AW (M+1)x(N+1) MATRIX, WHERE
COST{I3d]) IS THE URIT COST OF SHIPPING PROM ORIGIN I TO
DESTINATION J, WHERE I=1,....,M AND J=1,...N. COSTLI:N+1] IS THE
AMOURT AVAILABLE AT ORIGIN T, T=1,...,M, AND COSTIM+13;J1 IS THE
AMOUNT REQUIRED AT DESTINATION J, J=1l,.0.,8. COSTI(M+13N+1] IS
ARBITRARY. THE SUM OF THE ORICIN AVAILABILITIES MUST BE EQUAL
TO THE SUM OF THE DESTINATION REQUIREMERTS o

S IS AN MxN MATRIX WITE S[I;J) GCIVING THE NUMBER OF URITS :
SHIPPED PROM ORIGIN I TO DESTIKATION J IN THE OPTIMAL SOLUTIOW.,
THE CORRESPONDING MINIMUM COST IS GIVEN IN THE GLOBAL SCALAR
VARTABLE MINCOST.
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K.W.SMILLIE, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS A SET OF FUNCTIORS
FOR PERFORMING A CRITICAL PATR ANALYSIS FOR AN
ACTIVITY-ORIENTED WETWORK.

TO USE THIS WORKSPACE TYPE THE COMMAND CPMi. THE INPUT CONSISTS
OF THE NODE NUMBER, NODE DURATION AND SUCCESSOR NODE NUMBERS
FOR EACH NODE, IF THERFE ARE N NODES, THEY SHOULD BE NUMBERED
IN ANY ORDER FROM 1 TO N, POR CONVENIENCE OF OUTPUT THE
DURATIONS SHOULD BE INTEGERS. THE OUTPUT CONSISTS OF THE
FOLLOWING INFORMATION WITH SUITABLE LABELS: PROBLEM NUMBER

AND DATE, LENGTH OF CRITICAL PATH, CRITICAL ACTIVITIES, NODF
NUMBERS, DURATIONS, EARLY START AND FINISHE TIMES, LATE START
AND FINISH TIMES, TOTAL AND FREE SLACKS. ERROR INDICATIONS

ARE GIVEN FOR INCORRECT NODE RUMBERING, MULTIPLE INITIAL AND
TERMINAL NODES, AND NETWORK LOOPS, AND COMPUTATION IS THERN
STOPPED,

IF THE INPUT DATA ARE TO BE TYPED IN, ANSWER YES TO THE
QUESTION ‘IS THIS A NEW PROBLEM?', AND FOLLOW THE INSTRUCTIONS
THAT ARE TYPED OUT. THE INITIAL DATA ARE STORED, ONE ROW FOR
EACH NODE, IN THE GLOBAL VARIABLE DATA S50 THAT CORRECTIORNS

MAY BE MADE TO THE DATA WITHOUT ENTERING ALL THE DATA AGAINW,
TO RESTART AFTER MAKING CORRECTIONS TO DATA, ANSWER KO TO THE
QUESTION IS THIS A NEW PROBLEM?'.

12,13
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LIB 12 STP%
K.W. SMILLIE, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS A SET OF FUNCTIORS
POR A CONVERSATIONAL LINEAR PROGRAMMING PROGRAM.

THE POLLOWIRG FURNCTIOR IS AVAILABLE:
LIRPR

TRIS FUNCTION ALLOWS A LINEAR PROGRAMMING PROBLEM TO BE
ENTERED IN AN ALGEBRAIC LANGUAGE SIMILAR TO THAT IN WHICH THE
PROBLEM IS NORMALLY STATED. TO LEARN HOW TO USE THE FURCTION
TYPE ’

. LINPR
ARD ARNSWER ALL QUESTIONS WITR YES OR WO.

THE GLOBAL VARIABLES C, DATA, M, AND SLACK ARE GENERATED BY
EXECUTIOR OF LINPR.
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LIB 12 STP7
K.W. SMILLIE, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS A SET OF FUNCTIONS INTENDED FOR

THE ANALYSIS OF ORTHOGONAL FACTORIAL EXPERIMENTS. COMPLETE

DOCUMENTATION IS GIVEN IN DEPARTMENT OF COMPUTING SCIENCE

PUBLICATION NO. 18 BY K.W. SMILLIE WHICH IS AVAILABLE AT THE
e UNIVERSITY OF ALBERTA BOOKSTORE.

THE FUNCTIONS IN THIS WORKSPACE ARE INTENDED FOR THE ANALYSIS
OF ORTHOGONAL FACTORIAL EXPERIMENTS WITH UP TO SIX FACTORS, ONE
OF WHICH MAY REPRESERT REPLICATIONS, AND AN ARBITRARY NUMBER OF
LEVELS OF EACH FACTOR. THE ANALYSIS-OF-VARIANCE TABLE GIVES THE
DEGREES OF FREEDOM, SUM OF SQUARES AND MEAN SQUARE FOR EACH MAIN
EFFECT ARD INTERACTION TERM. SPECIFIED TERMS MAY BE POOLED TO
ACCOMMODATE DESIGNS WHICH ARE NOT COMPLETE FACTORIALS, SUCH AS
SPLIT-PLOT DESIGNS., ORTHOGONAL SINGLE-DEGREE-OF-FREEDOM CONTRASTS
MAY BE CALCULATED FOR ANY MAIN EFFECT OR INTERACTION TERM.
FINALLY, A METHOD IS PROVIDED POR OBTAINING THE ANALYSIS-OP-
VARIANCE TABLE FOR ARY CROSSED, NESTED OR PARTIALLY-BESTED
DESIGN FROM AN ALGEBRAIC SPECIFICATION OF THE APPROPRIATE LINEAR
MODEL .

A COMPLETE ACCOUNT OF THE FUNCTIONS TOGETHER WITH EXAMPLES
OF THEIR USE IS GIVEN IN SOME APL ALGORITHMS FOR ORTHOGOWNAL
FACTORIAL EXPERIMENTS BY K.W. SMILLIE, DEPARTMENT OF COMPUTING
SCIENCE PUBLICATION KO. 18,
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LIB 12 STPs8
X.W. SMILLIE, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS A SET OF FUNCTIONS TO BE USED
IN A CONVERSATIONAL MANNER FOR MULTIPLE LINEAR REGRESSION
CALCULATIONS.

THIS FUNCTIONS ARE SIMILAR TO THOSE ALREADY AVAILABLE IN
STATPACK BUT WITH SIMPLIFIED INPUT AND ANNOTATED OUTPUT.
THE FOLLOWING OPERATIONS ARE PROVIDED:

1) INPUT OF INITIAL DATA

2) OUTPUT OF INITIAL DATA

3) MEARS, VARIANCES AND STANDARD DEVIATIONS
4“) SIMPLE CORRELATIONS

5) PARTIAL CORRELATIONS

6) MULTIPLE REGRESSION, WITH STEPWISE OPTION
7) RESIDUALS

8) TESTS ON RESIDUALS.

TO USE MREG, LOAD WORKSPACE STP8 AND TYPE MREG . ANSWER
QUESTIONS WITH YES OR NO . AN ANSWER OF NO TO CONTINUE?
WHICH OCCURS AFTER 2) AND S), AND TO MORF REGRESSIONS WITH
THESE DATA? WHICH OCCURS AFTER 8) CAUSES AN EXIT FROM MREG.
THE INITIAL DATA ARE STORED IN THE GCLOBAL VARTABLFE DATA
WAICH IS A MATRIX WITH ROWS CORREPONDINGC TO OBSERVATIORS
ARND COLUMRS TO VARIATES.
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LIB 13 5TATH
R. LIKNAITZKY;D.E.R.S3U. OF A.

THIS WORKSPACE CONTAINS FUNCTINS FOR VARIOUS STATISTICAL
APPLICATIONS.

IMPLEMENTED TO DATE ARFE:
ANOVA1LO ONE-WAY ANALYSIS OF VARIANCE

ASIGR SIGN TEST

ATANY ARCTARGENT REQUIRED FOR VARIMAX PUNCTIORN
CHIPR PROBABILITY OF CHI-SQUARE

CORREL MEANS ,STANDARD DEVIATIONS ,AND CORRELATIONS
DIAG DIAGONAL FACTORING OF A MATRIX

ERRORF NORMAL CURVE .
FACTOR HOTELLING PRINCIPAL AXIS PACTORIWNG

FPR PROBABILITY OF F

KOLR KOLMOGOROV-SMIRNOV TREST

KWA KRUSKAL-WALLIS ANALYSIS OF VARIANCE
PLEVEL PROBABILITY OF F

RANK RANK VALUES

RED ROURD

VARIMAX VARIMAX ORTHOGONAL ROTATION
WILMSR WILCOXIN MATCHED PAIR SIGNED RAWK TEST

FUNCTION SYNTAX AUTHOR

ANOVALO ANOVA10 T K BAY ED9u8 PH3764 1/5/68
STANDARD ONE WAY ANALYSIS OF VARIANCE., ACCEPTS UNEQUAL N. USF 0 For
MISSING MEASUREMENT TO COMPLETE INPUT DATA MATRIYX., IF ACTUALLY OBS-
ERVED VALUE IS O, USE VERY SMALL NUMBER SUCK AS 1B~ 20 POR THE VALUF,
COMPUTER ASSUMES 0 AS MISSING MEASUREMENT., TO TEST THE HYPOTRESIS
THAT VARISNCES ARE HOMOGENEOUS USING BARTLETT APPROX METROD, CRISO
ARD PROB ARE CALCULATED. IF P<0,05 WARNINGC MESSAGE T8 GIVER,

T IS A DATA MATRIX WHERE ROW REPRESENTS REPEATED MEASUREMERT PER
PERSON OR SAMPLE, REQUIRES CHIPR AND ERRORF. POR REFPERENCE SFF
KEEPING INTRODUCTION TO STATISTICAL INFERENCE P2i5,

ASIGN PROB«X ASIGN Y S HUNEKA

WHERE X AND Y ARE DATA VECTORS. ASIGN RETURNS THE NUMBER OF DIFFRER~
ENCES GREATER THAN ZERO OR THE NUMBER LESS THAN ZERO WRICH EVER IS
SMALLER, THE NUMBER OF NOWN-ZERO DIFFERENCES, AND THE PROBABILITY.

ATARY SC+«N ATANu D S HURNKA

THIS FPUNCTION CALCULATES THE COS AND SIN FOR TAN u THETA GIVEN TEFR
WUMERATOR N AND DENOMINATOR D FOR THF TANGENT., THE VECTOR 8§C CON-
TAINS THE FOLLOWING: SC[i11 IS 1 IF THE ANGLE OF ROTATION IS SUFFIC-
ITERTLY LARGE TO WARRENT A ROTATION OF THE CURRENTLY AVAILABLE FAC-
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TORS, OTHERWISE IT IS 0, SC[2] IS COS PHETA, SCI3] IS SIK THETA.
IF SC[1] IS 0, SCI21 AND SCI31 WILL ALS0 BE 0. THE PUNCTION ALSO
REQUIRES THE PARAMETER TOL WHICH FOR THE VARIMAX ROTATION MAY BE
SET AT 0.05,

CHIPR P<«F CHIPR X K BAY

CALCULATES PROBABILITY P(XsSCHISQ) WHEN DEGREES OF FREEDOM AND X IS
GIVEN., F IS DEGREES OF FREEDOM, X IS OBSERVED CHISOQ, P IS THE PROB -
ABILITY OF OBSERVING A SAMPLE VALUE OF CHISQ GREATER THAN OR EQUAL
TO X UNDER THE RYPOTHESIS. THIS PROGRAM IS BASED ON ALGORITHM 299,
CHISQ INTEGRAL BY HILL AND PIKE. SEE COMM OF COMPUTING MACHINERY
10,4 P243 APRIL 1967. REQUIRES ERRORF., IF F<1i OF X<0 ERROR MESSAGE
IS GIVEW.

CORREL R«CORREE 8 S HURKA

TRIS FUNCTION CALCULATES MEANS STANDARD DEVIATIONS ARD CORRELATION
COEFFICIENTS FOR A SCORE MATRIX OF ORDER NP BY N, WHERE NP IS THE
NUMBER OF OBSERVATIONS AND N THE NUMBER OF VARIABLES. IN THE SYN-
TAX S IS THE MATRIX OF SCORES AND R IS THE CORRELATION MATRIX. THE
MEANS AND THE STANDARD DEVIATIONS ARE NOT RETURNED BUT ARE AVAILABLE
IN THE VECTOR MS[13] AND MS[ 21 RESPECTIVELY.

DIAG A<N DIAG R S HUNKA

THIS FUNCTIOR PERFORMS A DIAGCONAL FACTORING OF A MATRIX. N IS THE
NUMBER OF FACTORS TO EXTRACT AND R THE MATRIX OF CORRELATION COEF-
FICIENTS. THE FUNCTION SELECTS THE COLUMN CONTAINING THE LARGEST
DIAGONAL ELEMENT AS THE BASIS FOR EXTRACTING THE NEXT PACTOR. THIS
FUNCTION REQUIRES THE FUNCTION RND FOR ROUNDIRG OFF,

ERRORF P<«ERRORF 2 K BAY

CALCULATES NORMAL INTEGRAL P(0<X<|2Z|) WHERE X IS STANDARD HORMAL
VARIATE ‘AND 7z IS UPPER LIMIT OF INTEGRAL. P I5 THE PROBABILITY
I.E. THE AREA UNDER NORMAL CURVE LIKE USUAL NORMAL TARLE. SFE
HASTING APPROXIMATIONS FOR DIGITAL COMPUTERS PP187.

FACTOR A+FF FACTOR RA S HUNKA

NF IS A SCALAR CONTAINING THE NUMBER OF FACTORS TO EXTRACT, A I&
THE MATRIX TO BE FACTORED, EIGENVALUES AND EICERVRCOTORS ARR ALSH
GIVERN.

FPR P«DF FPR F K BAY

CALCULATES APPROXIMATE PROB VALUF OF F DISTRIBUTION., NP IS A VECTOR
OF TWO COMPONENTS: DFT4% IS DF OF NUMERATOR MS, DF{21 IS DF OF
DENOMINATOR MS. F IS CALCULATED F RATIO, P IS PRORABILITY. THIS
PROGRAM IS A NORMAL APPROXIMATION AND GIVES TWO DECIMAL PLACKS, IF
DF<3 OR PRECISE VALUE IS WANTED, FUNCTION PLEVEL IS RFCOMMERDED .,
REF: KENDAL ADVANCED THEORY OF STATISTICS F3gz,

KOLR MAXD«XOLR D S RUNKA
GIVER A VECTOR OF DATA IK D MAYD IS PETURNED IRDICATING THF MAXYT-
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MUM DIFFERENCE BETWEEN THE OBSERVED ARRAY AND A THFORFETICAL ARRAY
DETERMINED ON THE BASIS OF EQUAL PROBABILITY.

KA A«NG KWA X S HUNKA

NG IS A VECTOR CONTAINING THE NUMBER OF OBSERVATIONS IN FACH GFronp,
X IS A VECTOR CONTAINING THE OBSERVED DATA AND ORDFRED IN THFE SAMFE
ORDER AS THE SAMPLE SIZES IN NG, THE ARGUEMFN™ H IS RRETURNED.

PLEVEL P«DF PLEVEL F K BRAY

THIS IS BASED ON FORTRAN SUBROUTINE PLEVEL. GIVEN DRGRFES OF

FREEDOM FOR BOTH NUMERATOR (DFT11) AND DENOMINATOR (DPT271), AND F
RATIO, THE FUNCTION CALCULATES THE PROB OF THE OBSERVED P OR LARGER
OCCURING. REQUIRES PROBLY, BTALOC, GAMLOG, BASHLIN, SIN, AND ARCSIN.
THIS PROGRAM IS RATHER TIME CONSUMING. THEREFORFE IF DFz3 AND PRECISF
VALUE OF P IS NOT REQUIRED FASTER APPROXIMATION FPP IS RECOMMERDED ,
THE FUNCTION FPR IS ACCURATE TO TWO DECIMAL PLACES I® DFz23,

RANK R«RANK X S BUNKA
GIVEN A VECTOR X, R IS RETURNED CONTAINING THFE RANK ORDFER VALURS .,

RAD RN RND X W S ADAMS
X MAY BE A VECTOR OR A SCALAR WHICH IS TO BF ROUNDED, WHRILE W IS
THE NUMBER OF PIGURES WHICK THE ROUNDED VALUR SHOULD HAVE.

VARIMAX VARIMAX A S HURNKA
THIS FUNCTION PERFORMS AN ORTROGONAL ROTATION. A IS THE FACTOR
MATRIX TO BE ROTATED. THIS FUNCTION CALLS THF FUNCTIONS ATANY (RRD,

WILMSR T«X WILMSR Y S HURKA
X AND Y ARE VECTORS OF OBSERVED DATA. THE SUM OF THFE POSITIVE AND
NEGATIVE DIFFERENCES IS RETURNED.




LIB 13 STAT?2

THIS WS CONTAINS SAME MISCELLANEOUS STATISTICAL
FURCTIORS.

THE FOLLOWING FUNCTIONS CAN BF USED:

MEARS X

X, THE INPUT TO THIS PROGRAM, IS AN ARRAY (<8 DIMENSIONS)
CONTAINING YOUR RAW DATA, WTITH ~999998 FILLED IN FOR MISSING
OBSERVATIONS. THE PROGRAM WILL ASK FOR THE SETS OF MEANS YO
WANT DISPLAYED, QNE SET AT A TIMFE, IF YOU WANT THE MEANS
ACROSS THE FIRST DIMENSION (FACTOR), TYPE 1 IN RESPONSE; ACROSS
THE SFCOND DIMENSINN, TYPE 2; ACR0OSS THE THIRD DIMFNSION, TYPFE
3; ACROSS THE FIRST AND THIRD DIMENSINNS, TYPE 133 ACROSS THF
SECOND AND FOURTH DIMENSIONS, TYPF 2u; ACR0OSS THR FTRST, THIPD
AND FNURTH DIMENSIONS, TYPE 13u3;ETC. I® YOU WANT THE OVERALL

MEAN, TYPE 9, WHEN YOU HAVE ALL THE MRANS YOU WANT, ENTER A
0 TO GET OUT OF THE FUNCTION.

T«N ARCSIWN X

THIS PROGRAM DOES THE ARCSIN TRANSFORMATINN AS PROPOSED RV
N.F. LAUBSCHER, ON STABILIZING THE BINOMIAL AND NEGATIVFE
BINOMIAL VARIANCES, AMEPICAN STATISTICAL ASSNCTATION JOURNAL ,
VOL. 56, 1961, PP.143-150.

TO USE THRIS TRANSFORMATION, YOUR RAW DATA MUST RFE DRAWN
FROM A POPULATION WHICH FOLLOWS A BIKOMIAL DISTRIBUTION. (I.F.
YOUR DATA WILL BE OF THE FORM OF A NUMBER OF CORRECT (1R
INCORRECT) RESPONSES IN °*N°® TRIALS.)Y N IS A SCALAP WHICH IS THF
MAXIMUM NUMBER OF CORRECT RESPONSES. X IS ARY TYPR 0P 8TZF NF
ARRAY CORTAINING RAW DATA, WHRRE EACKE FLEMENT IN ¥ IS A NUMBEP
OF CORRECT RESPONSES. T IS AN ARRAY OF EYACTLY THE SAVE TYPF AND
SIZE AS X, EACH ELEMENT IN T BEINGR THF TRANSFORMED VALU® FOR THFE
CORRESPONDING ELEMENT IN X.
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LIB 14 DFREFR
J.A. REDFIELD; DEPT OF ZOOLOGY; UNIV. OF ALREFRTA

THE WORKSPACE ‘'DFREE' CONTAINS STATISTICAL TFSTS TN RBF
USED IN CONJUNCTION WITH NON-PARAMETRIC OR DISTRIBUTIORN-
FREE DATA.

THE FOLLOWING FUNCTIORS ARE AVILABLF:
0 CAI E

CHI CALCULATES GNOODNESS-OF-FIT CHI SQUARE FROM THE ORSERVED
VALUES O AND THE EXPECTED VALUFS E., RBOTH O AND F ARE VECTORS
OF THE SAME SIZE.

THE FORMULA USED IS:

T RC TT

RC COMPUTES A STATISTIC °'G*®' FOR A ROWS BY COLUMRS CONTINGERNCY

TABLE OF ANY SIZE. 'G' IS THE SAME AS CHI-SQUARE AND THIS TEST IS
IDENTICAL TO A ROWS BRY COLUMRS CONTINGENCY CHI-SQUARE.

T IS A TWO COMPONENT VECTOR OF THFE SIZE 0OF THE CONTINCENCY TABLF
(ROWS=FIRST COMPONENT; COLUMNS=SECOND COMPONENT)Y AND TT IS A VECTOR
OF OBSERVATIQONS IN THE CONTINGENCY TABLE, ENTERED ROW BRY ROV.

T0 USE THIS FUNCTION, ENTER THE SYZE OF THFE TABLE FOLLOWED RY

RC FOLLOWED BY THE RAVELED TARLE. SFE SORAL AND ROALF (1969)Y,
PAGES 598-601 FOR FURTHER DETAILS OF THIS TRST.

P BT N

BT COMPUYTES T FOR TWO BINOMIAL PROPORTIONS, P AND THEIP
CORRESPONDING SAMPLE SIZES, N. THE FORMULA USED IS:

0.5 0.5
ARCSIN(P Y-ARCSIN(P )

e X
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WHERE
P =LARGEST PROPORTION
P1=SMALLEST PROPORTION
N2=SAMPLE SIZE OF FIRST PROPORTION
N1=SAMPLE SIZE OF SECOND PROPOPTION
2

IF SAMPLE SIZES ARE SMALL THIS TEST IS NOT AS EFFICIERT AS
OTHERS, SUCH AS FISHER'S EXACT TEST. SEE SOKAL AND ROLFF (3969)
PAGES 607-608 FOP FULL DETAILS OF THRIS TEST.

TBYT X

TBYT COMPUTES CONTINGENCY CHI-SQUARE (WITH YATE'S CORRECTION)
FOR ANY 2 x 2 TABLE. THE FUNCTION RETURNS CHI-SQUARE WITH 1 DF,
IF SOME OR ALL OF THE CELL NUMBERS ARF <10, FISHERS MAY BE A MOPRF
APPROPRIATE ROUTINE.

Vv SIZE @

SIZE COMPUTES THE SAMPLE SIZE TO BE X ©/0 CERTAIN OF DETECTIRG
A TRUE DIFFERENCE BETWEEN TWO PROPORTIONS, RFEPRESENTED RY @,
AT THE Y LEVEL OF SIGNIFICANCE.

