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SECTINH 1t ledad (DACEMBER 1079)

AUTHIIR g PeAeBEENTJIFS,

INSTITUTE: MATHEMATICAL C:uNTRE.

RECEIVED? 730715,

BRIFF DESCRIPTIONS

THIS SECTION CONTAIMS FIVE PROCEDURES.
INIVEC INITIALIZES A ( PART OF A)
INTMAT TINITIALIZES A ( PART 0OF A )

INTMATD INTITIALIZES ELEMENTS ALIs, I+SHIFTI,

INISYMD INITIALIZES A (PART DF A)
WHNSE UPPERTRIANGLE IS STNRED
ARRAY.

PAGE 1
VECTOR WITH A CONSTANT,
MATRIX MWITH A CONSTANT,

I= LRO1IUR OF A MATRIX,

CODIAGNNAL 0OF A SYMMETRIC MATRIY,
COLUMNWISE

IN A ONE=DIMENSINNAL

INISYMROW INITIALIZES A (PART OF A) ROW OF A SYMMETRIC MATRIY,WHNSFE

UPPERTRYANGLE IS STORED COLUMNWISE 1IN

KEYWORDS ¢

YLFMEMTARY PROCEDURE
VECTOR QOPERATIONS,
INITTALTIZATINN.

SURSECTIONS INTVEC.

CALLING SEQUFNCES

HEADING:

YPRAOCEDUREY INTVEC(L,
MINTEGERY 1,3
BCODE® 310103

Us
WREALY X3

As X%
NARRAYW A3

FORMAL PARAMETERS$

LsUs <ARTTHMETIC EXPRESSION>3

LOWER AND UPPER INDEX OF THE
A <ARRAY TDENTIFIER>;

WARRAYYW ALL ¢t Uls
X <ARITHMETIC EXPRESSION>S

INITIALIZATION CONSTANT,

LANGUAGFS CNMPASS,

A ONE=DIMENSIONAL ARRAY,

UVALUE™ LsUs X3

VECTOR Ay RESPECTIVELY:

THE ARRAY TO RE INITIALIZED:



SECTION ¢ 1.1.1 (DECEMBER 1979) ' PAGE 2

SUBSECTTION: TNIMAT,

CALLING SEQUFNCES

HEADING: .

WPROCEDIRE™ INTMAT(LRs URs, LCs UC» As X)35 WVALUE®™ LRyUR»LCHUCsYX3
MINTEGERY™ LRsUR»LC»UCS "REAL™ X3 TARRAYW Ag

NCODE® 31411

FORMAL PARAMETERS?

LRsURsLCoUCe <ARITHMETIC EXPRESSION>S
LOWER AND UPPER ROW=INDEXs, AND LOWER AMD UPPER COLUMN=INDEY
OF THE MATRIX Ay RESPECTIVELY:

At <ARRAY IDENTIFIER>;
WARRAY™ A[LLP 3 UR, LC 8 UCJs THE ARRAY TD RE INITIALIZED?
Xs <ARITHMETIC EXPRESSION>3

INITIALIZATION CONSTANT,
LANGUAGE: COMPASS.
SUBSECTIONS INIMATD.

CALLING SEQUENCE:
HEADING:
HPRACEDURE® INIMATD(LRs URs SHIFTs As X)3§ MVALUE™ LRsURsSHIFT, X3
NINTEGERM LR>URsSHIFTS WREALM™ X3 PARRAY" As
ACODE® 310123

FORMAL PARAMETERS?®

LRsURS <ARITHMETIC EXPRESSINON>3
LOWER AND UPPER ROW=INDEX OF THE CODIAGONAL TO B8E
INITIALIZEDS

SHIFTs <ARITHMETIC EXPRESSION>:
DISTANCE BETWEEN DIAGONAL AND CODIAGONALS

Al <ARRAY IDENTIFIER>3
WARRAY® ACLR 2 UR, LR + SHIFT 3 UR + SHIFTIs THE ARRAY TO
BE IMNITIALI7ZEDs

X3 <ARITHMETIC EXPRESSION>
INITIALIZATION CONSTANT,.

LANGUAGE S COMPASS,
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SUBSECTION® TNISYMD,
CALLING SEQUENCES?

HEADING:
HPRNCEDUREN INISYMD(LR, UR» SHIFT, A» X)35 ®VALUE® LRyURSSHIFT,YXs
WINTEGERY LRsUR»SHIFT3 M"REAL"™ X3 HARRAYW Ag

FORMAL PARAMETERS:
LRyURt <ARITHMETIC EXPRESSION>:
LOWER AND UPPER ROW-~INDEX OF A CODIAGONAL ( OF A SYMMETRIC
MATRIX OF DRDER M ) TO BE IMITIALIZEDS
LR AND UR SHOULD SATISFY : LR >s 31, UR <= N3
SHIFT: <ARITHMETIC EXPRESSION>;
NDISTANCE BETWEEN DIAGONAL AND CODIAGONALs (=N < SHIFT < N}
At <ARRAY IDENTIFIER>}
A ONE=DIMENSIONAL ARRAY ATl t N % (N+1)//21 CONTAINING THF
COLUMNWISE STORED UPPERTRIANGLE OF A SYMMETRIC MATRIY,
SUCH THAT THE (I»J) - TH ELEMENT OF THE MATRIX IS
Al (J=1) % J/72 4 1 138 J = lseeesN3 I = MAX(LpJ=N)soeoorJs$
X3 <ARITHMETIC EXPRESSION>3;
INITIALIZATIOM CONSTANT,

LANGUAGE 3 ALGOL 6l

SUBSECTIOM: INISYMROW.

" CALLING SFQUENCE:
HEADING:
“PROCEDURE™ INISYMROW(L» Us Is As X)3 "VALUEM™ LsUsIsX3
WINTEGERM LsUsIs MREAL™ X3 MARRAY"™ As

FORMAL PARAMETERS:

LsUs <ARITHMETIC EXPRESSION>3

LOWER AND UPPER INDEX OF ROW=ELEMENT TO BE INITIALIZED:
I <ARITHMETIC EXPRESSION>3

ROW INDEX:
At <ARRAY IDENTIFIER>3

A ONE=DIMENSIONAL ARRAY A[1l 8 N * (N+1)//213

ARRAY A SHOULD CONTAIN A COLUMNMWISE STORED UPPERTRIANGLE OF

A SYMMETRIC MATRIX OF ORDER N,

SUCH THAT THE (I»,J) = TH ELEMENT OF THE MATRIX IS

AT (J = 1) # J//72 + 1 13 J = 15 eee sN3 I ® 15 ese sJs

FOR FIXED NRDER N» THE PARAMETERS Ls U AND I SHOULD

SATISFY THE CONDITIONS ¢t 1 <=L<=s Ny, 1 <=U<s Ny 1 <=J<= N ;
Xt XARITHMETIC EXPRESSION>:

INITIALIZATION CONSTANT.

LANGUAGE ¢ ALGOL 60,
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SOURCE TEXT(S):

THE PRNOCEDURES INIVEC, INIMAT AND INIMATD ARE WRITTEN IN COMPASS,
EQUIVALENT ALGOL 60 TEXT OF THESE COMPASS RNUTIMES IS GIVEN.

NCODEM 310103
"PROCEDURE™ TINTVEC(Ls Us A, X)8 MVALUE® LoU, X3
WINTEGER®™ LoUs WREALY X3 WARRAYY A3
MEQR® Lts L WSTEPM 1 WUNTIL® U mDpO® ACLI1t= X3

nEQPN

WCNDE™ 31011
WPROCEDUREY" INIMAT{LRs UR» LCs UCs As» X)3 WVALUE® LR,URsLC,UC» X3
NINTEGERM™ LRsUR»LCs!NC3 MREAL™ X3 MARRAY® A3
UBEGIN® WINTEGER™ .3

WEOR® LRte LR WSTEP® 1 WUNTIL™ UR #DO®
MEORM Ji= LC ®STEP® 1 WUNTIL® UC #DDM ACLR, J1t= X
MEND® INIMAT:
nggpn

nCODEM 31123
WPRNCEDURE"™ INIMATD(LR» URs» SHIFTs As X)3 "VALUE™ LR,URsSHIFT,X$
WINTEGER™ LRsURSSHIFTs WREALT X3 WARRAY™ A3
WEOR® LRts LR WSTEP® 1 WUNTIL®™ UR "DO"™ ALLRs LR + SHIFTIts X3
wEQp™

WCODE™ 310133
WPRNCEDURE®" INISYMDILR, UR, SHIFTs As X)3 "VALUE® LR,UR,SHIFT,X3
WINTEGER® LRsURsSHIFT3 MREALM™ X3 MARRAY® A3

AN

WBEGIN® SHIFTs= ABS(SHIFT)3 URt= UR + SHIFT 4 13 SHIFTs=LR + SHIFT:

LR t= (SHIFT = 3) * SHIFT 77 2 + LR3
WEQR® LR 3= SHIFT + LR "WHILEM SHIFT < UR wpQw
WBEGIN® A[LRIts X3 SHIFTts SHIFT 4 1 MENDW

MEND® INISYMD3
nEQpH

NCODEY 310143
WPROCEDURE™ INISYMROW(L, Us Is Ap X)3 MVALUE®™ LoUsIsXs3
WINTEGER® LsUpIs MREALT™ X3 WARRAYP A
"BEGIN® HNINTEGERY K3
WIFW | <= ] WTHEN®
WBEGIN® Kie (I = 1) & I//23 L 8= K + L3
K 3= (NIF® U < I NTHEN® U WELSE® I) 4+ K3
HEORY Lsa | ®WSTEP® 1 ®UNTIL® K #D0OY AfLl:= X3
Ls=1+ 1
WENDWS

NIFN |I>T UTHENWRFOR® Kia(L=1)#L//72+1, KélL=1 PWHILE™ L<=s U nDpnn

HBEGIN® A[IKIs= X3 Lis L + 1 WEND®
PENDW INISYMROWS
ngnpn



SECTINN ¢ 1,1.2 (DECEMBER 31979)

AUTHQOR: PsAREENTJIFS,
INSTITUTE: MATHEMATICAL CENTRE.
RECEIVED: 730715.

BRIEF DFESCRIPTION:

THIS SECTION CONTAINS SIX PRNCEDURES.

PAGE 1

DUPVEC COAPIES THE VHECTOR GIVEN IN ARRAY BLL4SHIFT t U+SHIFTI TO THF

VECTOR GIVEN IN ARRAY ALL:U].
DUPVECROW COPIES THE ROW VECTCR GIVEN IN ARRAY BIIsI, L2
VECTOR GIVEN IN ARRAY A[L:U]Y.

DUPROWVEC CNPIES THE VECTOR GIVEN IN ARRAY BIL:U1 TO THE ROW

GIVEN IN ARRAY A[IzI, L3Ul.

DUPVECCOL COPIES THE COLUMN VECTOR GIVEN IN ARRAY BlIL:lU,
THE VECTOR GIVEN IN ARRAY ACLtU],.

DUPCOLVEC COPIES THE VECTOR GIVEM IN ARRAY BIL3UI TO THE
VECTOR GIVEN IN ARRAY A[L:U, J3Jle

T0 THE

VECTOR

Jsdi1 70

CALUMN

DUPMAT COPIES THE MATRIX GIVEN IN ARRAY B{L3iU, T:J1 TO THE MATRIX

GIVEN IN ARRAY A[fL:U, ItJl.

KEYWORDS®

ELEMENTARY PROCEDURE,
VECTOR OPERATIDNS,
DUPLICATION,

SUBSECTIONS DUPVEC.

CALLING SEQUENCE:

HEADING:

WPROCEDURE™ DUPVECHIL, Uy SHIFT, Ay B)3 "VALUE® L,oUsSHIFTS
WINTEGER™ LoU,SHIFT: MARRAY™ A,B3

#CNDER 310303

FORMAL PARAMETERS:S
Lslls <ARITHMETIC EXPRESSION>%
LOWER AND UPPER VECTOR=INDEXs RESPECTIVELYS
SHIFT: <ARITHMETIC EXPRESSION>;
INDEX=SHIFTING PARAMETER3
AsB1 <ARRAY IDENTIFIER>S
WARRAY™ AL s Uls, BIL 4 SHMIFT 2 U + SHIFTI, B IS
INTO A. )

LANGUAGE: COMPASS.

CAPILED
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SUBSECTIONS DUPVECROW.

CALLING SEQUENCES

HEADING:

WPRNCEDURE® DUPVECRNW(L, Us I, As RB)3 MVALUE® LoUsIs
WINTEGER™ LsUsIs MARRAY™ A,B3

WCODEM 3140313

FORMAL PARAMETERS: :

(WRIR <ARITHMETIC EXPRESSION>3

LOWER AND UPPER VECTOR ( COLUMN )=INDEX, RESPECTIVELYS
It <ARITHMETIC EXPRESSION>;

ROW=~INDEX NF THE ROW VECTOR B3
AsBB <ARRAY IDENTIFIER>3

MARRAY®™ ACL s Uls, BLI 3 I, L 8 Ul, B IS COPIED INTO A,
LANGUAGFEs COMPASS,
SUBSECTIONS DUPROWVEC,

CALLING SEQUENCE:

HEADING:

WPROCEDUREN DUPROWVEC(L, Us Ts Ay B)S MVALUE™ LyUsIs
WINTEGER® L,lpTs "ARRAY®™ A,B3

®CODEM 310323

FORMAL PARAMETERS?

LUt CARITHMETIC EXPRESSION>3

LOWER AND UPPER VECTOR ( COLUMM )=INDEX, RESPECTIVELYS
Is <ARITHMETIC EXPRESSION>3

ROW=INDEX OF THE ROW VECTOR A
As B3 <ARRAY IDENTIFIER>S

WARRAY® ALY 3 I, L 3 Uls BILL s Ul, B IS COPIED INTO A.

LANGIUAGES COMPASS,
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SUBSECTION: DUPVECCOL.

CALLING SEQUENCE?

HEADIMG:

WPROCEDUREY DUPVECCOL(L,
WINTEGER" LollpJs MARRAYM
"CODE" 310333

FDRMAL PARAMFTERS:!

(DECEeMBER 1979) PAGE 3

Us J»
Ap B3

Ay B3 MVALUE®M L'y J3

LsUs CARITHMETIC EXPRESSINN>g

LOWER AND UPPER . VECTOR ( ROW )=INDEXs RESPECTIVELYS
Js <ARITHMETIC EXPRESSION>;

CNLUMN=INDEX OF THE COLUMN VECTOR B3
As B3 <ARRAY IDENTIFIER>S

MARRAYN ATL
LANGUAGEs COMPASS,

SUBSECTIONS DUPCNLVEC,

CALLING SEQUENCE:

t Uls BIL 3

Us I 2 Ils B IS COPIED INTN A,

HEADINGS
WPROCEDUREY" DUPCOLVEC(Ls Us Js As B)3 M"VALUE"™ LslUsJs
WINTEGER™ LslyJds "ARRAY™ A,B3

WCANEY 210342

FORMAL PARAMETERSS

Lols <ARITHMETIC EXPRESSINN>g

LOWER AND UPPER VECTOR ( ROW )=INDEX, RESPECTIVELYS
Jt SARITHMETIC EXPRESSION>3

COLUMN=INDEX OF THE COLUMN VECTOR A
AsB3 <ARRAY IDENTIFIER>;

WARRAY™ AfL : U, I 3 11, BLL t U, B IS COPIED INTO A,

LANGUAGE S COMPASS.
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SUBSECTINNS DUPMAT,

CALLING SEQUENCE:

HEADING:

WPRACEDUREY DUPMATILs Us I» Js As BI3 "VALUE® LsUsIsJds
WINTEGER™ LsUsIsJ3 MARRAYW A,B3

WCODE™ 310353

FORMAL PARAMETERS: :
LoUs <ARTITHMETIC EXPRESSION>S
LOWER AND UPPER ROW=INDEX, RESPECTIVELY}

IsJ3 <ARTITHMETIC EXPRESSION>;
LOWER AND UPPER COLUMN=INDEXes RESPECTIVELYS

AsB13 <ARRAY IDENTIFIER>S
WARRAY" AL ¢ U, I 3 J1, BIL ¢ Us I ¢ J1, B IS COPIED INTO
Ao

LANGUAGF? COMPASS,
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SOURCE TEXT(S):

THE FOLLOWING PROCEDURES ARE WRITTEN IN COMPASS, AN EOQUIVALENT ALGNL 54
TEXT OF THESE COMPASS ROUTINES IS GIVEN,

nCODEY 310303
HPRACEDURE®™ DUPVEC(Ls Us SHIFTs A, B)8 "VALUE®" L,U,SHIFT:
MINTEGER™ LoUsSHIFTS MARRAY™ A,B3
WEORM L= L WSTEP" 1 MUNTIL® 1! wpO" AfLJt= BLL+SHIFTI:
ngQp :

"CODE" 316313
"PROCEDURE™ DUPVECROW(Ls Uy, I, Ay B): "VALUEM L,yUsI3
WINTEGER™ LsUsI3 MARRAY" A,B3
MEOR® Lis L WSTEP®™ 1 WUNTIL®™ U "DO® A[LIts BLI,LI3
ngQpn

"CADE™ 310323
WPROCEDURE™ DUPROWVFC(Ls Us I» As B)3 MVALUE®™ LoUsI3
WINTEGER® L,U,Ts MARRAY™ A,B;
WEARM Lye L WSTEP® 1 MUNTIL® U ®DO" ACI,L1ss BCLIs
nggpn

WCODE"™ 310333
WPRNCEDURE®™ DUPVECCOL{L, Us J» A» BIS MVALUE®™ L,UsJ3
HINTEGER® LsllpJs MARRAYY A,B3
WEORM L= L "STEP®™ 1 WUNTIL®™ U vwDO" A[LIt= B[L,J1s
HEOPW

nCODE® 310343
WPROCEDURE™ DUPCOLVEC(Ls Us Js As B)s WVALUE® LoUsJs
NINTEGER™ Lsllsd3 WARRAY" A,B3
WEORM Li= L WSTEP™ 1 WUNTIL™ U "DO® ACLsJ1ss BILI:
nEQPN

nCODE™ 310353
"PROCEDURE® DUPMAT(Ls Us Is Js» As B)3 WVALUE® LyUsI,J;
WINTEGER™ LoUsIsJs MARRAYM A,B3
"BEGIN® WINTEGER" K1
MFQR® Lte L WSTEP® 1 MUNTIL®™ U mwpQw
WEQRW Kis T WSTEPW 1 WUNTIL® J wDO® ALL,K1s= BLL,K)
NENDW DUPMATS
nEQP®
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AUTHORS ¢ PeAsBEENTJES» CaGe VAN DEP LAAN,
INSTITUTEs MATHEMATICAL CCENTRE.
RECEIVED: 730715,

BRIEF DESCRIPTIONS

THIS SECTION CONTAINS FIVE PROCEDURES,

MULVEC STORES X TIMES THE VECTOR GIVEN IN ARRAY BLL+SHIFTtU+SHIFT}
INTD THE VECTOR GIVEN IN ARRAY ALL:U1.

MULROW STORES X TIMES THE ROW VECTOR GIVEN IN ARRAY BLJsJsLsUI INTD
THE ROW VECTNR GIVEM IN ARRAY ALIsI»L3U],.

MULCOL STORES X TIMES THE COLUMN VECTOR GIVEN IN ARRAY BUL:tU»J2J]
INTD THE COLUMN VECTOR GIVEN IN ARRAY ACL3U,I3IJ.

COLCST MULTIPLIES THE COLUMN VECTOR GIVEN IN ARRAY A[fL3UsJ2J] BY X,
ROWCST MULTIPLIES THE ROW VECTOR GIVEN IN ARRAY A[ItIsL2U] BY X.

KEYWORDS?

ELEMENTARY PROCEDURE,
VECTOR OPERATIONS,
MULTIPLICATINNS,.

SUBSECTIONt MULVEC.

CALLING SEQUENCE:?

HEADINGS

MPROCEDUREM" MULVEC(Ls U, SHIFTs As Bs X)3 M"VALUEM™ LoUsSHIFT,X3
NINTEGER® LsUsSHIFTs MREAL®™ X3 MARRAY® A,Bs

"CODEY 310203

FORMAL PARAMETERSS
LsUs <ARITMETIC EXPRESSION>S
LOWER AND UPPER VECTOR=~INDEXs RESPECTIVELY:
SHIFT: <ARITHMETIC EXPRESSINN>:
SUBSCRIPT=SHIFTING PARAMETERS
AsB1 <ARRAY IDENTIFIER>$
HARRAY™ ALL 3 Ul, BLL 4 SHIFT 3 U 4+ SHIFT], THE PRODUCT OF
THE CONTENTS OF B ARE STORED IN A,
X3 <ARITHMETIC EXPRESSION>3
MULTIPLICATION FACTOR.

LANGUAGE: COMPASS.
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SURSECTION: MULROV.

CALLING SEQUENCE:

HEADING?

WPROCEDURE®™ MULROW(L, Us Is Jo As By ¥)3 WVALUEY LoUsIsdsXs
WINTEGER™ LsllsIsJds PREAL™ X3 WARRAYM™ A,R3

RCODE® 310213

FORMAL PARAMETERS:

LsUs <ARITMETIC EXPRESSION>:

LOWER AND UPPER COLUMN=INDEXs, RESPECTIVELY:
I,43 <ARITHMETIC EXPRESSIDN>3;

ROW=INDICES COF THE ROW VECTORS A AND B3
AyB1 <ARRAY IDENTIFIER?>3

WARRAY"™ A[LI ¢ I, L 2 U1, BIJ 3 Js L 3 Uls THE CONTENTS OF B
MULTIPLIED BY X ARE STORED INTND A,

X1 <ARITHMETIC EXPRESSION>S
MULTIPLICATION FACTOR.

LANGUAGE: COMPASS,
SUBSECTIONS MULCNL.

CALLING SEQUENCE:

HEADING:

HPROCEDURE® MULCOL(L, Us Is Js As Bs X)3 WVALUE®™ LsUsIsdsX3
HINTEGERY LoUsIsJs MREAL™ X3 MARRAY®™ A»B3

NCODEW 318223

FORMAL PARAMETERS
LU <ARITMETIC EXPRESSION>;
LOWER AND UPPER ROW=INDEXs, RESPECTIVELYS

IsJds <ARITHMETIC EXPRESSIDN>3
COLUMN=INDICES OF THE COLUMN VECTORS A AND B3
AsB2 <ARRAY IDENTIFIER>;

WARRAY® ATL ¢ Us I ¢ I)s BIL 8 Us J ¢t J1», THE CONTENTS OF 8
MULTIPLIED BY X ARE STORED INTO A3

X <ARITHMETIC EXPRESSION>;
MULTIPLICATION FACTOR.

LANGUAGE: COMPASS.
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SURSECTIONS COLCSTe

CALLING SEQUENCES

HEADING?

BPROCEDURE™ COLCST(Ls Us Js Ap X)35 MVALUEY LaUsJsX3
WINTEGERM LsUsJs WREALT X3 WARRAYM Az

HCNDE® 311313

FORMAL PARAMETERS: .
LsUsz <ARITHMETIC EXPRESSION>S
LOWER AND UPPER ROW=INDEX, RESPECTIVELY3

Js <ARITHMETIC EXPRESSION>S
COLUMN=INDEYX 3

At <ARRAY IDENTIFIER>}
WARRAYM ALL s Uy, J ¢ J13

X3 CARITHMETIC EXPRESSION>3;

MULTIPLICATION FACTOR,

LANGUAGE: COMPASS.

SURSECTTION: ROWCST.

CALLING SEQUEMNCES

HEADINGS

WPROCEDURE® ROWCST(Ls Uy Iy, Ay X)35 "VALUE® Lol,sInXs
MINTEGER™ LoUsIs WREAL™ X3 M"ARRAY®™ Ag

WCODE® 311323

FORMAL PARAMETERS?

LoUs <ARITHMETIC EXPRESSION>S
LOWER AND UPPER COLUMN~INDEX», RESPECTIVELYS
Is <ARITHMETIC EXPRESSION>
ROW=INDEX3
As CARRAY IDENTIFIER>$
MARRAY" ALTI ¢ I, L ¢ UI3
Xs <ARITHMETIC EXPRESSION>S

MULTIPLICATION FACTOR.

LANGUAGES COMPASS.
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SOURCE TEXT(S):

THE FOLLOWING PRNCEDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL 60
TEXT NF THESE COMPASS ROUTINES IS GIVEN,

"CONE" 310293
WPROCEDURE® MULVEC(L, Us SHIFT, A» B, X)3 "VALUE® L,UsSHIFT,X:
NINTEGER® LsUsSHIFTS ®REALM™ X3 MARRAYM™ A,83
MEORM Lie L STEP® 1 WUNTIL® U #DO" ACLJte= BIL4SHIFTI*X3
nggp :

WCNDE® 31021
WPROCEDUREY MULROWI(Ls Us Io Jo As By X)3 "VALUE"™ LsUsIsJs X3
WINTEGER™ LoUsTIsJs MREALM™ X3 WARRAY™ A,B3
WEOR® L= L MSTEPYW 1 WUNTIL® U "DO% ACI>L)t= BLJsL1%X3
ngnpn

WCADEM™ 310223
"PROCEDURE® MULCOL(Ls Us Is Js As Bs X)3 WVALUE™ LoUsIsJsX;
NINTEGERM LsUsIsJs MREAL™ X3 VARRAY"™ A,B3
MFOR™ Lis L WSTEP® 1 WUNTIL® U ®wDO® A[LsTJse BLLsJI%X3
wEQPY

"CNDE® 311313
HPRNCEDUREM COLCST(L» Us Jr As X)3 WVALUEY LsUsJs X3
NINTEGERY LoUsJs WRFALW X3 MWARRAY" Ag
WEOR® Lg= L WSTEPY 1 WUNTIL®™ U "DO"™ AfL,JIs= ALL,J1 * X3
wgQpH

wCOnE" 311323
WPROCEDURE™ ROWCST(Ls Us Is As X)g BVALUE® L,oUsIs»X3
WINTEGERY LoUsIs YREALY™ X3 WARRAY® A3
WEORY L= L UWSTEP® 1 MUNTIL® U "DO" ACIsL33= ALIoLY #* Xt
ngppw
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AUTHORS ¢ ToJoDEKKERy JoCoPaBUSs JoWOLLESWINKEL,
CONTRIBUTDRS PoAoBEENTJIESY JoCePoBUS

INSTITUTE: MATHEMATICAL CENTRE,

RECEIVEDS 741215,

BRIRF DESCRIPTIONS

THIS SECTION CONTAINS NINE PROCEDURES,

VECVECt= SCALAR PRODUCT DF THE VECTOR GIVEN IN  ARRAY ALL3U1 AND
ARRAY BESHIFT + L ¢ SHIFT + U1,

MATVECt= SCALAR PRODUCT OF THE ROW VECTOR GIVEN IN ARRAY ATIzI,LtU1
AND THE VECTOR GIVEN IN ARRAY BLL3l3l.

TAMVECs= SCALAR PRODUCT OF THE COLUMN VECTOR GIVEN 1IN ARRAY
ATLsUs ItI) AND THE VECTAR GIVEN IN ARRAY BILIUJ, .
MATMATt= SCALAR PRNDUCT OF THE ROW VFCTOR GIVEN IN ARRAY AfIzI.L:iU]
AND THE COLUMN VECTOR IN ARRAY RILiUs JtJJe

TAMMAT:= SCALAR PRODUCT OF THE COLUMN VECTORS GIVEN IN ARRAY
ACL3U, T2I3 AND ARRAY BLLIU, J81dl,

MATTAM ts SCALAR PRODUCT OF THE ROW VFCTORS GIVEN 1IN ARRAY
ACItTIoL3UT AND ARRAY BLJ:J, LtUI,

SEQVEC t= SCALAR PRODUCT  OF THE VECTORS  GIVEN 1IN ARRAY
ACIL 8 IL + (U+L=1)%(U=L)//21 AND ARRAY BISHIFT + L 3 SHIFT + UI,
WHERE THE ELEMENTS OF THE FIRST VECTOR ARE ALIL+(J+L=1)%(J=L)7/21
FOR J = Ly eees ila

SCAPRD13= SCALAR  PRODUCT OF  THE VECTODRS GIVEN IN ARRAY
ATMIN(LAs LA & (N = 1) % SA) 3 MAX(LAsLA + (N = 1) * SA)1 AND ARRAY
BCMIN(LB, LB + (N = 1) * S$B) 3 MAX(LByLB 4 (N = 1) % SB)1 WHERE THE
ELEMENTS OF THE VECTORS ARE ALLA4(J=1)%SA] AND BILB+(J=1)%S8]
FOR J = 15 sees» No

SYMMATVEC te THE SCALARPRODUCT OF ( A PART OF ) A VECTOR AND

( & PART OF ) A ROW OF A SYMMETRIC MATRIX , WHDSE UPPERTRIANGLE IS
GIVEN COLUMNWISE IN AN ONE-~-DIMENSIONAL ARRAY,.

KEYWORDS ¢
ELFEMENTARY PROCEDURES

VECTOR DOPERATIONS,
SCALAR PRODUCTS.
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SUBSECTIONS VECVEC,

CALLING SFQUENCE:

HEADING?

NREAL™ MPROCEDURE® VECVEC(Ls Us SHIFTs As B)3 "VALUE®™ LsUsSHIFTS
WINTEGERM L,U,SHIFT: HARRAYM A,R;

WCODE" 340163

FORMAL PARAMETERS: .
LsUs <ARITHMETIC EXPRESSION>;
LOWER AND UPPER BOUND:OF THE RUNNING SUBSCRIPTS
SHIFTe <ARITHMETIC EXPRESSION>:
INDEX=SHIFTING PARAMETER OF THE VECTOR B3
AsB3 <ARRAY IDENTIFIER>;
HARRAY®" ATL 3 Uls BIL 4+ SHIFT t U + SHIFTI,

LANGHAGEs COMPASS.
SUBSECTIUME MATVEC.

CALLING SEQUENCE:

HEADING?

WREALY WPRACEDUREM™ MATVEC(Ls Us Is As B)3 WVALUE®™ LsU,TIs
WINTEGER®™ L,UsIs HARRAY®™ A,B3

WCNDE"™ 34011s

FORMAL PARAMETERS:
LsUe <ARITHMETIC EXPRESSION>S
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTS

I <ARITHMETIC EXPRESSION>3
ROW=INDEX OF THE ROW VECTOR A3
AsB3 <ARRAY IDEMTIFIER>3

WARRAY® ATLI : I, L 3 Ul, BLL ¢ Ule

LANGUAGE: COMPASS.
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SUBSECTION: TAMVEC.

CALLING SEQUENCE:

HEADING:

WREALY YPROCEDURE™ TAMVEC(Ls Us I» As B)1 MVALUE™ L,UsIs
WINTEGER™ L,UsIs "ARRAYY A,B3

NCODE™ 340123

FORMAL PARAMETERS? :
LsUs <ARITHMETIC EXPRESSION>3S
LOWER AND UPPER BOUND:OF THE RUNNING SUBSCRIPT;
I <ARITHMETIC EXPRESSION>$
COLUMN=INDEX OF THE COLUMN VECTNR At
AsBs <ARRAY IDENTIFIER>3
MARRAY® ATL s U, I ¢ 11, BIL 3 Ul.

LANGUAGESs COMPASS,
SUBSECTION: MATMAT.

CALLING SEQUENCE:

HEADING:

MREALY "PROCEDURE® MATMAT(Ls Us Is Js As B)5 MVALUE® LsUsTIsds
NCODE"™ 340133

FORMAL PARAMETERS:
LsUt2 <ARITHMETIC EXPRESSIDN>S
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTS
Isds <ARITHMETIC EXPRESSION>3
ROW=INDEX OF THE ROW VECTOR A AND COLUMN=INDEX OF THE
COLUMN VECTOR B3
AsBs <ARRAY IDENTIFIER>3
WARRAY® ACI 3 Xy L ¢ Uls BIL 2 Us J t J1o

LANGUAGEs COMPASS,



SECTION 3

lolebol (DECEMBER 1979) PAGE 4

SUBSECTINNS TAMMAT,

CALLING SEQUENCF:

HEADINGS

WREALY WPRNCEDURE® TAMMATIL, Us I, Js As B)s MVALUE® LsUsT5Js
WINTEGERY LsUsIsJds WARRAY® A, B3
BCODEM 340143

FORMAL PARAMETERS:

LsUs
ToJs

AsB3

LANGHAGES

<ARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND:OF THE RUNNING SUBSCRIPTS

<ARITHMETIC EXPRESSION>

COLUMN=INDICES OF THE COLUMN VECTORS A AND B, RESPECTIVELY:
<ARRAY IDENTIFIER>;

WARRAY® ALL s Us T ¢ Ils BIL 3 U J 3 JJo

COMPASS.

SURSECTION: MATTAM,

CALLING SEQUENCE:

HEADING?S

WREAL® MPROCEDURE®™ MATTAM(L, Us Is Js As B)3 WVALUE® LsUsIsds
WINTEGERY LsoUsIsJ3 WARRAYM™ A;B3
"CONDEM 34k158

FORMAL PARAMETERS:

LsUs
I,Jd¢

As R3S

LANGUAGF

<ARITHMETIC EXPRESSION>;

LOWER AND UPPER BOUND 0OF THE RUNNING SUBSCRIPTS

<ARITHMETIC EXPRESSINN>3

ROW=INDICES OF THE ROW VECTORS A AND Bs RESPECTIVELY:
<ARRAY IDENTIFIER>;

WARRAY® AfI ¢ Js L 8 Ul, BLJ 8 Js L ¢t Uls

COMPASS,
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SUBSECTION:

lebal (DECEMBER 1979) PAGE 5

SEQVEC.

CALLING SEQUENCE:

HEADING?:

YREALM™ MPROCEDUREM SEQVEC(Ls Us IL, SHIFT» As B)3
WCODE" 2340163

FORMAL PARAMETERS:

LsUt
ILs
SHIFTs

AsB3

<ARTTHMETIC EXPRESSION>:

LOWER AND UPPER BOUND NF THE RUNNING SUBSCRIPT;

<ARITHMETIC EXPRESSION>S

LOVER BOUND OF THE VECTOR As

<ARITHMETIC EXPRESSION>g

INDEX=SHIFTING PARAMETER NF THE VECTOR B;

<ARRAY IDENTIFIER>S

MARRAY" A[P t Q1s BIL + SHIFT, U + SHIFTs

THE VALUES OF P AND Q SHOULD SATISFY P <= JL AND 0 >=
IL+(UsL=l )k (U=L)//2) 0

LANGUAGE: COMPASS.

SURSECTIONS

SCAPRD1.

CALLING SEQUENCE?:

HEADING?

"REAL® wPROCEDURE®™ SCAPRDL(LA, SA» LBs SBs N» A» B)3

NYALUEN

LAsSAsLBySBeN3 "INTEGER"™ LA»SAsLBsSByN3 "ARRAYM™ A,B73

HCODE™ 340172

FORMAL P
N3

LAsLBs

SA»SBs

As Rt

ARAMETERS?

<ARITHMETIC EXPRESSION>3

UPPER BOUND NF THE RUNNING SUBSCRIPTS

<ARITHMETIC EXPRESSION>;

LOWER BOUNDS OF THE VECTORS A AND B, RESPECTIVELY:
<ARITHMETIC EXPRESSION>3

INDEX=SHIFTING PARAMETERS nF THE VECTORS A AND B8,
RESPECTIVELYS

<ARRAY IDENTIFIER>;

HARRAY® ALP ¢ 01y BUR 3 S3s

THE SUBSCRIPTS ABOVE AND THE VALUES OF LA( +{J=1)%SA ) AND
LB( #(Je=i)%SB )sJ = 1(1)N SHOULD NOT CONTRADICT EACH OTHER.

LANGUAGE: COMPASS.
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SUBSECTIONs SYMMATVEC.

CALLING SEQUENCES

THE HEADING OF THE PROCEDURE READS:

WREALY™ PROCEDURE®" SYMMATVEC(Ls Us Is As BI3 “VALUE® L,oUsIs
NINTEGER® LolUsIt WARRAY™ A,Bs

#CODEM 340183

SYMMATVECS= THF VALUE OF THf SCALAR PRODUCT OF THE VECTORS GIVEN

IN ARRAY ACP:Q] AND ARRAY BCLtU] , WHERE THE ELEMENTS
OF THE FIRST VECTOR ARE: IF L<T THEN AL(I=1)%I/72 + J1»
Jelssens MIN{Us I=1) AND AT{J=1)%J//2 ¢ Iy Jmlseees s
RESPECTIVELY » OTHERWISE AL(J=1)%J//2 + I1, Jslseees Us

THE MEANING NF THE FORMAL PARAMETERS ISt

Lsl)e
Is

At

Bs

PROCEDURES

LANGUAGE:

METHOD AND

REFEREMCES

r11

r21

<ARITHMETIC EXPRESSION>$

LOWER AND UPPER BOUND OF THE VECTNR B, RESPECTIVELY: L >=13
<ARITHMETIC EXPRESSION>}

ROW INDEX 0OF THE MATRIX A3 T >= 13

<ARRAY IDENTIFIER>S

A  ONE=DIMENSIONAL ARRAY AIP t Q1 WITH: IF I > L THEN
Pa(I=1)%I//2 4 L ELSE P=(L=1)%L/72 + I AND IF I > U THEN
Q=(I=1)#I//2 + U ELSE Q=(U=1)%U//2 + I3

<ARRAY IDENTIFIER>S

A ONE=DIMENSIONAL ARRAY BCL:UIs

USEDs
VECVEC = CP34010»
SEQVEC = CP34i016,

ALGOL 6d.

PERFORMANCE?
SEE REFERENCE [21.

3

TsJoDEKKER,

ALGNL 66G PROCEDURES IN NUMERICAL ALGEBRA,PART 1s
MATHEMATICAL CENTRE TRACT 22,AMSTERDAM (1970)
J'c‘P.B‘JS.

MINIMALISERING VAN FUNCTIES VAN MEERDERE VARIABELEN,
MATHEMATICAL CENTREs NR 29/725AMSTERDAM (1972}
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SOURCE TEXTI(S)s

THE FOLLOWING PROCEDURES,
AN FQUIVALENT ALGOL &f

BCODE" 340103
NREALW WPROCEDUREY VECVEC(Ls Us
NWINTEGER® LelloSHIFTS
NBEGINY WINTEGERY Kg PREALM™ S3
St= 03
UEOQR® Ke=l HOSTEPM 1 WUNTIL®
VECVECs= S
REND® VECVEC:
ngppn

BCODE™ 34011
WREAL® ®PROCFDURE® MATVEC(L» U,
WINTEGER® L,llsIs MARRAYY A,B3
WRAEGIN® MINTEGER® K3 MREAL"™ S3
St= O3
WEORW Ki=l nSTEP® ]
MATVEC:= S
NEND® MATVEC:
ngopn

WUNTILY

NCADEY 2406123
NREAL® WPROCEDURE® TAMVEC(Ls Us
MINTEGERM" LolloT3 WARRAYM A,B3
NBEGINY WINTEGER® K3 WREAL" S3

Ss= 03
NEQRN" KtsL WSTEPW 1 MUNTIL®
TAMVECt= S
WEND® TAMVECS
"EOP"

"CIDEN 340133
NREALY ®PROCEDURE® MATMAT(Ls Us
NWINTEGERY L,ollsTsJs MARRAYW A,B3
WBEGIN® HWINTEGERM™ K3 HREAL® S
Sst= 03
WEOR® Ki=l WSTEPW 1 MUNTILY
MATMATS= S
NEND® MATMATS
"Eupﬂ

(DECEMBER 1979)

EXCEPT FOR SYMMATVEC ARE WRITTEN IN COMPASS,
TEXT QF THESE COMPASS ROUTINES IS GIVEN,

SHIFTs As B)3 MVALUE® LsU,SHIFTS

WARRAYY A,B3

U nnpo" St= ACK] * BLSHIFT + K1 + St

I, A B)3 MVALUE® L,UsI3

U npOn S3= ATI»K] * RIKY + S3

I, As B)3 WVALUEY L,Us1s

U "DO" S:= ACK,I] * BIK] + S3

Is Jo Ay BY3 WYALUE® L,yUs15Js

U "po" S:e A[IpK] * BEKsJ1 + S3
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NCIDEY 3403148
NREALY MWPRNCEDUREY TAMMAT(L, U
WINTEGER® LyUsTsJs MARRAY® A,B3
"BEGINY WINTEGERW Kg ®REAL® S3
Ss= QO3
HEQR® Ks=l NSTEPH 1 PUNTIL®
TAMMATt= S
NENDW TAMMATS
HEQPN

WCODE" 347153
UREAL® MPROCEDURE™ MATTAM{L, U,
RINTEGER® LsUsTaJds MARRAY™ A,B3
WBEGIN® MINTEGER® K3 WREAL"™ S3
St= 02
MEORM Kiml NSTEPM ] WUNTILY®
MATTAM:= S
WENDR MATTAMS
AgEopw

NCODEM 34iN163
WREAL®™ WPRNCEDURE®™ SEQVEC(Ls U,
NYALUE® LoUsILoSHIFTS MWINTEGERW
WREGINM MWREAL®™ S3
St= Q3
WEOR#® Ls=l WSTEP® 1 MWUNTILY

WBEGIN™ S3= ACTLI * BCL + SHIFTI + S3

SEQVECs= S
WEND® SEQVECS
WEQP

RCNDE" 346172

WREAL® WPROCEDURE®™ SCAPRD1(LAs SAs

NVALUEY™ LA,SAsLBsSRsN3
WBEGINM MREALM S3WINTEGER" K3
Ste 0%

WEQR® Kg= ]

(DECEMBER 1975)

NWINTEGER™ LAsSA,LBsSBpNS

PAGE ®

I, Jds As B)3 "VALUE® LyUsIsJs

U #DD" S3= ACK,I1 * BIK,J1 4 53

I, Js As B)s ®VALUE® L,UsT,J3

U "D0% St= ALI,K] * BLJsK] + S3

ILs SHIFT, As B)g
LoUsIL,SHIFTS MARRAY® A»B3

U #pon
TLs= IL + L WENDWS

LBy, SBs, Ns» Ay Bl

MARRAYY ApBg

WSTEPM 1 WUNTIL® N ®DOW

WBEGIN® Ss=ALLAY % BILB) + S3 LAt= LA + SAs3 LBs= LB + SB WENDM3

SCAPRD1t= §
WEND® SCAPRDI:
ngppn

UCODEM 340183
WREAL® WPROCENDUREM SYMMATVEC(L,
WINTFGER"™ LsUeIz "™ARRAY™ A,B3
WBEGIN® MINTEGER™ Ks M3

WREAL®™ "PROCEDURE®™ VECVEC(Ls Uy SHIFT, As B)
WREAL® "PROCEDURE® SEQVEC{L»

Us Is As BY§ UVALUE® L,UsT3

"CODE™ 34010%
Us IL» SHIFT, A, B)3 ®CNDE™ 340163

Mim RIFW L > T WTHEN® L WELSE®W I3 K= M * (M = 1) // 23

SYMMATVEC:= WECVEC(L, WIF® I <=

+ SEQVEC{HM» Us
HENDY SYMMATVECS
ngQpN

U "THEN® I=) WELSEY™ Us Ks Bs A)

K + Is 0y Ap B}
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AUTHOR & D.WINTER.
INSTITUTZ 8 MATHEMATICAL CENTRE.
RECEIVED 3 741215,

BRIFF DESCRIPTION

THIS SECTION CONTAINS FIVE PROCEDURES 13

FULMATVEC CALCULATES THe VECTOR A * B, WHERE A IS A GIVEN MATRIYX
AND R IS A VECTOR.

FULTAMVEC CALCULATES THE VECTOR A' * By WHERE A' IS THE TRANSPOSED
OF THE MATRIX A AND B IS A VECTOR,

FULSYMMATVEC CALCULATES THE VECTOR A * B8, WHERE A IS A SYMMETRIC
MATRIX WHOSE UPPERTRIANGLE IS STORED COLUMNWISE IN A
ONE=DIMENSIONAL ARRAY AND B IS A VECTOR.

RESVEC CALCULATES THE RESIDUAL VECTOR A * B & ¥ * Cp, WHERE A IS A
GIVEN MATRIX» B AND C ARE VECTORS AND X IS A SCALAR,

SYMRESVEC CALCULATES THE RESIDUAL VECTOR A * B 4 X * C, WHERE A IS
A SYMMETRIC MATRIX WHOSE UPPERTRIANGLE IS STORED IN A
ONE=DIMENSTIONAL ARRAY, B AND C ARE VECTORS AND X IS A SCALAR,

KEYWORDS 8

ELEMENTARY PROCEDURF»
VECTOR OPERATION,




SFCTION ¥ leloke? {DECEMBER 1975} PAGE 2

SURSFCTION: FULMATVEC.

CALLING SEQUENCES

THE HEADING 0OF THE PROCEDURE READS:

WPROCEDUREY FULMATVEC(LR, URs LCs UCs As By C)3
WYALUE® LRs URs LC» UCs Bs "INTEGERY™ LRs URs LCs UCH
WARRAY® Aps Bs C3

BCODE® 3L5003

T MZANING 0OF THE FORMAL PARAMETERS IS
LRy UR: <ARITHMETIC EXPRESSION>;

LOWER AND UPPER BOUND OF THE ROW=INDEX$
LCe UCe <ARITHMETIC EXPRESSION>g

LOWER AND UPPER BOUND 0OF THE COLUMN~INDEX3

LY CARRAY IDENTIFIER>:

WARRAY® ATLR3UR,LC3UCIs THE MATRIXS
Bs <ARRAY IDENTIFIER>;

#ARRAYH BLLC3UCI3 THE VECTOR:
Ce <ARRAY IDENTIFIER>3

HARRAY® CLLRSURIS
THE RESULT A * B IS DELIVERED IN Ce

LAMGUAGE ¢ COMPASS 3.