VIS A TWO COMPONERT VECTOR OF Y AND X. Y AND X MUST AAVE THE
FOLLOWING VALUES:

Y MUST BE 0.1 OR 0.05 OR 0.01 OR 0,001}

X MUST BE 50 OR 80 OR 90 OR 99 (THESE ARFE PERCFRTACES),

TQ USE THE FUNCTION, ENTFER Y FOLLOWED BY X TREN TRE WORD

SIZE FOLLOWED BY THE TWO PROPORTIONS., SOKAL AND ROHLP

(1969) PAGFES 608-610 GIVE THE DFTAILS OF THRIS CALCULATION,

E HET ©

HET COMPUTES THE STATISTIC G (=CHI-SQUARE) FOR A SERIES OF
REPLICATED GOODNESS-OF-FIT TESTS. QUTPUT CIVES "GV POR THE
POOLED DATA, FOR HETEROGENEITY BETWEEN TESTS., FOR FACR INDIVIDUAL
TEST, AND FOR THE TOTAL, ALL IN SUITABLE FORMAT.

E IS THE EXPECTED RATIO (A VECTOR IN INTEGER FORMY TN THFR
REPLICATED TESTS ARD O IS A TARLFE WITH EACH ROW REPRESENTING
ONE TEST,

TO USE THE FURCTION, ENTER THE EXPECTED RATIO (IN INTECER FORM)
FOLLOWED BY HET FOLLOWED BY THE TABLE OF ORSERVATIONS. SEF
SOKAL AND ROHLF (1969) PAGES 575-579 POR FURTHER DETATILS

OF THIS TEST.
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A FISHERS B

FISHERS COMPUTES THF EXACT PROBABILITY OF ORTAINING THF ORSFRVED
RESULTS AND ALL WORSE CASES IN A 2x2 CONTINGENCY TARLF.

THIS TEST IS KNOWN AS FISHER'S EXACT TFEST AND ANSWERS THE FOLLOWIRNG
QUESTION: GIVEN TWO-WAY TABLES WITH THE SAME FIXED MARGINAL TOTALS AS THE
OBSERVED ONE, WHAT IS THE CHANCFE OF ORTAINING THE OBSERVED CELL PREQUENCIES
AND ALL CELL FREQUENCIES REPRESENTING A GREATER DEVIATION FROM EXPECTATION?
SOKAL AND ROHLF (1969) GIVE THF DETAILS OF THIS COMPUTATION (PP.593-598).

A IS ONE ROW OF A TWO BY TWO CONTINGENCY TABLE AND R IS THE OTHER ROW.

THE ANSWER IS AN EXACT PPOBABILITY. THIS FUNCTION REQUIRES THF VARIABLF
LOGFACTORIALS WHICH IS THF LOGARITHMS OF 0-499 FACTORIAL,(LOG OF 0%,.,.499!
AND IS IN THIS WORKSPACE. ONE CAN USE FISHERS FOR ANY 2x2 CORTINGENCY
TABLE (AS LONG AS N (TOTAL) IS LESS THEN 499) RUT IT IS NO BETTEFR THAN

TBYT (G-TEST WITH YATES®' CORRECTION) WHEN ALL CELL FREQUENCFES ARE >10.

H«KRUSKAL X

KRUSKAL IS A FUNCTION FOR THE KRUSKAL-WALLIS TEST. THIS
IS A TEST FOR DIFFERENCES OF LOCATION OF MEDIAR IN DATA GROUPFED
BY A SINGLE CLASSIFICATIOKR. IT IS EQUIVALENT TO ANOVA WITH A
SINGLE CLASSIFICATION.

X IS A RxA TABLE WITH THE COLUMNS BEING TREATMENTS AND THE
ROWS REPLICATES. FOR MISSING DATA, ENTER 0, FORF ACTUAL O,
ENTER A VERY SMALL NUMBER,., SAMPLF SIZES NEED NOT BE FEQUAL.

THE TEST STATISTIC, H, IS DISTRIBUTED AS CHI-SQUARE WITH
A-1 DEGREES OF FREEDOM,

THIS TEST DOES NOT INCLUDE THFE CORRECTION TERM FOR TIES
(GIVEN IN SOKAL AND RORLF, P. 38%9) SINCE OTHFEP SOURCES DO NOT
USE IT.

THIS TEST IS AS EFFICIERT AS WILCOXAR®S SIGN TEST FOR A=2.
SEE SOKAL AND ROHLF, PP, 387-391; STEEL AND TORRIE, PP. 406-407
FOR DETAILS OF THE TEST.

THE STANDARD REFERENCES FOR THIS WORKSPACE ARF:
STEEL AND TORRIE PRINCIPLES AWND PROCEDURES OF
STATISTICS (1960) MCGRAW-HILL PURL.CO.

SNEDECOR ARD COX STATISTICAL METRODS (1967) 6TH EDITION
IOWA UNIV. PRESS

SOKAL ARD ROHLF BIOMETRY-THE PRINCIPLES AND PRACTICE OF
STATISTICS IN BIOLOGICAL RESEARCH (31969)
FREEMAN AND CO. :
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LIB 14 PSTAT
J.A. REDFIELD; DEPT OF ZO0OLOGY; UNIV. OF ALBFRTA

THE WORKSPACE 'PSTAT' CONTAINS FUNCTIONS T0 BE USED IN
CONJUNCTION WITH PARAMETRIC DATA,

THE FOLLOWING FUNCTIONS ARPF AVAILARLE:

Vv TTESTY P
TTESTY COMPUTED 'T*' FOR A SERIES OF PAIRED ORSERVATIONS,
REPRESENTED BY THE VECTORS V AND P, TRHE PROGRAM RETURNS
SAMPLE SIZE, DEGREES OF PREDOM, MEANS, POOLFD VARIARCE,
POOLED STANDARD DEVIATION, POOLED STANDARD FRROR AND T,
ALL WITH SUITABLF LABELS.

THE FORMULA USED FOR THFE CALCULATION OF T IS:

WHERE
D=MEAN DIFFERENCE

S_=STARDARD FERROR OF MFAN DIFFERENCE
b

SEE SNEDECOR AND COX (PAGES 92-95) OR STEFL AND TORRIE
(PAGES 78-79) FOR FURTHER DETAILS
V TTEST2 P
TTEST2 COMPUTES °*T' FOR AN UNPAIRED SERIES OF EQUAL SAMPLE
SIZED OBSERVATIONS, REPRESENTED BY THF VECTORS V AND P.
THE PROGRAM RETURNS THE SAMPLE SIZES, POOLED VARIANCE, POOLED
STANDARD DEVIATIOR, POOLED STANDARD ERROP OF THFE MEAN DIFFERENCE,
ARD T IN A SUITABLE PORMAT,

THE FORFMULA USED FOR THFE CALCULATIOR OF T IS:

G o T o o



SEE SKEDECOR AND COX OFR STEEL AND TORRIE
FOR FURTHER DETAILS OF TRIS CALCULATION.

v TTEST3 P

TTEST3 COMPUTES 'T' FOR A SERIES OF UNPAIRED ORSERVATIORS
NOT NECESSARILY OF THE SAMFE SAMPLE SIZFE, THRESE OBSERVATIORS
ARE REPRESENTED BY THE VECTORS V AND P. THIS PROGRAM
ASSUMES EQUALITY OF VARIANCES., IF YOU DO NOT WANT 7O ASSUME
THIS, USE TTESTw. THE PROGRAM RETURRKS THFE SAMPLE SIZES,
MEANS, VARIANCES, STANDARD DEVIATIONS, STANDARD ERRORS,
POOLED VARIANCE, STANDARD ERROR OF THE MEAN DIFFERENCE, ARD
T. ALL WITH SUITABLE LABLES.

THE FORMULA USED FOR THE CALCULATIOR OF 7 IS:

. 20

WHERE -
V=MEAN OF V

P=MEAN OF P
S_ _=STANDARD ERROR OF THE MEAN DIFFERENCE
V-P

SEE SNEDECOR AND COX (PAGRES 104-105) OF STEEL AND TORRIF
(PAGES 73-75) FOR FURTHER DETAILE OF THIS CALCULATION,

Y TTESTN P

TTESTY COMPUTES T POR AR UNPATRED SERIES OF SAMPLES FROM
PWO POPULATIORS, THIS TESY DOES ROT ASBUME EQUALITY OF
VARIANCES. YOU WILL BE REQUIRED T ENTER THE VALUE OF T FOR
K-1 AFND M-1 DEGREES OF FREEDOM {(W=NUMBER OF RLEMENTS IK V
AND M=NUMBER OF ELEMERTS IN PY FOR TKE CHOSEN SINNIFICARCE
LEVEL (THESE VALUFES ARE TO BE (ORTAINED FROM 4 TARLF OF

T Y. THIS PROGRAM RETURNS SAMPLE SIZES, MFARS,

VARIANCES, STANDARD DEVIATICONS, STANDARD FRRORS, POOLED
STARDARD ERROR OF THE MEAN DIFFERENCE, T AND THE VALUE THAT
T MUST EXCEED IN ORDER T0O RBRF SIGRIFICANT AT THE CHOSER
LEVEL OF SIGNIFPICANCE.

THE FORMULA USED IN TRIS CALCULATION I&8:

(%5
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WHERFE

D=MEAN DIFFERENCE

S_=STANDAPD FRPOP OF THR MEAN DIFPERENCE

D

FOR FURTHER DFRTAILS ON THIS CALCULATIOR
(PAGES 114-116)Y OF STEFL AND TORRIFE (PAG

SEE SNEDECOR AND COX
ES 81-82),
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LIB 15 INTERPO
D.A.COOK, DEPT. PHARMACOLOGY, UNIV. OF ALRRRTA

"INTERPOLATE® IS A ROUTIRFE FOP LIREAR IRTERPOLATION,

THE LEFT HARD ARGUMERT REPRESENTS A VECTOFP OF VALURS
OF X FOR WHICH VALUFS OF Y MUST BE ORTAINED BY LINEAF
INTERPOLATION; THE RIGHT HAND ARGUMENT IS A MATRIX OF
TWO COLUMRNS, THE FIRST COLUMN OF WHICH REFPRESENTS THE
ESTABLISHED VALUES OF X AND THE SFECOND COLUMN REPRESEN
THE ESTABLISHED VALUFRS OF Y. THE RESULT IS A VECTOR OF
THE SAME SIZE AS THE LEFT HARD ARGUMENT COMPRISING THE
CORRESPONDING VALUES OF Y.

IF A VALUE IN THE LEFT HAND ARGUMEAT IS GREATER THAN
THE LARGEST ESTARLISHED VALUFE OF X, OR SMALLER THAK TH
SMALLEST ESTABLISHED VALUE OF X, THFE RESULT DEPENDS OF
THE VALUE OF THE LOCAL VARIABLFE ‘SET® RSTABLISHED IW T
FIRST STATEMERNT OF °*INTERPOLATE'. IF ‘SE?T' IS ~41, THF
RESULT IS SET TO AN EMPTY VECTOR, A MESSAGE TO THE
EFFECT THAT A VALUE WHICH IS OUT OF RARGE HAS BEEN
ENCOUNTERED, WILL BE PRINTED, AND EXECUTINN TERMINATES
IF SET IS PUT TO 0, THE FIRST OR LAST PAIF OF POIRTS
IN THE ESTABLISHED VALUES ARE EXTRAPOLATED T0O ACCOMODA
THE VALUE WHICR IS OUT OF RANGE, GIVING A RESULT OF TH
SAME LERGTH AS THE LEFT ARGUMENT. IF SET IS PUT AT 1,
POINTS WHICH FALL OUT OF RANGE ARE IGNORED; A RESULT
WHICH IS SHORTER THAN THE LEFT HAND ARGUMENT BY THE
NUMBER OF VALUES WHICH FALL OUT OF RANGE IS PRODUCED.
UNLESS CHANGED BY THE USER, THE FIRST STATEMERNT OF
PINTERPOLATE® PUTS THE VARIABLE 'SET® AT 0O,
"INTERPOLATE® REQUIRES 'LSQPLOT®.
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E
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LIB 15 PCF
E.M.EDWARDS, ELECT. ENGR., URIV, OF ALRERTA

PCF WILL FIT A POLYNOMIAL TO A SET OF DATA POINTS
USIRG THE LEAST SQUARFS CRITERION OF FIT.

RelN PCF X

F IS THE ORDER OF THE POLYNOMIAL,

X IS A 2,K MATRIX CONSISTING OF K DATA POIRTS.
(THE INDEPENDENT VARIABLE RFPRESENTED BY THE FPIRST
ROW OF X IS TAKER TO BE EXACT.) THE FIT MINIMIZES
DEVIATIONS OF THE DEPENDENT VARIARLE RFPRESENTED BY
THE SECOND ROW.

R IS A VECTOR OF THE POLYNOMIAL COEFFICIERTS IN
DESCERDIRG ORDER.

THE GLOBAL DEV IS INTERNALLY SET TO THE RMS DEVIATION
CATENATED WITH THE MAX DEVIATION ARD THE VALUE OF THRE
INDEPENDENT VARIABLE AT WRICH IT OCCURRED,
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LIB 20 IGDS
V.CASAROSA, E.D'ETTORRE, G. FACONTI, 5.TRUMPY

THIS WORKSPACE CONTAIRNS AN INTERACTIVE SET OF FUNCTINNS HAVING
THREE MAIN TASKS:
1) IT FIT TROUGHE A SET OF GIVEN POINTS A SURFACF HAVING GIVEN
SLOPES IN THE BOUNDARY POINTS;:
2) IT INTERPOLATES MORE POINTS ON SUCH SURFACF;
3) IT DISPLAYS THE BUILT SURFACFE ON A GRAPHIC DRVICE.

THE GRAPHIC DEVICES HOLDED BY THE SYSTEM ARE:
1) TEKTRONIX COMPUTER DISPLAY TERMINAL
2) PLOTTER HP7201-4 ON-LINE WITH THE TERMINAL.

THE SYSTEM WORKS UNDER THE CONTROL OF A SUPERVISOR FUNCTION
WHICH ASKS THE USER FOR COMMANDS, PERFORMS THFE SYNTACTICAL ANALYSIS
AND EXECUTES THE INPUT LINE IF IT IS FOUND CORRECT.

ALL PARAMFTERS AND COMMARDS MUST BE GIVEN FROM THE TERMTINAL
KEYBOARD.

THE SET OF AVAILABLE COMMANDS IS SHOWN BELOW:

. BUILD TO BUILD A SURFACE

CHBANGE TO CHANGE THE PARAMETERS OF A GCIVEN SURFACF

DISPLAY TO DISPLAY A SURFACE ON THE 2750 DTSPLAY UNIT NP NE THE
TEKTRONIX TERMINAL

END TO0 CLOSE THE WORK SESSION

PLOT TO0 PLOT A SURFACE ON THE PLOTTER FP7201-A4

RESTORE TO RFELOAD THE PARAMETERS OF A SURFACE SAVED WITH THE
COMMARD SAVE

SAVE TO WRITE THRE PARAMETERS OF THF BUILT SURFACF OW A (ME
FILE

STORE TO ASSIGR TO AN APL VARIABLE OF TO WRITE ON A CMS PILE
THE PARAMETERS OF A DISPLAYED SURFALE

WRITE PO WRITE IR ERCDIC CODE THE PARAMFTERS OF A #RTVER

SURFACE OK A CMS FILE

MORE INRFORMATION ON THE IGDS SYSTEM CAN BE FOUND IFW THF CRUCF
TECHRICAL REPORT N .84 'IGDS: INTERACTIVE DESIGR OF INTERPOLATED
SURFACES",
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LIB 21 APLGRAPH
TEKTRONIX DISTRIBUTED

LIBRARY 21 COKNTAINS APL GRAPH-II PACKAGE AS DESCRIBED IN THF
"APL GRAPH-II USER'S MANUAL - DOCUMERT N0O. 062-1617-00"'

YOU HAVE AT DISPOSAL THE FOLLOWING WORKSPACES:

WORKSPACE NATURE OF CONTENTS

APLGRAPH STANDARD FUNCTIONS

MIRT MINI PACKAGE

EGHM w015 ENBEANCED GRAPHICS MODULE SUPPORT

EXAMPLES DEMONSTRATION PROGRAMS

ARBOUT ARBITRARY OUTPUT FACILITY

TEK2741 APL\360 INTERFACE SUPPORT FOR STANDARD PACKAGF
MINI27u1 APL\360 INTERFACF SUPPORT FOR MINI PACKAGF

THE DISTRIBUTED WORKSPACES CAN BE USED T0O IMPLEMENT THREE DIFFFRENT
SOFTWARE PACKAGES:

PACKAGE CAPABILITY SUMMARY TEKTRONIX TERMINAL
STANDARD PRIMARY GRAPHIC FUNCTIONS 4013
FUNCTIOR POIRNT PLOTTIRG 5018
PACKAGE DASHED LINES
VIRTUAL GRAPHICS
MINI SUB-SET OF THE STANDARD 5013
PACKAGE FUNCTION PACKRAGE. UPWARD 5015%

COMPATIBLE TO THE STANDARD
PUNCTION PACKAGE., SUPPORTS
PRIMARY FUNCTIORS

ENAARCED FOUR KINDS OF DASHED LINES woi1sS ONLY WITH EGM
GRAPHIC 4096x4096 ADDRESSABLE SCRFEN HARDWARE
PACKAGE UNITS. POIRT PLOT VECTORS

USIRG RARDWARE

STANDARD FUNCTIOR PACRAGE AND MINI FUNCTION PACKAGE HAVE BEEW
IMPLEMENTED IN *21 STDNPACK® AND IR 21 MINIPACK® RESPECTIVELY.
ENHANCED GRAPAIC PACKAGE IS NOT SUPPORTED BY THE 2741 TERMIRAL
INTERFACE,

THE DOCUMENTATION ON APL GRAPH-IT IS AVAILABLF AT CRUCE BOOKSTORE.
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LIB 21 ARBOUT
TEKTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-II PACKAGE AS DESCRIBED IN THE
'APL GRAPH-II USER'S MANUAL - DOCUMENT NO., 062-1617-00"°
FOR FURTHER INPORMATION, SEE 21 APLGRAPH DOCUMENTATION.

LIB 21 EGM
TEXTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPA-II PACKAGF AS DESCRIBED IN THF
'APL GRAPH-II USER'S MANUAL - DOCUMERT RO. 062-1617-00"
FOR FURTHRER INFORMATION, SEE 21 APLGRAPR DOCUMENTATION.

LIB 21 EXAMPLES
TEKTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-II PACKAGE AS DESCRIBED IN THF
*APL GRAPH-II USER'S MANUAL - DOCUMENT RO, 062-1617-00°
FOR FURTHER INPORMATION, SEE 21 APLGRAPHA DOCUMENTATION.

LIB 21 MIRI
TEXRTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-II PACKAGFE A3 DESCRIBED IN THE
‘APL GRAPH-II USER'S MAWNUAL - DOCUMENT RO, 062-1617-00°
FOR FURTHER INFORMATION, SEE 21 APLGRAPHR DOCUMENTATION.
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LIB 21 MINIPACK
TEKTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-II PACKAGE AS DESCRIBED IN THE
*APL GRAPH-II USER®S MANUAL - DOCUMENT NO. 062-1617-00°
FOR FURTHER INFORMATION, SEE 21 APLGRAPH DOCUMENTATIORWN.

LIB 21 MINI27ui
TEKTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-II PACKAGE AS DESCRIBED IR THE
‘APL GRAPH-II USER'S MANUAL - DOCUMERT RO. 062-1617-00°
FOR FURTHER INFORMATION, SEE 21 APLGRAPH DOCUMENTATION.

LIB 21 STDWNPACK
TEKTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-IY PACKAGCE AS DESCRIBED IR THE
‘APL GRAPH-II USER®S MANUAL - DOCUMENT FO. 062-1617-00°
FOR FURTHER INFORMATION, SEE 21 APLGRAPH DOCUMENTATION.

LIB 21 TEK27u1
TEXTRONIX DISTRIBUTED

LIBRARY 21 CONTAINS APL GRAPH-II PACKAGE AS DESCRIBED IN THE
*APL GRAPH-II USER'S MANUAL - DOCUMERT NO., 062-1617-00°
FOR PURTHER IRFORMATION, SEE 21 APLGRAPH DOCUMENTATION.
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LIB 22 PAINRT
Z. PABRI, INST. OF PHISICS (PISA)

FUNCTIONS TO PLOT A MATRIX OF GIVEN POINTS AT THF TERMIRAL.

THE GROUP «PLOT« IN THE WORKSPACFE =PAINTx CONTAINS
THE PUNCTIONS =FIPLO«% , =PAINT+ AND =NEWPLOT», WITH THFE
AUXTILITARY VARIABLES «AQA®x AND «TTx,

SYNTAX :
FIPLO B
PAIRT B
Z«A NEWPLOT B

B IS A TWO-COLUMN MATRIX. Rl ;11 IS THE VECTOR OF
THE ABSCISSAE (IN ANY ORDER); RT 321 IS THE VECTOR OF THF
CORRESPONDING ORDINATES.

A IS A TWO-COMPONERT VECTOR., AT11 IS THE X-SCALE
(IN CM PER UNIT); Al2] IS THE Y-SCALE,

Z IS A CHARACTER VECTOR, INCLUDING BLANKS
AED CARRIAGE RETUFNS, WHOSE PRINTOUT WILL PRODUCE
THE REQUIRED PLOT.

«FIPLO» COMPUTES AUTOMATICALLY THE X ARD Y
SCALES GIVING A MESSAGE FRROR WREN THE GRAPH
EXCEEDS THE PAPER WIDTH,
*PAINT« IS AN INTERACTIVE FUNCTION REQUEARING

TO THE USER THE X AND Y SCALES IN CM, PER URIT.

WHEN NEWPLOT IS CALLED BY PAINT, ITS RESULT
IS ASSIGNED T0O THE GLOBAL VARIABLE «APLOT«, AND DIPECTLY
PRINTED. TRF PLOT MAY BE REPEATFD, IF NFEDED, RY
TYPIRG APLOT.
THE GLOBAL VARIARLE TT MUST BRE SET TO 1 USING A
CORRESPONDENCFE TYPEWRITEP AND MUST BE SET T0 2 USIRG
A SELECTRIC TYPEWRITER.




22.2

LIB 22 PLOT
IBM DISTRIBUTED

THE PLOT WORKSPACE CAN BE USED TO PRINT GRAPHS, HISTOGRAMS, AND
FORMATED NUMERICAL ARRAYS AND MATRICES.

THE WORKING FUNCTIONS IN THIS WORKSPACE ARF: 2

ARD DFT EFT PLOT VS

THE FORMATTING FUNCTIONS DFT AND EFT PROVIDE A FORMATTING CAPARILITY
EQUIVALENT TO THE FORMATTING FUNCTION w. DFT AND EFT ARE, HOWEVER,
INCLUDED IN THIS WORKSPACE TO PROVIDF COMPATIRILITY WITH PRFVIOUS
PLOTFORMAT DISTRIBUTIONS. ’

THE NAMES AND COMPOSITION OF THE GROUPS IN THIS WORKSPACFE ARRE:

DFTGP: AND DFT
EFPTGP: AND EFT
PLOTGP: ARD PLOT VS

SYRTAX DESCRIPTION

Z+«A AND B ESSENTIALLY A COLUMN-CATENATOR, WITH SOMF EXTRA
EFFECTS WHEN THE ARGUMENTS ARE NOT MATRICES.
THIS FUNCTION IS DFRSIGNED TN BF USED EITHFR
IRDEPENDENTLY, OR IN CONJUNCTION WITH VS.
TOGETHER, THEY PROVIDE A CONVENIENT WAY OF FORM-
IRG INPUT TO THE PLOT FUNCTION.

Z«4 DFT B FORMS PIXED-POINT OUTPUT,

s+A EFT B FORMS EXPONENTIAL OUTPUT.

A4 PLOT B GRAPHS ONE OR MORE FUNCTIORS SIMULTAREOUSLY.
Z+4 VS B ESSENTIALLY A COLUMN-CATENATOP, SIMILAR ™0 ARD ,

EXCEPT THAT THE BIGHT-HAND ARGUMENT MUST RE OF
RANK < 1. IT IS DESIGNED PRIMARILY TO PROVIDE
CONVERIERT FORMATION OF INPUT T0 PLOT FUNC-

TION., WHETHER USED BY ITSELFP OR WITH ARKD, VS5

WILL CAUSE ITS RIGHT ARGUMENT TO APPEAP A4S THE
LEFTMOST COLUMR OF THE PESULTANT ARRAY. (THER RESUL-
TANT WILL BE AN ARRAY OF RANK THREE, CONSISTINC

OF A SINGLE PLARF).

BOTH AND ARD VS WILL WORK WITH EITHER 1 OR O0-ORIGCIN INDEXTRNG.

-HOW TO USE PLOT



THE FUNCTION PLOT WILL GRAPH ONE OR MORE FPUNCTIONS SIMULTANEOUSLY,
AUTOMATICALLY SCALING THE VALUES TO FIT APPROXIMATELY WITHIN SCALE
DIMERSIONS SPECIFIED BY THE USER. IT WILL WORK ONLY IN 1-ORIGIN
INDEXING .

THE PORM IN WHICH PLOT IS USED IS:
SCALESIZE PLOT FUNCTION
LEFT ARGUMENT: ONE OR TWO NUMBERS.

FIRST NUMBER SPECIFIES THE APPROXIMATE SIZE OF THE VERTICAL
AXIS AND THE SECOND NUMBER DOES THE SAME FOR THE BORJ-
ZONTAL AXIS.

IF ONLY ONE WUMBER IS SUPPLIED, IT IS APPLIED TO BOTH AXES.

THERE IS RO BUILT-IN LIMIT TO THE DIMENSIONS, AND A HOPRI-
ZONTAL AXIS LARGER THAN THE WORKSPACE WIDTH WILL CAUSE
SOME POINTS TO BE PRINTED ON THE REXT LOWER LINE.

RIGAT ARGUMENT: A RECTANGULAR ARRAY WITH RANK < 3,
SCALAR: WILL BE TREATED AS A VECTOR OF LENGTR ONE.

VECTOR: WILL BE PLOTTED AS ORDIRATE AGAINST ITS OWN
INDICES AS ABSCISSA.

MATRIX: THE LEFTMOST COLUMN WILL BE TAKEN AS THE ABSCISSA
AND ALL OTHER COLUMNS WILL BE PLOTTED AS ORDINATES. A
DIFFERENT PLOTTING SYMBOL UP TO THE NUMBER OF SYMBOLS
AVAILABLE WILL BE USED FOR EACH COLUMN, IN CASE TwW»n
ORDINATES HAVE A COMMON POINT, THE SYMBOL FOR THFE
COLUMN FURTHEST TO THE RIGHT WILL BE USED,

3-DIMENSIONAL ARRAY: THE FIRST PLANE WILL RFE PLOPTED AS A
MATRIX, AND ALL OTHEPR PLANES WILL BF DISREGARDED.

AUXILIARY FURCTIORS: THE PUNCTIONS AND AND VS CAN BP
USED TO GENERATE THE RIGHT ARGUMERT IN THE PROPER PORM
POR PLOT. FOFR EXAMPLE:

20 PLOT Z AND Y VS X

PLOT CHARACTERS: THE SYMBOLS USED ARE ASSIGNED TO TRE VARIABLE
BC IN LINE 1 OF PLOT. THE ALPHABET SUPPLIFD IS *OwxevaMN?,
THIS ALPHABET MAY BE EXTENDED AND MODIPIED AS DESIRED,
USING THE NORMAL FUNCTION-EDITIRG PROCEDURES: EITHER CHANGE
LINE 1 OF THE FUNCTION, OR DELETE IT AND INDEPENDENTLY
SPECIFY A VALUE FOR PC.
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AISTOGRAMS: PLOT CAR BE USED TO GENERATE RISTOGRAMS BY SETTING
THE VARIABLE BS T0 1 IWN LINE 2 OF THE FURCTIOR. ALTERNATIVELY,
LIRE 2 CAR BE DELETED, AND HS CAN BF SET EXTERNALLY,

-HOW TO USE DFT ARD EPFT

THE FURCTIORS DFT AND EFT WILL FPORMAT RNUMBERS IN DECIMAL
ARD EXPONENTIAL FORM, RESPECTIVELY, FOR TABULAR OUTPUT. THEY
MAY BE USED TO GENERATE IMMEDIATE OUTPUT, ORF TO STORF AN IMAGFE
FOR LATER PRINTING. THE TWO FORMS ARF:

PATTERKN - DFT TABLF
PATTERN EFT TABLE
ARD
IMAGE«PATTERKN DFT TABLFE
IMAGE+«PATTERN EFT TABLF

RIGHT ARGUMERT: AN ARRAY TO BE FORMATTED.

I? MUST BE NUMERICAL, AND OF RARK < 3, THE FIRST PLANF
OF A 3-DIMERSIORAL ARRAY WILL BE TREATED AS A MATRIX, ARD
ALL OTHER PLAWNES WILL BF DISREGARDED. ARRAYS OF HIGHER
RARK WILL BE SIGRALLED AS A °‘RANK PROBLEM.®

LEFT ARGUMENT: OKE OR MORE INTEGERS TO CONTROL THF FORMAT.

A SINGLE INTEGER:
DFF: SPECIFIES THE NUMBER OF DIGITS TO THE RIGHT OF
THE DECIMAL POINT IN DECIMAL FPORMAT,
EFT: SPECIFIES THE RUMBER OF SIGNIFICANT DIGITS IR
EXYPORERNTIAL FORMAT.

COLUMRS WILIL BE SPACED URIFORMLY, WITR SPACING SUCH
THAT TRERE WILL BE AT LEAST ONE SPACFE BETWEEN THE CLOSEST
NUMBERS .

A PAIR OF INTEGERS: THE FIRST SPECIFIES THF TOTAL NUMBER OF
SPACES TO BE ALLOCATED TO FACH COLUME, AND THE SFECORD
IS USED AS ABOVE.
DFT: THE PIRST NUMBER MUST BE AT LEAST TWO LARGER
THAR THE SECORD.
EFT: THE FIRST NUMBER MUST BE AT LEAST SIX LARGER
THAR THE SECOND,

MORE THAR ORE PAIR OF INTEGERS: THRRE MUST BE ONE PAIR
FOR EACH COLUMN OF OUTPUT (OR FACH FLEMERT OF A VEC-
TOR)., EACH PAIR WILL BE INTERPRETED AS AROVE, AND WILL
APPLY TO TRE LAYOUT OF THE CORRESPORDING COLUME,
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LIB 22 PLOTHP
G.FACORTI

LE FUNZIONI DELLO SPAZIO DI LAVORO 'PLOTHPY PORKTISCOND I MEZ9A DER
OTTENERE OUTPUT GRAFICI CON L'UTILTZ20 DI IR PLATPED API201A.

g LE FUNZIONI PRINCIPALI SONO:
= nur
PLWFR.

NUT XY F' UNA FUNZIONFE MONADICA CHF PUNY AVERE COMF ARCOMPRNTO.
1. L¥ SFQUENZE DI CARATTRERI 'PLTLY (PLOT L[INES) OPPUPF
'PLTP' (PLOT POINTS), PRR ATTIVARF Il MODN GPAFTICO:
2. LA MATRICE ( C1 ASCISSF F 2 NORDINATFE Y DELLE COORDINATF
DEI PIUNTI DA DISEGNARFE:
3. LA SFQUENZA DI CARATTERI 'PLTT' PFR (OINDERF I MADC
GRAFICO. '
VOLENDO CIOF® DISEGNARE UNA MATRICF DT PUNTI DETTA XY, OCCORRF
DARE IN SEQURNZA I SEGUENTI COMANDI]:
OUT *PLTL® (*PLTP')
ouT XY
OUT *PLTT®.,

A PLWR STRING E° UNA FUNZIONFE DIADICA CHE HA COME APGOMENTO DESTRO
UNA STRINGA DI CARATTERI DA PLOTTARE E COME ARGOMENTN SINISTRO
UN VETTORE DI TRE COMPONENTI CHE RAPPRESENTANO PISPETTIVAMENTFE
LE COORDINATE X ED Y DEL PUNTO DI INIZINO DRELLA STRINGA F LA SCALA
CON CUI LA STRINGA DEVFE ESSERE PLOTTATA. LA TERZA COMPONENTF PINA?
ESSERE OMESSA ED IN TAL CASO IL FATTORE DT SCALA PEP LA STRINCA
E' POSTO AD UNO.

LE FUNZIONI DELLO SPAZIO DI LAVORO SONO PAGGRUPPATF IN NN  RRIPDO
CHIAMATO *PLOPACT,
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IR 23 CURVE2D
TRUMPY

FUNCTIONS FOR FITTING A PLAN CURVE THROUGHT A SET OF
GIVER POINTS, TO INTERPOLATE ON SUCH CURVE MOREF PNINTS
ARD FOR PLOTTING THEM AT THE TERMINAL.

THE CURVE IS A SEQUENCE OF CUBIC SFEGMENTS PASSTR#

THROUGH THE GIVEN POINTS WITE FIRST AND SECOND CONTINUOUS
DERIVATIVES., THRE MATHEMATICAL MODEL IS DERIVED FROM

COONS S§.A., 'SURFACES FOR COMPUTER AIDED DRSIGN OF SPACFE FPORMS
MAC-TR-G1' M.T.T.,MASSACRUSSFET, 1967 . THERE IS ALSO THE WAY OF
PLOTTING THFE RESULTING SET OF POINTS ON THE TFRMIFNAL .

IN ORDER TO OBTAIN 4 FINE PLOT THE USEP IS SUPPOSED T HAVE THF
PLOTTING FELEMENT: 116711u,

THE FOLLOWING FUNCTIONS ARFE AVAILARLE:

SETDATA NIRILADIC

THIS INTERACTIVE FUNCTION ASKS THF PROGRAMMER THE COORDINATRS OF
THE GIVEN POINTS, THEN REQUIRES THE COMPONENTS OF THE TANGENTS
TO THE CURVE IN THE INITIAL AND IN THE FINAL POINT.THFE MODULF OF
THE TANGENTS MAY BE ZERO,

CURVILIREO RIBILADIC

TRIS FUNCTION HAS AS INPYT THE GLOBAL VARIABLES POINTS ,TI AND
TF AND PUTS IN THE GLOBAL VARIABLE CURVA THRE REPREHESENTATION OF
THE SPACE CURVE WITH ALL COMPUTED IRTERNAL TANGENTS.

IRNTER W MORADIC

THE VALUE OF THE FUNCTION INTER IS THE SET OF COORDINATES OF THE
INTERPOLATED POINTS OBTAINED INSERTING N-1 PNINTS RETWEEN BACH
COUPLET OF SUBSEQUENT GIVEN POINTS PLUS THFE GIVEN POIRTS T00O,THF
POIKRTS ARE ORDERED IN SUCR WAY THAT THEY RUN SFOUENTIALLY ALORE
THE CURVE FROM THE FIRST GIVEN POIRT TO THFE LAST ORE.

PAIKT R MORADIC
THIS INTERACTIVE FUNCTION PROVIDES THFE WAY OF PLOTTING OF THF
TERMINAL THE MATRIX OF POINTS B RESULTING PROM INTER. THE USER

IS SUPPOSED TO HAVE TEE PLOTTING ELEMERT 1167114 .



LIB 23 CURVE3D
S. TRUMPY

FURCTIONS FOR FPITTING A SPACE CURVE THROUGHT A SET OF
GIVEN POINTS, TO INTERPOLATE ON SUCH CURVE MORE POINTS
AND FOR PLOTTING THEM AT TRE TEPMINAL.

THE SPACE CURVFE IS A SEQUENCE OF CUBIC SEGMENTS PASSIR:

THROUGH THE GIVEN POINTS WITH FIRST ARD SECOND CONTINIOUS
DERIVATIVES., THE MATHEMATICAL MODFEL IS DRRIVED FRPOM

COONS S.A. ‘SURFACES FOR COMPUTER AIDED DESIGN NF SPACF PORMS
MAC-TR-G1° M.I.T.,MASSACHUSSET,1967 . THERF IS ALSO THE WAY OF
PLOTTING THE RESULTING SFT OF POINTS IN AN ISOMETRIC PROJFRCTION ON
THE TERMINAL. '

IR ORDER TO OBTAIN A FINF PLOT THF USER IS SUPPOSED TO HAVE THP
PLOTTING ELEMENT: 1167114,

SETDATA RIRILADIC

THIS INTERACTIVE FUNCTION ASKS THE PROGRAMMER THE COORDINATES OF
THE GIVEN POINTS, THEN REQUIRES THF COMPONENTS OF THFE TARGENTS
TO THE CURVE IN THE INITIAL AND IN THE FINAL POINT.TRE MODULF OF
TRE TANGENTS MAY BE ZEPRO.

CURVILIREO NIBTLADIC

THIS FUNCTION HAS AS INPUT THE GLOBAL VARIARLES POINTS ,TI ARD
TF AND PUTS IN THE GLOBAL VARIABLF CURVA THE REPRERESENTATION nNF
THE SPACE CURVE WITH ALL COMPUTED INTERNAL TANGENTS.

INTER N MORADIC

THE VALUE OF THE FUNCTION INTFR IS THF SET OF COORDINATES OF THE
INTERPOLATED POINTS OBTAINED INSERTING N-1 POINTS BETWREN EACH
COUPLET OF SUBSEQUENT GIVEN POINTS PLUS TAF GIVEN POINTS TOO.,THE
POIRTS ARE ORDERED IN SUCH WAY THAT THEY RUN SEQUENTIALLY ALONG
THE CURVE FROM THE FIRST GIVEN PNINT 70 THF LAST ORE,

A X¥YZ P DYADIC

THE VALUE OF THE FUNCTIOR XYZ IS A MATRIX OF POIRTS RAVING TWO
COORDINATES DERIVED AS AN ISOMETRIC PROJFECTION FROM THF
COORDINATES OF THE POINTS COMPUTFED BY THE FUNCTOWN INTER. A IS 4
VECTOR OF TWO ELEMENTS : AT1l=1 OF 2 0OF 3 IF THE AXIS T0O B®
DROPPED IS RESPECTIVELY X » Y OR Z 3 AT?Y IS THE ANGLE IW
DEGREES WRICH THE AXIS DROPPED FORMS WITR THE ORIZORTAL AXIS. P
IS THE VALUE OF THE FUNCTION INTER

PAIRT R MORADIC

THIS IRTERACTIVE FUNCTION PROVIDES THR WAY OF PLOTTING OF THE

TERMINAL THE MATRIX OF POINTS R RESULTING FROM XYZ., THF USER IS
- SUPPOSED TO HAVE THE PLOTTING ELEMERNT 1167114,
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LIB 23 POLY
G.W.STOCKTON, CHEM.DEPT, U,OF.A,

WORKSPACE POLY CONTAINS A POLYROMIAL LFAST-SOUARES PROGRAM OF
GENERAL UTILITY. IT WILL FIT A DATA SET IN Y PO A POLYROMIAL IN X WITH
ALL THE ERPOR IN Y,

EXECUTION BEGINS OF TYPING STAPT.

THE PROGRAM REQUIRES AN INPUT DATA SET IR X~V VALUES AND THF
ERROR(S5) IN Y (WHICH MAY BE 0), IP ONLY ONE EPROR-VALUFE IS ENRTERFD, TT
WILL BE APPLIED TO ALL Y-VALUFS. INPUT IS BY ENTERINC ALL THR X VALUFS
ON OWNE OR MORE LINES (THE QUESTINN MORFE? WILL RFE ASKED AFTER FACH
LIRE) FOLLOWED BY ALL THE Y VALUES AND ALL THE ERRORS. DATA IS
REQUESTED BY THE PROGRAM BEFORE FEACH ENTFPY.

VALUES DERIVED FROM THE DATA SET MAY RF OBTAINED REFORF THE
LEAST-SQUARES PIT, EG. A FIT OF LOG1D X VS. 1/Y MAY BF ORTAIRFED, THF
CODE NUMBERS 0 THROUGH 8 ARE USED TO LABREL THESE OPTIONAL FURCTIORS ,
(A CORPESPONDENCE LIST IS PRINTED BY THE PROGRAM), POR EXAMPLE, 1 &
GIVES LOG10 1/X; S 1 GIVES 1/LOG10 X: O LEAVFS THE DATA SET UNCHANG®™D
(NOTE THAT FUNCTIONS ARE CALCULATED IN THF ORDER THE LABELS WERE
ENTERED),

QUESTIONS REQUIRE THE REPLIES Y FOR YES AND N FOR ko,

A GRAPRHICAL PLOT OF THE DATA SET TAS +Y AND THF PEGRFSSION LINE
TAS 1 IS OPTIONAL AND IS AUTOMATICALLY SCALED ™0 FIT THE PAGE,

A NOTE ABOUT ERROFR
THE SUM-OF-S5QUARES OF RESIDUALS AND STANDAPD

DEVIATIONS OF THE REGRESSION COEFFICIENTS REPLECT ONLY THE °‘GOODRESS?®
OF LEAST-SQUARES FIT PO A PARTICULAR POLYNOMIAL. THEY IN WO WAY

. REFLECT THE ERROR IN EXPERIMENTAL OBSERVATIONS (IE. THF DATA SFET IR
X~Y) TO BE FITTED, FPOR THIS REASOR, A SET OF IRTUITIVELY (OB
OTHERWISE) DERIVED ERRORS IN Y-VALUFS MAY BF QIVFEN AS InpyT P00 PHF
PROGRAM, THE DATA SET IS THEN WEIGHTED INVERSELY AS THE SQUARE OF
THESE ERPORS; THUS POINTS WITH A HIGR FRROP CARRY A LOWER WRICGHT., TEF
S50 CALLED STANDARD FREOR IS CALCULATED IR THE SAME WAY AS THE STARDBARD
DEVIATION WITH THE EXCEPTION THAT THF SUM-OF-SQUARES OF BRSIDULLS T8
AUGMERTED BY THF SUM-OF-SOQUARES OF ERRORS, THUS, TRE STANDARD
DEVIATION SEOWS GOODNESS OF FIT; THF STANDARD ERROR REFLECTS TRE
EXPERIMENTAL ERROR AND IS A MODIFIED STANDARD DEVIATION,

USEFUL FUNCTIONS WITHIN THE PPOGRAM
TRE PURCTION LSO IS THPE
ACTUAL POLYNOMIAL FITTING PROGEAM. IT MAY 3% USED WITEIN ARY OTHREP
PROGRAM AS FOLLOWS:

A L3O B WHERE A IS THE POLYNOMIAL ORDEP AND B IS A (2, K)
MATRIX CONAIRING THE Y,X,AND FRROR VECTORS AS ITS 3 ROWS . THE PUNCTTOR
RETURNS A (3,(A+1)) MATRIX CONTAINING THF REGRESSION COEFPPICIENTS,
THEIR STANDARD DEVIATIONS, AND STANDARD ERPORE AS THE 3 ROWS.
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LSQ@ REQUIRES THE MATRIX INVERSION PUNCTION IRVERT.

THIS WORKSPACE ALSO CONTAINS A PUNCTION DET FOR THE EVALUATION OF
DETERMINANTS, USED AS FOLLOWS DET M , WHERE M IS A SQUARF MATRIX ,
RETURNS THE DETERMINANT,

FOR A DETAILED WRITE UP OF THE PROGRAM AND ITS ALGORITHM, PLEASF
CONTACT THE AUTHOPR.



LIB 23 SPLINE3
B. PETRUSCHKA DVZI,GFK KARLSRUHE

IN THIS WORKSPACE THERE ARE FUNCTIORNS FOR TRE SMOOTHIRG
OF DATA BY CUBIC SPLINE FUNCTIONS IN THE CASE IN WHICH THF
FORM OF THE UNDERLYING FURNCTION IS NOT KNOWN A PRIORI.