METHOD AND PERFORMANCES SEE REFERENCE (11
SURSECTION: FULTAMVEC,

CALLING SEQUENCES

THE HEADING 0OF THE PROCEDURE READS:

PPROCEDURE® FULTAMVECILRy URy LC» UCs As Bs CIB
BYALUE® LRy URs LCy» UC», Bg HWINTEGERW™ LRs URs, LCs UCS
BARRAY® Ap Bs C3

BCODEY 31561

THe MEANING OF THE FORMAL PARAMETERS ISt
LRy UR: <ARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND NF THE ROW=INDEXS
LCs UCe <ARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND OF THE COLUMN=INDEXS

A3 CARRAY IDENTIFIER>;

HARRAY® ATLRBUR,LCeUCTS THE HMATRIX:
B <ARRAY IDENTIFIER>:

®ARRAYHW BLLR:URI3 THE YECTYOR:
Cs <ARRAY IDENTIFIER>g

HARRAYW CILCBUCIs
THE RESULT A® % B IS DELIVERED IN Cs HERE AY DENOTES THE
TRAMSPOSED DF THE MATRIX A.
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LANGUAGES

COMPASS 3.

METHOD AND PERFORMANCES ELEMENTARY.

SUBSECTION:

FULSYMMATVEC,

CALLING SEQUFENCE:

THE HEADING OF THE PROCEDURE READS?

WPROCEDURE™ FULSYMMATVEC(LRs, URs LCs» UCs» A, Bs C)3

PAGE 3

BVALUE" LRs URs LCs UC, B3 WINTEGER"™ LRs UR, LC, UC3
WARRAY" A, B, C3
HCONEM 315023

THE MEANING NF THE FORMAL PARAMETERS 1IS:

LRy URs
LCs UC:

At

B2

Cs

<ARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND OF THE ROW=INDEX$ LR >= 13

<ARITHMETIC EXPRESSION>3

LOWER AND UPPER BOUND OF THE COLUMN=INDEX3 LC >= 13

<ARRAY IDENTIFIER>S
WARRAYM™ A[L:Ul, WHERE?

L o= MIN(LR * (LR = 1) // 2 + LCs LC % (LC = 1) // 2 + LR)>»
U = MAX({UR * (UR = 1) // 2 +# UCs UC * (UC = 1) // 2 + UR)

AND THE (I,J)=TH ELEMENT OF THE SYMMETRIC
GIVEN 1IN ATJ * (J = 1) /7 2 #+ 113

<ARRAY IDENTIFIER>;

WARRAYY BCLC8UCIs THE VECTOR:

<ARRAY IDENTIFIER>S

PARRAY" CLLRSUR]S

THE RESULT A * B IS DELIVERED IN C.

MATRIX SHOULD RE



SFCTION t lalebe? (DECEMBER 1975)

PRNCEDURES USEDS

SYMMATVEC = CP34018,

LANGUAGF ¢ ALGAL /0,

METHND AND PERFORMANCES

FLEMENTARY,

SUBSECTION: RESVEC,

CALLING SEQUENCES

THE HEADING OF THE PROCEDURE READS:
BPROCEDUREN RESVEC(LRy URy, LC» UCs A» B,

WYALHE®™ LR, URs LCy, UCs By X3 MINTEGER®™ LR, URs LCs» UC3

HREAL® X3 WARRAY™ As By, C3
nCODE® 315033

THE MEANING OF THE FORMAL PARAMETERS ISt
LRs URt <ARITHMETIC EXPRESSION>

C»s

X)s

LOWER AND UPPER BOUND OF THE ROW=INDEX3

LCs UC: <ARITHMETIC EXPRESSION>S

LOWER AND UPPER BOUND 0OF THE COLUMN=INDEXS

At <ARRAY IDENTIFIER>S

WARRAY" A[LR3UR,LC:UCIs THE MATRIX3
Bt <ARRAY IDENTIFIER>S

AARRAY"™ BLLC3UCIs THE VECTDRS
X CARITHMETIC EXPRESSION>;

THE VALUE NF THE MULTIPLYING SCALAR3

Ct <ARRAY IDENTIFIER>;
HARRAY® CLLR:URJS

THE RESULT A #% B 4 X # € IS OVERWRITTEN ON C,

LANGUAGE s COMPASS 3.

METHOD AND PERFORMANCE

ELEMENTARY,

PAGE &
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SUBSECTIONS SYMRESVEC.

CALLING SFQUENCE?:

THE HEADING 0OF THE PROCEDURE READS:

MPROCEDURE® SYMRESVEC(LRs URs LC» UCs As By C» X)3
WVALUE® LRs URs» LCs» UCs By X3 MINTEGER™ LRy URs LCs UCS
MREALM X3 TARRAY®™ A, B, C3

WCODE™ 315043

THE MEANING NF THE FORMAL PARAMETERS ISt

LRs UR2 <ARITHMETIC EXPRESSION>:
LOWER AND UPPER BOUND NF THE ROW=INDEX; LR >= 1;

LCs UC: <ARITHMETIC EXPRESSION>S
LOWER AND UPPER BNUND OF THE COLUMN=INDEX: LC >= 13

Al <ARRAY IDENTIFIER>S
WARRAYM™ A[L:U], WHERES
L = MINCLR * (LR = 1) // 2 + LC»s» LC * (LC = 1) 72/ 2 + LR),
U = MAX{UR * (UR = 1) 7/ 2 + UCs UC * (UC = 1) // 2 + UR)
AND THE (TeJ)=TH ELEMENT OF THE SYMMETRIC MATRIX SHOULD BE
GIVEN IN ALY * (J = 1) /7 2 + I3

B3 <ARRAY IDENTIFIER>S
. WARRAY®™ BILC:UC]I; THE VECTORS
X CARITHMETIC EXPRESSION>3
THE VALUE 0OF THE MULTIPLYING SCALARS
Cs <ARRAY IDENTIFIER>3

WARRAY® CCLR:URDS
THE RESULT A % B ¢ X * C IS DELIVERED IN C.
PRACENURES USED:

SYMMATVEC = CP34i)18,

LANGUAGEs ALROL 0.

METHOD AND PERFORMANCE?R

ELEMENTARY,

REFERENCES!?

[13.Te Jo DEKKERS
ALGOL & PROCEDURES IN NUMERICAL ALGEBRA, PARTI1s
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (197¢).

[21.JeCaPoBUS,
MINIMALISERING VAN FUNKTIES VAN MEERDERE VARIABELEN.
MATHEMATICAL CENTREs NR 29772, AMSTERDAM (1972).
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SOURCE TEXT(S)?

THE FOLLOWING PROCEDURESs EXCEPT FOR FULSYMMATVEC AND SYMRESVEC ARE
WRITTEN IN COMPASS 3, AN EQUIVALENT ALGOL TEXT OF THESE COMPASS
RONTINES IS GIVEN,

nCADEM 315003

MPROCEDURE™ FIILMATVEC(LR, URs LCs UC,» As Bs C)3

"VALUE®™ LR» URs LCs UC» B# WINTEGER®™ LR» UR, LC» UC3

WARRAY" A, B, C3

WBEGIN® MREAL"™ WPROCEDURE™ MATVEC(L, U, I, As 8)35 WCODEM 340113
MEOR® LRt= LR WSTEP® 1 WUNTIL®™ UR ®wpDM
CCLRIt= MATVEC(LC, UCs LRs: As B)3

WENDW FULMATVECS
nEQPH

wCNDEM 31501

"PROCEDURE® FULTAMVECI{LR» URs LCs» UCy» As By C)3

WVALUE™ LR, UR» LCs UCs B35 ®INTEGER® LRs URs LC» UC3

WARRAYM A, B, C3

WBREGIN® WREALM™ WPROCEDUREY™ TAMVECILs Us I, As B)$ WCODE" 340123
WEORY LCs= LC WSTEP® 1 WUNTIL® UC wpn®
CLLCIt= TAMVEC(LR» URs LCs A, B)3

WEND®" FULTAMVECS

g HEQP W

WCODEM 3151023
WPROCEDURE® FULSYMMATVEC{LR, URs LCs UC» As By C)3
WVALUE® LRs UR» LCs» UCs B3 MINTEGER®™ LR, URs, LC» UC3
WARRAY" A, Bs C3
WBEGINM WREALY™ MPROCEDURE® SYMMATVEC(L, U, Is As B)3
HCODEM 340183 .
WEORM LRta LR WSTEP® 1 MUNTIL® UR npp®
CILRI2= SYMMATVECI(LCs» UC» LRs» A, B)
WEND® FULSYMMATVEC:
ngppn

#COADEY 315033
NPROCEDURE® RESVEC{LRs URs LCs» UC» As By Cs X)3
WVALUE® LRs Ry LCs UCs X3 HINTEGER™ LRy, URy LCs UC3
NREALY X3§ WARRAY® A; By C3
NBEGIN® WREALY WPROCEDURE® MATVEC(Ls, Us I, As B)§ WCODE® 34011
HEORY [Rs= LR ®STEP®™ 1 HUNTIL®™ UR #DpNW
C{LRIt= MATVEC{LCs» UC» LR» A» B) ¢+ CILLRY * X
NEND® RESVECS
nEQpw

BCODE™ 315043
WPRNCEDUREM SYMRESVEC(LR» URs LCs UCs As By Cp X)3
WVALUEY LRy IR, LC» UCs X3 WINTEGER® LR, URs LC» UCS
HREAL"™ X3 WARRAY™ A, By C3
WBEGIN® ¥WREAL® WPROCEDURE®™ SYMMATVECI(L, Us I, As B)3
"CODE™ 340183
REORY LRs= LR ASTEP®™ ] WUNTILW™ UR wpnon
CILRIt= SYMMATVEC(LCs UCs LRs As B) + CLLR] #* X
NENDY SYMRESVECS
wEQpP®
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AUTHORS DoT.WINTER.
INSTITUTES MATHEMATICAL CENTRE,
RECEIVED?® 751208,

RRIEF DESCRIPTION:

THIS SECTION CONTAINS PROCEDURES THAT MULTIPLY A GIVEN MATRIX BY A
(GENERALIZED) HOUSEHOLDER MATRIX, ToEe A MATRIX M = T + X * U * Uty
WHERE I IS THE UNIT MATRIXs X A REAL CONSTANT AND U A VECTOR
(CALLED THE HNUSEHOLDER CONSTANT AND HOUSEHOLDER VECTOR»
RESPECTIVELY)

HSHVECMAT PREMULTIPLIES A MATRIX BY A HOUSZHOLDER MATRIX, THE
HOUSEHOLDER VECTOR HAS BEEN STORED
IN A ONE=DIMENSIONAL ARRAY.

HSHCOLMAT PREMULTIPLIES A MATRIX RY A HOUSEHOLDER MATRIY,
THE HOUSEHOLDER VECTOR HAS BEEN STORED AS A COLUMM
IN A TWO=DIMENSIONAL ARRAY,.

HSHROWMAT PREMULTIPLIES A MATRIX BY A HOUSEHOLDER MATRIXs

! THE HOUSEHOLDER VECTOR HAS BEEN STORED AS A ROW
IN A TWN=DIMENSIONAL ARRAY,

HSHVECTAM PAOSTHMULTIPLIES A MATRIX B8Y A HOUSEHOLDER MATRIX»
THE HOUSEHOLDER VECTOR HAS BEEN STORED
IN A ONE=DIMENSIONAL ARRAY.

HSHCOLTAM POSTMULTIPLIES A MATRIX BY A HOUSEWOLDER MATRIX»
THE HOUSEHOLDER VECTOR HAS BEEN STORED
AS A COLUMN IN A TWN=DIMENSIONAL ARRAY,

HSHROWTAM  POSTMULTIPLIES A  MATRIX BY A HOUSEHOLDER MATRIX,
THE HOUSEHOLDER VECTOR HAS BEEN STORED
AS A ROW IN A TWO=DIMENSIONAL ARRAY,

KEYWORDS ¢
HOUSEHOLDER MATRIX
ORTHOGONAL TRANSFORMATION

LANGUAGE: ALGOL &C
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SUBSECTIONS HSHVECMAT

CALLING SEQUFNCE:
THE HEADING 0OF THE PROCEDURE READS:
WPRNCEDURE" HSHVECMAT(LRs UR» LC» UCs» X» Us A)S
MVALUE" LR» URs LC» UC» X3 WINTEGER"™ LRs UR, LCs UCs
WREALT X3 MARRAYW Us A3
WCODEN 317

THE MEANING NF THE FORMAL PARAMETERS IS3
LR,UR® <ARITHMETIC EXPRESSIONS>:
THE LOWER AND UPPER ROW INDICES:
LCsUCt <ARITHMETIC EXPRESSIONS>3
THE LOWER AND UPPER COLUMN INDICES;
X3 <ARITHMETIC EXPRESSION>;
THE HOUSFHOLDER CONSTANTS
Us <ARRAY IDENTIFIER> MARRAYW UFLRIURTs
THE HOUSEMOLDER VECTOR;
At <ARRAY IDENTIFIFR>; MARRAYM™ A[LR:URsLCtUCI;
THE MATRIX TO BF PREMULTIPLIED BY THE HOUSEHOLDER MATRIX.

PRNCEDURES USEDS
TAMVEC = CP34012
ELMCOLVEC = CP34022

RUNNING TIME$ PROPORTIAONAL TD (UC=LC+1)*{UR=LR4+1)
SUBSECTION® HSHCNLMAT

CALLING SEQUENCE:
THE HEADING OF THE PROCEDURE READS:
WPRNCEDURE™ YSHCOLMAT(LRs URs LCs UC»s» Is X» Us A)S
MVALUE® LRs URs LCs» UCs» I, X3 WINTEGER™ LR, UR, LC», UC, I
BREALYM X3 MARRAY® U, A
UCODEY 31713

THE MEANING OF THE FORMAL PARAMETERS ISs
LR>UR3 <ARITHMETIC EYPRESSIONS>;
THE LOWER AND UPPER ROW INDICESS
LC>UCs <ARITHMETIC EXPRESSIONS>3
THE LOWER AND UPPER COLUMN INDICES:
It <ARITHMFTIC EXPRESSION>;
THE COLUMN INDEX OF THE HOUSEHOLDER VECTODR:
Xt <ARITHMETIC EXPRESSION>$
THE HMOUSEHOLDER CONSTANT:
Ut <ARRAY IDENTIFIFR>; MARRAYY UCLLRSUR,I1$IJs
THE HOUSEHOLDER VECTOR3
As <ARRAY IDENTIFIER>3 MARRAY" ALLRSUR»LC8UCIS
THE MATRIX TO BE PREMULTIPLIED BY THE HOUSEHOLDER MATRIX,.

PROCEDURES USED:
TAMMAT = CP34014
ELMCAL = CP34023
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RUNNING TIME: PROPORTIONAL TN (UC=LC+1)*(UR=LR+1)
SUBSECTION: HSHROWMAT

CALLING SEOQUENCF:
" THE HEADING 0OF Td¥ PROCEDURE READS:!
WPROCEDUREM HSHROWMAT(LR, URs LCs UCs Is X, Us A)3
WALUEM LRy 1Ry LCs UCy I, X3 MINTEGERM™ LR» URy LC, UCy, I3
WREALM™ X3 WARRAYY U, Ag
neonE" 310723

THE MEANING OF THE FORMAL PARAMETERS ISt

LRsURE <ARITHMETIC FXPRESSIONS>3
THE LOWER AND UPP&ER ROW INDICESS

LCoUCs <ARITHMETIC EXPRESSIONS>;
THE LOWER AND UPPER COLUMN INDICESS

It <ARITHMETIC EXPRESSION>g
THE ROW INDEX OF THE HOUSEHOLDER VECTORS

X3 <ARITHMETIC EXPRESSION>;
THE HOUSEHOLDER CONSTANTS

Ut <ARRAY IDENTIFIER>3 "ARRAY® ULItI,LR2URTS
THE HOUSEHOLDER VECTOR;

At <ARRAY IDENTIFIER>; "ARRAY®™ ALLR:UR,LCs!ICI;
THE MATRIX 70 BE PREMULTIPLIED BY THE HOUSEHDLDER MATRIX,

PROCEDURES USEDs
MATMAT s CP34013
ELMCOLROW = CP34(27

RUNNING TIME: PRNPORTIONAL TO (UC=LC+1)*(URe=LR+1)
SUBSECTINNS HSHVECTAM

CALLING SEQUENCE:
THE HEADING OF THE PROCEDURE READS:
WPRNCEDURE™ HSHVECTAM(LRs UR» LC» UCs X» Us A)S
UYALUEY LRy URs LC» UCs X3 MINTEGERM™ LR, URs LC, UC3
WREAL® X3 MARRAY®™ U, A3
"CODEM 3173

THE MEANING DF THE FORMAL PARAMETERS IS:
LRsUR: <ARITHMETIC FXPRESSIDNS>;
THE LOWER AND UPPER ROW INDICESS
LCoUCs <ARITHMETIC EXPRESSIONS>g
THE LOWER AND UPPER COLUMN INDICESS
Xt <ARITHMETIC £XPRESSION>;
THE HOUSEHCOLDER CONSTANT3
Us <ARRAY IDENTIFIER>3 M"ARRAY™ UTLC:UCTs
THE HOUSEWOLDER VECTOR3
At <ARRAY IDENTIFIER>; MWARRAY® A[CLR:UR,LC:UCI:
THE MATRIX TO BE POSTMULTIPLIED BY THE HOUSEHOLDER MATRIX.



SECTION 8 l1ele4e3 (JANUARY 1976) PAGE

PRNCEDURES USED?®
MATVEC = CP34:11
FLMROWVEC = CP34(27

RUNNING TIME: PROPORTINNAL TO (UC=LC+1)*(UR=LR+1)
SUBSECTION® HSHCOLTAM

CALLING SEQUENCES?
THE HEADTING OF THE PROCEDURE READS:
HPROCEDUREM HSHCOLTAMCLRs URs LCy» UCs Is X» Us A3
BVALUE® LRs URs LCe UCs I, X3 WINTEGER™ LR, UR, LCs UCs I3
WREALY X3 TARRAY® Us A3 :
WCODEN 31743

THE MEANING 0OF THE FORMAL PARAMETERS ISt
LRsURt <ARITHMETIC EXPRESSIONS>;
THE LOWER AND UPPER ROW INDICES:
LCsUCs <ARITHMETIC EXPRESSIONS>$
THE LOWER AND UPPER COLUMN INDICESS
It <ARITHMETIC EXPRESSION>;
THE COLUMN INDEX OF THE HOUSEHOLDER VECTORS
Xt <ARITHMETIC EXPRESSION>3
THE HDUSEHDOLDER CONSTANTS
Ut <ARRAY IDENTIFIFR>; WARRAY®" ULLC3UC,IsIJ;
THE HOUSEHNLDER VECTORS
A3 <ARRAY IDENTIFIER>3 “ARRAY" ALLRSUR,LC3UCIs
THF MATRIX TO BE POSTMULTIPLIED BY THF HOUSEHOLDER MATRIX.

PROCEDURES USED:
MATMAT = CP340113
ELMROWCAL = CP34028

RUNNING TIME: PROPORTIONAL TO (UC=LC+1)#*(UR=LR+1)
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SUBRSECTIONS HSHROWTAM

CALLING SEQUENCES?
THE HEADING OF THE PROCEDURE READS:
HPROCEDURE™ HSHROWTAM(LR, UR» LC» UC, Is X, Us A)S
UVALUEY LRs URs LCs UCs I, X3 MINTEGER"™ LR, UR, LCs» UC», I3
WREALW X3 WARRAY®™ Us A3
WCONEN 318753

THE MEANING OF THE FORMAL PARAMETERS ISt

LRsURE <ARITHMETIC EXPRESSIONS>3s
THE LOWER AND UPPER ROW INDICESS

LCoUCe <ARITHMETIC EXPRESSIONS>g
THE LOWER AND UPPER COLUMN INDICESS

It <ARITHMETIC EXPRESSION>;
THE ROW INDEX NF THE HOUSEHOLDER VECTORS

X3 <ARITHMETIC EXPRESSION>3
THE HOUSEHOLDER CONSTANTS

Us <ARRAY IDENTIFIER>$ MARRAY®™ ULI:I,LC:UCI;
THE HOUSEHOLDER VECTOR3

At <ARRAY IDENTIFIER>3 MARRAYY A[LLREIURsLC3UCIs
THE MATRIX TO BE POSTMULTIPLI®D BY THE HOUSEHOLDER MATRIX,

PRNOCEDURES USED:
MATTAM = CP34015

ELMROW = CP34024
RUNNING TIME: PROPORTIONAL TO (UC=LC#))*(UR«LR+1)

SONRCE TEXTS:

HCNIDEN 310703
WPROCEDUREM HSHVECMATILRs URs LC» UCsr X» Us A)3
WYALUE? LRs URs LC» UC» X3 MINTEGER™ LRy UR, LCs UC3
WREALM X3 WARRAY® U, As
MBEGIN® MREALM WPROCEDUREY TAMVEC(L, Us I, Ay B)3 WCODE®™ 340123
WPRNCEDURE™ ELMCOLVEC(Ls t, I, As Bs X)3 WCODE"™ 34022%
PEORM LCts LC WSTEPM" 1 MUNTIL® UC »Dan
ELMCOLVEC(LRs URs» LCs» As Up TAMVEC(LRs URs LCs» Ay U} %* X)
#ENDYS
uggpn

WCODE™ 31071
"PROCEDUREY HSHCOLMATILRs URs LC» UCs Is X» Us A)3
WVALUE" LRs URs LCs UCs I, X3 WINTEGER™ LRs URy LCs, UCs I
UREALY X3 WARRAY"™ Us A
PBEGIN® WREALW WPROCEDURE™ TAMMAT(L», Us Y, Js As B)3 WCODE®™ 340143
WPROCEDURE® ELMCOL(Ls Us I» Js A» Bs X)3 WCODE"™ 340233
UEAR™ LCt= LC WSTEP® 1 WUNTILW UC "DOWw
ELMCOL(LRs» URs LCs Is As Us TAMMATILR, URs LCy» I, As I * X)
WENDW 3
wgQpu
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HCADEM 314723
"PRIACEDUREN HSHRNWMAT(LR, URs LC» UCs I, X» U, A)3
"VALUE" LRy URs LCs» UCs» I, X3 WINTEGER™ LRs URs LC» UC, I3
WREALM X3 MARRAY® U, A3
YBEGIND WREALM M"PRAOCEDUREM™ MATMATI(L, Us I, Js A, R)3 MCODE™ 240133
WPROCEDUREM ELMCOLROW(Ls Us I, Jy A» Bs X)3 "CODEM™ 34429
WEQRY LCt= LC ®STFPM ] WUNTIL® UC npnw
CLMCOLROWILRe URs LCs Is A Uy MATMAT(LR, UR, I, LCs U, A) * X)
WENDYS
ngopw

WCODEM™ 310733 '
UPROCEDURE® HSHVECTAM{LR, UR» LCs UCs X5 Us A)3
WYALUE® LRy URs LCs UCs X35 RINTEGER"™ LRy URs LC, UCH
WREALM X3 MWARRAY® Uy, A
WRBEGIN® WREALY "PRNCEDURE"™ MATVEC(Ls Us I, As B)s WCODEY™ 34011
WPROCEDURE® ELMROWVEC(Ls Us I, As By X)3 MWCODE®™ 340273
WEORY (Rs= LR MSTEPY ] WUNTIL® UR uppn
ELMROWVECILCs UCs LRs As Us MATVEC(LC, UCs LR, As U) % )
WEND
NEQPH

UCADEY 310743
YPROCENURE™ HSHCOLTAMILR, URs LC» UC, I, X» Us A)s
HVALUEY LRs URs LCs» UC» Ip X3 TINTEGER®™ LRs» URs LCs» UCs I
WREALY X3 WARRAY™ ), A
PBEGINY WREALY "PROCEDURE® MATMAT(L, Us I, Js As B)s "CODEY™ 340133
MPROCEDURE™ ELMROWCOL(Ls Us Iy Js As By X)3 WCODE® 34028
HEQR™ | Rse LR MSTEP®H 1 WUNTIL"™ UR npOn
ELMROWCOL(ILC» UCy LRy Is As Uy MATMAT(LC» UC, LRs Is As U) # X)
WENDS
"EOP"

"CODF" 31075¢%
NPROCEDUREN® HSHROWTAMILRs URs LCs UCs Is X5 Us Ads
HVALUE" LRs URs LCs» UCs» Is X3 MWINTEGER™ LR» URs LCs» UCs» I
WREALY X35 MARRAY™ ), As
UBEGIN® UYREALYW WPpROCLDURE™ MATTAMIL, Us I, Js A, BY3 WCODE"™ 340153
MPROCEDURE® ELMROW(Ls Uy Is Jo Ay By X)3 WCODEY 340243
REORM LRt=s LR MSTEPM 1 MUNTIL®™ UR ®DOW
ELMRNW(LC» UCs LRs Is As Up MATTAM(LCs UCs LRy, I, Ay U) % Y)
MEND 3
ngopn
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AUTHORS 2
CONTRIBUTORS
INSTITUTE?®

RECFIVEDS

(APRIL 1974)

TeJoDEKKERs Co5e VAN DER LAAN,

PeABFENTJES,

MATHEMATICAL CENTRE.,

730715,

RRIEF DFSCRIPTINNS

THIS SECTION CDNTAINS TEN PROCEDURES.

ZLMVEC ADDS X TIMES THE VECTOR GIVEN IN ARRAY

TN THE VECTOR GIVEN IN ARRAY AfL:U3],
ELMCOL ADDS X TIMES THE COLUMN VECTOR GIVEN IN ARRAY BILslU, J3J3 TO

THE COLUMN VECTOR GIVEN IN ARRAY ACLsU,

FLMROW ADDS

THE ROM VECTNR GIVEN IN ARRAY AfI:I, L3UJ.
ELMVECCOL ADDS X TIMES THE CDLUMN VECTOR GIVEN IN ARRAY BTL3U, I31)
TN THE VECTDOR GIVEN IN ARRAY A[L:sUl.
ELMCOLVEC ADDS X TIMES THE VECTOR GIVEN IN ARRAY BLL:H] TO THE
COLUMN VECTOR GIVEN IN ARRAY A[L3Us I:Il,

I:111.
¥ TIMES THE ROW VECTOR GIVEN IN ARRAY

PAGE 1

SHIFT+U]

L1l To

ELMVECROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY BLIsI, LsUY TN
THE VECTOR GIVEN IN ARRAY AfLUJ.

ELMROWVEC ADDS X TIMES THE VECTOR GIVEN IN ARRAY BIL:UY TO THE
ROW VECTOR GIVEN IN ARRAY A[IfI, L:UTe

ELMCOLROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY RIJ3J, L3UY TN
THE COLUMN VECTOR GIVEN IN ARRAY AfL3U, ItIl.

ELMROWCOL ADDS X TIMES THE COLUMN VECTOR GIVEN INM ARRAY BILsU, JtJ1
TO THE RDW VECTOR GIVEN IN ARRAY ALIsI, L:U1,

MAXELMROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY BLJsJs L8UY TD
THE ROW VECTDR GIVEN IN ARRAY ALItI, LtU].

MOREOVER, MAXELMROW:s= THE VALUE D0DF THE SECOND SUBSCRIPT NF AN
ELEMENT OF THE NFW ROW VECTOR IN ARRAY A WHICH IS OF MAXIMUM
ABSOLUTE VALUE,.

IFe HOWEVERs, L > Us THEN MAXELMROWS= L,

KEYWORDS s

ELEMENTARY PROCEDURE,
VECTOR OPERATIONS,
ELIMINATION.
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SUBSECTINNS ELMVEC,

CALLING SEQUENCF:

HEADING?®

WPRNCEDURE™ ELMVEC(L, Us SHIFTs Ay Bs X)3 WVALUE® LoUpSHIFTsXS3
WINTEGER® L,yU,SHIFT3 WREALY X35 MARRAYY A,8:

NCODEY 340203

FORMAL PARAMETERS: :
LsUs <ARITHMETIC EXPRESSION>:

LOWER AND UPPER BNUND'NF THi RUNNING SUBSCRIPTS
SHIFTs <ARITHMETIC EXPRESSION>$

INDEX=SHIFTING PARAMETER OF THE VECTOR B3

AsB? <ARRAY IDENTIFIER>;
WARRAY®™ ACL ® Ul, BIL + SHIFT 8t U + SHIFTI;
X3 CARITHMETIC EXPRESSION>3

ELIMINATION FACTOR,

LANGUAGFS COMPASS,

SURSECTIONS: ELMCOL.

CALLING SEQUENCE?®

HEADING!

NOROCEDUREM™ ELMCOL(Ls Us I» Js As Bs X)3 ®VALUEW™ LosUsIsdsXs3
PINTEGERY LolpTsds WREAL™ X5 WARRAY™ A,B83

WCODE® 340238

FORMAL PARAMFTERS:?:
LsUs CARITHMETIC EXPRESSION>3
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTS

It SARITHMETIC EXPRESSION>3
COLUMN=INDEY DOF THE COLUMN VECTOR A
Je <ARITHMETIC EXPRESSION>3
COLUMN=INDEX OF THE COLUMN VECTOR B3
AsB12 <ARRAY IDENTIFIER>;
WARRAY" ALL 8 Us I 3 Ils BLL 3 Us J ¢ J33
Xt <ARITHMETIC EXPRESSION>3

ELIMINATION FACTOR.

LANGUAGE: COMPASS,
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SUBSECTION: ELMRNW,

CALLING SEQUENCE®

HE ADING:

UPROCEDUREN ELMROWI(L, U, Is Js As Bs X)3 MVALUEY LsUsIsdsXs
MINTEGER™ LsUsIsJs MREAL™ X3 WARRAY®™ A,B%

"CODEY 3401243

FORMAL PARAMETERS:
LsUst <ARITHMETIC EXPRESSION>3
LOWER AND UPPER BOUND:OF THE RUNNING SUBSCRIPT;

I3 <ARITHMETIC EXPRESSION>}
ROW=INDEX OF THE ROW VECTDR Ag
Je <ARITHMETIC EXPRESSION>g
ROW~INDEX OF THE ROW VECTOR R;
AyB1 <ARRAY IDENTIFIER>;
MARRAY®™ ALT 3 I, L s Uly BLJ ¢ Js L ¢t U3
Xt <ARITHMETIC EXPRESSION>3

ELIMINATION FACTOR,
LANGUAGFE® CDMPASS,.
SURSECTIONS ELMVECCOL.

CALLING SEQUENCE:

HEADING? .

MPROCEDURE™ ELMVECCNL(Ls Us Is As By X)s PVALUE™ L,U,I,X3
WINTEGER™ LslUsTs3 MREALM™ X3 YARRAY"™ A, B3

WCANEN 340213

FORMAL PARAMETERS:

LUz SARITHMETIC EXPRESSION>;
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTS
It <ARITHMETIC EXPRESSINN>3
COLUMN=INDEX OF THE COLUMN VECTOR B3
As B2 <ARRAY IDENTIFIER>;
WARRAY™ ALL 3 Ul BIL 3 U, T 1t I3
Xt <ARITHMETIC EXPRESSION>:

FLIMINATION FACTOR,

LANGUAGFs COMPASS.
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SURSECTION ELMCOLVEC,

CALLING SEQUENCF?3

HEADING?

UPRNACEDURE® FLMCOLVEC(Ls, Us I» As By X)3 “VALUE"™ LoUsIsXs
MINTEGERY™ LoUpIs "REAL®" X3 MARRAY™ ApBg

"CODEM 34¢1222

FORMAL PARAMETERS:

LsUs <ARITHMETIC EXPRESSION>S
LOWER AND UPPER BOUND .OF THE RUNMNING SUBSCRIPT3
It <ARITHMETIC EXPRESSION>3
COLUMN=INDEX OF THE COLUMN VECTOR As
AsB3 CARRAY IDENTIFIER>S
WARRAY™ A[LL 3 Us T 3 I3, BLL 3 UJ3
Xt <ARITHMETIC EXPRESSION>:

ELIMINATION FACTOR,
LANGUAGEs COMPASS,
SUBSECTINON: FLMVECROW.

CALLING SEQUENCE?

HEADING?

UPRAOCEDURE® ELMVECROW(L, Us I, As Bs X)s WVALUE®™ LyUsIs¥s
WINTEGERY Lsls I3 MREALY™ X3 WARRAYM™ AsBs

MCODEMN 3411263 ’

FORMAL PARAMETERS:
LsUs <ARTITHMETIC EXPRESSION>S
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPT:

I <ARITHMETIC EXPRESSION>3

ROW=INDEX OF THE ROW VECTOR B3
AsB13 <ARRAY IDENTIFIER>S

WARRAYW ACL s UJ, BCI ¢ I, L 3 UIs
Xe <ARITHMETIC EXPRESSION>:

ELIMINATION FACTOR,

LANGUAGF s COMPASS.
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SURSECTIONS FLMRNWVEC,

CALLING SEQUENCE:

HEADING:?

MPRNCEDUREY ELMROWVECH(Ls Us I, As Bs X)3 MVALUE® LsUsIsX3
UINTEGERM™ Lollp T3 MREAL™ X3 MARRAY™ A,B3

NCODFN 340273

FORMAL PARAMETERS: .
Lsls <ARITHMETIC EXPRESSION>g

LOWER AND UPP£R BOUND OF THE RUNNING SUBSCRIPT:
I3 <ARITHMETIC EXPRESSINN>:

ROW=INDEX 0OF THE ROW VECTOR A
AsBt <ARRAY IDENTIFIER>$

WARRAY"™ AT s I, L ¢ Uls BIL ¢ UJ:
X <ARITHMETIC EXPRESSION>:

ELIMINATION FACTOR,

LANGUAGE?: COMPASS.

SURSECTIONS FLMCNLROW.

CALLING SEQUENCE:

HEADING:

YPROCEDURE® ELMCOLROW(L, Us I, Js Ay Bs X)3 M"VALUE™ LsUsIsJsXs
WINTEGER™ LaUsIsJds "REAL'™ X3 MARRAY" A,R3

WCODE™ 34029

FORMAL PARAMETERS?®

LoUs <ARTITHMETIC EXPRESSINN>s
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTS
It <ARITHMETIC EXPRESSION>:
COLUMN=INDEX OF THE COLUMN VECTOR As
Js CARTTHMETIC EXPRESSION>S
ROW=INDEX NF THE ROW VECTOR B3
ArB3 <ARRAY IDENTIFIER>:;

WARRAY®" ATL ¢ U, I 8 I1s BLJ 8 Jp L t Ul WHEM A = B THEN
CORRECT ELIMINATION IS GUARANTEED ONLY WHEN THE ROW AND
COLUMN ARE DISJUNCT3

X1 <ARITHMETIC £XPRESSION>3
ELIMINATION FACTOR.

LANGUAGE: COMPASS.
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SURSECTTON® ELMRNWCALS

CALLING SEQUENCE:

HEADING?

MPRACEDURE™ ELMROWCOL(L, Us Ip Js As B85 X)3 WVALUEY LoUsIsJdsXs$
BINTEGER® LoUpIsds MREAL® X3 WARFAYYW A,B3

nCODEN 3402R:3

FORMAL PARAMETERS?

LsUs <ARITHMETIC EXPRESSION>3
LOWER AND UPPER BOUND' DOF THE RUNNING SUBSCRIPT:
It <ARITHMETIC EXPRESSTION>;
ROW=INDEX NF THE ROW VECTOR A
Je CARTITHMETIC EXPRESSION>g
COLUMN=INDEX OF THE COLUMN VECTNR B:
ApB13 <ARRAY IDENTIFIER>;

WARRAYY ALI 38 I, L ¢ Uls BIL ® Us J 3 J1» WHEN A = B THEN
CORRECT ELIMINATION IS GUARANTEED ONLY WHEN THE RNW AND
COLUMN ARE DISJUNCT:

X3 <ARITHMETIC EXPRESSION>;
ELIMINATION FACTOR.

LANGUAGFt COMPASS.,
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SURSECTIONE MAXELMRNOW,

CALLING SEQUENCE:

HEADING

MINTEGER" "PROCEDURF™ MAXELMROW(L, Us Is» Js Ay By X)3
MVALUE® LollsIods X2 ®INTEGER" LsUsIsJs MREAL™ X3 MARRAY™ A,B3
NCADEW 340253

MAXELMROW NFLIVERS THE INDE£X. OF THz MAXIMAL ELEMENT AFTER ELIMINA-
TINN STEP IN ARRAY A,

FORMAL PARAMETERS:

Lollt SARITHMETIC EXPRESSINN>:
LOWER AND UPPER BROUND NF THE RUNNING SUBSCRIPTS
It SARITHMETIC EXPRESSION>:
ROW=INDEX OF THE ROW VECTOR A3
Js <ARITHMETIC EXPRESSION>;
ROW=INDEX NF THE ROW VECTCOR B3
AsB3 <ARRAY IDENTIFIER>}
WARRAY®" AIT 3 I, L 3 Uls BII ¢t I, L t Ul
X CARITHMETIC EXPRESSINN>3

ELIMINATION FACTOR,

LANGUAGFS: COMPASS,

RFFERENCES?

£17.TeJoDEKKERS
ALGOL 60 PROCEDURES IN NUMERICAL ALGEBRAs PART 1,
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (197¢(),.
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SOURCE TEXT(S)s

THE FOLLOWING PROCEDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL 60
TEXT OF THESE COMPASS RNUTINES IS GIVEN,

ELMVEC
ELMROW
ELMVECCOL
FLMCOLVEC
MAXFLMROW

"CNDEM 340203
"PROCEDURE® ELMVEC(Ls Us SHIFT, As By X)3 MVALUEM L,U,SHIFTsX:
WINTEGERM LslI,SHIFT; WREAL® X; MARRAYN A,B3
WEMRM Li= L MSTEPM 1 WUNTIL® U %DN" A[LYt= ACL) + RLL + SHIFT] * X3
nggpn

WCODE™ 340233
"PRACEDUREM ELMCOL(Ls Us Ts Js As By XDt MVALUE™ LsU,TsJdsXs
MINTEGERM LsUsTsds MREAL® X3 MARRAY® A,R;
WEORM Li= L WSTEP™ 1 MUNTIL™ U "DO" ALL»T73= A[L,IJ 4 BCLsJ] * X3
negpn

BCNDEY 340243
WPRACEDURE™ ELMROW(Ls Us Iy Js As By X)3 HVALUE®™ L,yUsIsdsXs
WINTEGER™ L,UsT,J8 MREALM X3 WARRAY® A,B3
BEORM Lte | NSTEP® 1 WUNTIL®™ U DO A[I,L1t= ACI,L] + BLJ»LY * X3
ngQpH

WCNDE® 340213
WPROCEDUREY FLMVECCOL(L»s Us Is Ay By X)3 HVALUE® LoUsIsX3
WINTEGER™ {,UsI3 MREALY X3 "ARRAYM A,B3
HENRY Lga | MSTEP® 1 AMUNTIL® U wDN® ACLYIt= ACLY 4 BOL,IT * X3
wEQPY

NCNDEM 2411223
NPRACEDURE™ FLMCOLVEC(Ls Us I» A» Bs X)3 M"VALUE®™ L,UsIsXs
WINTEGERY LsUsI3 MREALW X3 "ARRAYM™ A,B3
WEORY Lts L WSTEPM 1 MUNTIL" U "DOY ACL,I13= AfL,I1 + BIL] * X3
REQPW

NCODEM 340263
WPROCEDUREM™ ELMVECROW(Ls U, Is As By X)3 "VALUE™ LoUpTsX3
WINTEGER® LsUsI3 M"REALY X3 HARRAY® A,BS
WEORY Lss L ®WSTEPW™ 1 WUNTIL®™ U %DO® A[LIJIs= ALL] 4+ BUI,LI * X3
nEQpe
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UCOCE" 340273
MPRACEDURE" ELMRIOWVEC(Ls Us I, As By X)3 M"VALUEM™ L,U, Y5 X3
WINTEGER™ LolUsTI3 MREALM™ X3 MARRAYM A,B3
MEORY Lsas L "STEPY 1 MUNTIL® U "DO"™ AlfYsL7s= AlT,L] 4+ BOLT * Xt
ngppn

NCNDEY 340293
WPRNCEDURE™ ELMCOLROW(L, Us Is Js As Bs X)3 MVALUET LoUsIsdsX2
"INTEGER"™ LslUsIods MREALM™ X3 MARRAYYW A,R3
WEORM Lt= L MSTEPW 1 MUNTIL®™ U "DN™ A[L,T1t=s ATLL,I] + BLJsL) * X3
ngopn

NCNDEY 340283
MPROCEDURE™ FLMROWCOL(Ls Us I» Js As Bs X)5 WVALUEW L,UsT,J,X3
WINTEGERM Lsl'yToJ: MREAL® X; WARRAYW A,B8;
MEOR™ Lis L MSTEPM 1 WUNTILM U "DA" ALI,L1t= ALI,LY + BFL,J7 * X3
nEopn

UWCODEM 340253
WINTEGER" M"PROCEDURE® MAXELMRNOW(L, Us Is Js A By X)3
MYALUE® LoUsTods X3 WINTEGERY LsUsIsJs MREALM X3 WARRAY® AR
MBEGIN® NINTEGER®Y K3 MREAL"™ R, S3
St= 03
REORM Kza L WSTEP® 1 MUNTILY™ U npOw

WREGTN® Ria AlI,K]s= ALISKY 4+ BLJpKI * X3WIF® ABS(R) > S NTHENN

WBEGIN® St= ABS(R)$ Lt= K WENDY
RENDP S
MAXELMROWS =
WEND® MAXELMROWS
wEQgpn
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AUTHOR TaJdeDiEKKERS
CONTRIBUTOR S PsAeBEENTJES,
INSTITUTE: MATHEMATICAL CENTRE.
RECTIVEDS 730715,

BRIEF DESCRIPTINN:

THTIS SECTION CONTAINS SIX PROCEDURES,

ICHVEC INTERCHANGES THE ELEMENTS OF THE VECTOR GIVEN IN ARRAY
ATL3UY AND ARRAY ALSHIFT + L ¢ SHIFT + Ul,

ICHCOL INTERCHANGES THE CLEMENTS OF THE COLUMN VECTORS GIVEN TN
ARRAY AfL3Us I3I1 AND ARRAY A[LL:Us Jtdle

ICHROW TNTERCHANGES THE ELEMENTS OF THE ROW VECTORS GIVEN IN  ARRAY
ATIsI, L3UT AND ARRAY ACJsJs L2UD,

ICHRAOWCAOL INTERCHANGES THE ELEMENTS OF THE ROW VECTOR GIVEN IN
ARRAY ACUIsI», L3U] AND THE COLUMN VECTOR GIVEN IN ARRAY A[LL$Us Ji1Jle
ICHSEQVEC INTERCHANGES THE ELEMENTS OF THE VECTORS GIVEN IN  ARRAY
ALIL ¢ TL + (U ¢+ L = 1)*(U = L)//72] AND ARRAY ALSHIFT+L ® SHIFT+UI,
WHERE THE ELEMENTS OF THE FIRST VECTOR ARE A[IL+(J4l=1)¥(J=l)//21
FOR J = Lseear Use

ICHSEQ INTERCHANGES THE ELEMENTS OF THE VECTORS GIVEN
IN ARRAY ACIL 3 IL + (U # L = 1) * (4= L) 1/ 2] AND ARRAY
ACSHIFT + IL 8 SHIFT + IL + (U ¢ L = 1) * (U = L) 77 21 WHERE THE
ELEMENTS OF THE VECTORS ARE A[LIL 4 (J +# L = 1) % (J = L) 7/ 271 AND
ACSHIFT + IL + (J + L = 1) % (J = L) // 2] FOR J = L seess U

KEYWORDS ¢
ELEMENTARY PROCEDURES

VECTOR OPERATIONS,
INTERCHANGING,
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SURSECTINNG ICHVEC,

CALLING SEQUFNCE:

HEADING?

WPRNCEDURE™ ICHVEC(L, Us SHIFTs, A)s WVALUE® L,oU,SHIFTS
WINTEGER™ L,oU,SHIFT: WARRAYM™ A3

WCODE™ 340303

FORMAL PARAMETERS: .
LsoUs CARITHMETIC EXPRESSION>
LOWER AND UPPER BDOUND:0OF THE RUNNING SUBSCRIPTS
SHIFT: <ARITHMETIC EXPRESSION>;
INDEX=SHIFTING PARAMETERS
At <ARRAY IDENTIFIER>$
HARRAY® ALP t Q13 P AND Q SHNULD SATISFY: P <= L, Q >= U,
P <= L + SHIFT AND Q >= U + SHIFT.

LANGUAGE: CNMPASS,
SUBSECTINNS ICHCOL.

CALLING SEQUENCE:®

HEADING:

WPRACEDURE® ICHCOL(L, Us Is Jp A)s M"VALUE®™ L,oUsInds
WINTEGER® LslsIsds MARRAYW A

RCODE" 340313

FORMAL PARAMETERS:

Lolle <ARITHMETIC EXPRESSION>3

LOWFR AND UPPER BOUND OF THE RUNNING SUBSCRIPTS
IsJds <ARITHMETIC EXPRESSION>;

COLUMN=INDICES oF THE COLUMN VECTORS OF ARRAY A3
As <ARRAY IDENTIFIER>S

HARRAY®™ A[L t Uy, P ¢ 013 P AND O SHOULD SATISFY: P <= I,
P <= J, Q >= I AND Q >= J,

LANGUAGFt COMPASS.
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SUBSECTINNS TCHRNW.

CALLING SEQUENCES

HEADING?

HPROCEDURE® ICHROW(L, Us I» Js A)3 MVALUEMW LsUsIsdt
NWINTEGERM LoUsIsJs MARRAY"™ Ag

NCODE" 340323

FORMAL PARAMETERSS

LsUs <ARITHMETIC EXPRESSION>3

LOWER AND UPPER BOUND:OF THE RUNNING SUBSCRIPTS
I,J8 <ARITHMETIC EXPRESSION>;

ROW=-INDICES OF THE ROW VECTORS OF ARRAY A3
At <ARRAY IDENTIFIER>3

NARRAYM ATP ¢t Qp L ¢ Uls P AND Q SHOULD SATISFY: P <= 1,
P <= J, Q >= I AND Q >= |,

LANGUAGE: COMPASS.
SURSECTION: ICHROWCOL.

CALLING SEQUENCE:

HEADING?

UPROCEDURE™ TCHROWCOL(L, Uy In Js A3 MVALUE®™ LsUsTsds
WINTEGER™ LsoUsIsds MARRAYM A3

nCODE" 3400333

FORMAL PARAMETERS?