SPLINEFIT CALLS THE FUNCTION SMOOTH ,WRICH FURNISHES TRF
COEFFICIENTS OF THE SPLINE FUNCTION:
FPeAlTT+(BIT I (X-XTITD))+(COTIx{X-XTT 1) 22)+D{ I Ix(X-XTT1)=3
WITH X[(IlsXx<Xx{I+11,
THE SMOOTHING FUNCTION F WAS CONSTRUCTED SUCH,THAT IT MIRI-
MIZES THE MEAN SQUARE CURVATURE UNDER THE CONDITIONW:
SUM OF ERROR SQUARES LESS EQUAL A GIVER NUMBER S(S20).
THE PROGRAM SMOOTH IS 4 MODIFIED A P L VERSION OF THE ALGCOL
PROGRAM IKN C.H.REINSCH:SMOOTHING BY SPLINE FUNCTIONS

NUM MATH ,10,177-183(1967).
(SEE ALS50 H.SPAETH:SMOOTH,GFK KARLSRUHE PROGRAMMBESCHR.iuu)
PROGRAM CALL: SPLINEFIT
THE USER MUST ENTER THE DATA ,WEIGRTS AND A VALUFE FOR S ,WRICH
DEPERDS ON THE RELATIVE WEIGHTS{SEE REINSCH).IN THE FOLLOWING
HE HAS TO TYPE IN YES OR NO ON QUESTIONS TYPED
OUT.IF HE WANTS THE CALCULATION OF VALUES OF THE FUNCTION IWN
POINTS DIFFERING FROM THE GIVEN DATA,HE HAS T0O ENTFER A
DISTARCE:DELTA.THE PROGRAM THEN FURNISHES AUTOMATICALLY THE
VALUES OF F IN THE POINTS ,WHICRHR ARF DEFINED RY SUBDIVIDIN®G
THE IRNTERVALTXC11,XUN1Y OF THE GIVEN DISTINCT POINTS RY TRHFE
DISTANCE DELTA.
THE USER MAY HAVE ALSO A PLOT OF THE CALCULATED FUNCTION,
THE MEANING OF THE SYMBOLS © AND * ARE:
o GIVEK DATA
® CALCULATED FUKCTION VALUES

23,



LIB 23 SURFACES
S. TRUMPY

IR THIS WORKSPACF THERE IS AN INTERACTIVE SET OF FUNCTIONS RAVING
TWO MAIN TASKS: 1) IT FITS THROUGH A SET OF GIVER POINTS 4
BI-CUBIC SURFACE HAVING GIVEN SLOPES IN THE BOUNDARY POINTS: 2)
IT INTERPOLATES MORE POINTS ON SUCH SURFACF.

THE GIVEN POINTS MUST LIE ON THF INTERSECTION OF TWO PAMILIFES

OF CROSSING IMAGINARY CURVES. THESE SPACE CURVES ARE CALLFD:
CURVES AND STRINGERS. CURVES ARE CONSTITUTED RY INPUT POINTS
CONSECUTIVELY SEQUENCED BY THF CORRESPONDING CURVE POINTS CONNFCTEr
IN THE OTHER DIRECTION. THE MATHEMATICAL MODEL IS DEPIVED FROM: (NPORS
S.4. 'SURFACES FOR COMPUTER AIDED DESIGN OF SPACF FORMS
MAC-TR-G1°* M, I.T. MASSACHUSSET, 1967, THERE IS ALSO THE WAY OF
PLOTTING THE RESULTING SET OF POINTS IN AN ISOMETRIC PROJECTION

ON THE TERMINAL. IN ORDER TO OBTAIN A FINE PLOT THE [USFRP IS
SUPPOSED TO HAVE THE PLOTTING ELEMERNT NUMBER: 116711u,

FUNCTION DESCRIPTION:

SETPOINTS RIRILADIC

THIS INTERACTIVE FUNCTION REQUIRES THE USER THF DIMENSION NF PHE
GRID OF POINTS AND THE COORDINATES OF THE GIVEN POINTS IN THP
PROPER ORDER.

SETTANGENTS NIHILADIC

THIS INTERACTIVE PUNCTION REQUIRES THE USER THF COMPONRNTS OF
THE GIVEN TANGENTS TO THFE BOUNDARY POINTS IN THFE DIRECTION OF THFE
CURVES AND OF THE STRINGFRS. THE MODULE OF THR GIVEN TANGFNTS MAY
BE ZERO,

COORS NIRILADIC

HAVING AS INPUT THE GLORAL VARTABLES SET UP RY PREVIOUSLY
MERTIORED FUNCTIORS, COONS PUT IN THE GLORAL VARIARLF PATCHRS THE
REPRESENTATION OF THE SURFACE wITH ALL CoOwMpyPED IRTERRAL
TARGERTS,

A FIT B DYADIC

THE VALUE OF THE FUNCTION FIT IS THE SET OF INTERPOLATED POIRTS
OBTAINED BY INTERSECTING TWO FPAMILIRS OF CURVES: THE FIRST ONE IS
FORMED BY B-1 CURVES INTERPOLATED BETWEEN FEACH COUPLET OF
SUBSEQUERT GIVER CURVES AFD CIVER CURVES TOCy THE SFECORD ONE IS
FORMED BY A-1 STRINGERS IRTERPOLATED BETWEEN FACH COUPLET OF
SUBSEQUERT GIVEN STRINGERS AND CIVEN STRINGERS P00, TRE POTNTS
ARE ORDERED SO THAT THEY DRSCRIRE THE SURFACE WITH A SEPTES OF
CONSECUTIVE CURVES,

A XYZ P DYADIC
THE VALUE OF THE PUNCTIOR XIY¥Z IS A MATRIX OF POIKTS HAVIRG TWO
COORDINATES DERIVED AS AN  ISOMETRIC PROJECTIOR FrROM mup
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COORDINATED OF THE POIRTS COMPUTED RY THE FUNCTION FIT. A IS 4
VECTOR OF TWO ELEMERNTS: AT 1 1= 1 OR 2 OF 3 IF THF AXIS TO BF
DROPPED IS RESPECTIVELY X, Y OR Z2; A T 2 1 IS THE ARGLE IWN
DEGREES WHICH THE AXIS DROPPED FORMS WITH THE ORIZONTAL AXIS, p
IS THE VALUE OF THE FUNCTION INTER,

PAIRT R MORADIC
THIS INTERACTIVE FUNCTION PROVIDES THE WAY OF PLOTTING ON TAF

TERMINAL THE MATRIX OF POINTS R RESULTING FROM XYZ. THE USFPR IS
SUPPOSED T0 HAVE THE PLOTTING ELEMENT 116711u.
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LIB 30 LIMAR
V.CASAROSA, G.FACONTI, §.TRUMPY

THE WORKSPACE LIMAR CONTAIRS FURCTIONS T0O MANIPOLATE RATIORAL
EXPRESSIONS. THE SYSTFM WORXKS UWNDER TERE CONTRNL OF THF
SUPERVISOR FUNCTION °*SUPER', WICH ADVISES THFR USER T® BE READY BRY
WRITING THFE CHARACTERS:
L & & 4
FROM THIS POINT ARY SEQUENCE ENTERED AT THE KEYBOARD IS CHECEKED
AS BEIKG CORRECTED AS:
1) 4 LIMA-R EXPRESSION OFR
2Y AN EXPRESSION CONTAIRING EPI-OPERATORS OF
3) A SYSTEM COMMARND,
LIMA-R EXPRESSIONS ARE RATIONAL PARENTRETIZED FEXPRESSIONS WITROUT
ANY PRECEDENCE AMONG THE OPERATORS + - x ¢ #, WHOSE ATOMIC
ELEMENTS MAY BE CORSTARTS OR VARIABLES NAMES. A CORRECTED
EXPRESSION IS TYPED BACK AT THE TFERMIRAL.
THE EPI-OPERATORS ARE OPERATORS IRVOLVING THE MANIPOLATIOR OF
LIMA-R EXPRESSIONS. THEY ARFE:
1- ASSIGNEMENT
2- SUBSTITUTION
3- EVALUATION.
TO PERFORM AN ASSIGNEMERT THE SYMBOL °*<«* IS USFD.
EXEMPLE :
XieA+B
WITHIN A LIMA-R EXPRESSIOKN IT IS POSSIRLE TO SUBSTITUTE A RAME
WITH A NEW EXPRESSION. THE SUBSTITUTION BODY IS DELIMITED BY
BRAKETS .
EXEMPLES :
Xi+AxB
X1l A+3:B+K+L]
RESULT: 3xK+L
Y1{Cc+dd [ A«CTY
RESULT: AAxB
TRE EPI-OPERATOR ‘g% PRODUCES THE EVALUATIOR OF TRE EXPRESSIOR
APPEARING OR ITS RIGHT:
i~ RECOGRIZING THE LiMA-R EXPRESSION A8 AR EXPRESSION OF THE TYPE
KROWR BY THE SYSTEWM
2- EXECUTING ALL THE ARITHMETIC OPERATIORS ARD SEMPLIFPICATIORY
THAT LIMA-R PERFORMS OF TRE RECOCNIZED EXPRESSIORS.
TRE SET OF AVAILABLE COMMARNDS IS SROWN BELOW:
JCLEAR (ERASES ARY DEFIRED EXPRESSION)
YEXPR (LISTS ALL TRE STORED EXPRESEIONS)
YATOMS (LISTS TRE NAMES OF ALL ATOMIC VARIABLES)
YCORST (GIVE PHE LIST OF NUMERICAL OPERARDS)
YDISPLAY (DISPLAYS YTRE EXPRESSIORS WROSE WAMES ARE SPECIFYED AS
PARAMETERS)
YERASE (ERASES THE EXPRESSIORS WHOSE NAMES ARE SPECIFIED AS
PARAMETERS)
YSTOP (LEAVES TRE CONTROL OF TRE LIMA-R SUPERVISOR)



(SAVES THE WORKSPACE AS CONTINUE ON THE A-DISK WITBOUT

VSAVE
LEAVING THE LIMA-R SUPERVISOR)

YOFF HOLD (PRODUCES EXIT FROM THE CONTROL OF TRE LIMA-R SUPRRVISOR
AND APL INTERPPETER)

JOFF (CLOSES THE TERMINAL SESSION)

WHEN MISTAKES ARE MADE, THE LIMA-F SUPERVISOR PRIRT AT

ERROR MESSAGES.
TRE LIMA-R SYSTEM IS DOCUMENTFD IN A TECHRNICAL REPORPT AVAILABRLF

AT CNUCE ROOKSTORE.

TERMIRAL
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Lry 31 CHECK
G. WILRELMI DVZI XFIZI KARLSRURE

CHECKS FOR A& LEGAL APL EXPRESSION

THE POLLOWING COMMAND IS AVAILABLE: PREP,
THIS IS A PROGRAM TO MANIPULATE AND TRANWNSFORM APL EXPRESSIONS WNSIRG THF

! OPERATORS + - x + = ® o ¢ AND ARY LEGAL APL VARIARLES ARD CONSTARTS.

- THIS PROGRAM SHOULD BF USEFUL IN PREPARATION OF FXPRESSIONS FOR
DIPERENTIATION. AT PRESENT YOU CAN CHECK THF SYNTAX OF YOUP EXPRESSION ,FRAS
SUPERFLUOUS PARENTHRESIS AND PLOT A GRAPHIC PICTURE OF TRE TRER STRUCTURFE OF
YOUR EXPRESSIOR.

LIB 31 DERIVE
G, WILHELMI DVZI KFPZ KARLSRURE

DIFERENTIATES A LEGAL APL EXPRESSION

THE WORKSPACE DERIVE CONTAINS THFE FUNCTION VZ<«X D FV TN DIPFRRENTIATF
& LEGAL APL EXPRESSION CONTAINED IN THE CHARACTERSTRING F USIRG THE
OPERATORS + - = & = ® O AND ANY APL VARIABLES AND CONSTANTS.
THE DIFPERERNTIATION VARIABLE MUST BE CONTAINED IN THE CHARACTER-
STRING X.RO BLANKS ARE PERMITTED IN X AFD P, AS RESULT THE
DIFFERENTIATED EXPRESSION IS CONTAINED IN THFR CHARACTERSTRING 2
ARD THE GLOBAL VARIABLE DFUR.
THRE EXPRESSION X I8 LIABLE TO FOLLOWING RESTRICTIONS

RO SUPERFLUOUS PARENTHESIS ARE ALLOWED

Ko MULTIFPLE PARENTRESIS

FO PARENTHESIS AROGUND IDENTIFIERS(CONSTANT OF VARFARLF)

HO MULTIPLE )

RO ) A? TRE RIGHT ERD OF THE EXPRESSION.
IF YOU ARE KOT SURE ABOUT CORRECTNESS OF SYNTAY OF PAPFNTSFSIS
Yo MAY CONSULT PROGRAM PPEP IN WORKSPACKE CRECK IN THIS LIRRARY,
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LIB 32 COMPLEX

E.M. EDWARDS,

¥W.R. TINGAy E.E. DEPT; U. OF ALBERTA

"COMPLEX® IS A WORXSPACE DESIGNED TO SIMPLIFY
COMPLEX NUMBER ARITHMETIC UNDER APL.

PACRAGE:
SYNTAX

ReX PJ ¥

ReRS X

R+CS X

THE POLLOWING °*STRUCTURING® OPERATIONS ARE AVAILABLE IN T

DESCRIPTIOR

32.1

gE

CONVERTS REAL STRUCTURES X ARD Y INTO THE COMPLEX

SPRUCTURE, R, WITH REAL AND IMAGINARY PARTS

X AWD Y RESPECTIVELY. SEE BELOW.

COWVERTS THE REAL PART OF A COMPLEX STRUCTURE, X
INTO ITS REAL STRUCTURE EQUIVALENT

CONVERTS A REAL STRUCTURE.,X, INTO COMPLEX WOTATI

ARITHMETIC OPERATIONS INCLUDED ARE:

SYRTAX

ReRE X
ReIN X
ReABS X
ReARG X

ReCOBJ X
RedS X

ReX CADD Y
ReX CADD-Y
ReX CMUL Y
ReX CDIV ¥
ReX CPWR ¥

ReCEXP X
ReCLOG X

RePOLAR X
ReXY X

NOTES :

DESCRIPTION

REAL PART OF X IN COMPLEX NOTATION

IMAGINARY PART OF X IN COMPLEX NOTATIOR
ABSOLUTE VALUE OF X IN COMPLEX ROTATIOR
ARGUMENT OF X IN RADIANS IN COMPLEX WOTATION

COMPLEX CONJUGATE OF X
MULTIPLIES A COMPLEX STRUCTURE BY
THE SQUARE ROOT OF "1

SUM OF X ARD Y
DIFFERENCE OF X AND ¥
PRODUCT OF X ARD Y
QUOTIERT OF X ARD Y

X TO THE POWER ¥

BATURAL EXPONENT OF X
RATURAL LOGARITRM OF X

TRANSFORMS CARTESIAN TO POLAR COORDIRATES
TRANSFORMS X FPROM POLAR TO CARTESIAN COORDINATES

1)YALL PURCTIORS, EXCEPT CS, TREAT °ONE ELEMERT®

ARRAYS AS IF THEY WERE FIRST RE-STRUCTURED BY €S

2YALL ARITHMETIC MUST BE DONE IN XY COORDINATES.

THE SYSTEM USES AN °ORDERED PAIR® NOTATION POR COMPLEX

STRUCTURES .,

EQUIVALENT COMPLEX STRUCTURE BY USING THE OPERATOR CS OR IT.

ANY REAL STRUCTURE, X, MAY BE TRANSFORMED INTO AR

®

O

THE

NEW STRUCTURE WOULD HAVE ZEROS IN ITS IMAGIWARY PART. IF 2+CS X,




32.2

THER pZ WILL BE 2,pX ARD ppZ WILL BE 1400X.

TO ENTER A COMPLEX STRUCTURE, %, FIRST DEFINE TWO REAL
STRUCTURES X AND Y EQUAL TO THE REAL AND IMAGINARY PARTS OF 2
RESPECTIVELY, THEN TYPE:

ieX PJ ¥

COMFPLEX SCALARS ﬂRE MORFE EASILY ENTERED DIRECTLY 45 A TWO
ELEMENT VECTOR. FOR EXAMPLE X=2+J3 IS ENTERED AS X<2 3,

FOLLOWIRG ARE A FEW EXAMPLES:

REAL STRUCTURE COMPLEX EQUIVALENT
SCALAR: 3 30
VECTOR : 1 2 3 1.2 3
00 0
MATRIX : 12 1 2
3 34
0 0
o 0
FOLLOWING ARE EXAMPLES WHICH TLLUSTRATE SOME OF THE
OPERATIONS.
b ¢ OPERATION RESULT
1 2 RS X 1 2
3 q
12 3 RE X 12 3
% 5 & 6. 0 0
1 2 JS ¥ T3 Ty
3 4 4
3 ABS ¥ | 5 0
1 2 3 1 CADD X - 2 3 4
5§ § U5 6

3 . POLAR X | 5 0,927295218
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LIB 32 INFINITE
V. CASAROSA, G. PACONTI, S. TRUMPY

THIS WORKSPACE PROVIDES THE USER WITH ARITHMETIC ARD LOCGICAL
OPERATIONS USING WNUMBERS WICH ARE OVER 16 DIGITS LONG.

THE ARGUMENTS REQUIRED BY ALL THE PUNCTIONS ARE NUMRERICAL
VECTORS OF DECIMAL DIGITS.
FPHE FUNCTIONS IMPLEMENTED ARE:

Z«Ni1 INFDIV N2 EVALUATES QUOTIENT AND REMAINDER OF Ni DIVIDED
BY W2 (INFINITE NUMBERS)., N2 CANNOT BE ZERO. 2 IS
IN THE FORM (pQ),0,(pR),R.

Z+Ni INFEQ N2 COMPARES Wi ARD N2. Z IS LOGICAL, 1 IF Wi=WN2,
ZERO OTHERWISE.

Z+«INFPACT W INFINITE PACTORIAL. W IS A NUMERICAL VECTOR WHOSE

COMPONERTS MUST BE <9. IT IS NOT USED BY LIMAR
BUT CAN BE USEFUL.

Z«N1 INFGT W2 COMPARES N1 AND WN2. Z IS LOGICAL, 1 IF Wi>N2,
ZERO OTHERWISE.

Z+N1 INFLT R2 COMPARES N1 AND N2. Z IS LOGICAL, 1 IF WNi<Hk2,
ZERO OTHERWISE.

Z+N1 INFMUL N2 Z IS PRODUCT OP INFINITE NUMBERS N1 AND N2. Z Wi
AND N2 ARE NUMERICAL VECTORS., IF WE GET WS FULL
WE MAY USE INFMUL2 WHICH IS SLOWER BUT TAKES LESS
MEMORY. IP EITHER IS ZERO, RESULT IS ZERO.

Z+Ny INPMUL2 N2 SEE INFMUL.

Z+N1 INFPOW N2 2 IS N1 POWER R2. 2 ,N1 AND N2 ARE WUMERICAL
VECTORS.

Z«N1 INFSUR N2 I IS THE DIFFERENCE OF INFINITE NUMBERS W1 AWND N2.

Z+R1 INFSUM B2 2 IS THE SUM OFP INPINITE FUMBERS N1 ARD W2.



LIB 32 LOGIC
KETTLEWELL - LITCHFIELD, ELECT. ENGR, U OF ALBERTA

LOGIC IS AN EXPERIMENTAL WORKSPACE DESIGRED TO FACILITATE THE
REDUCTION OF BOOLEAN RELATIONS TO MINIMAL FORM.

YReDC BMIN E
BMIN ACCEPTS A LOGICAL RARK 2 PARTIAL TABLE OF COMBINATIORS F,
WBICH CONSISTS OF OKRLY TROSE COMBINATIONS OF A SINGLE-OUTPUT
BOOLEAN FUNCTION WHICH YIELD A °1° OUTPUT. BMIN ALSO CONSIDERS
THE LAST DC ENTRIES IN THE TABLE AS °'DON'T CARES® ( ®°'S ) AND
EXERCISES ITS OPTION IN USING THESE ENTRIES IN THE MINIMIZATIOR
PROCESS. OUTPUT FROM BMIN IS A CHARACTER STRING REPRESENTING THE
MINTMAL BOOLEAN SUM-OF-PRODUCTS FORM OF THE FUNCTION EMBODIED IN
THE TABLE OF COMBINATIONS. TO REDUCE THE FUNCTIOWN

A BC | Z
______ g....
00010
00311l o
010} 1
0111 o0
1001 1
1011 &
1101 0
1111 &

A PARTIAL TABLE OF COMBINATIONS T IS FORMED AS

T =Y
=
b 0 O

GROUPIEG ALL OF TAE & TERMS LAST, SINCE THERFE ARE 2 SUCH TERMS
BMIE IS5 IFVOLXKED AS 2 BMIN T

ARND RETURRE THE CHARACTER RESULT ABC + AB IN MINIMAL
SUM-OF-PRODUCTS FORM.

yacR pIB A
DTB CORVERTS THE INTEGER FPART OF EACH ELEMERT OF THE RUMERIC
ARRAY A TO ITS K BIT 2°'5 COMPLEMERT BINARY REPRESERTATION
SUCH THAT pR = (pA),¥N DTB IS PRIMARILY INTERDED FOR
GENERATING THE LOGICAL PARTIAL TABLE OF COMBINATICHS USED BY
BMIR. IN THE EXAMPLE THE ROWS OF T ARE THE 3 BIT BIWNARY
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REPRESENTATIONS OF 2 & 5 7 RESPECTIVELY. THEREFORE T CAN
BE GENERATED BY T <« 3 DTB 2 4 5 7 ,

BMIN CAN NOW BE INVOLKED BY 2 BMIN T
OR BY 2 BMIN 3 DTB 2 4 S 7

VR«SN BTD B

B8 00 59 00 62 96 60 ©O ST SO VO

BTD CONVERTS THE BINARY REPRESENTATION OF THE LOGICAL ARRAY B
TO ITS DECIMAL INTEGER VALUES. SN SHOULD BE 0 POR

2'S COMPLEMENT
(SIGNED) COWNVERSION AND 1 FOR 1'S COMPLEMENT (UNSIGNED)
CONVERSION.

0 BTD T WILL YIELD 2 "4 "3 ~

3 1 AWD
1 BTD T WILL YIELD 2 4 5 7
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LIB 33 DIFF1
D.A.JOHNSTOR,E.E DEPT; U. OF ALBERTA

DIFF1 IS A DERIVATIVE ROUTINE POR POIRT DATA.
R«DIFF1 X

AT THE END POIRTS IT EVALUATES THE SLOPE OF THFE STRAIGRT LINF TO TRE
ADJACENT POINT, AND AT INTERIOR POINTS IT TAKES THE SLOPE OF A
PARABOLA PASSING THROUGH THAT POINT AND THE TWO ADJACENT POINTS.

X MUST BE A MATRIX., THE FIRST LIRE IS TREATED AS A SET OF
ABSCISSA POINTS. THERE MUST BE TWO OF MORE AND THEY SHOULD BF
IN ORDER. ANY SPACING IS ACCEPTABLE BUT TW0O POINTS MUST NOT BF
THE SAME, '

THE COLUMN BELOW EACH ABSCISSA POINT IS A VECTOR OF VALUES
OF ANY NUMBER OF FUNCTIONS AT THAT POINT. PR IS A MATRIX OF THF
SAME SIZE AS X, WITH THE SAME ABSCISSA POINTS IN THE FIRST ROW
AND VALUES OF THE DERIVATIVE OF THE FUNCTIONS AT THOSE POINTS IN
THE OTHER ROWS. THE SECOND DERIVATIVE IS GIVEN BY:DIFFi DIFF1 X.