LsUs CARITHMETIC EXPRESSION>;

LOMER AND UPPER BOUND OF THE RUNNING SUBSCRIPT;
It CARITHMETIC EXPRESSION>3

ROW=INDEX NF THE ROW VECTOR OF ARRAY Ag
Jt <ARITHMETIC EXPRESSION>;

COLUMN=INDEX OF THE COLUMN VECTOR 0OF ARRAY A3
At <ARRAY IDENTIFIER>$

MARRAY®™ AP ¢ Q» R 2 S13 P, Qs R AND S SHOULD SATISFY:
P <= Io P <= Ly, 0 >= I, 0 >= Uy R <= J; R <= L, S >= J AND
S = U, FURTHERMORE THE ROW AND COLUMN TO BE INTERCHANGED
SHAULD BE DISJUNCT.

LANGUAGE: COMPASS.
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SURSECTINN: ICHSEQVEC,

CALLING SFOUENCE:

HEADING:

"PRACEDURE" ICHSEOVEC(L, U, ILs SHIFT, A)s MVALUEM LyUs ILsSHIFTS
WINTEGER® LyUs IL,SHIFT: MARRAY" A;

NCODEM 340343

FORMAL PARAMETERS:

LoUs <ARITHMETIC EXPRESSION>;
LOWER AND UPPER BOUND.OF THE RUNNING SURSCRIPTS
ILs <ARITHMETIC EXPRESSIIN>3

LOWER BOUND OF THE VECTOR A
SHIFT: <ARITHMETIC EXPRESSION>;
INDEX=SHIFTING PARAMETERS
At <ARRAY IDENTIFIER>$
HARRAY® ALP t Q13
THE SURSCRIPTS ABOVE AND THE VALUES OF L(+SHIFT), U(+SHIFT)
AND TL+{U+L=1)%(U=L)//2 SHOULD NOT CONTRADICT EACH NTHER,

LANGUAGES COMPASS.
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SUBSECTION?®

ICHSEQ.

CALLING SEQUENCE?

- HEADING?

WPRNCEDUREN TCHSEQ(L, Us IL, SHIFT, A)3 "VALUEM™ LsUsIL,SHIFTS
WINTEGER® L,oUsTLySHIFT: MARRAYY A
NCODEM 340353

FORMAL PARAMETERS: :

LsUs
ILs
SHIFT:

At

CARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND:OF THE RUNNING SUBSCRIPTS

<ARITHMETIC EXPRESSION>%

LOWER BOUND OF THE VECTOR As

<ARITHMETIC ©XPRESSION>;

INDEX=SHIFTING PARAMETERS

<ARRAY IDENTIFIER>S

MARRAYM™ A[P 1 Q13

THE SUBSCRIPTS ABOVE AND THE VALUES OF IL+(J+L=1)*(J=L)//2
{ +SHIFT )oJd = L(1)Us SHOULD NOT CONTRADICT E£ACH NTHER,

LANGUAGFS CNMPASS.

REFFRENCES s

[171-TeJeDEKKERS
ALGOL 60 PROCEDURES IN NUMERICAL ALGERRA, PART 1,
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (1970),
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SOURCE TEXT(S):

THE FOLLOWING PROCEDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL A
TEXT OF THESE COMPASS ROUTINES IS GIVEN,

RCODF" 340303
PPROCEDURE™ ICHVEC(Ls U, SHIFTs A)3 M"VALUE"™ LoU,SHIFTS
NINTEGERY LsUsSHIFTS MARRAYM A3
PBEGIN® WMREAL® R3
WEQRW Lt= | NSTEPM ] WYUNTIL® 1) mDpQn
MBEGIN™ Rs= ALLT3 ATLTIt= ACL + SHIFTIs AfL + SHIFT]#=s R WENDW
MEND® ICHVECS
nggpn

"CODE® 340313
NPROCEDURE™ ICHCOL(Ls Us Is Js A)5 MWVALUE® L,UsI,d3
WINTEGERM LoUsIpJs MARRAY™ Ag
HBEGTIMY NREALM R3
WENRY L3= | OSTEP®™ 1 WUNTIL®™ U ®DN%
PBEGIN® Ri= A[L,Ils ALLsIJ2= A[LsJ]): A[L»JJ3= R MENDY
HWEND® ICHCNL
wgopn

WCNDE® 340323
WPRNCEDURE™ ICHROW(Ls Us Is Jds A)3 "VALUE®™ LoUs 1,43
WINTEGER® LsUsIsJs MARRAYW A3
"BEGIN" "RFAL" R:
NEORM® Lt= L WSTEP™ 1 WUNTIL™ U “pa"
WBEGTN™ Ris A[IoL1s ACIsLJts ACJsL1: A[JsLIt= R WEND®
WENDN ICHROW;
nEQpw
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WCNDE™ 340333 -
UPROCEDUREM ICHROWCOL(Ls Uy I, Js A): "VALUE™ LyUsIrJds
MINTEGER" LslloTaJds MARRAYM™ A3
NREGIN® WREALM R

MFOR" L3i= | WSTEPM 1 WUNTIL® U wpO"

"BEGIN®™ Rtm A[ToL]3 AlIsLIt= A[L,J1: ALLsJJt= R "END®
WENDW ICHROWCOLS

wEOPM

"CODEM 34ki343
"PROCEDUREM ICHSEQVEC(Ls Us ILs SHIFT, A)3 "VALUE"™ L,U, IL,SHIFTS
NINTEGERY LoUsILsSHIFT; MYARRAYM A3
"RBEGIN® UWREAL"™ R3 :
WFORM L= | NSTEP™ 1 WUNTILW U "pOw
MBEGIN® Rte ATILY; ACILIt= ACL + SHIFT1: ALL + SHIFTl3= R
ILt= IL + L
wENDY
NENDN JCHSEQVECS
ngEgpn

"CNDEN 340358
NPROCEDUREM ICHSEQ(Ls Us ILs SHIFT, A)3 ®VALUE® L,Us IL,SHIFTS
WINTEGER™ LsllpIL,SHIFT; MARRAY™ Aj
WBEGIN® MREALY" R
WEQRM Lis= L WSTEPHW 1 WUNTIL® U wDO¥®
WBEGIN® Rs= ACILI3 ACILYt= ATIL 4 SHIFTI3 ALIL + SHIFT1z= Ry
ILs= IL + L
nENDN
HEND® ICHSEQ:
nggpn
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AUTHOR: PoAeBEENTJES W

INSTITUTES MATHEMATICAL CENTRE.

RECEIVED?® 730715,

BRIFF DFSCRIPTIONS

THIS SECTION CONTAINS TWO PROCEDURES.

ROTCOL REPLACES THE COLUMN VEGCTOR X GIVEN IN ARRAY ALLsU, IsIY AND
THE COLUMN VECTOR Y GIVEN IN ARRAY ACfLiUs J3Jd1 BY THE VECTORS
CX #+ SY AND CY = SX.

ROTROW REPLACES THE ROW VECTOR X GIVEN IN ARRAY AfItI, L:UJ AND THE

ROW VECTOR Y GIVEN IN ARRAY ACJtJs L3UY BY THE VECTORS CX + SY AND
CY = SXo

KEYWORDS :

ELEMENTARY PROCEDURE,
VECTNR OPERATIANS s
ROTATION.

SUBSECTION: ROTCOL.

CALLING SEQUENCE?

HEADINGS

#PROCEDUREN ROTCOL(L, Us Is J» As C» S)3 "VALUE® LsUsIsJsC»sSs
NINTEGERM LoUsIsJds "REAL®™ C»S3 WARRAY®" A3
UCNDEN 340403

FORMAL PARAMETERS:
Lsls <ARTTHMETIC £XPRESSION>3
LOWER AND UPPER BOUND 0OF THE RUNNING SUBSCRIPTS

IoJs <ARITHMETIC EXPRESSION>;
COLUMN=INDICES OF THE COLUMN VECTORS OF ARRAY A
Al <ARRAY IDENTIFIER>S

WARRAYM" ALL ¢ U, P 2 Q13 P AND O SHOULD SATISFY: P <= I,
P <= J, Q >= I AND Q >= J3;

CsS: <ARITHMETIC EXPRESSION>3
ROTATION FACTORS,

LANGUAGE S COMPASS,
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SURSECTIONS RNTRNW.

CALLING SEQUENCE?

HEADINGS ’

WPROCEDUREN ROTROW(L, Us Is Jp Ay Cs» S)3 NVALUE® LsUsI»JsCsSs
WINTEGERM™ LolsTads MREALM™ CseSs WARRAYW A

NCNNEN 340612

FORMAL PARAMETERS:

Lollse CARITHMETIC EXPRESSION>3

LOWER AND UPPER ROUND'OF THE RUNNING SUBSCRIPT;
I,Js SARITHMETIC EXPRESSION>;

ROW=INDICES OF THE ROW=VECTORS 0OF ARRAY Ag
Al <ARRAY IDENTIFIER>}

MARRAY" ATP t Q, L t Ul;3 P AND Q SHOULD SATISFY: P <= I,
P <= Jy, Q >= I AND Q >= J3
CsSts <ARITHMETIC EXPRESSION>3
- ROTATION FACTORS.

LANGUAGE: COMPASS,

REFERENCESS

[11eTaJe DEKKERS
ALGOL A3 PROCEDURES IN NUMERICAL ALGEBRA», PART 15
MATHEMATICAL CENTRE TRACT 22» AMSTERDAM (1970),



SECTION 8 101.7 (DECEMBER 1979) PAGE 3

SOURCE TEXT(S)?

THE FOLLAOWING PRNCEDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL 6%
TeXT OF THESE COMPASS ROUTINES IS GIVEN,

UCNDEN 340403
PORNCEDUREY ROTCOL(L, Us Is Js As C» S)3 "VALUE® LyUsIsJdsCsSs
NINTEGERY LslsTsJs HMREAL™ CyS; WARRAY® A3
HBEGIN® WREAL® X, Y@ :
NFORM L3= L WSTEPW 1 WUNTIL®™ U %DOw
WAEGIN® XY= ACL,T1; Y= A[LsJ]s A[LL»I12= X % C + Y * S3
AlLsJlt= Y * C = X % §
MENDM
HMEND® ROTCOLS
nEQpw

RCODEM 340413
MPROCENURE™ ROTROW(Ls Us Is Jo As Cs» SI3 MVALUE™ L,UsTsJsCsSs
MINTEGERY LsUsIsJds MREAL™ C»Ss MARRAYN Ag
NBEGINY WRPALY X» Y3
NEORW Lsa= | MSTEPW 1 WUNTIL® 1 wpow
WBEGIN® Xt= ATIsL13 Y= ALJ5L13 A[IsL18= X % C 4 Y * S3
AfJolLItms Y % C = X * §
NENDY
MEND® ROTROWS
nEQP M
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(OCTOBER 1975) PAGE

AUTHORS?: CoGa VAN DER LAAN AND JeCoePeo BUS.

COMTRIRUTORS Jo.CaPs BUS,

INSTITUTE: MATHEMATICAL CENTRE,.

RECEIVEDS 74921,

BRIFF DFESCRIPTINN:

INFNRMVEC CALCULATES
INFNRMRNW CALCULATES
INFNRMCOL CALCULATES
INFNRMMAT CALCULATES
ONENRMVEC CALCULATES
ONENRMROW CALCULATES
ONENRMCOL CALCULATES
ONENRMMAT CALCULATES
ABSMAXMAT CALCULATES

THE
THE
THE
THE
THE
THE
THE
THE
FOR

INFINITY=NORM OF A VECTORS

INFINITY=NORM OF A ROW VECTOR;
INFINITY=NORM OF A COLUMN VECTOR3
INFINITY=NAORM OF A MATRIXS

ONE=NDRM OF A VECTORS

ONE=NORM OF A RDOW VECTOR:

OME-NORM OF A COLUMN VECTOR3

ONE=NORM OF A MATRIXS

& GIVEN MATRIX THE MODULUS OF AN ELEMENT

WHICH IS 0OF MAXIMUM ABRSOLUTE VALUES

KEYWORDS s

VECTNR NORMS»
HATRIX NNRMS.
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SUBRSECTINNS INFNRMVEC.

CALLING SEQUENCE:

THE HEADTMG OF THE PROCEDURE READSS
WREAL™ MPRNCEDURE™ INFNRMVEC(L, Us Ks A)3
WVALUEY L, Us MINTEGERM L, U, K3 MARRAY™ A3

INFNRMVEC 8= MAX( ARS{ALIVT)y I= Ly coes U )3

THE MEANING DOF THE FORMAL PARAMETERS ISt
Ls Us <CARITHMETIC EXPRESSION>:
ENTRY:THE LOWER BOUND AND UPPER BOUND OF THE INDEY OF THE
VECTNR Ay RESPECTIVELY:
K <VARIABLE>S
EXITSTHE FIRST INDEX FDR WHICH ABS(ATI1)s I = Ls cees 'ls
IS MAXIMAL:S
At <ARRAY IDENTIFIER>S
MARRAY® ALL3Ul.

PROCEDURES USEDs NONE.
SUBSECTION? INFNRMROW.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READSH
NREAL® "PRNCEDUREY INFNRMROW(Ls Us I, Ko A)3
MYALUE® Ls U, I3 WINTEGER®™ Ly U, I, K3 PARRAYH Ag

INFNRMROW s= MAX( ABS(ALIsJ1)}s J= Ls eess !} )3

THE MEANING NF THE FORMAL PARAMETERS ISs
L, Us CARITHMETIC FXPRESSION>3;
ENTRYS$THE LOWER BOUND AND UPPER BOUND OF THE COLUMN INDEX
NF THE ROW VECTOR As RESPECTIVELYS

It <ARITHMETIC EXPRESSION>;
ENTRY:ITHE ROW INDEX:
Kt <VARTABLE>:

EXITsTHE FIRST IMDEX FOR WHICH ABS(ALTsJd1Ys J = Ls eosr» Us
IS MAXIMAL;
At <ARRAY IDENTIFIER>S
HARRAYY ACI:I,L3Ul,

PRACEDURES USEDE NNONK.
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SURSECTTINONS INFNRMCOL.

CALLING SEQUFNCF:

THE HEADING OF THE PROCEDURE READSS
NREALT MPRNCEDUREM™ INFNRMCOL(Ls Us Js Ks A)3
"VALUE"™ Ls Us J3 MINTEGER™ Ly Uy Js K3 MARRAYT A;

INFNRMCOL 3= MAX( ABS{ALI»J1)s I= Ls sees U I3

THE MEANING NF THE FORMAL PARAMETERS IS
Ls U3 <ARITHMETIC EXPRESSION>;
ENTRY$THE LOWER BOUND AND UPP&R BOUND OF THE ROW INDEX OF
THE COLUMN VECTOR Ay, RESPECTIVELY3

J <ARITHMETIC EXPRESSTNN>3
ENTRY: THE COLUMN INDEX3
Kt <VARTABLE>3

EXITsTHE FIRST INDEX FOR WHICH ABS(ATI»J1)s I = Ls eees Us
IS MAXIMALS3
As <ARRAY IDENTIFIER>;
WARRAYY ATLtUsJtJ],

PROCEDURES USED: NONgeo
SURBSECTINONS INFNRMMAT,

CALLING SEQUENCE?S

THE HEADING 0OF TQE PROCEDURE READS?
WREALM™ MPROCEDURE™ INFNRMMAT(LR, URs LCs» MCs KRy A)3
HYALUE™ LRs URs LC» UC3 "INTEGER" LRy URs LCs UC» KR3 MARRAY™M Ag

INFNRMMAT t= MAX( NNENRMROW(LC, UCs» I, A)s I=LRs eees UR )3

THE MEANING DOF THE FORMAL PARAMETERS IS:
LRy UUR3 <ARITHMETIC EXPRESSION>S
ENTRYSTHE LOWER BOUND AND UPPER BOUND OF THE ROW INDEX,
RESPECTIVELYS
LCs UC: <ARITHMETIC EXPRESSION>;
ENTRY$THE LOWER BOUND AND UPPER BOUND OF THE COLUMN INDEX,

RESPECTIVELYS
KR? <VARIABLE>:
EXIT:THE FIRST ROW INDEX FOR WHICH THE ONE=NDRM IS MAXIMALS
At <ARRAY IDENTIFIER>S

WARRAYY ATLR®UR,LC3UCT,

PRNCEDURES USED: ONENRMROW,
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SUBSECTIONS DNENRMVEC.

CALLING SEQUENCE:

THE HEADING OF THE PRODCEDURE READS!
WREAL® ®PROCEDUREY ONENRMVEC(Ls Us A)3
WYALUE®M Ly U "INTEGER™ L, Ut WARRAY™ A3
-
ONENRMVEC ts SUM( ABS(A[LI1), I= Ly cess U )3

THE MEANING 0OF THE FORMAL PARAMETERS IS:
Ls Us <ARITHMETIC EXPRESSION>$

PAGE

ENTRYSTHE LOWER BOUKD AND UPPER BOUND OF THE INDEX OF THE

VECTOR A, RESPECTIVELY:
A <ARRAY IDENTIFIER>;
WARRAY® AlLtUd.

PRACEDURES USED: NONE.
SUBSECTION: ONENRMROW.

CALLING SEOUENCE:
THE HEADING OF THE PROCEDURE READS:
YREAL® "PROCEDURE® ONENRMROW(Ls, Us Is A)3
WYALUE" L, Us T3 MINTEGER® L, Us I3 MARRAY™ A
OMENRMROW 2= SUM{ ABS(A[LIs»J1)s Je Ls sees U )3

THE MEANING NF THE FCRMAL PARAMETERS ISt
Ls Ut <ARITHMETIC EXPRESSION>3

ENTRYSTHE LNOWER BOUND AND UPPER BOUND OF THE COLUMN TNDEX

OF THE ROW VECTOR As RESPECTIVELY:

Iz <ARITHMETIC EXPRESSION>;
ENTRY: THE RCOW INDEXs
At <ARRAY IDENTIFIER>S

WARRAYH A[T:I,LtUl.

PROCEDURES USEDs NONE.
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SURSECTION® ONFNRMCOL

CALLING SEQUZNCFEs

THE HEADING OF THE PROCEDURE READS:
MREAL® WPROCEDUREM™ ONENRMCOL(L, Us J» A);
HVALUEY Ly Uy J3 "INTEGER™ Ls Us J3 MARRAYN Ag

ONENRMCOL t= SUM({ ARS(ALI>J1)s I= Ly eees Y )3

THE MEANING NF THE FORMAL PARAMETERS ISt
Ly Uz <ARTITHMETIC EXPRESSION>:
FNTRYS$THE LOWER BOUND AND UPPER BOUND OF THE ROW INDEY 0OF
THE CDLUMN VECTOR As RESPECTIVELY;

Js CARITHMETIC EXPRESSION>S
ENTRY$ THE COLUMN INDEX3
Al <ARRAY IDENTIFIER>;

NARRAYH ALL:U5Jtl],
PROCEDURES USED® NNNE.
SUBSECTIONS ONENRMMAT,

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS?®
NREAL" WPROCEDUREN NNENRMMAT(LRs UR, LCs UCs KC» A)3
NYALUE® LRs URs LC» UC3 WINTEGER®™ LRs UR, LC» UCs KC3; ®ARRAY® A3

ONENRMMAT 3= MAX(ONENRMCOL(LRs UR» Js» Ads» J=LCsr sses UC)S3

THE MEANING NF THE FORMAL PARAMETERS IS
LRs URt <ARITHMETIC EXPRESSION>;
FNTRY:THE LOWER BOUND AND UPPER BOUND OF THE ROW INDEX,
RESPECTIVELYS
LCs UCt <ARITHMETIC EXPRESSION>3
ENTRYS THE LOWER BOUND AND UPPER BOUND OF THE COLUMN INDEY,

RESPECTIVELY:
KCs <VARIABLE>?S
EXITSTHE FIRST COLUMN INDEX FOR WHICH THE ONE=NORM IS
MAXIMAL3
A <ARRAY IDENTIFIER>;

WARRAYM™ A[LRSUR,LC3UC]T.

PROCEDURES USED: ONENRMCOL.
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SUBRSHCTIONS ABSMAXMAT.

CALLING SEQUENCF:

THE HEADING OF THE PROCEDURE READS?

WREALM "PRNCEDURE™ ABSMAXMAT(LR, UR, LCs, UCs KRy, KCs A)3
WYALUEY LRs URs LC» UC3 ®INTEGER"™ LRy UR» LC» UC, KRy KC3
MARRAYN A3

ABSMAXMAT te MAX( ABS(A[I»J1)» I= LRy sees Ry J= LCy sees UC )3

THE MEANING OF THE FORMAL PARAMETERS IS
LRe UR$ <ARITHMETIC EXPRESSION>S
ENTRY:THE LOWER BOUND AND UPPER BOUND OF THE RNW INDEX,
RESPECTIVELYS
LCs UCt <ARITHMETIC CLXPRESSION>;
ENTRY:THE LOWER BOUND AND UPPER BOUND OF THE COLUMN INDEYX,
RESPECTIVELYS
KRy KCt <VARIABLE>S -
EXITsTHE RNW AND COLUMN INDEX OF AN ELEMENT FOR WHICH THE
MODULUS IS MAXIMAL3
Az CARRAY IDENTIFIER>
MARRAY" ATLRIUR,LC3UCT.

PROCEDIRES USEDS INFNRMCOL,
LANGUAGE s CIMPASS.,

METHMND AND PERFORMANCES

ELEMENTARY,
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SOURCE TEXT(S)s

THE FOLLOWING PRNCEDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL 60
TeXT OF THESE COMPASS ROUTINES IS GIVEM.

"CODEM 310613
"REAL" WPROCEDURE® INFNRMVEC(L, U, K, A)3 WVALUE®™ L, Us
WINTEGERM L, Us K3 WARRAYM A3
WBEGIN® WREALY R, MAX;
MAXt® 03 Kis L3 :
MEORW Lie L MSTEP® 1 MUNTIL® U wDO¥
MREGTN® Rim ABS(ALL1)3 "IFN R > MAX WTHEN®
MBEGIN" MAXt= R§ Kix | WENDW®
nENDN;
TNFNRMVECt= MAYX
WENDW INFNRMVECS
nEQpN

NCADE" 3TA23
MREAL" "PRACEDUREM INFNRMROW(Ls Us I, Ks A)3 "VALUE" Ls U, I3
WINTEGER® Lo Us Is K3 MARRAYY™ A3
WREGINM MREALY Re MAXS
MAXs®= O3 Ks= L3
WEOR® Ls= L WSTEP®™ 1 WUNTIL® U wDO®
UREGINY Rim ABS(ALILL1); WIFM R > MAX WTHEN®
WREGINY MAX3= Rg Ki= | WENDW
HWENDW
INFNRMROW:E= MAX
NEND® INFNRMROWS
HEgpn

“CODE"™ 3141633
PREALY WPROCEDURE™ INFNRMCOL(Ls Us Js Ks A)$ PVALUE®™ Ls Us J3
WINTEGFRY Ls Us Jo K3 WARRAYM™ A3
MREGINY ®“REALY R, MAX:
MAX3e 08 Kte L3
WEQRM L3=s L WSTEPW 1 WUNTIL®™ U wDOW
MRFGTN" R3m ABSU{ALL,J])3 WIF" R > MAX "THEN®
WBEGIN® MAXt= Rg Kim | WENDY
WENDYS
INFNRMCOLt= MAY
UEND® INFNRMCOLS
"ENPRN
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NCODF® 315643
WREALM™ MPROCEDIRE®™ INFNRMMAT(LR, Ry LCs UCs KRy A)S
WVALUF" LRs URs LCs, UC3 MINTEGER™ LR, UR, LC, UC, KR3 PARRAY™ A3
NREGIN® WREAL™ Ry MAX:
NREALM NPRNCEDUREN NNENRMROW(Ls YUs I, A)s WCODE®™ 310661
MAXs= 03 KRi= LR}
WEORM LRs= LR NSTEPW 1 WUNTIL®™ UR npn®
WBEGIN® Rtw (INENRMROW(LCs UC» LRy A)3 MIFM R > MAX WTHEN®
WBEGIN® MAXt= R$ KRis= LR MEND?
wENDHg
INFNRMMATS= MAY
NENDY INFNRMMATS
nEapn

WCADE® 3113652
WREAL®W HPROCEDUREM™ ONENRMVEC(IL, Us A)s "VALUEW L, Us
HWINTEGER™ Lo Us MARRAY™ A3
NREGINYN uREALY SUM;
SUMe= (08 WFARM™ Lg= | WSTEP®™ 1 WUNTIL®™ U wpnw
SUMi= SUM + ABSCALL]1):
INENRMVECs= SUM
HENDW ONENRMVECSE
nEQPN

WCODE" 310663
HREALY WPROCEDURE™ (INENRMROW(Ls, Us I, A)3 ®VALUE® L, U, I3
WINTEGERY Ls Us I3 WARRAYM A3
WREGIN® WREALY SUM3
SUMt= O3 M"FORM Lis | WSTEP®™ 1 MUNTIL®™ U "Dn*
SUMts SUM + ABS(AlI.L]1);
ONENRMROWE = SUM
WENDW (INENRMROWS
ngopw



SECTION 3 Jel.8 (OCTOBER 1975) PAGE

MCOADE™ 31067
MREALM™ M"PROCEDUREM™ ONENRMCCOL(Ly Us Js AV MVALUE"™ L, Us J3
WINTEGER" Ls Us Js MARRAYY Ag
WREGIN® MREALM SUMs

StiMs= 33 WFOR® L= | WSTEPM 3 MUNTILW U upQw

SUMs= SUM + ABS(ATL.J1)3

ONENRMCOL:= SUM
WEND® ONENRMCOLS

ngQpn

wCODEN 310683
PREALY MPROCEDUREY ONENRMMAT(LR, URs LCs UCs KCp A3
WYALUFY LRy URs LC» UCS WINTEGER"™ LRs URs, LCs UCy, KCg WARRAYY™ A
WBEGINY MREALY MAX, R3
HREALY "PROCEDURE® ONENRMCOL(L, Uy Jo A)3 M“CODE™ 310673
MAX8= 08 KCst= LC3
WEOR® | Cts LC ®WSTEP®™ 1 WUNTIL®W UC nDpOw®
HMBEGINY Ri= ONENRMCOL(LRs URs LCs A)3 M"IF® R > MAX NTHEN®
HBEGINY MAXts Rg KCiw LC WENDW
HENDYS
ONENRMMATt=s MAYX
HEMD® MINENRMMATS
HEQPW

NCODEY 3141493
MREAL™ WPROCEDURE® ABSMAXMAT(LR, URs LCs» UCy, I, J, A)3
WVALUE® LRs URs LC» UC3 MINTEGER® LRy, URs LC» UC, I, J3 WARRAY® Ag
MREGINY NINTEGER™ II3 MWREALM™ MAX, R;
YREALM MPROCEDURE®™ INFNRMCOL(L, U, I, K, A)s MCODE®™ 310643:
MAXt= O3 It= LR; Jt= LC3
WEFORW LC:= LC MSTEPW 1 WINTIL® UC wpOw
MBEGIN® Rt= INFNRMCOL(LRs URs LC» II» A)3 M"IFM R > MAX MTHEN®
WBEGINY MAXt= R3 Its JI; Ji= LC MENDW
WENDY
ABRSMAXMATE= MAX
PENDM ABSMAXMATS
nggpn
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AUTHORS 3 ToeJdeo DEKKERs We HOFFMANN,
CONTRIBUTORSS We HNFFMANN, SePeNe VAN KAMPEN,
INSTITUTES MATHEMATICAL CENTRE,

RFECEIVED?: 731030C,

BRIEF DFSCRIPTIONS

THE PROCEDURE REASCL NORMALIZES THE  (NON=NULL) COLUMNS 0OF A TWD=
DIMENSIONAL ARRAY IN SUCH A WAY THAT, IN EACH COLUMN, AN ELEMENT NF
MAXIMUM ABSOLUTE VALUE EQUALS 1. THE NODRMALIZED VECTORS ARF
DELIVERED IM THE CNRRESPONDING COLUMNS OF THE ARRAY,

KEYWORDS ¢

NORMALIZATION,
VECTAR SCALING.

CALLING SEQUENCE?

THE HEADING OF THE PROCEODURE ISt
WPROCEDURE™ REASCL(A, Ny Nis N2)3 "VALUE®"™ N, N1, N23%
WINTEGER™ Ny N1, N23 WARRAY"™ As

THE MEANING OF THE FORMAL PARAMETERS IS
At <ARRAY IDENTIFIER>S
A TWO=DIMENSIONAL ARRAY A[L1tNsN1tN213
&NTRY: THE N2 = N1 4+ 1 COLUMN VECTORS MUST BE GIVEM IN A3
EXIT: THE NORMALIZED VECTORS (I.Fes IN EACH VECTNR AN
ELEMENT OF MAXIMUM ABSNLUTE VALUE EQUALS 1) ARE
DELIVERED IN THE CURRESPONDING COLUMNS 0OF As
N$ <ARITHMETIC EXPRESSINN>;
THE NUMBER OF ROWS OF ARRAY As
N1, N2t <ARITHMETIC EXPRESSION>3
THE LOWER AND UPPER BOUND OF THE COLUMN INDICES NF ARRAY A.
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PROCEDURES USED: NOIE.,

RUMMING TTIHAE: FRUPURTIIMAL T3 N * (N2 - N1 + 1),
LANGUAGE ¢ ALGOL 69,
METHOD AMD PERFORMANCE: SEE PEF:i[1l1].

REFERENCES:
[11.T.J. DEKKER ANMD W. HOFFMANN,
ALGOL 60 PROCEDURES IN NUMERICAL ALGEBRAs PART 2.
MC TRACT 23, 1968, MATH. CEMTR., AMSTERDAM.

EXAMPLE 7F USE:

THE PRICEDURE REASCL IS MSED IN REACIGl, SECTION 3,3.1.2.2,

SOURCE TEXT(3) 3

WCODE"™ 34183
NCOMMENT™ MCA 2413;
RPROCEDURE®™ REASCL(A» Ns M1y N2); "VALUE™ N, N1, M2;
HWINTEGER™ WNs M1, M2; "ARRAYY™ Aj;
WBEGIN" "IMTEGERM™ I, J5; "REAL"™ S;
REQRW Je= pY MSTEPW 1 MUNTIL™ N2 *DQF
WREGIN® S:= (3
"FOP" I;: 1 "STEP" 1 "UNT]‘L" N "Dg"
WIFM ABS(ALI»J1) > ABS(S) "THEN® S:= A[I,J1;
WIF® § “= 0 "THEN®
WEQR® I:= 1 "STEPH 1 ®UNTIL'" N nDO"™ A[I»J13= ALI»J] /7 &
"E“D" .
BWEND”™ REASCL;
WE‘]PM
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AUTHOR t CaGas VAN DER LAAN,

CONTRIBUTORS # Ho.FIOLETs CoeGe VAN DER LAAN,

INSTITUTE: MATHEMATICAL CiNTRE,

RECEIVED: 730928,

BRIEF DESCRIPTION 13

THIS SECTION CONTAINS THE PROCEDURES COMCOLCST AND COMRDWCST.
COMCOLCST MULTIPLIES THE COMPLEY COLUMN~VECTOR GIVEN IN ARRAY
AR,AICLeU»J2J] BY XR+I%XI,

COMROWCST MULTIPLIES THE COMPLEX ROW=VECTOR GIVEN IN ARRAY
AR, AITTILeUT RY XR+I*XT,

KEYWORDS

COMPLEX VECTOR OPERATIONSS
MULTIPLICATINN,

SUBSFCTION: COMCOLCSTe.
CALLING SEQUENCE 3

THE HEADING NF THE PROCEDURE READS:

WPROCEDUREY CAMCOLCST(LsUsJsARs Al XRoXT) 3

UYALUEY LsUs JsXRy XTSHINTEGER™ L, Us JEWREALM XR,XI3
WARRAYW AR,AIS

THE MEANING NF THE FNRMAL PARAMETERS ISt
LsUs <ARITMMETIC EXPRESSION>:
LOWER AND UPPER BOUND DF THE COLUMN VECTORS
Jt CARITHMETIC EXPRESSION>:
CNLUMN=~INDEX OF THE COLUMN VECTORS
AR AT <ARRAY IDENTIFIER>S
WARRAYW AR,AICLIU»J8J]
ENTRYS
AR 1 REAL PART,
AT ¢t IMAGINARY PART OF THE COLUMN VECTOR
EXITs
THE TRANSFORMED COMPLEX COLUMNS
XRs XT3 <ARTTHMETIC EXPRESSION>3
ENTRY?
¥Rt REAL PART OF THE MULTIPLICATION FACTORS
XIt IMAGINARY PART OF THE MULTIPLICATION FACTAR.

PRACEDURES USED® CNMHMUL = CP34341,

PAGE 1Y
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RUNNING TIMFE: ROUGHLY PROPORTIONAL TO (U=L+1).
LANGUAGE s ALGOL 6us
SURSECTTION: COMRNWCST.

CALLING SEQUENCE @

THE HEADING OF THE PROCELDURE READS:

HPROCEDUREY COMROWCST(L, Us Is AR, Al XR» XI)s

AYALUEY L, Us Ts XRp XIg MINTEGERY™ Ls Us I3 PREAL®™ XR, XI3
MARRAY" AR, Alt

THE MEANING OF THE FORMAL PARAMETERS IS:
Lolls <CARITHMETIC EXPRESSION>S
LOWER AND UPPER BOUND OF THE ROW VECTDRS
I CARITHMETIC EXPRESSION>3
RMNWe INDEX OF THE ROW VECTORS
ARsATS <ARRAY IDENTIFIER>S
WARRAYHAR,AITTIsI,L8UTS
ENTRY:
AR t REAL PART,
AT 3 IMAGINARY PART OF THE ROW VECTOR
EXITs
THE TRANSFORMED COMPLEX ROW:
XRs X1 <ARITHMETIC EXPRESSION>:
¥Rs REAL PART DF THE MULTIPLICATION FACTORS .
XIt IMAGINARY PART OF THE MULTIPLICATION FACTOR.

PROCENDURES USED: COMMUL = CP34341,
RUNNING TIME: ROUGHLY PROPORTIONAL TN (U=L),

LANGUAGE: ALGNOL 60,
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SOURCE TEXT(S) 13

"CODEM 343523
UPRACEDURE® COMCOLCST(L,UsJsARsAIsXRyXI)
WYALUE" LsUsJoXRsXISHINTEGER™ L»Us JIMREAL® XR,XI3
MARRAYH AR»AI3
WBEGINM
MPROCEDUREN COMMUL(ARsATsBRsBI»RR,RI)IMCODE® 343413
MEORM L=l WSTEPW 1 MUNTIL® U vDpOW®
COMMUL(ARCLsJIsAITLJIs ¥Ry XTI ARCLsJI»AIlLsJT)E
WENDW COMCOLCSTS

ngnpn

NCNDEW 343533
WPRNCEDUREN COMRNOMWCST(L, Ys I» AR» AIy XRy» XI)3
WWALUEM Ly Us Ts XRe XI3 YINTEGER®™ Ls Us T3 MREAL® XR, XIs
HARRAY?" ARs AI:
WBEGINM
NPRACEDURET COMMUL(AR,AI»BRsBISRR,RIVSNCNADE® 343413
WENRM Lta L WSTEPW 1 WUNTIL®™ U "DOW COMMUL(ARCI»LI» AILIsL1s XR,
XTI, ARCISL1, AXI[LXI»L1):
MENDM COMROWCSTS
WEDPMN
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AUTHOR t CoeGo VAN DER LAAN,
CONTRIBUTORS ¢ HoFIOLETs CoeGe VAN DER LAAN,

INSTITUTES MATHEMATICAL CENTRE,
RECEIVED t 731016,

BRIEF DESCRIPTION:
THIS SECTION CONTAINS THREE PRNCEDURES:?

COMMATVEC CALCULATES THE SCALAR PRODUCT OF A COMPLEX ROWVECTOR
GIVEN IN ARRAY ARL,AT[I:I;L:U]l AND THE COMPLEX VECTOR GIVEN 1IN

ARRAY BRoBIIL3UI.

HSHCOMCOL TRANSFORMS A COMPLEX VECTOR INTO A VECTOR

PROPORTIONAL TD A UNIT VECTOR3

HSHCOMPRD PREMULTIPLIES A COMPLEX MATRIX WITH A COMPLEX

HOUSEHOLDER MATRIX.

HSHCOMCOL AND HSHCOMPRD ARE AUXILIARY PROCEDURES FOR PREMULTIPLYING
A COMPLEX MATRIX OR VECTOR WITH A COMPLEX HOUSEHOLDER MATRIX$

KEYWORDS 3

COMPLEX SCALAR PRODUCTS,
HOUSEHOLDER TRANSFORMATION

SUBSECTION: COMMATVEC.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:

"PRNACEDURE® CNMMATVEC(L, U, I, ARy AI, BRs BI» RR, RI)3
UVALUE"™ Ls Us I3 MWINTEGER®™ L, U, I3 MREALY™ RR, RIS
WARRAY" AR, AIs BR, BI3

THE MEANING NF THE FDRMAL PARAMETERS ISt
LsU <ARITHMETIC EXPRESSION>;

LOWER AND UPPER BOUND OF THE VECTORSS
I <ARITHMETIC EXPRESSION>g

ROW=INDEX NF THE ROW VECTORS AR AND AIs
ARs AI$ <ARRAY IDENTIFIER>3

WARRAYM AR,AICIzIoL3UD:

ENTRY?$

ARt REAL PART AND

AI: IMAGINARY PART OF THE MATRIX:
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BRyBI

RR»RIs

1.

2e4 (MAY 1974) . PAGE 2

<ARRAY IDENTIFIER>;

WARRAY"™ BR,BITL2UYS

ENTRY?S

BRs REZAL PART AND

BIt IMAGINARY PART OF THE VECTORS

<VARIABLE>S:

EXITs:

RR: THE REAL PART AND

RI: THE IMAGINARY PART OF THE SCALAR PRODUCT.

PRNOCEDURES USEDSMATVEC=CP34011,

RUNNING TIME: PROPORTIONAL TO U=Le

LANGUAGE s

ALGOL 60,

SUBSECTION: HSHCNMCOL.

CALLING SEQUFNCE:

THE HEADING OF THE PROCEDURE READS: :

"BOOLEAN® “PROCEDUREM™ HSHCOMCOL(L, Us J» ARs AI, TOLs Ks Cs S» T)s
WVALUE™ Ls Us J» TOLs MINTEGER™ L» Us J3 WREAL™ TOL, K» Cs» S» T3
WARRAY™ AR, AI3

HSHCOMCOL DELIVERS THE FOLLOWING BOOLEAN VALUES

IF ARTL#1,JT1#42+4ATTL415J1%%24,00+ARTUs JT#%24ATTU» JT#42>TOL THEN

A TRANSFNRMATION -IS PERFORMED AND HSHCOMCOLt=®WTRUEW; OTHERWTISE
HSHCOMCOLs=®FALSE™ AND THE VECTOR TO BE TRANSFORMED IS CONSIDERED
TO BE PROPORTIONAL TO THE DESIRED UNIT VECTOR AND NO
TRANSFORMATION IS PERFNRMED.

THE MEANING OF THE FORMAL PARAMETERS ISt

LsllsJe

ARs AT

<ARITHMETIC EXPRESSION>:

THE COMPLEX VECTOR TOD BE TRANSFORMEDs MUST BE GIVEN IN
THE J=TH CNLUMN FROM ROW L UNTIL ROW U OF A COMPLEX
MATRIXs

<ARRAY IDENTIIER>;

WARRAY™ AR, AICL:U,J2J1s

ENTRY?

THE REAL PART AND THE IMAGINARY PART OF THE VECTOR TN BE
TRANSFORMED MUST BE GIVEN IN THE ARRAYS AR AND AI,
RESPECTIVELYS

EXIT:

THE REAL PART AND THE IMAGINARY PART OF THE VECTOR Us
OF THE HOUSEHOLDER MATRIX I=UU®/T (WHERE " DENOTES
CONJUGATING AND TRANSPOSING)ARE DELIVERED IN THE ARRAYS
AR AND AI RESPECTIVELYs PROVIDED A TRANSFORMATION 1S
PERFORMED.IF NO TRANSFORMATION IS PERFORMED THE ARRAYS
AR AND AI ARE UNALTERED3:



SECTION t 1a?a4 (DECEMBER 1979)

TOLs

T3

KsCs St

<ARITHMETIC EXPRESSION>S
ENTRY: A TOLERANCES
(EeGe THE SQUARE OF THE MACHINE PRECISION TIMES A NORM
OF THE MATRIX IN CONSIDERATION)S
<ARITHMETIC EXPRESSION>:
EXIT?
INFORMATION CONCERNING THE TRANSFORMATIONsI<Fe THE SCALAR
T OF THE HOUSEHOLDER MATRIX ,PROVIDED A TRANSFORMATION IS
PERFNRMEDOTHERWISEs T3 =13
<VARIARLE >3
EXITe :
THE MODULUS » COSINE AND SINE OF THE ARGUMENT OF THE
FIRST ELEMENT OF THE TRANSFORMED VECTOR ARE DELIVERED 1IN
KsC AND S,RESPECTIVELYsPROVIDED A TRANSFNORMATION IS
PERFORMEDAITHERWISE THE MODULUS,CAOSINE AND SINE NF THE
ARGUMENT OF THE COMPLEX NUMBER ARIL,JI+AILL»JI*1 ARE
DELIVERED,

PROCEDURES USED:

CARPOL=CP34344,
TAMMAT=CP 34014,

RUNNING TIME: PROPORTIONAL TO U=Le

METHOD AND PFRFORMANCE?

SEE WILKINSON(1965,Pa%9550),

L ANGUAGE s

ALGOL 6,

PAGE
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SUBSECTION? HSHCOMPRD,

CALLING SEQUENCE?

THE HEADING NF THE PROCEDURE READS:

WPROCEDUREN HSHCOMPRD(Is IIs Ls Uy Js» AR, AIs BR, BI, T)3
NYALUEY Is IIs Ls Us Jo T3 TINTEGER® I» IIs» L, Us J3 ¥WREAL® T3
WARRAYM" AR, AIs BR» BI3

THE MEANING DF THE FORMAL PARAMETERS IS

IsIIsLlsUs <ARITHMETIC EXPRESSION>S
FNTRY? :
THE COMPLEX MATRIX T0 BRE PREMULTIPLIEDs MUST BE GIVEN
IN THE L=TH TO U=TH COLUMN FROM ROW I TO ROW II
NF A COMPLEX MATRIXs

Js CARITHMETIC EXPRESSTINN>3
ENTRY:
THE COMPLEX VECTOR V OF THE HOUSEHOLDER MATRIX
I=VV"/ToWHERE " DEMOTES TRANSPNSING AND CONJUGATING,
MUST BE GIVEN IN THE J=TH COLUMN FROM ROW I TO RNW
TT OF A COMPLEX MATRIX GIVEN IN (BRsBI)s

ARsAIR <ARRAY IDENTIFIER>;
MARRAYY AR, AILIsII»L2UIs
ENTRY?

THE REAL PART AND THE IMAGINARY PART OF THE MATRIX TO
BE PREMULTIPLIED,MUST BE GIVEN IN THE ARRAYS AR AND
AI-RESPECTIVELY:;
EXITs
THE REAL PART AND THE IMAGIMARY PART 0OF THE
RESULTING MATRIX ARE DELIVERED IN THE ARRAYS AR AND
AT, RESPECTIVELY:

BRsBI: <ARRAY IDENTIFIER>:
WARRAY®Y BR,BI[TI8ITsJ2Jls
ENTRY:
THE REAL PART AND THE IMAGINARY PART OF THE COMPLEX
VECTOR V OF THE HOUSEHOLDER MATRIX MUST BE GIVEN IN
THE ARRAYS B8R AND BI,RESPECTIVELY3
{EoaGoe AS DELIVERED BY HSHCNOMCOL)

T <ARITHMETIC EXPRESSION>S
ENTRY:
THE SCALAR T OF THE HOUSEHOLDER MATRIX3
(EoGe AS DELIVERED BY HSHCOMCOL)3
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PRACENURES USEDs

TAMMAT =CP34114,
ELMCOMCOL=CP 34377,

RUNNING TIMEs PROPORTINNAL TO (U=L)%*(II=T).

LANGUAGES ALGOL 6l

REFERENCE?

WILKINSONsJoH(1965)2
THE ALGEBRAIC EIGENVALUE PROBLEM,
CLARENDON PRESS»(UXFMRD,.