LIB 33 EXTREMA
E.M. EDWARDSy; E.E., DEPT.; U. OF ALBERTA

THIS WORKSPACE USES A GRID REFINEMENT METHOD TO LOCATE THE MAXIMUM OF
A DEFINED FUNCTION OVER A SPECIFIED INTERVAL.

AN APL DESCRIPTION, CALLED FCN, OF THE FURNCTION IN QUESTION IS REQUIRPED
FC® IS A USER DEFINED, RESULT RETURNING, MONADIC FUECTION
RETURNING A VECTOR RESULT FROM A VECTOR ARGUMENT.

VRFCH X
(1Y T'DEFIRITION OF PUNCTION OF X°
v

XMeMAX T

THE RESULT RETURNED BY MAX YS THE ARGUMENT, X, SUCKR TRAT
FCN X IS THE LARGEST VALUE OF PCN OF THE INTERVAL 1T1 23V WITHIW
A TOLERANCE OF X OF + OR - IT3x}IT17-rf2%., IP I IS ONLY TWO
ELEMENTS, IT3] WILL BE SUPPLIED AS 1F" 6. THE REFPINEMENT PROCESS
WILL STOP WHEN EITHER THE ERROR LIMIT IS REACHED OR THE
RESOLUTIOR OF THE MACHEINE IS UNABLE TO DISTINGUISR BETWEEN TWO OR
MORE ADJACENT VALUFES. THE VARIARLE MAX (NUMBER OF ADJACERNT
IDENTICAL VALVES) WILL BE >1 IF THE LATTER IS THE CASE,

MAX WILL ADVISE IF THE MAXIMUM FOUND IS AT AW END POINT OF
THE INTERVAL.

MAX WILL PRINT A MESSAGE AND TERMINATE WITHOUT RETURNING A
RESULT IF A MULTIPLE MAXIMUM IS FOUND.

FOR MINIMA, FIND THE MAXIMUM OF -F(X).
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LIB 33 FOURIER
D.H, KELLY; E. E. DEPT.; U. OF ALBERTA

TWO ROUTINES CALLED POURIER1 AND FOURIER2 ARE AVAILABLE T0O
FIRD FOURIER COEFFPICIENTS.

R«H FOURIER1 X

FOURIER1 IS A PROGRAM THAT RETURNS THE FOURIER COEFPICIENTS
DESCRIBING THE DATA INPUT. ITS OUTPUT FPORM IS

! O o ‘I ° I+1 ® ¢ o 0 8 o ® l
I D.C. coMP . A(I)Y . A(I+1) . .c.... . |
|  PERIOD . B(I) . B(I+1) . ..... . |

WHERE A(I) IS THE COSINE COEFFICIENT OF THE ITH HARMOWNIC ARD B(I)
THE SINE COEFPICENT POR THE SERIES

F(T)=zD.C. COMP+SUM(A(IYCOS(IWT)+B(IYSIN(IWT))

X IS THE INPUT DATA IN THE FORM OF A 2xN MATRIX WITH THF
FIRST ROW COMPRISING THE TIMES T AWD THE SECOND ROW THE
CORRESPONDING FUNCTION VALUES. H IS A COWTROL,

IP H=2, ALL A ARD B ARE RETURNED

(I.E. USE FOR FUNCTION SPECIFIED
OVER THE RANGE 0 TO 2xPI)

H=1, ODD A AND B ARE RETURNED
(I.E. USE FOR FUNCTION SPECIFIED
OVER THE RANGE © TO PI)

H=.5, ODD B ARE RETURWNED
(I.E, USE FOR FUNCTIOR SPECIFIED
OVER THE RAKNGE O TO PIt2)

PHE PROGRAM NORMALLY RETURNS TRE BARMONICS FROM 1 T0
“2+L(pT)sH. FHOWEVER, IF H IS SPECIFIED AS A TWO ELEMENT VYECTOR
RITH RH{11=.%,1, OR 2, PHE RESULT WILL BE THE BARMOKICS FPROM 1 TO

Al 21. FOR pH=3 AND HI11 AS BEPORE, THE RESULT WILL BF THE
HARMORICS FROM H[21 TO KH{31,

EXAMPLE: R<2 10 20 POURIER1 X

RETURNS ALL COSINE ARD SINE COEFFICIENTS POR THE
HARMORICS FROM 10 TO 20

THE OUTPUT OF POURIERY IS COMPATIBLE WITH TRE REQUIREMERTS
OF FOURIERIRY.



¥ FOURIER2 M

POURIER2 CALCULATES THE FOURIER COEFFICIENTS, ALN] ARD BIRT,
OF A DEFINED FUNCTIORN:

FPUN X= SUM ATNICOS WX + BIFN] SIN NX F=z1,2,3,.5.

THE PROGRAM USES A 6-POINT GAUSS QUADRATURE IN EACH OF N OF
ox¥ INTERVALS OVER THE RANGCE © TO HxPI WHERE H=2,1 OF 0.5, THE
FURCTION IS DEFINED BY:

YFFUN[ 112« FUNCTION OF X OVER RANGE O T0 RxpPI ' V¥

TO OPERATE, TYPE:

H FOURIER2 M

WHERE M IS A 2 ELEMENT VECTOR SUCK THAT M[1) IS THE LOWEST
HARMONIC DESIRED (MT1121) ARD M7 21 IS THE RIGHEST HARMONIC
DESIRED (MU2]12MI11).

OUTPUT IS IN FOURIFERDATA IN A (2,MU21+1)MATRIX

D.C‘ A[i-‘ A[?}.E"."QO"

Brl] 8{210.0l'00‘.iﬂ
IF POURIERSWITCH=0, A PRINTOUT WILL BE GIVEN IN THE FORM:

D.C. COMPORENT=

HARMORIC MAGNETUDE(DB) PHASE{DEG)
Mri] e 66 0 a0 e 0 v ¢ 09
M{’z‘? IR S o o ow o2

PRE ABOVE ARE ROUNDED TO 2 DECINAL PLACES AND ~1000 DB
INDICATES O MAGRITUDE, FOR H=2 D.C. AND ALL BARMOWICS FrROM MU1]
#o M2 ARE FOUND. FOR H=1, 0ODD HARMONICS ONLY. FOR F=0.5, ODD
BL¥1 ORLY.

PESULTS FPOR A SQUARE WAVE GIVE ERRORS OF THF ORDEF OF 1E715
AND TPIMES :
H=2y P=0,06+0,2%x((M{23a2)+MM 1 n2)+M{ 1 1+M] 2] EECONDE
13 P=0.03+0.05%4PPROX THE AROVE TERMS
0.%; T=0.05+0.026%APPROX THE ABOVE

POURTERINV IS A PROGRAM DESIGNED TO BE USED WITH POURIER.
IT REPURNS A VECTOR OF VALUES OF THE BERIES
CORRVSPONDING TO THE TIMES REPRESENTED BY T. THE CALL IS

Re T POURIERINV F

WRERE T IS A VECTOR OF TRE TIMES FOR WHICH THE SERIES IS5 TO BE
EVALUATED AND F I8 THE BRT OF POURIER COEFFICYENTS IN TRE FPORM
PROVIDED BY FOURIERY OR FOURIER2. P IS PRESENYTLY FOURIERDATA.
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LIB 33 INTEGRAL
D.H.XKELLY, E.M.EDWARDS, W.R.TINGA; E.E.DEPT; U.0F ALBERTA

THIS WORKSPACE CONTAINS TWO METHODS TO EVALUATE
THE INTEGRAL OF A DEFINED PUNCTION OVER A
GIVEN RANGE.

R+«INTEGRAL1 X

INTEGRALY IS A TRAPEZOIDAL OR SIMPSON'S RULE INTEGRATION
ROUTINE FOR POINT DATA. X IS A MATRIX WHOSE FPIRST ROW IS THE
INDEPENDENT VARIABLE POINT VALUES AND WHOSE SUBSEQUENT ROW(S) ARE
THE CORRESPONDING VALUES OF THE DEPENDENT VARIABLF(S). IF
POSSIBLE, USE AN ODD NUMBER OF EQUALLY SPACED POINTS. TRIS WILL
RESULT IN THE USE OF SIMPSONS RULE INSTEAD OF THE TRAPEZOID RULE.

IF AN EVEN NUMBER OF EQUALLY SPACED PNOINTS IS USED, THFE
TRAPEZOID RULE IS USED FOR THE LAST INTERVAIL AWND STMPSON'S RULE
IS USED FOR THE REMAINDER.

ReM INTEGRAL2 X

INTEGRAL2 USES A 6-POINT LEGENDRE-GAUSS ROUTINE T0 EVALUATE
THE INTEGRAL OF A DEFINED FUNCTION OVER A GIVEN RANGE, (A,B).
THE RANGE MAY BE SUBDIVIDED INTO M MAJOR INTERVALS FOR IMPROVED
ACCURACY.

AN APL FUNCTION DESCRIPTION OF THE INTEGRAND CALLED 'FPCTN®

IS REQUIRED. FCTN IS A USER DEFINED, RESULT RETURNING, MONADIC
FURCTICORN.

VR«FCTN X
{11 'DEFPINITION OF FUNCTION OF X'V

~ ACCURACY OF INTEGRATION IS ALWAYS 6 DECIMAL PLACES UNLFESS AN
ABSOLUTE ERROR LIMIT IS SPRCIFIED BY THE USER (SEE BELOW)., THE
FPURCTIOR INTEGRAL2 WILL SOLVE MORF SOPRISTICATED PROBLEMS BY A
PROCEDURE DESCRIBED BELOW,

MORE DETAILS:
M CAN BE SPECIFIED AS A4 1, 2 OR 3-ELEMENT VECTOR.

1) THE FPIRST ELEMERT, MT11, ALWAYS DENOTES THF INITIAL NO. OF
MAJOR INTERVALS OVER WHICH TWF INTEGRATION TAKES PLACFE,

23 THE SECOND ELEMENT, MT271 IS THE ABSOLUTE ERROR LIMIT TRE
USER DESIRES, E.G., "5 0,001 INTEGRAL2 © 3.i14° REPURNS THE
RESULT OF THE VALUE OF THE INTEGRAL OF F(X) BETWEER © AND 3.1u
OVER AT LEAST S MAJOR INTERVALS (EQUIVALERT TO A 5%6=30
POINT-EVALUATIORY, TO AN ACCURACY OF AT LEAST 3 DECIMAL PLACFS.

THE INTEGRAL IS EVALUATED USING THE USER SPECIFIRD MT41,
MU13Y IS ITERATIVELY DOUBLED AND TRE IRTEGRATION REPEATED UNTIL
TRE DIFFERENCE BETWEEN CONSECUTIVE INTEGRATIORS IS LESS THAN
MU21. THE GLOBAL MMAX IS SET T0 THE LARGEST VALUF OF MT11 USED .
THE INTERNAL ACCURACY CHECKX CAN BE BYPASSED BY SETTING

T
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M[2720. INTEGRATION IS THEN PERFORMED ONCE WITE THE USER
SPECIFIED VALUE FOR MT11,

3) THE INTEGRATION MAYBE PERFORMED IN LESS WORKSPACE AT THE
COST OF MORE TIME BY SETTING MVU3l<<M{1l., E.GC., A 1000 MAJOR
INTERVAL INTGRATION MAY BFE ACHIEVED BY USING M«1000 0 20.

THE ARGUMERT X OF PCTN IS ALWAYS A 6xN MATRIX. PFCTH MUST
ALWAYS RETURN A STRUCTURE, R, SUCH THAT pRe+w6xMx,,. . MULTIPLE
FUNCTION INTEGRATION IS POSSIBLE BY USING ‘e ,OP' IF DUF REGARD IS
GIVEN TO THE ABOVE DIMENSION REQUIREMERT OFR R,
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LIB 33 MPF
R.B.RODEN, E.A.BUCRHEIT ,COMP. SCI. DEPT,U. OF WATERLOO

MATHEMATICAL PHYSICS FPUNCTIOWNS

NOTE: ARY FUNCTION ARGUMENT NOT ENDINRG WITE THE LETTER 'V
MUST BE A SCALAR OR ONE-ELEMENT VECTOR, THOSE ENDING WITH
‘V' MAY BE A SCALAR OR MORE THAR ONE-ELEMENT VECTOR.

R « N BESX XV
BESSEL FN FOR INTEGER ORDER [N] AND ARGCUMENTS [XV1

R « NV BESWN X
BESSEL PN FOR INTEGER ORDERS [RV) AND ARGUMENT (X

R <« NF FBES XV
BESSEL FN FOR FRACTIONAL, BUT WOT WEGCATIVE INTEGER, ORDER
[¥F1 AND ARGUMENTS [XV1. IF NP=INTEGER, THEN XV20.

R « NF FBESL XV
SAME AS [FBES], THOUGH SLOWER, BUT WILL WORK ON LARGCE
VALUES OF XV>15 AND N>25 WHERE [PBES) GIVES A (DOMAIN ERROR)

R « § SBES XV
R « N SBESL XV
SPHERICAL BESSEL PNS FOR INTEGER ORDER TN AND POSITIVE
ARGUMENTS TXVY (XV>0)., USE [(FBESY AND [FPBESL1 RESP.

(BESX],[BESN] USE THE INTEGRAL FORM OF THE INTEGER ORDER
BESSEL FPN. [FBES) SUMS THE FIRST (OR 30 IF 10<[/XV) TERMS
IR TRE POWER SERIES OF THE BESSEL PN, (FBESL1 SUMS TERMS
UNTIL A TERM < 1E" 412 = CURRENT SUM IS ERCOUNTERED.
ACCURACY: AT LEAST 8 SIGNIFICANT DIGITS (EXCEPT REAR ZEROS)
IF ORDER<40 AND ARGUMENTS<S0.

R « ERF XV
ERROR FUNCTION FOR ARGUMENTS [XV1. ACCURACY: AT LEAST 10
SIG DIGITS POR 0sXV<3

R « N HERMITE XV
HERMITE POLYNOMIAL FOR NONW-NEGATIVE INTEGER ORDER [N1 ARD
ARGUMENTS [XV)

R « N LAGUERRE XV
LAGUERRE POLYNOMIAL FOR RON-NEGATIVE IRTEGER ORDER TH1 ARWD
ARGUMENTS [ XV

R « N LEGENDRE XV
LEGENDRE POLYNOMIAL POR NON-NEGATIVE INTEGCER ORDER [H1 AND



ARGUMERTS T XV

R « PSI X

PSI FUNCTION FOR POSITIVE ARGUMENT (X1 (X>0). REQUIRES

GLOBAL VARIABLE (Z] WHICH CONTAINS VALUES OF THE RIEMARN
ZETA FUNCTIORS.

SOURCE: APL [ II(6),APL ALGORITHM 49,

33.7
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LIB 33 TRESP
S.U.H. QURESHI; E.E.DEPT; U. OF ALBERTA

CIVEN A RATIONAL RESPONSE FUNCTIOR Y, TRESP PIWNDS TRE
OUTPUT IN THE TIME DOMAIN AT INSTANTS SPECIFIED IN TIME,
USING THE STATE VARIABLE APPROACH.

B+Y TRESP TIME

THE RESPONSE PUNCTION Y IS TO BE SPECIFIED AS A SINGLE
MATRIX THE TWO ROWS OF WHICHE REPRESENT THE COEPFICIERTS OF THE
NUMERATOR AND DEWNOMINATOR POLYNOMIALS, RESPECTIVELY, OF A
RATiONALIZED RATIONAL RESPONSE PUNCTION,I.E. THE COEFFICIENT OF
THE HIGHEST POWER OF S IN, THE DENOMINATOR IS ALWAYS UNITY. POR
EXAMPLE

IRPUTRTRANSPER FPURC smcmwwmr e m o cc e omn . IS REPRESENTED RBY
S( 2(822) + 35 + y )

Y«2 % p 0 0 0.5 0.5 1 1.5 2 ©

TIME IS A VECTOR OF INSTANTS OF TIME AT WEICE THE OUTPUT
IS DESIRED. FOR TIMES GREATER THAK 2 SECONDS THE PUNCTION
RETURRS A RESULT ORLY FOR VALUES THAT ARE MULTIPLES OF 0.1 SEC.

TRESP RETURNS A VECTOR AS THE RESULT.
THE GLOBALS USED BY TRESP ARE AS POLLOWS:

RIGAC - IS THE NUMBER OP DIGITS TO WHICH TRE RESULT IS
ACCURATE. ITS WOMINAL WORKSPACE VALUE IS 5.

LRCON - IS 4 VECTOR OF TWO ELEMENTS, THE FPIRST ELEMENT
GIVES TRE NUMBER OF TERMS TAREN IK TRE PIRST SERIES APPROX-
IMATION OF PHE FUNDAMENTAL MATRIX, THE SECOXKD GIVES THFE WUMBER
OF TERMS ADDED T0 ATTAIN PHE DESTRED DEGREE 0P ACCURACY.

ITS WOMINAL VALU®E IS 10 § .
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LIB 34 GILL
D.B. KELLY; E.E.DEPT.; U. OF ALBERTA

GILL IS5 A RUNGE RUTTA ROUTIKE FOR SOLVING A SET OF
DIFFERENTIAL EQUATIORS OF THE FORM:
DX/DT=AX+DM+N

i‘ A, D, M ARD N ARE MATRICES DEPINED IF SET (SEE BELOW)
AND MAY BE NONLINEAR OR TIME VARYING. THE CALL IS:

T GILL X

WEERE T IS A 5 TERM VECTOR WITH T(1] = INITIAL TIME, T[2) =
FINAL TIME, TU3] = INITIAL TIME INCREMENT, T{s1 = MINIMUM TIVME
INCREMERT, ARD T[S] = ACCURACY CRITERIONW.

THE OUTPUT IS STORED IN GILLDATA AS COLUMNS OF T AKD X
VALUES,

GILL COMPUTES EACH STEP TWICE, USING 2 HALP STEPS ON THE
SECOND ROUND. A COMPARISON IS MADE ARD IFP THE DIFPERENCE EXCEEDS
TU5] THE STEP SIZE IS REDUCED BY A PACTOR OF 2. TRIS IS REPEATED
UNTIL THE ERROR IS sT[S] OR UNTIL THE STEP REACHES TRE MINIMUM
SET BY T(u] WHICH IS THEN USED. IF THE ERROR IS <T[51%+10 THE
STEP SIZE IS DOUBLED OTHERWISE THE STEP SIZE IS UNCHNANCED.

THE COEFFICIENTS DEFINED IN SET MAY BE NON-LINEAR BUT SHOULD
BE WELL BEHAVED BECAUSE OF THE FINITE STEP SIZE USED IWN
IRTEGRATION

EXAMPLE

DXL/ DP=z-X1+X20X2 +C08 7
DX2/0TP=-X1x8IN T +X2+1-3 =08 P
PO SET COBPPICIENTS, TYPE

vEET [21
Ae(2,2p 4 ,(X0231 1), (TixsSTH 7y ,1
De{2,23p1,0, 3,1

Me(2,1)pC08 T

v (DOR®T FORGET THE CLOSING v)
ORCE CORPFICIENTS ARE SET, TYPE
¥ ¢ILL ¥

T0 STOP BEFORE TABULATION IS COMPLETE PRESS ATTN THEN TYPE
+0
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LIB 34 MATRIX

J. GREEN; E.E.DEPT.;

/. OF ALBERTA

THIS WORKSPACE PERFORMS REAL AND COMPLEX MATRIX ALGEEBRA
AND SOLVES LINEAR EQUATIONS. IT IS INTENDED T0 RUN IN
CONJUNCTIOR WITH WORKSPACE 32 COMPLEX.

THE FOLLOWING FUNCTIONS EXIST IN MATRIX:

NAME

DET

CDET

IRV

CIRY

CMXMUL

RLIF

CLIR

SYRTAX

B+DET X

C«CDET 2

B«IRV X

C+«CINV Z

ReX CMXMUL Y

X+B RLIN A4

Z«R CLIN A

COMMENTS

THE DETERMINANT OF X (SCALAR) SPRCIFIES
B FORF ANY LEGAL REAL SOUARF MATBIXY X

THE COMPLEX DETERMINANT OF 7 (COMPLEX SCALAR)
SPECIFIES C FOR ANY LEGAI, COMPLEX SOQOUARF MATRIY

THE INVERSE MATRIX OF X SPECIFIRS B (A4 REAI
SQUARE MATRIX) FOR X ANY RFAL LEGAL SOUARF
MATRIX WITH A NON-ZERD DFRTERMINANT

THE COMPLEX INVERSFE MATRIX OF 2 SPRCIFIFS

C FOR Z ANY COMPLEX LEGAL SQUARF MATRIX WITH

A RON-ZERO DETERMIRNARNT

THE FUNCTION WILL PRESERTLY NOT RETURK A VALUF
FOR THE SPECIAL CASE WRERE THE DETERMINANT OF
THE REAL PART OF 2 IS ZERO, AND THF DRETRRMINANT
OF THE IMAGINARY PART IS ZERO, BUT THE COMPLEX
DETERMINANT IS NON-ZERN,

THE MATRIX PRODUCT OF COMPLEXY MATRICIES
X AND Y IN STANDARD COMPLEX NOTATION,
SEE COMPLEX,

LIREAR EQUATION SOLVER FOR FQUATIONS

WITH REAL ARGUMENTS. A IS AN (M,¥) MATRIY

ARD B IS8 AR (M, W) MATRIX, X IS5 AW (M, )

SOLUTION MATRIX FOR AX=B,

RLIN DIFFERS FROM GLIN TH TRAT ROV POSITIONING

IS USED IR ORDER THAT TWHE PIVOTS ARE THRE

LARCEST VALURS IN PHEIR RESPECTIVE CNLUMES

RERNCE GLIN IS FASTEP BUT IS MORFE LIKELY P00 HANeG pp
ALS50 RLIN HANDLES N SOLUTIONS AT OFNCF,

LINEAR EQUATION SOLVEF FOR FOUATIONS
WITH COMPLEX CORFFICIENTS.

CLIR IS THE COMPLEX EQUIVALERT OF RLIN
ARD PUTS COMPLEX MATRICES IR A PORM
WHICH CAR BF® RANDLED BY RLIW, CALLS ON
RLIN, THEN PUTS THE SOLUTION INTO NORMAL

COMPLEX FORM. THE CALL IS: B CLIN 4.

A IS A (2 M M ) ARRAY

B IS A (2 MF ) ARRAY

BOTH THE REAL AND IMAGINARY PARTS OF A
MAY BE SINGULAR SIMULTAKEOUSLY.
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LIB 34 MULTVARY
K. V.WILSORN, COMPUTING SCIENCE, UNIVERSITY OF ALBERTA

THIS WORKSPACE CONTAINS PUNCTIONS TO COMPUTE THE INVERSE
OF A MATRIX ,THE DRTERMINANT, EICENVALUES AND EIGCERVECTORS,
VARTMAX TRANSFORMATION MATRIY.

FURCTIORN PURPOSE

CHDI: REPLACES THE DAGONAL ELEMENTS OF A MATRIX WITH TROSFE OF A
VECTOR,
Ivy: COMPUTES THE INVERSE OF A MATRIX,
VDET: COMPUTES TRE VALUE OF A DETERMINART .
PRINFAC: COMPUTES EICENVALU¥S AND PRINCIPAL FACTORS USING
HOTELLING®S METHOD.
TLER: CONSTRUCTS A SYMMETRIC MATRIY FROM VECTOR OF LOWER-LEFT

HALF
VARIMAX: COMPUTES VARIMAX PRANSFORMATION MATRIX ARD PFRRFORMS
BOPATION.

IMAGE: COMPUTES IMAGE FACTOR ANALYSIS., SUSPECT: USF WITH CARE.
JACPAC : COMPUTES EIGENVALUES AND EIGERNVECTORS USING JACOBT
METROD, SUSPECT: USE WITH CARFE,

FUNCTIONS LABELLED SUSPECT APPEAR TO WORK BUT WAVE PRODUCED
NUMERICALLY INACCURATE RESULTS FOR AT LEAST ONFE TEST CASF FOR
REASONS THAT ARE NOT YET CLEAR. PLEASE REPORT YOUR EXPERIEWCES
WITH THEM TO X.V.WILSON, EXT. BLYEG,

THE PUNCTION: MDe« M CHDI B WILL PORM THE MATRIX MD WHOSE
OPF-DIAGORAL ELEMENTS EQUAL THOSE OF M ARND WHOSE DIAGOKAL ELEMENTS
ARE THOSE OF THE VECTOR W.

. TRE FURCTIOR R«IRV M COMPUTES R, THE INVERSE OF 4 SQUARE
HATRIX M IF M IS HON-SIHCULAR, OTHEEWYSE, R IS5 ONE,

THE FURCTYIOR VDET EVALUATES 4 DETERMIBANT BY CALCULATING TRE
PRODUCT OF IS EIGENVALUES AND WILL PRIEY APPROPRIATE MESSACES
I? TRE MATRIX IS ROV SQUARE, OF IP THE PRODUCT IS WEGATIVE, IT
USED THE PUNCTIONS BAIRSTOW, EIGVAL, FRAME, QIEROS, SYRDIV, AKD
L5RT . THE CORVERGERCE CRITERION T8 SET £7 .61 IN VDEY AND MAXTE
I8 SET AT S0, BOTH MAY BE CEANCED.

THE FUNCTION PRINFAC B WILL CARRY OUT A PRINCIPAL FACTOR
ANALYSIS OF TAE MATRIX R USING BOTELLIRG'S METROD. OFLY FACTORS
CORRESPONDIRG TO EIGENVALUES OF ORFE OF MORE ARFE DISPLAYED ALONG
WITH THE COMMUNALITIES OF THOSE FACTORS AND ALL OF TH® FETGCERVALUES.
THE MATRIX OF EIGENVECTORS IS STORED A5 E, THE VECTOR OF
EIGENVALUES IS STORED AS EV AND THFE DIAGONAL MATEIX OF SQUARE
ROOTS OF EICENVALUES IS STORED AS LSR S0 ADDIPIORAL COLUMES OF
THRE FACTOR SOLUTIOR CAF BE FASILY OBTAINED., THIS FPURCTION USES
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THE FUNCTION HFAC (HOTELLING'S METHOD) TO SOLVE FOR EIGENVALUES
AND EIGENVECTORS,

THE FUNCTION MeN TLR X WILL FORM AN NxN MATRIX M PROM
THE VECTOR X WHICH CONTAINS THE LOWER LEFT HALF OF A SYMMETRIC
NxH MATRIX ENTERED BY ROWS ARD CORTAINING OFF-DIAGONAL FLEMENTS
ONLY (STARTING WITH THE 2°'RD ROW). M WILL BF IDENTICAL WITE THE
ORIGINAL SYMMETRIC MATRIX WITH THE POSSIBLE EXCEPTION OF RAVING
1'S IN THE DIAGONAL., OTHER DIAGONAL ELEMENTS CAN BF INSERTED
USING THE CHDI FUNCTIONW.

THE FUNCTION  VARIMAX A CARRIES OUT A VARIMAX ROTATION
OF THE FACTOR MATRIX A. AFTER EXECUTION THE TRANSFORMATION
MATRIX WILL BE SPECIFIED AS T. THIS FUNCTION USES THE PUNCTION
ATAN IN EXECUTION. '

THE FUNCTION IMAGE R WILL COMPUTE AN IMAGE FACTOR
ARALYSIS OF THE MATRIX R. IT USES THE FUNCTIORN INV
TO COMPUTE R+«"1 AND THE PUNCTION AFPAC
(HOTELLING'S METHOD) TO COMPUTE EIGENVALUES AND VECTORS. MOST
LIKELY, THIS FUNCTION IS SUSPECT BECAUSE HFAC MAY NOT BFRE
SUITABLE FOR MATRICES RESCALED AS IN IMAGE AWNALYSIS.

UNLIKE THE OTHER FPUNCTIONS » TAIS

PRODUCES NO OUTPUT BUT SOLVES FOR EIGERNVALUES (SPECIFIED AS

THE VECTOR EV AND ARRANGED IN ORDER OF DECREASING SIZE)Y AND THE
MATRIX OF CORRESPONDING EIGENVECTORS (SPECIFIED AS THE MATRIX E)
USING THE PUNCTION JACOBI (JACOBI'S METHOD) .

IT WILL STOP AFTER A MAXIMUM OF 50 ITERATIONS AND
REQUEST AROTHER MAXIMUM. THE TOLERANCE PARAMETER FOR CONVERGERCE
IS SET AT .01 IN LINE [2] OF JACFAC AND CAN BF ALTERED RY
CHANGING THAT LINE.

TRIS FUNCTION CAN BE SUBSTITUTED FOR RFAC IN PRINFAC RY
CHANGING LINE [11 OF PRINFAC TO READ -- T4 JACPAC R -- ARD A
SIMILAR CHANGE CAN BE MADE IN IMACE BY S0 CHANGING LIRE (61 oF
THAT FPURCTIORN.

TEIS FUNCTION IS PROBABLY SUSFECT BECAUSE OF A& DEFECT IWN
TRE FUNCTION JACOBT.
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LIB 900 BODE
E. M. EDWARDSy E.E.DEPT; U.0F A.

THE FUNCTIGNS BODF AND BODEPLOT CONTAINED IN THIS
WORKSPACE PRODUCE A BODFE PLOT (SYSTEM MAGNITUDE AND
PHASE RESPONSE VS. FREQUENCY).

SYNTAX :
F BODE H
BODEFPLOT

WHERE F AND H ARE FREQUENCY RANGE AND TRANSFER PURCTIONR(S)
AS DESCRIBED BELOW. '

F BODE H, GIVEN A SET OF TRANSFER FUNCTIONS, R, (TO BFE
EXPLAINED BELOW) AND A FREQUENCY RANGE, F, COMPYUTES AND STORES(IN
THE GLOBAL VARIABLE BODEDATA) THE MAGNITUDE ARD PHASF RESPONSE OF
THE SYSTEM(S) DESCRIBED BY H FOR 21 LOGARITHMICALLY SPACED
FREQUENCIES BETWEEN THE MINIMUM ARD MAXIMUM VALUES OF THF
VECTOR, F.

BODEPLOT PLOTS TKE DATA CONTAINED IN BODFEDATA AS TW0O GPAPHS
SEPARATED BY A LEGEND.

THE TRANSFER FUNCTION SET, H, IS FORMED AS A SIRGLE OR
MULTI-LAYERED MATRIX, EACH LAYER OF WHICH IS 2-FOWED REPRESERTING
NUMERATOR AND DENOMINATOR OF A RATIONAL TRANSFER FUNCTION, THE
COLUMNS REPRESENT THE POWERS OF S IN DECERNDING ORDER., FOR
EXAMPLE,

e IS REPRESENTED BY He2 3 p 0 1 1 2 3 &

SEVERAL BODE PLOTS MAY BE SUPERIMPOSED OF OFE SHEET BY USIWNC
A MULTI-LAYERED MATRIX POR H. FEACH LAYER IS TAKEN AS A TRANSFER
FURCTION AS DESCRIBED ABOVE. F.G. TO DETERMINE PYRE EPFECT OF
VARYING THE 3 IN THE DEROMINATOR OF THE ABOVE EXAMPLE RETWEEN 2
AND 4 IN STEPS OF .5, THE TRANSFER FURCTION IS SET yp A8
FOLLOWS :

F+5 2 3 ¢ 01 1 2 01
H{32;27+«2 2.5 3 3,5 4

F MUST BE A VECTOR OF POSITIVE NUMBERS OF WEICR ONLY THE
MAXIMUM AND MINIMUM ARE USED.

pBODEDATA IS 2,M,21, WEERE M IS ONE GREATER THAN THE NUMBEP
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OF SUPERIMPOSED PLOTS., THE FIRST LAYER IS THE MAGNITUDE Vvsg.
FREQUENCY DATA AND THF SFCOND LAYER IS THE PHASE VS, FREQURNCY
DATA FRESENTED IN STANDARD TWO-DIMENSIONAL 'GRAPH' FORMAT,

BODETITLES IS A CHARACTER STRING USED AS AN ARGUMERT FOR
THE FUNCTION TITLESET TO SET UP TITLES FPOR THE PLOT.

TITLESET CONVERTS A MULTILINE HOLLERITH VECTOR INTO THE
TITLES SENSED BY GRAPH. AFTER EXECUTION OF:

TITLESET X

IITLE = THE FIRST TWO LINES OF X
ATITLE = THE THIRD LINE OF X
QTITLE = THE FOURTH LINFE OF X
LEGEND = ALL SUBSEQUENT LINES OF X

LINES 3 AND 4 OF BODETITLES ARE ICNORED AS ATITLE
AND QTITLFE ARE SET APPROPRIATELY BY BODEPLOT.

OPTIONS ARE AVAILABLE TO COPE WITH SPECIAL CIRCUMSTANCFES.

IF IT IS DESIRED TO RESTRICT THE RANGE OF THE GRAPKH, THE
GLOBALS MCLIP (FOR MAGRITUDE) AND ECLIP (FOR PHASE) MAY BE SET T0
THE DESIRED RANGE. SEE CLIP UNDER GRAPHROW.

THE TWO ELEMENT LOGICAL VECTOR RODEASW CONTROLS FORMAT, IT
IS NORMALLY 1 1., T0 USE RADIANS/SEC. RATHER THAN HERTZ, SET
BODEASW({11«0, TO USE 0 TO 360 DECREES AS THE PHASE RANGE
(INSTEAD OFP 180 TO 180 DEGREES), SET BODEASWI 2«0,

IRRATIONAL TRANSFER PUNCTIONS MAY RE USED BY DEFINING A
MONADIC FUNCTIOR WHICH MUST BE CALLED BODEAFHN AND USING 1 AS THF
RIGHT ARGUMENT FOR BODE. BODEAFN MUST ACCEPT A COMPLEX VECTOR
OF FREQUENCIES AS ARGUMENT AND MUST RETURHN THE RESPORSE(SY AS A
COMPLEX VECTOR, OR A COMPLEX MATRIX WITH EACH SYSTEM REPRESENTED
BY A4 ROW IF MORE THAW ONE SYSTEM APPEARS oN A PLOT,

SEE 32 COMPLEX,
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LIB 900 STRUCTUR
E.M.EDWARDS, ELECTRICAL ENGR., UNIV OF ALBERTA

STRUCTURE IS A WORKSPACE FPOR STRUCTURAL ANALYSIS AND
DESIGH .

PRESENTLY IMPLEMENTED ARF:
\\\\ DISP, MARE, FORCES.
DISP REQUESTS ENTRY OF STATICS MATRIX, STIFFNESS MATRIX,
LOAD CONDITION MATRIX. DISP RETURNS AS A RESULT THE VALUE OF
DISPLACEMENTS. I.E.INV(A S AT) P.

TO TURN A VECTOR INTO A SQUARE DIACONAL MATRIX
ERTER :M<MAKE V
WHERE Vv IS TRE VECTOR.

FORCES REQUESTS ENTRY OF STATICS MATRIX, STIPFNESS MATRIX,
LOAD CONDITION MATRIX. FPORCES RETURNS AS A RESULT THE VALUE OP
PORCES. I.E. S AT INV(A S AT) P
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LIB 910 MASS

THE PROGRAM ‘MASSPEC® TAKES RAW MASS SPECTRAL DATA AND
COMPUTES THE INTERSITY OF EACH PEAK AS BOTH THE PERCENT OF
THE BASE PEAK AND AS PERCENT OF THE SUM OF ALL THE RELATIVE
IRTENSITIES (INPUT INTENSITIES) ARD LISTS THEM IN ORDER OF
DESCENDING ORDER OF MASS (M/E RATIO).

PO USE THIS PROGRAM:
(1] IFPUT DATA TO THE VARIABLE 'DATA" AS A VECTOR OF ORDERED
PAIRS, IN M/E INTENSITY ORDER.
(2] INPUT TO THE VARIABLE °‘TITLE® IS ALPHANUMERIC.
(31 PYPE "MASSPEC NUMBER® WHERE °NUMBER® IS THE NUMBER OF
M/E TO BE PRINTED IN ORDER OP DECREASING INTENSITY.

THIS PROGRAM HAS BEEN TESTED WITH UP TO EICHTY MASSES
ARD EIGHTY RELATIVE INTENSITIES. THE ONLY BANG-UP ENCOUNTERED
IS IF pDATA IS ODD (EG. THE NUMBER OP MASS DATA POINTS DOES
NOT EQUAL THE NUMBER OF INTENSITY DATA POINTS)., THIS WILL
ORLY HAPPEN IF THE DATA HAS BEEN INPUT INCORRECTLY. IT IS
ADVISABLE TO CREATE A PUNCTION THAT CONTAINS TRE DATA IW
THE GLOBAL VARIABLE ‘'DATA® IN THIS WORKSPACE; SO THAT IN THE
EVENT OF A MISSING OR INCORRECT DATA POINT THE PAULT MAY BE
EASILY CORRECTED BY PUNCTION EDITING RATHER THAN BY HAVING
TO TYPE ALL THE DATA IN AGAIN.

THE MASS SPECTRAL PACKAGE (°MASSPED' ARD °'DFT') MAY BF
COPIED BY THE USE OF THE GROUP "MASSGP®,
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LIB 910 WORM
R D MORTOWN, GEOLOGY DEPT, U OF ALBERTA

THE WORKSPACE NORM CONTAINS THE MAIN PROGRAM CIPWORM ARD TWO
RELATED PROGRAMS RND AND OXIRAT. CIPWNORM CONVERPS THE CREMICAL
COMPOSITION OF A ROCK INTO ITS 'NORMATIVES MINERALS AS DEFINED )
BY CrOSS, IDDINGS, PIRSSON AND WASHEINGTON, POR A DESCRIPTIOR OF )
THE C.I.P.W. CLASSIFICATION, SEE JOHANSSEN, A,, 1955, 'A DESCRIPTIVE ‘
PETROGRAPHY OF THE IGNEOUS ROCKS, THE URIV. OF CHICACO PRESS, 2 ED.,
CHAPTER 8,

TO USE, SPECIFY C, A VECTOR OF PERCENTAGES OF OXIDES IW
THE FOLLOWING ORDER: .
SI 02, TI 02, AL2 03, FPE2 03, FE 0, MW O, MC 0, CA O, RA2 0, k2 0,
P2 0S5, H2 0+, BA 0, € 02, CR2 03, 1 0, 8 02, SR 0, ZR2 O, S.
THER TYPE *CIPWNORM®,
IFP THE OXIDATION RATIO FE2 03 | FE 0 + FE2 03 IS KWOWR
SOR IS SPECIFIED AS THE OXIDATION RATIO, FE2 AS THE FE 0 PERCENTACE
AND FE3 AS THE FE2 03 PERCENTACE. THEN TYPE "OXIRAT®. THNE RECALCULATED
PERCENTAGES ARE THEN ENTERED IN ITEMS u ARD 5 OF VECTOR C PRIOR TO CALLING
CIPWNORM., IT SHOULD BE NOTED THAT THE VECTOR € DOES ROT REMAIN
URCHARGED APTER CALLING CIPWNORM, AND HENCE MAY NOT BE RE-USED.,
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LIB %10 PROBEL
D ¢ W SMITH, GEOLOCY DEPT., UNIV, OF ALBERTA

TEE WORESPACES PROBEY, PROBE:Z, PROEE3I ARD PROBEW CONTAIR
THE TABLES ARD PROGRAMS USED TO CORRECT RAW X-RAY INTERSITY DATA
FROM AR ELECTRON MICROPROBE FOR BACKCGCROURD, DEAD TIME, ATOMIC
NUMBER, ABSORPTION AND CHARACTERISTIC FPLUORESCENCE EFFECTS.

THE PROGRANM CAN BE USED IR THE ANALYSIS OF ARY ELEMERT WITH
ATOMIC NUMBER GREATER THAN TER AT ARNY INPEGRAL OPERATIRG VOLTAGES
UP TO 35 KV AND WILL ACCOMMODATE DATA FOR THE SPECIMER AND
SEVERAL DIFFERERNT STANDARDS COMPOSED OF UP TO 20 ELEMERTS.
FACILITIES ARE ALSO PROVIDED FOR ADJUSTIRG THE COMPOSITION OF THE
MATERIAL ARALYZED OF SOME BASIS SUCH A8 THE STRUCTURAL FORMULA
OF A MINERAL, OR PERHAPS THE ASSUMED ANION CONTERT ON THE BASIS
OF THE CONCENTRATIORS OF OTHER ELEMENTS PRESENT., THIS PROGRAM WAS
WRITTEN PRIMARILY TO DEAL WITH ARALYSES OF GEOLOGIC MATERIALS, BUT
WILL BE APPLICABLE TO ARALYSES OF OTHER MATERIALS SUCH AS CERAMIC
ARD METALLURGICAL SPECINENS, WITROUT MODIFICATION TO THE MAIW
PROGRAM OR SUBROUTINES. IT WAS DESIGNED FOR USE WITH AR
ARL 'EMX' MICROPRORE, BUT WITH MINOR MODIFICATIONS CAN BE USED
WITH ARY OF THE ELECTRON PROBES CURRENTLY O THE MARKET WHICH
RAVE A RORMALLY INCIUDERT ELECTRON BEAM.

A PULL DESCRIPTIOR AND DETAILED INSTRUCTIONS FOR RUNNING
THE PROGRAM WILL BE FOUND IN CONPUTER CONTRIBUTION NO. 45,
AN APL LANGUAGE COMPUTE PROGEAN POR USE IR BLECTRON
MICROPROBE ANALYSIS® BY D ¢ W SMITHR AND M © TOMLINSOW,
PUBLISHED BY STATE GEGLOGCICAL SURVEY, TRE UNIV. OF
KAKRSAS, 1870, A4 COPY OF THISZ PUBLICATION IS AVAILABLE FOR
REFERENCE IR THE ELECTRON MICROPROBE LAB, OF THE DEPT. OF GEOLOGY
OR IR THE OQFFICE OF THE APL COORDIBATOR, E. ARMITACE, ROOM 367
GENERAL SERVICES BUILDING, UNIV OF ALEBERTA.

GOPYEE O] . SHEETS Fron GHDIRG MICROPRCEE OBSERVATIONS
MATY ALS0 BE 0} ' N MICROFROBE LARORATORY.
THE FOLLOWING VA4 S MUST BE ENTERED FROM THE
WORX SHEETES BRY ce, bre, L, A5, B,
cs, Db, P, YK ; SECORC, 8BM, A,
LEA(2,3,8,...0, M1(2 e 0102, 3,08 ,, .00,

BAGE 12 OF EECHIBES THE CORPERTS
OF BACHE OF PRE woOR CRUERNCE OF COMMARDS
FOR CALLING THEM A ; PROBEY (CALLED WS-1
IN THE ABOVE PURLICATY VITAING COEPFICTENTS FOR ALL WAVE-
LERGTRS CORRESPONDING TO CODE WNUMBERS 4-35% AND PROGRAM APLOADA.
PROBE? (W8-2) CONTAIRS COEFPICIENTS POR WAVFLENGTES 36-bB4
AND PROGRAM AFLOADE ¥ ; OBE3 (WS~3) CONPAINS CORFPICIERTS
PPROGRANM APLOLDC, PROBEY (WE-uY
' FPROBEDATA TOGETKER WITH VARIOUS

FOR WAVELENGTHS 68%5-90
CORTAINS THE MAIN PRUGE
REQUIRED BUBROUTIRES, ARD VARTABLES,

DOE 70 CHABGES IN WORKSPACE HAMES, ETC., TAE SEQUENCE OF
COMMARDS OF PACE 12 ARE WOW:

e
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M =2

12
i3
iy
i5

16

JLOAD 910 PROBE1
ENTER VECTOR X OF ATOMIC NUMBERS OF ALL ELEMENTS LISTED AS
PRESENT IN THE SPECIMEN AND ALL STANDARDS (IN ARY ORDER)
APLOADA
RESPONSE: "LOADA READY'. POSSIBLY POLLOWED BY °*NO MORE
MABSCO VALUES REQUIRED®.
YSAVE CONTINUE. IF RESPONSE WAS °NO MORE MABSCO VALUES
REQUIRED' CONTINUE WITH COMMAND 13.
YLOAD 910 PROBE?
YCOPY CONTIRUE LOADA
APLOADB
RESPONSE: AS IN COMMAND 3
THE SAME AS COMMAND u
JLOAD 910 PROBES3
YCOPY CONTINUE LOADA
APLOADC
RESPONSE: °'LOADA READY"®
YSAVE CONTIRUE
JLOAD 910 PROBEWY
JCOPY CONTINUE LOADA
MUCO
RESPONSE: ‘'MABSCO READY?®
AT THIS POINT SPECIFY ALL THE VARIABLES LISTED ON
THE WORKSREET,
PROBEDATA
CONTINVE WITH INPUT AS SPECIFIED ON PAGES 1?2 TO 1u.
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LIB 3810 PROBE?2

ELECTRON MICROPROBE ANALYSIS. FOR DOCUMENTATION
SEE 910 PROBE1.