EXAMPLE OF USE:

AS A FORMAL TEST OF THE PROCEDURES HSHCOMCOL AND HSHCOMPRD THE
FOLLOWING MATRIX®
3 4%1
© 4%] 5
IS TRANSFORMED INTO UPPER TRIANGULAR FORM,

MBEGINWMWINTEGERMISWREALMKSCoSs T3
WARRAYMAR,AIT182,128213
HBONLEANNNPROCEDUREY HSHCOMCOL(LsUs Js AR AI»TOLSKsCs»SsT)3HCODEN34355;
NPROCEDUREMHSHCNOMPRD(I,I1oL5sJsAR»AT»BReBI»T)I"CODET"343563
ART1-118233ART1,2]18=ARE2,1)2=03ARI2,2)853
AIf1o113=03A17T10212=A102,173243A102,213203
WIFUWHSHCOMCOL( 10219 ARS AT (M1 4% 5)%%k2,KyCpSp TI)NTHENY
HSHCOMPRD(1525292515ARs AT AR, AIST)S
OUTPUT( 61, M(MN(MAFTER USE HSHCOMCOLsHSHCOMPRDIM) N, /,
2(2(=DoDs+DaDsM(MEIN )N, BR), 7)M) M,
ART1517s ATl 19175 ARE15235AIC19215ARE2511,A1025115ARE25235AT02521)8
ODUTPUT( 61, N NN 0K, Cs S» TsM)Ms /53(=DeDB)s=DDeDs /™) "sKsC5sS»
T):
NENDY

OUTPUTS
AFTER USE HSHCOMCOL,HSHCOMPRD:
B4 O*] UeO4+lab*]
Woohitbh 0% 6o 240 1% T
Ks C» Ss Ts
520 =10 0.0 40G.0



SECTION 3 1.20% (MAY 2974)

SOURCE TEXT(S) @

HCODEN" 343543

WPROCEDUREM™ COMMATVEC(L, Us Is ARy AI, BRs BI, RR» RI)}

WYALUE®™ Ls Us I3 MINTEGER™ Ls Us I3 WREALY™ RR, RIS

WARRAY® AR, AI, BRy BI3

HBEGIN® WREALM MWPROCEDURE™ MATVEC(L,UsI»AsB)SWCODE™ 344113
WREALY MV
MVet= MATVEC(L»s» Us Is AR» BR) = MATVEC(L, Us I» AI, BI):
RIt= MATVEC(Ls, Uy I, AI», BR) + MATVEC(Ls Uy I» ARy BI)g
RR8sMY

HENDY COMMATVEC:
"EDP"

MCNDE™ 343553

PAGE 6

"BOOLEANT® UPROCEDURE®™ HSHCOMCOL(Ls, Us Js AR, AIs, TOLs Ks» Cs» S» T)3

WALUEY Ls Us Js TOL: WINTEGER™ L, U, Js "REALY™ TOLs Ky Co S»

WARRAY" AR, ATs

NBEGIN® WREALY VR, DEL» MODs H4s ARLJ, AILJS
WPROCEDURE™ CARPOL(AR,AISRsC»S)3"CODET 343443
HREAL® "PROCEDURE®™ TAMMAT(L,UsI»sJsAsBISMCADE™ 260141
VRs= TAMMATI(L + 15 Us J» Js ARs AR) + TAMMAT(L 4+ 15 Us
Js Jo AI» AI)3 ARLJt= AR[LsJ1s AILJ3= AI[L,J1s
CARPOL(ARLJ» AILJ, MNODs Cp S)§ WIFM VR > TOL PTHEN®

Ts

WBEGIN® VRs= VR 4 ARLJ *% 2 4 AILJ #% 23 Hi= Ki= SQRT(VR);

T:= VR + MND * H3

NTF® ARLJ = Q MANDM™ AILJ = O WTHENY AR[Ls;JTs= H PELSE®
WBEGINM ARICL,J18= ARLJ 4 C #* K3 AILL,J13= AILJ ¢+ S * K3

S3s w S
WEND® S
Ci= = C3 HSHCOMCOLS= H“TRUE"
WENDW
"ELSF"

"BEGIN® HSHCOMCOLt= MFALSE™3 Kis MODs Tis = 1 WENDW
MEND® HSHCOMCOLS
wgQgpn

WCNDEM 343543
"PROCEDURE®™ HASHCOMPRD(I» II» Ls Us Js» ARy AI», BR» BI, T)3

WWALUE® T, IIs Ls Us Jo T3 WINTEGER™ I, IIs Ls Us J3 WREALY T3

WARRAY"™ AR, AIs BR» BI3
WREGIN®

WPROCEDURE™ ELMCOMCOL(LsUsI»JsARsAI»BRsBI»XR5XI)SHCODE" 343773

WREALY WPRNCEDURE®™ TAMMAT(L»UsI»JsAsB)SYWCODE™ 34014
WEORM Leam | WSTEPW 1 WUNTIL® U ®DO™ ELMCOMCOL{(I», II, Ls J»
BRs BIs ( = TAMMAT(I» II» Js Ls BRs AR) « TAMMAT{I, I1I, J»
Ly BYIs AT)) 7 T» (TAMMAT(I» IIs Js Ls BIs, AR) = TAMMAT(I,
II, Js Ls BRs AI)) / T)3
HEND® HSHCOMPRDS

nEQPY

ARy, AI,
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AUTHOR t CoeGo VAN DER LAAN,

CONTRIBUTORS ¢ HoFIOLET », CoGe VAN DER LAAN.
'INSTITUTE! MATHEMATICAL CENTRE.

RECEIVED 3 730813,

BRIEF DESCRIPTION 3

THIS SECTION CINTAINS THE PRNCEDURES ELMCDMVECCOL, ELMCOMCOL AND
ELMCOMROWVEC,

ELMCOMVECCOL ADDS XR+I*XI TIMES THE COMPLEX COLUMN VECTNR GIVEN
IN ARRAY BR,BI[LilUsJ3J] TO THE COMPLEX VECTOR GIVEN TN ARRAY
ARs AICLtUT.

ELMCOMCOL ADDS XR+I#XI TIMES THE COMPLEX COLUMN VECTOR GIVEN IN
ARRAY BR,BI[L3U,J3J1 TO THE COMPLEX COLUMN VECTOR GIVEN IN ARRAY
ARy AILLtU»I2I,

ELMCOMROWVEC ADDS XR4I#*XI TIMES THE COMPLEX VECTOR GIVEN IN ARRAY
BRsBILL2UI TN THE COMPLEX ROW VECTDR GIVEN IN ARRAY AR,AITII,LtUY,

KEYWORDS 3

COMPLEX VECTOR OPERATIONS »
ELIMINATTION,

SUBSECTINN 31 ELMCOMVECCOL,.

CALLING SEQUENCE 3

THE HEADING 0OF THE PROCEDURE READS 13

NPRNCEDUREY™ ELMCOMVECCOL(LsUsJ> ARy AIsBR,BIsXRsXI)S
HVALUE® LsUsJoXRyXI

WINTEGERY Lol J3M"REALM™ XRyXI3;HWARRAY" AR,AI,BR,BI

THE MEANING NF THE FORMAL PARAMETERS IS 3
LsUs <ARITHMETIC EXPRESSION>;
LOWER AND UPPER BOUND OF THE VECTORSS
Je CARITHMETIC EXPRESSION>g
CNLUMN=INDEX OF THE COLUMN VECTORS BR AND BI3
ARs AT <ARRAY IDENTIFIER>}
WARRAYM ARAICL:U1
ENTRY?2
AR 3 REAL PART OF THE VECTOR,
Al ¢ IMAGINARY PART OF THE VECTOR.
EXITs
THE RESULTING VECTOR (SEE ALSO BRIEF DESCRIPTIDN)3



SECTINN

BRsBTIS

XRs XT3

(DECEMBER 19079) PAGE

<ARRAY IDENTIFIER>g

WARRAY® BR,BILL2U,J3J1s

ENTRY:

BR & REAL PART OF THE COLUMN VECTOR:

BI * IMAGINARY PART QOF THE COLUMN VECTOR,
CARITHMETIC EXPRESSION>:

ENTRY:

XR3$ REAL PART OF THE ELIMINATION FACTOR3

XIs IMAGINARY PART OF THE ELIMINATION FACTOR ,

PROCEDURES USED @ ELMVECCOL = CP34021 o

RUNNING TIME

2 ROUGHLY PROPORTIONAL TO (U=L) .

LANGUAGEt ALGOL 60.

SUBSECTION

ELMCOMCOL.

CALLING SEQUENCE 3

THE HEADING OF THE PROCEDURE READS 3

HPRAOCEDUREY FLMCOMCOL(LsUsI»Js ARsATISBRyBIs»XRyXI)3
OVALUEY LoUsIoJdsXRoXI;

WINTEGER™ LsUsIsJsPREALY XRsXI3WARRAY® AR,AI,BR,BIg

THE MEANING OF THE FORMAL PARAMETERS IS 1@

LsUt

I»J3

ARs AT R

BR,BI:

XRs X1

<ARITHMETIC EXPRESSION>g

LNAWER AND UPPER BOUND OF THE VECTORSS
<ARITHMETIC EXPRESSION>;

It COLUMN=INDEX OF THE COLUMN VECTORS AR AND AIs
Jt COLUMN=INDEX OF THE COLUMN VECTORS BR AND BIg
<ARRAY IDENTIFIER>S

WARRAYY ARpAILL:U»IsI1]

ENTRY:

AR 8 REAL PART OF THE COLUMN VECTOR,

AI 8 IMAGINARY PART OF THE COLUMN VECTOR,

EXITs

THE RESULTING VECTOR (SEE ALSO BRIEF DESCRIPTION):
<ARRAY IDENTIFIER>}

HARRAY® BR,BI[L3UsJ2J]

ENTRY:

BR 3 REAL PART OF THE COLUMN VECTOR,

BI 3 IMAGINARY PART OF THE COLUMN VECTOR.
CARITHMETIC EXPRESSION>g

ENTRY?S

XR: REAL PART OF THE ELIMINATION FACTOR:

XIs IMAGINARY PART OF THE ELIMINATION FACTOR
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PROCENURES USED 3 ELMCOL = CP34y23 ,

RUNNING TIME : ROUGHLY PROPORTIONAL TO (U=L)

LANGUAGE: ALGOL 60,

SUBSECTINN & ELMCOMROWVEC .

CALLING SEQUENCE 3

THE HEADING NF THE PROCEDURE READS 3

UPROCEDUREN ELMCOMROWVEC(LoUs I» ARsAI»BRSBI» XRpXI)3
MYALUE"® LsUsIsXRy XT3

MINTEGER™ LsUsI3"REALY XRsXIsMARRAY®™ AR, AI»BR,BI:

THE MEANING NF THE FORMAL PARAMETERS IS ¢
LsUs <ARITHMETIC EXPRESSION>S
LNWER AND UPPER BOUND OF THE VECTORSS
It CARITHMETIC EXPRESSION>;
ROW=INDEX OF THE RQOW VECTORS AR AND Al
AR» AT <ARRAY IDENTIFIER>S
PARRAYY AR AILIsI,L2U
ENTRYS
AR 3 REAL PART OF THE ROW VECTOR,
AI & IMAGIMARY PART 0OF THE ROW VECTOR,.
EXITs
THE RESULTING VECTOR (SEE ALSO BRIEF DESCRIPTION);
BR,BI? <ARRAY IDENTIFIER>S
WARRAYM™ BR,BILLIU]
ENTRY?S
BR ¢ REAL PART OF THE VECTORs
BI t IMAGINARY PART OF THE VECTOR
XRp X1t <ARITHMETIC EXPRESSION>S
ENTRY?
XR: REAL PART OF THE ELIMINATION FACTOR;
XTIt IMAGINARY PART OF THE ELIMIMNATION FACTAR »

PROCEDURES USED @ ELMROWVEC = CP34027 .

RUNNING TIME t ROUGHLY PROPORTIONAL TO (U=L) .

LANGUAGFt ALGOL 60,
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EXAMPLE OF USE

"BEGINM

MCOMMENT® EXAMPLE OF USE ELMCOMCOL:S

MPROCEDUREY ELMCOMCODL(LsUsI»JsARsAI»BRsRI»XRpXI)SNCODE® 343773

WREAL® WARRAYY AR,ATI[1212,1327%

WINTEGER® TsJs

HPROCEDURET DUT(K)SMINTEGER" K3

QUTPUT{GLs M{M2(=Ds+DpM(Mk] WN)H),/H)n,
ARTKs112ATIK» 115 ARTKS215ATILKs21) 3

AR[1,17:=+13AR[1,2]13==9;AR[2,1132=13AR[2,2]8a=~]}

AIT15178=423AIT1,212=423A102,17102+23A1[2,5,2]8==23

OUTPUT( 61, (N (NINPUT MATRIXtiW)N,y/m)n);

WEOR® Ti=l,2 WDOW OUT(I)S

ELMCOMCOL{1925251sARsAI»ARsATs15=4)3}

OQUTPUT(AL, M ( "/, M("MATRIX AFTER ELIMINATIONs®)m, /n)n);

NUTPUT (6158 (N=Dy+Ds M (MK IW)U, 4B, 7,D/1) 1,
ART1s13sAIC1s175ARTI1521A101,23)8

nuT(2)

NENDW

DUTPUTS

INPUT MATRIXS
14241 wQe2#]
=142%] wle2*]

MATRIX AFTER ELIMINATION:
14241 G
=1+2%] f+bk] °
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SOURCE TEXT(S) ¢

NwCONEY 343763

"PROCEDNUREY ELMCOMVECCOL(LsUsJs ARsAIsBRsBY,XRp XIS

HYALUET LotlsJoXReXIs

NINTEGERM LoUs JS"REAL® XRyX13MARRAY® AR, AI,BR,BIS

WBEGINY

MPROCENURE™ FLMVECCOL{LsUsIsAsBRsX)SWCODE® 3640218
FLMVECCOL(LsUsJsARsBRs XR) 3
ELMVECCOL(LsUsJs ARs BTy=XI)3
ELMVECCOLILsU»JsAIsBRyXI)3
ELMVECCOL(LsUsJsAIsBIs XR)

NEND® ELMCOMVECCOLS '
wEOPW

MCODEW 34377:

HORNCEDUREM ELMCOMCOLIL>UsIsJsARSAI»BRsBIsXR, X1

NYALUEM LoUsToJsXReXI3

NWINTEGERY L,UsIsJiWREALM XRpXI3"ARRAY" AR;AIBR,RBI

HWBEGINW

WPROCEDUREM ELMCOLILsUsIsdsAsBsX)3"CODEY 360233
ELMCOL(LoUsIsJesARsBRsXR) 3
ELMCOL(LsUsIsJsARsBI»=X1)3
ELMCOLILsYU» I Js AI,BRsX1)
ELMCOL(LsUsT5JsAT»BI5XR)

UEND® ELMCOMCOLS
nEQpw

WCODEM 343783

UPROCEDUREY ELMCOMROWVEC(LsUsIsAR»AI»BRyBI,XRsXI)2

RYALUE® LoUsTIsXRsXIg

NINTEGER® LoUsTSMREAL® XRpXISWARRAYY ARsAISBR,BIS

WREGIN®

NPRNCEDUREY ELMROWVEC(L>UsIsAsBoX)SHWCODEY 340273
ELMROWVEC(L,U»I» ARsBRyXR) 3
ELMROWVEC(LsUs Ts AR BI»=XT)3
ELMROWVEC(LsUsTsAI»BRsXI)S
BLMROWVEC(LoUsI»AI»BIs XR)

WEND® ELMCOMRAOWVECS
nEQpn
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AUTHORS &t JeJsGo ADMIRAALs CoeGe VAN DER LAAN

CONTRIBUTORS ¢ JoJeGe ADMIRAAL, Ho FIOLET» CoGe VAM DER LAAN,
INSTITUTEs MATHEMATICAL CENTRE», UNIVERSITY NF AMSTERDAM.
RECEIVED : 7302817,

BRIEF DESCRIPTINN 8

THIS SECTION CONTAINS THE PROCEDURES ROTCOMCOL, ROTCOMROW AND CHSH2

ROTCOMCOL REPLACES THE COLUMN VECTOR VR+I*VI GIVEN IN THE ARRAYS

ARsAILL3U,I:I1 AND THE COLUMN VECTOR YR+I*YI GIVEN IN THE ARRAYS

ARs AI[LSUsJ2d1 BY THE VECTORS (VR+I¥VI)*(CR=I#*CI)=(YR+I*YI)*S AND

(YR+I*YI)*(CR+I*CI)+(VR+I#*#VI)*S, RESPECTIVELY.

ROTCOMROW REPLACES THE ROW VECTOR VR+I*VI GIVEN IN THE ARRAYS

ARs ATCIsIoLt1)] AND THE ROW VECTOR VYR+I*YI GIVEN 1IN THE ARRAYS

AR, AILJsJoLsUT BY THE VECTORS (VR4+I*VI)*(CR=I#C1)+(YR+I*YI)*S AND

(YR+I*YIVR(CR+I%CI)=(VR+I*VI)*Sy, RESPECTIVELY,

CHSH2 COMPUTES THE COMPLEX HOUSEHOLDERMATRIX THAT

MAPS THE COMPLEX VECTOR (Al,A2) INTO THE DIRECTION (1,0).

WARNING ¢ IN ROTCOMCOL AND ROTCOMRAW THE COSINE IS COMPLEY AND THE
SINE IS REAL» IN CONTRAST TO THISs IN CHSH2 THE SINE IS COMPLEY
AND THE COSINE IS REAL.

KEYWORDS 3

COMPLEX VECTOR OPERATIONS,
ROTATIONs
HOUSEHOLDER MATRIX.
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SUBSECTION t ROTCOMCOL »

CALLING SEQUENCE

THE HEADING NF THE PROCEDURE READS 13

"PROCEDURE™ ROTCOMCOL(L, Us I» Js» AR, AI, CRs» CI» S)3
WYALUE® Ls Us Is Js CRs CIs S3 MINTEGER™ L, U, I, J3
WREAL" CR, CIs S3 "ARRAY" ARs Al

NCODEN 343573

THE MEANING OF THE FORMAL PARAMETERS IS

LolUsIsde <ARITHMETIC EXPRESSION>3}
THE ROTATION IS PERFORMED ON  THE COLUMN VECTAORS
AR AILL3U, 1811 AND AR, AICLBU,J3J13

AR, AT <ARRAY IDENTIFIER>S
MARRAY" AR,AICLSU»I2J]3
ENTRY?S

AR3THE REAL PARTS OF THE COLUMN VECTORS

AItTHE IMAGINARY PARTS OF THE COLUMN VECTORS

EXIT:s

THE RESULTING VECTORS (SEE ALSO BRIEF DESCRIPTINM)S
CReCI,S5 CARITHMETIC EXPRESSION>;

ENTRY:

RNOTATION FACTORS; SEE ALSOD BRIEF DESCRIPTION.

RUNNING TIME 1 RNOUGHLY PROPORTIONAL TO (U=L) o

LANGUAGES ALGOL A0



SECTION 8 1.2.7 (JANUARY 1976) PAGE 3

SURSECTION s ROTCOMROW

CALLING SEQUENCE 1

THE HEADING DF THE PROCEDURE READS 3

WPROCEDURE® ROTCOMROW(L, Us I, Jr» ARs Al, CRy CI» S)3
BVALUEY Ls Us Ts Js CRy CIs S3 MINTEGERY L, Us I, J3
"REALY CRy CIs S3 MARRAYY AR, AT

NCODEN 343583

THE MEANING OF THE FORMAL PARAMETERS IS 13

LoUsIsde CARTTHMETIC EXPRESSION>S
THE ROTATION I1s PERFORMED ON THE ROW VECTORS
AR, AILIsI>L3U] AND AR,AITCJSJ»LtUD;

AR AT <ARRAY IDENTIFIER>3
WARRAYY AR, AIlIBdsL8UIS
ENTRY?S

ARtTHE REAL PARTS OF THE ROW VECTORS

AI3THE TIMAGINARY PARTS OF THE ROW VECTORS

EXITse

THE RZSULTING VECTORS (SE&® ALSDO BRIEF DESCRIPTION)$
CRsCIsS? <ARITHMETIC EXPRESSION>;

ENTRY:

ROTATION FACTORSS SEE ALSO BRIEF DESCRIPTION.

PRACEDURES USED 3 NONE o

RUNNING TIME ¢ ROUGHLY PROPORTIONAL TO (U=L)

LANGUAGE: ALGOL Ad.
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EXAMPLE 0OF USE 3

HBEGINH
NCOMMENTY EXAMPLE OF USE RODTCOMCOLS
HPROCEDUREY ROTCOMCOL(Ls»UsI»JsARSALSCRSCISS)SHCODEY 343573
UREALM MARRAYM" AR,AI[1:2,1:213
BWINTEGERY I,J3
AR[1511tm4463ARI152)11=453AR[251132=53AR[2,2180443
ATC1,17:=4#33AT01,218= H;AI[25178= (G3AI(25,2]2=33
QUTPUT(AL, M {NH(NINPUT MATRIXtH)W,/n)n)y
DUTPUT( 61 M (MDD st Dp MMk IN) M3 4Bp=Dp2/sBB=D»Zs 3By=Dy+DpM(W%IN)N, /)W,
AR[1513sATI01»,115ARI152)5AT015215AR[25115AT(25,115AR[25215A102521)8
QUTPUTLELs {1/ /7, "(MAFTER POSTMULTIPLICATION WITHs®W)n, sn)u)yg
OUTPUT(GL, W N W, CBm(6*] -elM)W,y /s

niw ol 2 (84,06%IN) N, fyn)n) g
ROTCOMCOL(195251525AR5AI540B50065=01)3
QUTPUTIEL, M (NN (WDELTVERS s )M, yn)n)g
OUTPUT(&1s ¥ (WeDsZ,2BDsZ/5BDsyZsB=DyZM) M,
ART1s11sAIT15171,ARI152)5A1I015215ART25115A1I02,115AR[25,215A102521)

WENDN
OuUTPUT:

INPUT MATRIX:3

443%] 5
¢ =B 43I %]
AFTER POSTMULTIPLICATION WITH®
o QB= o 0H%] gl

el 2 0B+ 06*T

DELTIVERS ¢

1 0

0 1 .
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SURSECTINNS CHSH2.

CALLING SEQUENCEF:
THE HEADING OF THE PROCEDURE ISt
MPROCEDURE™ CHSH2(A1R,A1I5A2R,A2I5C»SRsSIDE
MYALUE® ALRsA1IsA2RSA2IFMREAL™ ALIR, A2IsA2R5A21,C»SR»SIs
UCODEM 346113

THE MEANING OF THE FORMAL PARAMETERS ISt
AlR: <ARITHMETIC EXPRESSION>s
ENTRY: THE REAL PART OF THE FIRST VECTORCDMPONENTS
AlIt <ARITHMETIC EXPRESSION>:.
ENTRYs THE IMAGINARY PART OF THE FIRST VECTORCNMPONENTS
A2R8 <ARITHMETIC EXPRESSION>:
ENTRYSs THE REAL PART OF THE SeCNAND VECTORCOMPONENTS
A2It <ARITHMETIC EXPRESSION>;
ENTRY: THE IMAGINARY PART OF THE SECOND VECTORCOMPONENT:
CsSRpSIt <VARIABLE>S
EXIT: THE FACTORS THAT DETERMINE THE HOUSEHOLDER MATRIX,
THE HOUSEHOLDERMATRIX, DEFINED BYS
HA = B
A = (Al,A2)!
B = (=SIGN(AIR)*SQRT(A1*A1+A2%A2),0) %,
IS DETERMINED BYs

( =C SR+I*SI)
(SR+I#SI C )
PRNCFDURES USEDt NONE3
LANGUAGF$ ALGDL 603
METHOO AND PERFORMANCE:
AFTER A CALL DF CHSH2 YOU ARE ABLE TO ROTATE A COMPLEX VECTOR AOF

DIMENSION TWD BY MEANS OF THE FACTORS C»SR AND SI.