LIE 910 PROBES3

ELECTRON MICROPROBE ANALYSIS. FOR DOCUMENTATION
SEE 910 PROBE1L.

LIB 910 PROBE4

ELECTRON MICROPROBE ANALYSIS. FOR DOCUMERTATION SEE
910 PROBE1.
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LIB 920 GENETICS
J.A. REDFIELD, DEPT OF ZOOLOGY, UNIV OF ALTA

THE WORKSPACE ‘'GENECTICS® CONTAINS FUNCTIONS WICH ARFE
PRIMARILY USED IN GENETICS CALCULATIONS.

THRE WORKSPACE CONTAIRNS THE POLLOWING PUNCTION:
Ay T

HW CALCULATES FIT TO HARDY-WEINBERG EQUILIBRIUM POR A

SINGLE LOCUS WITH TWO OR THREE ALLELES. IF TWO ALLELES, A AWD

B, ARE PRESENT AT A LOCUS, T IS AN Mx3 MATRIX WITH THE COLUMNS
THE NUMBER OF AA, AB, AND BB GENOTYPES, RESPECTIVELY. IF THERE
ARE THREE ALLELES, A, B, AND C, AT THE LOCUS, T IS AN Mx6 MATRIX
WITH THE COLUMNS BEING THE WNUMBER OF AA, AB, AC, BB, BC, AWND CC
GENOTYPES, RESPECTIVELY. THIS FUNCTION WILL WORK WREN M=1,

IF THREE ALLELES ARE PRESENT THE PUNCTION CONSIDERS A=C

FOR CALCULATION OF FIT TO H-W EQUILIBRIUM. EXPECTATIONS ARE
BASED ON LEVERE®S FORMULAE FOR SMALL SAMPLES,

IF M>1,0UTPUT WILL CONSIST OF M+1i, 3x10 TABLES,

THE FIRST M TABLES ARE THE RESULTS OF APPLYING THE TEST PO EBACK
ROW IN T AND TABLE M+i IS PHE RESULT OF APPLYING THE TEST TO
THE COLUMN SUMS OF T. IN EACH 3x10 TABLE, RT11 IS THE OBSERVED,
R(2] IS THE EXPECTED, AND R{3) THE 0/F; €(11 IS THE SAMPLE SIZE
¢l21,6031,0Tu] ARE THE FREQUENCIES OF AA,AB,AND BB cisl, ¢rel,
AND C€[71 ARE THE FREQUENCIES OF A, B, AND C (IP PRESENT),

CL8]) IS THE EFPECTIVE NUMBER OF ALLELES; CT91 IS THE OBSERVED
PREQUENCIES OF BETEROZYGOTES/EXPECTED NUMBER: AWND C[410] IS THFE
EXACT PROBABILITY OF OBTAINING THESE RESULTS BY CHANCE ALOWNE.

REFERENCE: CROW AND KIMURA (1970), AW INTRODUCTIORK TO POPULATION
GERETIC TREORY. HARPER AND ROW,
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LIB 930 GRARAMPR
L.L. RINES, DEPT. OP CHEM., U. OF 4.

TRIS WORKSPACE CONTAINS TWO MAIN FURCTIORS, CYSBIS AND VALUE,
WBICH PERFORM SIMPLE CARBORYL FORCE FIELD CALCULATIONS .,

THESE PUNCTIORS WERE DEVELOPED BY R.S. GAY AS PART OF HIS PR.D.
TRESIS (JULY, 1970); FURTHER REFERENCE. CAN BE OBTAINED FROM
THE APPENDICES OF HIS THESIS OR FROM L.L. RINES.

THE FOLLOWING PURCTIONS ARE USED IN THIS WORKSPACE :

PUNCTION DESCRIPTION

ALPHA a OPERATOR

AND A COLUMN-CATENATOR (LIBRARY FUNCTION).

CISBIS CALCULATES PORCE CONSTANTS PROM THE TWO
Ai, Bl, AND B2 BAWND POSITIONS OF AN
OCTAHEDRAL TETRACARBONYL BY THE NOW-LINEAR
LEAST SQUARES METHEOD.

CONy SUBROUTINE POR CISBIS

DATE DATE WRITING (LIBRARY PURCTION).

PPMT PLOATING POINT PORMATER

CETIME CLOCX READER (LIBRARY FUNCTION).

INTARGLE SPECIFIC CARBONYL FORCE FIELD COMPUTATIONS

MIRIMUM SPECIFIC CARBONYL FORCE PIELD COMPUTATIONS

OMEGA w OPERATOR

PLOT GRAPHS ONE OR MORE FUNCTIONS SIMULTANEOUSLY
(LIBRARY PUWNCTION).

RAMAN CALIBRATION OF PF LR1

RES SUBROUTINE POR CISBIS

RESUME RESUMPTION FUNCTION

RED ROUNDIRG SUBROUTINE POR CISBIS

SEPIME CLOCK STARTER (LIBRARY PURCFION).

SOLVER SOLVE SIMULTANREOUS BOUATIONS.

ULINE URDERLIRE FURCTION

VALUE CALCULATES FORCE CONSTANTS FRON PEE #W0 A1 AFDP
E BAND POSITIONS OF AN OCPAREDRAL PERTACARBORYL .
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LIB 930 MOLVIBS
L.L. RIRES, CHEM, DEPT., U. OF A,

THIS WORKSPACE OPERATES AS AW ARALYSIS PACKAGE AND
CONTAINS VARIOUS VIBRATIONAL ANALYSIS FUNCTIORS,

THESE FUNCTIONS ARE GROUPED ACCORDING T0O TREIR PARTICULAR
PURPOSES (INPUT, OUTPUT, SOLUTIONW, EDIT, SERVICE, AND LEAST
SQUARES} ARD CAN BE ADDED AND DELETED TC CORE SO AS TO ALLOW TRE
USER TO TACKLE SLIGHTLY LARGER PROBLEMS. THESE PROGRAMS WERE
DEVELOPED BY R.S. GAY AS A PART OF KIS PH.D. TRESIS (JULY,
1970)¢ PURTHUR REFERENCE CAN BE OBTAINED FROM THE APPENDICES
OF RIS TRESIS OR FROM L.L., RINES.

TRE FOLLOWING PUNCTIONS ARE USED IN TRHIS WORKSPACE :

FPURCTION GROUP DESCRIPTION
NAME

ADD EDIT ALLOWS INPUT OF ADDITONAL FREQUENCIES.

DATE SERVICE WRITES DATE (LIBRARY FUNCTIOR).

DELAY SERVICE DELAYS EXECUTION (LIBRARY FURCTIOR).

DESYMMETRIYSE RLSQ SUBROUTINE FOR ITERATE ARD DISPLAY

DISPLAY ouTPUT PERFORMS THE QUTPUT.

ENTER INPUT ENTERS PROBLEM IDENTIFICATION.

FORMS RLSQ SUBROUTINE FOR ITERATE

GETIME SERVICE CLOCK READER {LIBRARY FURCTIOR) .

GETOFREQ IRPUT ENTERS OBSERVED FREQUENCIES,

GETPHI IRPUT ENTERS PORCE CORSTANWNTS,

GETU INPUT RARDLES NEW COORDINATES FOR ITH MOLECULE.

GETW IRPUT ENTERS G MATRIX; ONE MOLECULE AT A TIME,

GETZ IRPUT ENTERS PLANES OF 2 'SYMATIN' FPASRION.

ITERATE RLSQ ADJUSTS THE FORCE CONSTANTS SET SO THAT
THE FREQUENCIES ARE FITTED BY THE LEAST
MEAR SQUARES METHOD.

JACOBI SERVICE EIGEWVALUES ARD EIGERYECTORS OR A REAL
SYMETRIC MATRIX (LIBRARY FURCTION).

NEWPROB EDIT REQUESTS TRE IDENTYFICATION ARD FRED-
VENCIES FOR A NEW PROBLEM, RETAINING
THE OTHER DATH FROM THE PREVIOUS PROBLEM.

PARTIALS RLSQ SUBROUTINE FOR ITERATE

PAUSE ouTPUT SIGRALS COMMBENCEMERT OF OUTPUT PHASE
AFPTER AWAITING AR ALPRAMERIC COMMERT,

RESUME SERVICE RESUMPTION OF INTERRUPPED CALCULATIOR
BY +»RESUME INSTRUCTION.

SCALE RLEQ SUBROUTINE FOR ITERATE

SECULAR SOLU SUBROUTINE FOR ITERATE AND SOLVE

SETIME SERVICE CLOCK STARTER (LIBRARY FUNCTIORY,

SOLVE SOLU CALCULATES THE VIBRATIONAL PREQUENCIES
ARND EIGENVECTORS FROM TRE INPUT DATA.

SOLVER SERVICE SOLVE SIMULTANEOUS EQUATIORS (LIBRARY
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FUNCTIONS).

SYMATIR INPUT INPUT OF UPPER TRIANGULAR PART ORLY
OF SYMMETRIC MATRICES.,

ULIRE SERVICE UNDERLIRING FUNCTION FOR ALPHAMERIC

COMMENTS AWND LABELS.,
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LIB 930 WNMR
A QUIRT CHEM DEPT U OF 4 EDMONTON ALBERTA

GIVEN CHEMICAL SHIPTS AND COUPLING CONSTANTS (DIRECT
DIPOLE AS WELL AS NORMAL FERMI) THE PROGRAM CALCULATES ARD
PLOTS HIGH-RESOLUTION NMR SPECTRA. THE LIMIT IS SIX SPINS -
THOUGH FOR CONVENIENCE INPUT IS BY MAGNETICALLY EQUIVALERT )
GROUPS. COUPLINGS NOT MERTIONED ARE ASSUMED TO BFE ZERO

THE PROGRAM WILL REQUEST THREE KINDS OF DATA
QUESTIONS (IDENTIFIED BY ?) ARE ANSWERED Y FPOR YES OR K POR RO
TITLES MAY BE ANYTHING YOU CAN ENTER ON ORE LINE.
THE SYMBOL [1: SHOWS THAT NUMBERS ARE WANTED,

THE EXAMPLES IN PARENTHESES BELOW ARE FOR AN A2RC MOLECULE

®

NEW PROBLEM ?
THE ANSWER N PRESERVES DATA FROM THE LATEST RUN IN THIS
TERMINAL SESSION SO THAT ONLY CRARGED SEIFTS AND COUPLINGS NEED

BE ENTERED. NEW PROBLEM IS ASSUMED WHEN THE LIBRARY PROGRAM
IS LOADED,

GROUP STRUCTURE ...

ENTER THE NUMBER OF NUCLET IN EACE MAGNETICALLY
EQUIVALENT GROUP ON ONE LINE IN ORDER. (2 1 1)

CHEMICAL SHIFPTS ...

ENTER ON ONE LINE IN ORDER ONE CHEMICAL SRIFPT IN RZ.
FOR EACR GROUP ABOVE., (78 155 ing.11)

NEW COUPLING CONSTANTS, CHEMICAL SHIFTS ce
THESE ARE ENTERED ONE ITEM PER LINE -

THE RUMBER 0 ALONE ON A LIKE MEANS EWD OF DATA

THE RUMBER ~1 ALONE OF A LINE STARTS YOU BACE AT GROUP STRUCTURE,

2 NUMBERS ON A LINE MEAN I SHIFFII1 (1 178)

3 NUMBERS ON A LINE MEAR T J COUPLIRGTI;d? (1 3 12.%% 9HE
COUPLING CONSTANT INDICES REFER 70 THE MAGRETICALLY ROUIVALERT
GROUPS IN THE ORDER IN WEICE THEY WERE ERTERED. FPOR ORDINARY
COUPLINGS THE SMALLER INDEY MUST BE FIRST. FOR DIRECT DIpOr
COUPLINGS BETWEEN GROUPS THE LARCE INDEY IS FPIRST; THE INDEY
IS REPEATED POR DIPOLE COUPLINGS WITHIN 4 croup,

(3 1 413.2) (2 2 880),

TABLE ? HISTOGRAM 2 )
THE ANSWER Y GIVES BOTH A TABLE AND A BAR PLOT WITH

POSITIVE SHIFTS LEFT OF THE REFERENCEy; YN OR WY GIVES ONE. THE

NUMBER OF LINES SUMMED AND TAR INTERSITY WEIGHTED MEAN FREQUENCY

ARE PRINTED WITE EACR BAR. REGIONS OF OVER 75 LINES OF BLANK

BASELINE ARE OMITPED. [P OUTPUT IS ENDED BY ANSWER W, THE

COMMARD OUTPUT WILL RESTART IT.



930,85

REGION TITLE ...

THE WORD ALL GIVES DEFAULT VALUES (0.5 0.01005 1FSO ~1ES0)
FOR ALL FOUR PARAMETERS IN THE NEXT DATA ITEM,

LINEWIDTH ,MIN . INTENSITY ,LIMITS(UPPER ,LOWER) ...

ENTER UP TO FOUR NUMBERS ON ONE LINE, FEACH WRUMBER
REPLACES ONE DEPAULT VALUE FROM LEFT TO RIGHT. ANY GROUP OF
TRARSITIONS WITHIN ONE LINEWIDTH IS COMBINED, AND THE RESULT KEPT
IF IT HAS THE MINIMUM INTENSITY AND IS WITHIN TRE PREQUENCY
LIMITS. (0.2 0.05 165 1u0)

TO USE THE PROGRAM ENTER START.
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LIB 930 SHEBA
G.W.STOCKTON, U OF A CHEMISTRY DEPT

A METROD FOR OBTAINING EQUILIBRIUM CONSTANTS ON THE BASIS
OF WNMR CHEMICAL SHIFPTS.

THE METHOD IS APPLICABLE TO WEAK HYDROGEN BONDED COMPLEXES
OF THE TYPE

DONOR + ACCEPTOR +-» COMPLEXY
D+ A s

THE EQUILIBRIUM QUOTI@NT @ IS GIVEWN BY
@ = [CY /7 (D1.TAN
WHERE [ ] INDICATES CONCENTRATION

THE EQUILIBRIUM CONCENTRATIONS (cl, [pY, (A camemwor Br
MEASURED DIRECTLY 80 AN ITERATIVE METROD EMPLOYING TRE WMR LINE
POSITIORS AND THE INITIAL CONCENTRATIONS IS USED.

FOR A DETAILED ACCOUNT OF THE METROD, PLEASE CONTACT THE
AUTHOR ON EDMONTON u32-3507,

LIB 930 VIBMEMOR
L.L. RINES, DEPT, OF CHEM., U. OF A,

PHIS WORKSPACE IS USED AS A STORACEK FOR THE INPUT USED BY TRE
WORKSPACE MOLVIBS, '

THE FUNCTIONS HERE WERE DEVELOFPED BY R.5. GAY AsS
A PART OP RIS PR.D. THESIS (JULY, 1970); FPURTHAUR REFPERENCE CAR BE
OBTAINED FROM THE APPENDICES OF THIS TRESIS OR FROM L.L. RINES,
THE POLLOWING FUNCTIONS ARE USED IN THIS WORESPACE

FUNCTION DESCRIPTION

STORE MAXES A PERMANENT RECORD OF TRE IWPUT IV 4 |
COMPACT FORM.

IRDEX DISPLAYS STORED INPUT DATA SETS

ASSEMBLE REASSEMBLES STORED INPUT DATA SETS,

DELETE ERASES DATA SETS STORED BY THE FURCTIOR STORE,

DATE WRITE DATE (LIBRARY FURCTION) .,
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LIB 940 DOSERESP
D.A.COOK, DEPT PHARMACOLOGY U. OF ALBERTA

THIS WS. IS DESIGNED TO FPACILITATE THE CALCULATION or
DOSE-RESPONSE DATA PROM EXPERIMENTS IN PHARMACOLOCY
AND RELATED FIELDS.

IT CONTAINS ONLY THE FUNCTION 'DOSE' AND A SUBROUTINE
ASSOCIATED WITH IT CALLED *SDD', 'DOSE' ACCEPTS DATA

FROM STUDIES OF TENSION DEVELOPED BY A PHARMACOLOCICAL
PREPARATION, AND CALCULATES THESE AS A PERCENTACE OF THE
MAXIMUM RESPONSE BEFORE AND AFTER SOME TREATMENT, THE
APPROPRIATE CURVES ARFE THEN PLOTTED.

THEE PROGRAMME DOSE IS INTERACTIVE AND TAKES NO ARGUMERTS .
IT REQUIRES °'SDD' AND ®PLOTS®

THE USER IS FIRST REQUESTED TO ENTER THE DOSES USED.

FOTE THAT A DOSE OP 10”6 MUST BE ENTERED AS (10276), AND
THUS IP A NUMBER OF DOSE RESPONSE CURVES ARE BEING
EXAMINED OVER THE SAME DOSAGE RANGE, IT IS BEST TO SPECIPY
THE DOSES AS A VARIABLE BEFORE YOU START. YOU ARE THEN
ASKED TO ERTER THE RESPONSES AT EACH DOSE FOR THE FIRST
PREPARATION AND THE IRITIAL DOSE RESPONSE CURVE., POR
OBVIOUS REASONS THE RUMBER OF VALUES POR RESPONSES MUST
BE THE SAME AS THE NUMBER OF DOSES ,AND IF IT IS ROT, AW
ERROR REPORT WILL BE RECEIVED, TOGETEER WITH A REQUEST T0O
RE-ENTER THE LAST SET OF VALUES., WHEN ALL REPLICATES RAVE
BEEN ENTERED, ENTER °*10' AND THE DOSE RESPONSE DATA AFTER
TREATMENT (BLOCKING AGENT, METABOLIC INHIBITOR EPC) IS
ENTERED IN THE SAME WAY AS THE IRITIAL RESPONSES ., THE
ORDER MUST BE MAINTAINED I.E., THE FIRST SET OF VALUES
ENTERED INITIALLY MUST APPLY TO THE SAME TRDIVIDUAL
PREPARATION AS THE FIRST SET OF VALUES ENTERED WHEN TRE
FINAL RESPONSES ARE CALLED FPOR. ROTE ALSO THAT THERE
SHOULD BE AS MANY SETS OF VALURS ENTERED FOR THE FINAL
RESPONSES A5 WERE ENTERED INIPIALLY.

WHEN THE DATA ARE EWTERED, ENTER 4 PURTHER 'Ot AND

THE VALUES OFP TRE TENSION AT EACH DOSE POR EACH PREPARATION
EXPRESSED AS A PERCENTAGE OP THE MAXIMUM OBEERVED RESPONSE
WILL BE DISPLAYED FPOR TRE INITTAL OBSERVATIONS, A PHREE-
ROW MATRIX WILL THEE BE PRINTED; ROW 1 REPRESERTS THE MEAN
PERCENTACE, ROW 2 REPRESENTS THE STANDARD DEVIAPION, ARD
ROW 3 REPRESENTS THE STANDARD ERROR. THE FPIRAL RESPORSES
ARD STATISTICAL DATA ARE DISPLAYED IR THE SAME MANWER,
FINALLY A DOSE-RESPORSE CURVE IS PLOTTED; ‘o' IS USED

FOR THE INITIAL CURVE, AND °"s' POR THE CURVE APTER
TREATMENT,

THE SUBROUTINE SDD WAS DESIGNED T0 BE USED DURIRG TRE
RUNRING OP 'DOSE', BUT IT HAS MORE GENERAL APPLICATIONS,

940.1
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IT TAKES A SINGLE MATRIX ARGUMENT, ARD RETURNS 4 RESULT
WHICH IS A MATRIX OF THREE ROWS AND THE SAME RNUMBER OF
COLUMNS AS WAS FOUND IN THE ARGUMENT. THE PIRST ROW OF
THE MATRIX COMPRISES THE MEAN OF FACH COLUMR, THE SECORD

IS THE STANDARD DEVIATION OF THRIS, AND THE THIRD ROW IS
THE STANDARD ERROR,
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LIB 940 EFPFLUX
D.A.COOK DEPT,PHARMACOLOGY U.0F ALBERTA

TRIS WORXKSPACE CORTAINS FUNCTIORS POR THE ANALYSIS OF
DATA FROM EXPERIMENTS IR WHICH THE EFFLUX OF 4 RADIO-
ACTIVE TRACER IS EXAMINED WITH RESPECT PO TIME,

THE FUNCTIONS MAY THUS BE USED TO STUDY EXCRETION OF A RADIO-
ACTIVE DRUG, TRACER RELEASE FROM AN ISOLATED PREPARATION

OR ANY OTHER SITUATION IN WHRICH THE DATA MAY ADFOQUATELY BE
DESCRIBED BY A MATHEEMATICAL MODEL COMPRISING A LINEAR SUM

OF EXPONENTIAL TERMS AND A CONSTANT. THE MOST IMPORTANT
FUNCTION IN THIS WS, IS ‘FLUX1® WHICR IS WREITPTEN IN AN
INTERACTIVE MANNER ARD TAKES NO AFGUMENTS. ALL OTHER
FUNCTIONS WITH TRE EXCEPTIOR OF SCORRECT® ARE SUBROUTINES
ASSOCIATED WITH THE RURNING OF ‘FLUYL?

BRIEFLY DATA ARE PROCESSED TO PROVIDE ESTIMATES OF THE COMPARTMENT
SIZES, RATE CONSTANTS AND THE “BOUND®(INEXCRANGABLE)

FRACTIOR FOR A ONE, TWO AND THREE COMPARTMENT SYSTEM,

IN ADDITION DATA CONCERNIRG THE DESATURATION CURVE, RATE

OF TRACER LOSS, EFFLUX COEFFICIENT AND COMPARTMENT SIZES
CORRECTED FOR EFFLUX IN SERIES ARE ALSO AVAILABLE. THF
DARIEL AND ROBINSON PARAMETERS (DANIEL AND ROBINSON,

CANAD. J. PHYSIOL. PHARMACOL. 48 S98-624 1970} ARF ALSO
DISPLAYED. DETAILS OF THE CURVE FITTING PROCEERDURE

EMPLOYED ARE DESCRIBED IN: COOX AND TAYLOR, COMPUT,

BIOMED. RES., 4w 1971 (IN PRESS)

IMPORTANT : TWO CIRCUMSTANCES MAY GIVE RISE TO FRROR

REPORTS DURING THE RUNNING OF 'FLUXL', THESE ARF:

Al A 'WS.FULL® MESSAGE WILL BE RECEIVED IF MORE THAN
ABOUT TWENTY-FIVE EXPERIMENTAL VALUES ARE ENTERED.
THIS ARISES FROM THE PACT THAT AT ONE POIET A NATRIY
COMPRISING ALL POSSIBLE COMBINATIORS OF THE DAPA
IS SYNTHESISED, AND THE SIZE OF THIS MATRIY, WRICH
INCREASES EXPONENTIALLY WITH THE NUMBER OF OBSERVATIONS.
MAY PRECLUDE THE POSSIBILITY OF CALCULATING PURTHAER
VALUES .

B1 A "DOMAIN ERROR® MESSAGE WILL BE EECEIVED IF DATA ARE
ENTERED AT LARGE VALUES OF T(PIME) IN THE PEESENCE
OF A VERY FAST COMPARTMENT., THIS ARISES BECAUSE THE
COUNTS EMERGING FROM SUCHE A COMPARTMENT AT LARCE 7
MAY PALL TO LESS THAW 10°75,

PERE FURCTION *CORRECTY IS DESIGNED TO CONVERT REY DATA
FROM SCINTILLATION OR GAS-FLOW COUNTING 70 4 FORM BUITABRLE
FOrR INPUT IRTO ‘PLUX1Y,

IR ADDITION WS. EFPLUX CONTAINS A WUMBER OF VECTORS
COMPRISING DATA OF A4 SUITABLE FPORM FOR TESTING tRLUYLY,

TRE INPUT REQUESTED FROM ‘FLUX1' IS AS FOLLOWS: ‘
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CPM IN ASH :CPM REMAINING IN THE PREPARATION AT THE
END OF THE EXPERIMENT,
DATA :VALUES FOR THE CPM IN EACH SAMPLE ,ENTERED

AS A VECTOR.
ELAPSED TIMES :CORRESPONDING TIMES FROM THE START OF THF
EXPERIMENT ,AT WRHICH EACH SAMPLFE WAS OBTAINED,
BOUND FRACTION :EITHER AN ESTIMATE OF THE BOUND FRACTION
OR AN EMPTY VECTOR (10). IF THE LATTER IS
ENTERED THE BOUND FRACTION WILL BE ESTIMATED
BY THREE DIFFERERT TECHNIQUES, AND THE MEAWN
WILL BE EMPLOYED IN PURTHFR COMPUTATION,

THE SLOPES AND CORRESPORDING TIMES POR THE LOG-LOG PLOT WILL
BE PRINTED. THE DESATURATION CURVES WILL BE PEELED AND THE
NUMBER OF COMPARTMENTS ,DECYDED BY THE OPERATOR, WILL DETERMINE
THE VALUES USED IN FURTHER PROCESSING. THE DANIEL AND ROBINSON
FACTORS WILL ALSO BE DISPLAYED.

A LIST OP POSSIBLE OPTIONS WILL BFE PRINTED ARD THE OPERATOP
SHOULD TYPE 'Y® UNDER THE DATA HE REQUIRES AND °'N® OTHERWISE,
AT LEAST TWELVE CHARACTERS MUST BE ENTERED HERE, BUT IT IS NOT
NECESSARY THAT THEY LIE EXACTLY URDER THE APPROPRIATE HEADEP.
DETAILS OF THE OPTIONS AND THEIR CODE IN THE LIST DISPLAYED
DURING EXECUTION OF THE FUNCTION ARE AS FOLLOWS:

RATE DATA :RATES OF EFPLUX AND CORRESPONDING TIMES.

RATE PLOT :LOG-RATE VS TIME

D ARD L PLOT :(DICK ARD LEA PLOTY RATE VS DESATURATIOR
FOR LAST SIX POINTS

DESAT DATA :CPM IN THE PREPARATION ,CPM-BD.FR. ARD TIMES,

LOG DESAT DATA tAS ABOVE, CPM EXPRESSED LOGARITHMICALLY .

DESAT PLOT :TISSUE DESATURATION VS TIME

SLOPES :SLOPES OF RATE,CPM AND CPM-BOUND FPRACTION

PLOTS, USING ONLY THE POINTS IXCLUDED IW
THE LAST COMPARTMENT.

EF.CO.DATA :EFFLUX COEFPICIERT AND CORRESPORDING TIMES.

EF.CO.PLOT :EPFLUX COEFFICIENT VS PTIME (FIRST %¥0 POIRTS
ARE OMITTED)Y,

LOG-LOG PLOT :LOG-RATE VS LOG-DESATURATION

LOG-LOG DATA :SLOPE OF POINTS COMPRISING THE LAST crMT

ON THE LOG-LOG PLOT (=4%) ARND COMPLETE DATA
FOR SLOPES ARD CORRESPORDING TIMES .

SPA DATA :REQUESTS INPUT OF SPECIFIC ACTIVITY OoF TRHE
MEDIUM AND THE WEIGHT OF THE TISSUE IR MCMS.
PRINTS BOUND PRACTION AND COMPARTMENTS IN
MMOLES/RG. ALSO APPLIES THF SERIES CORRECTIORN
TO THE SLOW COMPARTMENT ARND EXPRESSES THE
VALUE BOTH IR CPM AND MMOLES/KC.

*CORRECT® IS AN INTERACTIVE ROUTINE DESYGNED FPOR TRF
CORRECTIOR OF COUNTING DATA FOR QUERCHING ARD BACKGROURND,



THE OPERATOR IS REQUESTED TO ENTER THE POLLOWING
INFORMATIOR :

TITLE
CT TIME

COUNTS

WEIGHTS

:A SUITABLE TITLE POR THE PRINTOUT

:EITRER A SCALAR, IF A SINGLE COUNTING
COUNTING TIME WAS USED THROUGHOUT, OR
A VECTOR OF THE SAME LENGTH AS ‘COURNTS®

IP THE COUNTING TIMES WERE DIFFPERERT
POR EACH VALUE. APTER THIS VALUE HAS
BEER ENTERED, PRESS CARRIAGE RETURN
AND ON THE NEXT LINE ENTER:
:EXPERIMENTAL VALUES FOR THE COURTS.
THESE SHOULD BE ENTERED IN PAIRS,
FIRST THE LOWER CHRANNEL COUNTS, AND
THEN THE UPPER CHARNEL COUNTS FOR
EACH SAMPLE. SINCE THIS DATA MAY

BE EXTENSIVE, IT IS OPTEN AS WELL TO

SPECIFY THE DATA AS A GLOBAL VARIABLE

BEFORE CALLING CORRECT,
:NEXT THE WEIGHATS OF THE TISSUES ARF

ENTERED. THE NUMBER OF VALUES ENTERED

MUST BE THE SAME AS THAT ENTERED AS
'COUNTS®, IF THIS IS INAPPLICABLE TO
THE INPUT DATA (v.e. IF THE DATA WAS
OBTAINED FROM MEDIUM RATHER THAW
TISSUE), THE SCALAR ‘'1' SHOULD BF
ENTERED. WHEN THE WEIGHTS HAVE BEEW
PUT IR, PRESS CARRIAGE RETURN AND
ENTER :

BACKGROUND tA SCALAR REPRESENTING THE BACKGROUKD

RADIOACTIVITY IN DPM.

YOU MAY THEN SPACE THE PAPER, AND A TABLE COMPRISING

THE INPUT DATA, CHANNELS RATIO EFPFICIENCY, OBESERVED DPM,
DPM-BACKGROUND AND DPM/WT, WILL BE PRINTED.

Al

Bl

PLEASE NOTE TRE FOLLOWING:

ALL VARIABLES ARE LOCAL WITH TRE PYCEPTION OF
THE THREE VARYABLES DPM, WRICH IS TRE VALUE

OF THE COURTS CORRECTED FOR COUNTING TIME ARD
QUERCHING, DPM1 WHICH REPRESERTS DEM CORRECTED
FOR BACKGROUND RADIOCACTIVITY, AND DPMI WRICH
IS DPMi+WEIGHTS (USUALLY DEPM/MC)., THUS THE
APPROPRIATE VARIABLE MAY BF ENTERED DIRECTLY
INTO FLUX1 IF REQUIRED,

THIS FUNCTIOR REQUIRES "INTERPOLATE®, ARD THE
PRESENCE OF A GLOBAL VARIABLE CALLED ‘CHS®,
'CHS' IS A TWO COLUMR MATRIX; THE FIRST

COLUMN REPRESENTS THE CHANNELS RATIOS OBTAINED
FROM QUENCHED STANDARDS, AND THE SECORD COLUMYE

9u0.5
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REPRESENTS THE CORRESPONDIRNG EFFICIENCIES OF
COUNTING. SUCH A MATRIX MAY BE CONSTRUCTED BY
USE OF THE FUNCTIORN "CHARNNELS®

THIS FUNCTIOR CONSTRUCTS A GLOBAL MATRIX CALLED ‘'CHS
IT TAKES WO ARGUMERTS, AND REQUESTS PIRST THE TRUE VALUES OF DPM
FOR THE STAWDARDS. THE LOWER CRHANNEL COUNTS ARD THE UPPER
CHANNEL COUNTS ARE THEN REQUESTED, AND THE RESULT, WHICH D
IS NOT DISPLAYED IS THE REQUIRED MATRIX. (

THE GLOBAL VARIABLES ASSOCIATED WITH THE CROUP CPTSAN
ARE AS FOLLOWS :

HAME DESCRIPTION
CONSTANTSH THE CORSTANTS USED T0 CONSTRUCT TEE SET OF
) DATA. TRE VECTOR WITR THIS WAMF COMPRISES
THE COMPARTMENT SIZES, THE BOUWND FRACTIOR
ARD TEE CORRESPORDING RATE CORSTANTS .

TIMESH ELAPSED TIMES WHICH CAN BE ENTERED DIRECTLY
INTO THE FLUX PROGRAMME,
DATAR DATA FOR TRE CPM AT TIMES TIMESK. THIS

REPRESENTS THE DATA WRICH ARE FINALLY SUBJECT
TO THE PEELING PROCESS

DATAIRPUTN DATA SUITABLE FOR ENTRY INPO0 FLUX1 AT THE POINT
WHERE DATA INPUT 1§ REQUESTED,
ASHN THE COUNTS REMAINING IN TEE ASH,

CMPTSA2 IS A TWO COMPARTHMERT SYSTEM WITH HALP TIMES OF
ABOUT 70 MINS AND 3 MINS. CPTSA3 CONTAINS DATA WITH VALUES
SIMILAR TO THOSE OBTAINED WITH 22RA.

BUILD

TRIS PROGRAMME IS DESIGNFD 70 SYNTHESISE PATA PoOR ¥
OF THE BASIS OF THE FOLLOWING PGQUATION:

Y=Ae K1T + Be K27 + Be K37 + D

THE INPUT OF VALUES OF 7 (TIMES) IS REQUESTED FIRST,
FOLLOWED BY INPUT OF VALUES OF AB,C, DKL, K2 AND 3,

THE PROGRAMME THEN GENERATES WO GLokAL VARIARLES,

DATA AND DATA1. DATA COMPRISEE THE VALUES OF ¥ 47 TRE
DIFFERENT VALUES OF T, AND DATAL COMPRISES THFE IRTERVAL
DATA ((_1+DATA)-(1¢DATA)}. THE MAIN PURPOSE OF THETS
FUNCTION IS T0O PROVIDE DATA OF A SUITABLE PORM FOR INPyT
IRTO THE PROGRAMME ‘FLUX1®,

VALUES OF THE TIMES ARF STORED AS THE GLORAL VARTABLE, T
THE PROGRAMME IS INTERACTIVE AND TAKES WO ARGUMERTS,



LIB 940 KINETICS
D.A.COOK, DEPT. PHARMACOLOGY, U. OF ALBERTA

PHIS WS. HAS BEEN SET UP TO PROVIDRE A RAPID METHOD OF
OBTAINING THE MAXIMUM AMOUNT OF INFORMATION CORCERNING
ENZYME KINETICS, AND HAS BEEN DEVISED IN CO-OPERATION WITH
DR. T. WHITE AND DR, J.S. CHARNOCK OF THIS DEPT.

THE TWO MAJOR OPERATIONS FACILITATED BY THESE PROGRAMMES AFRE
THE DETERMINATIOR OF ACTIVATION ENERGY FROM VALUES OF TRE
RATE CONSTANT AT DIFFERENT TEMPERATURES, AND VALUES FOF
YMAX AND XM GCIVEN THE RATES AS A FUNCTION OF DIFFERENT
SUBSTRATE CONCENTRATIONS. THE FIRST OPERATION IS CARRIFED
OUT BY REGRESSION ON THE ARRHENIOUS PLOT, AND TRE SECORD
MAY BE OBTAINED USING THE LINEWEAVER-BURK, HOFSTEE OFR
WOLF METHODS.

THE TWO TECHNIQUES DESCRIBED ABOVE ARE EXFECUTED
BY THE GROUPS AE ARD MENTEN, EACH CONTAINING ALL TRHE
PUNCTIORNS AND VARIABLES NECESSARY,

ACTIVATIOR

THIS PURCTION PROVIDES INFORMATION ABOUT ACTIVATION

ENERGY USING THE ARRHENIOUS PLOT OF LOG X VS 1/T7. IT
TAKES NO ARGUMENTS BUT REQUIRES THE FOLLOWING SUBROUTINES:
REGC, AND, DFT, LSQPLOT, SD, RND. IT REQUIRES TRE FOLLOWIRG
GLOBAL VARIABLES: HOL2 ,AOL3 ,ROL4, BOTR THE FUNCTIONS AND
THE VARIABLES ARE GROUPED URDER THE RAME AFE.

IFPUT IS REQUESTED. THE FUNCTION WILL ACCEPT A NUMBEF
OF ESTIMATES OF THE RATE CONSTANT AT EACH TEMPERATURE, ARD
THE NUMBER OF ESTIMATES ENTERED MAY BE DIFFERENT AT EACH
TEMPERATURE. REGRESSION IS CARRIED OUT ARD THE BEST LIRE
FITTED. THE OQUTPUT INCLUDES ALL THE IBPUT DATA, TOGETHEF
WITH T(eK),1/T, LOC X FOR FEACH VALUE RNTERED, MEAR K,
MEAN LOG K, STANDARD ERROE OF LOG K, ACTIVATION ENERGY
ARD STANDARD ERROR, ARD ACYIVAPIOW ENZECY CALCULATED ON
SIMPLE REGRESSION OF THE MWEAN VALUESE.
BOTE IF SINGLE VALUES ARE TC BE ENTERED WREN THE RATE
CONSTARTS ARE REQUESTED, THEY MUST BE PRECEDED BY A
COMMA v.e. *,7° HOT *7°,

TWOLE

THIS FURCTION REQUIRES THE SUBROUTIRE *TWOLINE®, IT
TARKES HO ARGUMENTS, THE USER IS REQUESTED TO ENTER
VALUES OF THE TEMPERATURE IN «C AND THEN ESTIMATES OF
THE VALUE OF TRE RATE CONSTART AT EACH TEMPERATURE. THE
BEST TWO STRAIGRT LINES WEICH FIT THE OBSERVED POINTS ON
THE ARRHENIOUS PLOT WILL BE CALCULATED, THE CORRESPORDIRNG
ACTIVATIOR ENERGIES WILL BE PRINTED, TOGETHER WITH THE

sug,”?
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NUMBER OF POINTS ASSIGRNED TO EACH LINE, AND THE TEMPERATURE
AT WHICH THE TWO LINES INTERSECT. IT IS WORTH POINTING our
THAT IF THE POINT OF INPLECTION REPRESENTS THE TEMPERATURE
AT WHICH A WNEW PROCESS BECOMES IMPORTANT, THERF ARF
THEORETICAL REASONS FOR SUPPOSING THE TECHNIQUE USED TO

BE IN ERROR. THUS THIS FUNCTION CAN ORLY APPLY TO THE
SITUATION WHERE AT A CERTAIN TEMPERATURE ONE PROCESS IS
REPLACED BY ANOTHER,

TWOLIRE

TRIS FURCTION REQUIRES 'LSOQPLOT®, USING 4 SET OF 'Xx°
VALUES SPECIFIED BY THE LEFT ARGUMENT, AND A SET OF ty:?
VALUES SPECIFIED BY THE RIGHRT ARGUMENT, TRIS FPURCPTION CIVES
A RESULT COMPRISING A SIX FLEMENT VECTOR DESCRIBIRG THE
BEST INTERSECTING STRAICHT LINFES WHICH FIT PHE POINTS.
THE FIRST ELEMENT IS THE SLOPE OF THE FIRST LINE, THAFE
SECOND IS THE INTERCEPT OF THE PIRST LINE ARD THE THIRD
IS THE NUMBER OF POINTS ASSICNED TO THE FIRST LINE. THE
REMAINING THREE ELEMENTS DESCRIBF THE SECOND LIWNE IN THE
SAME ORDER.

THIS FUNCTION WAS WEITTEN FOR DR, T WHITE OF THIS

MICHAELIS

DEPT. BUT IT OF INTEREST TO ANYONE WISHING T0 OBTAIW
ESTIMATES OF KM AND VMAX FOR AN ERZYME REACTIOR, USING
DATA CONCERWNING THE OBSERVED RATES AT DIFFERENT SUBSTRATE
CONCENTRATIONS., *MICRAFRLIS® TAKES WO ARGUMENTS, BUT
REQUIRES TRE POLLOWING FUNCTIORS: AND, EPT, BF, LW, WF,
SE, LSQPLOT ARD FORMAT. THE GLOBAL VARIABLE ROLS IS
ALS0O REQUIRED.

PRIOR TO THE RUNNIRG OF THIS FURCTIOR IT IS NECESSARY
FOR THE USER PO SPECIFY THREE GLOBAL VARIABLES. THESFE ARE
AS FOLLOWS:

YAEIABLE NAME CHARACTER

NA A VECTOR COMPRISING ONE BLEMENT FoR
EACR CONDITION UNDER WRICH DATA NEED
TO BE PROCESSED. IN THE ORICINAL TERMS
OF THE PROGRAMME, THIS REERESENTS
CONCENTRATIONS OF SODIUM, AND TRIS
TERMIROLOGY IS EMPLOYED IN THE PURCTION,
IF ONLY ONE CONDITION IS BEING STUDIED,
A SCALAR PRECEDED BY A COMMA SHOULD BE
ENTERED, THE ACTUAL VALUES SMPLOYED ARE
ONLY RELEVENT IW TERMS OF THE SECOND SET
OF OPERATIONS DISCUSSED BELOW. IF THE
LATTER ARE ROT REQUIRED, ARY NUMBERS MAY
BE ENTERED, PROVIDED TRE DIMENSIONS OF



THE RESULTART VECTOR ARE CORRECT AS
DESCRIBED ABOVE.,

S A VECTOR COMPRISING THE SUBSTRATE
CONCERTRATIONS,
gy A4 SCALAR COMPRISIRG THE RUMBER OF

REPLICATES CARRIED OUT.

THE PROGRAMME REQUESTS INPUT FOR ESTIMATES OF THE RATE
UNDER EACR SUBSTRATE CONCENTRATION AND EACH SET OF CONDIT-
IONS AS SPECIFIED BY THE NUMBER OF ELEMENTS IN THE VARIABLE
'NA* ., THE FUNCTION THEN DISPLAYS THE CALCULATED KM AND VMAX
TOGETHER WITH INFORMATION ABOUT THE LINE, USING THE TRARS-
PORMATIONS OF LINEWEAVER-BURK, HOFSTEE AND WOLFF, WHEN ALL
THIS HAS BEEN DISPLAYED, THE MACHINE TYPES ‘'CONTINUE?®
A RESPONSE (ON THE SAME LINE) OF °'HO® WILL CAUSE EXIT. A
RESPONSE OF ‘'YES' WILL CAUSE THE MACHINE T0 RE-CALCULATE
THE KM AND VMAX IN WHICH THE VECTOR 'NA® IS EMPLOYED AS
THE SUBSTRATE, AND THE SUBSTRATE IS USED TO DEFINE THE
DIPFERENT CONDITIORS v.e. 'S' BECOMES "NA®. ENTRY OF
A SINGLE VALUE (PRECEDED BY A COMMA) FOR ‘'NA® WILL
AUTOMATICALLY CAUSE EXIT AFTER THE FIRST OPERATIONS HAVE
BEERN COMPLETED.,

THE RATHER COMPLEX NATURE OF THE PROCESSES CARRIED 0OUT
MAY REQUIRE FURTHER CLARIFICATION., IF S0 CALL DAVID COOK
AT 3877 OR TOM WHITE AT 3617,

THE THREE FUNCTIONS *LW', 'HF®, AND ‘WF' PROCESS ERZYME
KIRETIC DATA BY THE METHODS OF LINEWEAVER-BURK, HOFSTEE
AND WOLFF RESPECTIVELY. THE ARGUMERNT STRUCTURE ARD THE
RESULT RETURNED ARE SIMILAR IN EACH CASE. EACH OF THESE
PUNCTIONS REQUIRE THE SUBROUTINES *SE° AND °'LSQPLOT.

THE LEFT HAND ARGUMENT IS & VECTOR COMPRISING THE
SUBSTRATE CONCENTRATIONS, ARD THE RIGHT HAND ARGUMENT IS
A MATRIX WITH THE SAME NUMER OF COLUMNS AS THE LEFT
ARGUMENY HAS ELEMENTS. EACK ROW COMPRISES THE VALUES
OF VELOCITY AT THE CORRESPONDING SUBSTRATE CONCERTRATION,
AND IS USED TO CONSTRUCT 4 LINE CORRESPORDING TO TRE
LINEAR TRANSFORMATION OF THE MICRAELIS-MERTER EQUATION.
THE LIRES ARE OBTAINED FOR EACH ROW OF THE RICR¥-HARD
ARGUMERNT AND THIS DATA IS USED TO OBTAIR THE WEAN
ARD STANDARD ERROR FOR THE INTERCEPTS AND SLOPE, THE
RESULT CORRESPONDS TO KM, SE OF KM, VMAX, SE OP VMAX,
SLOPE OF THE LINE, SE OF S5LOPE, YINTERCEPT, SE OF YINT,,
X INTERCEPT, SE OF X INTERCEPT, THE VALUES OF THE ¥-
CO-ORDINATES USED IN THE PLOT, THE SE OF PHE X~
CO-ORDIRATES (IF APPROPRIATE), THE Y-CO-ORDINATES USED
IN THE PLOT, AND TRE SE OF THE Y-CU-ORDINATES (IF
APPROPRIATE). THESE ROUTINES ARE IMPORTART IN THE RUNNING
OF THE PROGRAMME °‘MICHAELIS® WHICH PROVIDES DATA VYIA ALL
THREE METHODS.
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