EXAMPLE 0OF USE® CHSH2 IS USED IN QZI AND QZIVAL,»SECTION 3.4

wn
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SOURCE TEXT(S) @

RCODE™ 34357
WPROCEDURE®™ ROTCOMCOL(Ls Us Is J» AR, AIs CRs CI» S);
WVALUE®" L, Us Is J» CRy CI» S5 WINTEGERY L, Us I, J3
MRFEAL"™ CRs CI» S3 MARRAY"™ AR, Al
MBEGIN® WREALM ARLI» AILI» ARLJ» AILJS
WFORM Li= L WSTEP® 1 WUNTIL® U wDQ"
MBEGIN" ARLIs= AR[L,I1s AILIst= AILL,I13 ARLJS= AR[L,JI;
AILJs= AI[L,JI3
AR[LsITt= CR * ARLI 4+ CI #* AILI = S % ARLJS
AITLsIT2= CR % AILI = CI # ARLI = S #* AILJS
ARTLsJ122 CR * ARLJ =:CI * AILJ 4+ S * ARLI3
AIlLsJ1t= CR * AILJ + CI * ARLJ + S * AILIL:;
WENDW
WEND® ROTCOMCOL:
ngnpn

UCODE™ 343583
NPROCEDURE™ ROTCOMROW(Ls Us Is J» ARs AI, CR» CI» S)3
UYALUE® Ly s Is Js CRs» CIp S3 MINTEGER™ L, Uy I, Js
YREALY CRs CI» S3 MARRAYHW AR, Al
NBEGINY MREALYW ARILs AIILs ARJL, AIJLS
HEORM Ls= L WSTEPW 1 WUNTIL® U wnDpOn
HWBEGIN® ARILS= ARLI,LIs AXIL2= AYI[IsLJI% ARJLt= ARTJ,LT3
ATJLs= AITJLLIS

AR[I»L1s= CR * ARIL 4+ CI * AIIL + S % ARJL:
AITI»LI8= CR #% AIIL = CI #* ARIL + S % AIJLS
ARCJsL1t= CR * ARJL = CI * AIJL = S #* ARIL:
AILJeL1s= CR * AIJL + CI * ARJL = S * AIIL;
HENDM
HEND® ROTCOMROWS |
wEgQPRN

wCNDE" 346/11:
UPROCEDUREMCHSH2(A1R,AII»A2R»A21,Cs5R»ST )
WVALUE"AIR, ALIoA2Rp A2T3"REALWALR,ALTsA2R5A2T5C»SRsSIs
WBEGIN® WREALY Rg
WIFMW A2R%=0 WORW A2I%=sQ MTHEN®
WRAEGIN® MIFW AJR%sQ WOR" ALI%=() WTHENM
MBEGIN® RemSQRT(AIR®AIR+ALI%ALI)sCu=RS
SR3=(A1R*AZR+A1I*A2I) /R3SIsm(ALIR¥A2I=ATI*A2R) /R}
R3=SQRT(CHC+SR*SR+SI*SI);Ct=C/R3SR:=SR/R;ST3=SI/R
RENDN" WELSE"W
WBEGIN® SIt=Ctas03SRisl WEND®
WENDY WELSE® WRBEGIN® C:=13SRi=SIt=0 WENDW
MENDW CHSH2%
ngopw
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AUTHOR t CoGa VAN DeER LAAN,

CONTRIBUTORS 3 HoFINLETs CoeGe VAN DER LAAN,

INSTITUTES MATHEMATICAL CENTRE,

RECEIVEDS 731016.

RRTEF NESCRIPTION®

PAGE

COMEUCNRM CALCULATES THL EUCLIDEAN NORM 0OF A COMPLEX MATRIX

WITH LW LOWER CODIAGONALS.

KEYWQORNS ¢
EUCLIDEAN NNRM,
CNMPLEY MATRIX.

CALLTING SFQUENCE?

THE HEADING OF THE PROCEDURE READSH
MREALY WPROCEDUREN COMEUCNRM(AR, AI, LWs
WINTEGER™ N, LW3 MARRAYY™ AR, Al

COMFUCNRM DELIVERS THE EUCLIDEAN NORM 0OF
LOWER CODIAGONALSS

THE MEANING NF THE FORMAL PARAMETERS ISt

NE <ARITHMETIC EXPRESSION>S

THE DRDER OF THE MATRIX:
LuWs <ARITHMETIC EXPRESSION>3

THE NUMBER NF LOWER CODIAGONALSS
AR, AT: <ARRAY IDENTIFIER>;

MARRAY" AR, ATIL1SN,1:N13
ENTRYS

N)s WVALUE™ N, Lu3

A COMPLEX MATRIX WITH LW

THE REAL PART AND THE IMAGINARY PART 0OF THE COMPLEX
MATRIX»WITH LW LOWER CODIAGONALS,MUST BE GIVEN IN THZ

ARRAYS AR ANMD AISRESPECTIVELY.
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PRNOCEDURES USED: MATTAM = CP34(15,
RUNNING TIME® PRNPORTIONAL TO N##%2,
LANGUAGE: ALGOL 60.

EXAMPLE OF USESSFE EIGVALCOM OR EIGCOM (SECTION 36302020206

SOURCE TEXT(S) 3

WCODEY 343593
NREALY "PROCEDUREY COMEUCNRM({AR, AIs LWs N)3 "VALUE® N, LW3
UINTEGER™ No LWSs MARRAY™ AR, Al
NBEGIN® WINTEGERY Is L3
NREALM MPRACEDURE® MATTAM(L»UsIsJsAsB)3"CODEY 340153
WREALM Ry
Rs= 03
UEORY Ji=s 1 WSTEPW § NUNTIL® N wpQOn
WBEGIN® f8m WIF® T > LY WTHEN® I - LW WELSE®™ 1%
Rims MATTAMILs N» I» Is ARs» AR) & MATTAM(L, N» I,
Is» Al AI) + Ry )
HENDW S
COMEUCNRMt= SQRT(R}
WEND® COMEUCNRM3
nEQp
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AUTHORS 8

TeJeo DEKKERs We HOFFMANN (COMSCL)»
CsGo VAN DER LAAN (SCLCOM).

CONTRIBUTORS 2
We HOFFMANNs SoPeNe VAN KAMPEN (COMSCLI)S
He FIOLET» CoGe VAN DER LAAN (SCLCOM).
INSTITUTE: MATHEMATICAL CENTRE.

RECEIVED: 731030,

BRIEF DFSCRIPTION?
THIS SECTION CONTAINS TWO PROCEDURES

COMSCL NORMALIZES THE REAL AND COMPLEX EIGENVECTORS

GIVEN COLUMNWISE IN A TWO=DIMENSIONAL ARRAY: THE IMAGINARY PARTS OF
THE CORRESPONDING EIGENVALUES MUST BE GIVEN IN A ONE=~-DIMENSIONAL

ARRAY:

THE FIGENVECTORS ARE NORMALIZED IN SUCH A WAY THAT, IN EACH EIGEN=

VECTORs AN ELEMENT 0OF MAXIMUM MODULUS EOQUALS 13
THE NORMALIZED EIGENVECTORS ARE DELIVERED IN THE GIVEN ARRAY.

SCLCOM NORMALIZES THE (NON=NULL) COLUMNS OF A COMPLEX MATRIX
IN SUCH A WAY THAT IN EACH COLUMN AN ELEMENT OF MAXIMUM ABSOLUTE
VALUE BECOMES EQUAL TO ONE.

KEYWORDS$

NORMALIZATION,
SCALING DOF COMPLEX EIGENVECTDRS,
COMPLEX SCALING.
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SUBSECTION

CALLING

8 CNMSCL.,

SEQUENCEs

THE HEADING OF THE PROCEDURE ISt

WPRNCEDUREN COMSCL(A, N» N1, N2, IM)t "VALUE"™ N» N1y N2t
WINTEGER® Ns N1, N2: WARRAYM A, TM3

WCODE® 341933

THE MEANING OF THE FORMAL PARAMETERS ISt

At

Nt
N1,

IMs

N23

<ARRAY TDENTIFIER>:

WARRAYY AL1:NsN1:N213:

ENTRY: EACH ReAlL EIGENVECTOR MUST BE GIVEN IN A COLUMN OF
ARRAY As WHOSE CORRESPONDING ELEMENT NDF  ARRAY IH
EQUALS 03
THE REAL AND IMAGINARY PART OF EACH COMPLEYX EIGEN=
VECTOR MUST BE GIVEN IN CONSECUTIVE COLUMNS 0OF ARRAY
Ay WHOSE CORRESPONDING ELEMENTS OF ARRAY IM ARE NOT
EQUAL TO 03 -

EXIT: THE NORMALIZED EIGENVECTORS (IsEs IN EACH EIGEN=
VECTOR AN ELEMENT OF MAXIMUM MODULUS EQUALS 1) ARE
DELIVERED IN THE CORRESPONDING COLUMNS OF Ag

<ARITHMETIC EXPRESSION>

THE NUMBER OF ROWS OF ARRAY Aj

<ARITHMETIC EXPRESSION>:

THE LOWER AND UPPER BOUND OF THE COLUMN INDICES OF ARRAY Ag

<ARRAY IDENTIFIER>S

WARRAY® IMIN1:N21;

THE IMAGINARY PARTS OF THE EIGENVALUES, OF WHICH THE EIGEN=

VECTARS ARE GIVEN IN THE CORRESPONDING COLUMNS OF ARRAY A,

MUST BE GIVEN IN ARRAY 1M,

PRNCEDURES USEDs NONE.

RUNNING TIME: PROPORTIONAL TO N * (N2 = N1 + 1),

LANGUAGE:® ALGOL 60.

METHOD AMD PERFORMANCES SEE REF [11.

REFERENCES?:

[17.T.Jo DEKKER AND W. HOFFMANN,
ALGOL A0 PROCEDURES IN NUMERICAL ALGEBRA, PART 2.
MC TRACT 23, 19685 MATH. CENTR.» AMSTERDAM,

EXAMPLE OF USE:
THE PROCEDURE COMSCL IS USED IN COMEIG1ls SECTION 3.36162672s
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SUBSECTION & SCLCOM,

CALLING SEQUENCE?

THE HEADING OF THE PROCEDURE READS:
WPROCEDUREWSCLCOM(ARSAISNsN1sN2)}3
MYALUEMN,NIsN23WINTEGERYNoN1sN23"ARRAYNAR, AL
NCODE™ 343603

THE MEANING NF THE FORMAL PARAMETERS ISt

ARsAIt <ARRAY IDENTIFIER>S
MARRAY® AR, AI[L1tN,N1zN21;
ENTRY:
THE REAL PART AND THE IMAGINARY PART OF THE MATRIX OF
WHICH THE COLUMNS ARE TO BE SCALED MUST BE GIVEN IN THE
ARRAYS AR AND AI,RESPECTIVELY;
EXITs
THE REAL PART AND THE IMAGINARY PART OF THE MATRIX WITH
SCALED COLUMNS ARE DELIVERED IN THE ARRAYS AR AND Al
RESPECTIVELYS

NsNI,N23<ARITHMETIC EXPRESSION>}
N 3 ORDER OF THE MATRIX:
N1,N2s THE N1=TH TO N2=TH COLUMN VECTORS ARE TO BE
SCALED.

PROCEDURES USEDt COMCOLCST = CP34352,

RUNNING TIME: PROPORTIONAL TO N#{N2«N1).

LANGUAGE: ALGOL #0.

EXAMPLE OF USEs SEE EIGCOM (SECTION 3¢362e2e2)e
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SOURCE TEXT(S) 1

“CNADE"M 34193
WCOMMENT™ MCA 24233
HPROCEDUREN™ COMSCL(A, N» N1, N2, IM)t ®WVALUE™ N, N1, N2:
WINTEGERM™ Ny N1, N25 WARRAY® A, IM:
WBEGIN® MINTEGER™ I, J» K%
HREAL® S Uy Vs W3

HEQR# Js= N1 HSTEP®™ 1 WUNTILW N2 nDQOW
MBEGIN® Sg= 03 WIFW IMLJ] “s O WTHENW®
WBEGIN® MWEOR® Jsa 1 MSTEPW 1 WUNTIL® N ®wDOW
WBEGIN® Uts A[LI»JY #% 2 ¢+ A[IoJ + 1] ** 23
WIFR |y > S WTHEN® ®BEGIN® Sse U Ki=s I WENDW
WENDW 3
WIFM S %= O NTHEN®
"BEGIN® Vim ALKsJ] /7 S3 Wte = A[K,J + 11 / S
AFOR® Jt= 1 WSTEP® 1 WUNTIL® N ®wDQOW
WBEGIN Ut= A[I,J1s S3= A[I»J + 113:
ALI»Jd1t= U % V = S % W3
AlIsJ 4 11t= U % W ¢ S % V
"END"
WENDMS
Jts J 4+ 1
WEND®
WELSEN
HREGINW WFOR® I3= 1 ®STEPW ] WUNTIL®™ N ®#DO%
WIFN ARS{ALIsJ1) > ABS(S) MTHEN" Si= A[I,J13
NIFN S "= O NTHEN®
NEORM T3s 1 WSTEPW 1 ®WUNTIL® N #DO™ ACI»Jlt= ALIsJ1 /7 S
"END"
WEND®
NEND® COMSCL:
HEUP"

RCNDE® 343603
MPROCEDURE® SCLCOM{ARs AI» N» N1, N2)3 "VALUE®™ N» N1, N23
WINTEGER™ Ns N1, N2: "ARRAY™ AR, AIs
"BEGIM® WINTEGER™ I, J» K3
WREAL® S, R3
WPROCEDURE® COMCOLCST(LsUsJsAR»AI»XRsXI)3"CODE™ 343523
WEOR® Jis N1 WSTEP®™ 1 WUNTIL™ N2 #DO®
WBEGIN® Si= O3
WFORM Ts= 1 WSTEP® 1 WUNTIL® N mDOW®
WBEGIN® Rts AR[IoJ] ®% 2 + AILI»J] %% 23 WIF® R > § WTHEN®
WBEGIN® Sts R3 Ks= I MENDW
REND®
WIFW S "= 0 WTHEN®™ COMCOLCST{(1, Ns J» AR, AI, ARIK»J1 /
Ss = AILKsJ1 / S)
RENDY
WEND® SCLCOM:
REOQPM



SECTION 1 1.3.1 (MAY 1974) PAGE 1

AUTHOR® CoGo VAN DER LAAN,
INSTITUTE: MATHEMATICAL CENTRE.
RECEIVEDt 730R15.

BRIEF DESCRIPTIONS

THIS SECTION CONTAINS THREE PROECEDURES:! )
COMABS CALCULATES THE MODULUS . OF A COMPLEX NUMBER,
COMSQRT CALCULATES THE SQUARE ROOT OF A COMPLEX NUMBER

CARPOL TRANSFORMS A COMPLEX NUMBER GIVEN IN CARTESIAN CNORDINATES
INTO POLAR COORDINATES

KEYWORDS ¢

COMPLEX NUMBER.
MODULUS.

SQUARE ROOT.
TRANSFORMATION.
CARTESIAN COORDINATES,
POLAR CDORDINATES.

SUBSECTIONS COMABS.

CALLING SEQUENCE?:
THE HEADING OF THE PROCEDURE READS:
WREALMHPROCFDUREMCOMABS (XRs XI )3
NVALUEWXR, XI3WREAL"XR, XI3
COMABS DELIVERS THE MODULUS OF THE COMPLEX NUMBER XR + I * XIg
THE MEANING 0OF THE FORMAL PARAMETERS IS{
XRy XT8<ARITHMETIC EXPRESSION>3

ENTRY3$XRs XI ARE THE REAL PART AND THE IMAGINARY PART
OF THE COMPLEX NUMBER,RESPECTIVELY.

PROCEDURES USEDt NONE.

LANGUAGE: ALGOL 48,
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EXAMPLE OF USE:

MBEGINM®

NREALNWPROCEDUREWCOMABS (XRsXI) 3

HCODEN343403

_OUTPUT(61,M("H(UTHE MODULUS OF ¢3+44%I EQUALSM)M,=D,DDM) ",
COMABS(o3504))

WEND®

THE MDDULUS NF o3+s4*%I EQUALS 0050
SURSECTION 8 COMSOQRTe

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:
HPROCEDUREMCOMSQRT(ARSAIPRsPI)
BVALUE®AR,ATS"REALMAR,AI>PR,PIS

THE MEANING NF THE FORMAL PARAMETERS ISt
ARs AT8<ARITHMETIC EXPRESSION>3
ENTRY8ARoAI ARE THE REAL PART AND THE IMAGINARY PART
’ 0OF THE COMPLEX NUMBER,RESPECTIVELYS:
PRsPI3<VARIABLE>;
EXITSTHE REAL PART AND THE IMAGINARY PART OF THE SOQUARE ROOT
ARE DELIVERED IN PR AND PISRESPECTIVELY.

PROCEDURES USED: NONE.
LANGUAGE: ALGOL 60,

METHOD AND PERFNRMANCE:

THE REPRESENTATION OF THE RESULTING COMPLEX NUMBER IS CHOSEN SUCH
THAT ITS REAL PART IS NONNEGATIVE$THE PROCEDURE IS PROTECTED
AGAINST INTERMEDIATE OVERFLOW,

EXAMPLE OF USE:

NBEGINYNREALMR, I3

HPROCEDURENCOMSORT( AR, AI,PRsPI)3

#CODEM343433

COMSQRT(=354eR»I) 3

NUTPUTL 61, n{nM(BTHE SQUARE RODT OF =3+44#%] ISN)",=D,DDs+D DD M (N2IN )N
H)n,Re 1)

HENDW

THE SQUARE ROOT OF «=3464%1 IS 1,0042,00%I



SECTION & 1.3.1 (MAY 1974) PAGE

SURSECTION t CARPOL.

CALLING SEQUENCE?

THE HEADING OF THE PROCEDURE READS!
WPROCEDUREWCARPOL (AR, AISRsC»S )3
NYALUEMARL,AIS"REALMARSAI»R5C S

THE MEANING NF THE FORMAL PARAMETERS ISt
ARs ATs CARITHMETIC EXPRESSION>;
ENTRYtAR,AI ARE THE REAL PART AND THE IMAGINARY PART 0OF THE
COMPLEX NUMBER »RESPECTIVELYS
RsC»S8<VARIABLE>S
EXITsTHE MODULUS OF THE COMPLEX NUMBER IS DELIVERED IN R
AND THE COSINE AND THE SINE OF THE ARGUMENT ARE
DELIVERED IN C AND S,RESPECTIVELYS
WHEN AR=AI={) THEN Ct=1 AND R3=St=0,

PROCEDURES USED: NONE.
LANGUAGE® ALGOL &0,

EXAMPLE OF USE:

WBEGINUHREALMR,CsS$
HPROCEDUREMCARPOL(AR,ATISsR5C»5S)3

NCODEN343443 .

CARPOL(e35042R2Cs5)3

DUTPUT (&L, W(WN("THE POLAR COORDINATES OF o3+.4%I AREIW)"; /,
R{MMODULUS s M) "y=DoDDs />
N{NWCOSINE DOF ARGUMENT:®)",=DeDDs /s
W(NSINE OF ARGUMENT:M)",=D,DD")",R5C5S)

WEND® .

THE POLAR COORDINATES OF o3+4+4%*] ARE:
MODULUS: 1,510

COSINE DOF ARGUMENT?: U.60

SINE OF ARGUMENT: 8.80

2
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SOURCE TEXT(S):

CNDEY343408
WREAL®™ WPROCEDURE®™ COMABS(XRsXI)$®VALUE™ XR,XISMREAL®™ XR,XIs
WBEGIN® XRt= ABS(XR)3 XIt=s ABS{(XI)3
COMABSt= WIF® XTI > XR WTHEN™ SQRT((XR/XI)*#2+41)*XI
WELSE" RIFY XIs 0 WTHEN®™ XR WELSE®™ SORT((XI/XR)%%k241)#XR
HEND® COMABS3

nEgQPN

WCNDEN343433
WPROCEDURE®™ COMSQRT(ARsAIsPRsPI)S
"VALUEY AR,AI3 WREAL" AR,AI»PR,PIS
WIF® ARsQ & AI= O WTHEN® PRs= PIts0 WELSE®
MBEGIN® WREAL™ BRsBIsHS
BRt= ABS(AR): BIt= ABS(AI)3;
Hes WIFEW BT < BR MTHENY
(WIF® BR<1 WTHENY SQRT((SQRT((BI/BR)*%241)%.54,5)%BR)
WELSEY" SQRT((SORT((BI/BR)*%2+1)%e125+,125)#%BR)*2)
WELSE® WIFW BI<]1 MTHENY SORT((SQRT((BR/BI)*#2+1)*BI4BR)*2)%,5
WELSEW ®IFY BR4lm 1 WTHEN® SORT(BI*,5)
YELSEY" SQRT(SQRT((RR/BI)#%2+1)%BI%,125+BR*,125)%23
WIF® AR >s Q HTHEN®
WBEGINY PRis H; PIt= AI/H*¥,5 WENDW
WELSE" HBEGIN® PIts WIFM AT >= ) NTHEN® H WELSE" =Hg
PR8= BI/H#,5
HENDW
MEND® COMSOQRT3:
HEQPW

WCNDEM™343443
HPROCEDUREMCARPOL(ARSATISR5C»S);
BWYALUE®™ AR,AIZ MREAL™ AR»AI»RsC»S3
HIFH AR=06AI=0Q WTHEN®
WRBEGINY C3=]lsR3=S3ald WEND®
HELSE® WBEGINW
RiaWIF® ABS{AR)>ABS{AI) ®THEN®
ABS(AR)*SQRT(1+(AI/7ARY*%2)
BELSEN ABS{AI)* SQRT(1+({AR/AI)*%2)s
Ce=AR/R§S2=ATI /R
HENDWCARPOLS
"EOP!I
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AUTHOR: C.Ge VAN DER LAAN,
INSTITUTE: MATHEMATICAL CENTRE.
RECEIVED: 73K81i%.

BRIEF DESCRIPTINNS

THIS SECTION CONTAINS TwO PROCEDURES 13
COMMUL CALCULATES THE PRODUCT:OF TWO COMPLEX NUMBERS,
COMDIV CALCULATES THE QUOTIENT OF TWO COMPLEX NUMBERS,

KEYWORDS 8

COMPLEX MULTIPLICATION.
COMPLEX DIVISION.

SUBSECTION CAMMUL,
CALLING SEQUENCE?

THE HEADING OF THE PROCEDURE READS?
"PROCEDURENCOMMUL(AR,AISBR,BISRR,RI)3
WVALUEM™AR,AI»BRsBIS"REALMARSAI»BRyBI,RRyRIS

THE MEANING OF THE FORMAL PARAMETERS ISt
AR»ATsBR,BISt<ARITHMETIC EXPRESSION>3
ENTRY1AR,BR ARE THE REAL PARTS OF THE COMPLEX
NUMBERS AND AI,BI ARE THE IMAGINARY PARTS OF
THE COMPLEX NUMBERS;
RRsRT$ <VARIABLE>S
EXITSTHE REAL PART AND THE IMAGINARY PART OF THE
RESULTING COMPLEX NUMBER ARE DELIVERED IN RR AND
RISRESPECTIVELY. )

PROCEDURES USEDt NONE.

LANGUAGE: ALGOL 643.
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EXAMPLE OF USES

NBEGINWHREALMR, I3

WPROCEDUREWCOMMUL (AR5AI»BRsBIsRRyRI)S

NCNDEM3434132

COMMUL(els0250350%0Rs1)3

DUTPUT (6L, M0 (M( 1 4,2%T) k(o3 404%I)mM)MeDeDD D DD H(WkIN) W) N,R, T
NENDH

(0l4e2%])*(o3¢+o4%])am(}o85401Q%]
SUBSECTIDN 3 COMDIV.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:
NPROCEDUREMCOMDIV(XR, XIs YRy YIS»ZR»ZI)3
WVALUEMXRs XIs YRoYISHREALMXRsXI» YR YIS ZRo 213

THE MEANING NF THE FORMAL PARAMETERS IS:
XRsXIsYRoYIt <ARITHMETIC EXPRESSION>3
ENTRYSXR,YR ARE THE REAL PARTS NF THE NUMERATOR
AND THE DENOMINATOR,RESPECTIVELY AND XIsYI ARE
THE CORRESPONDING IMAGINARY PARTS3:
7R 713 <VARIABLE>;

EXITeTHE REAL PART AND THE IMAGINARY PART OF THE
RESULTING COMPLEX NUMBER AREZ DELIVERED IN RR
AND RISRESPECTIVELY.

RUNNING TIME:

AT MOST SIX MULTIPLICATIONS AND/OR DIVISIONS ARE USED.

LANGUAGE: ALGOL 60.

METHOD AND PERFORMANCE?®

THE PROCEDURE IS NOT PROTECTED AGAINST DIVISIDON BY ZERO.
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EXAMPLE 0NF USE:

NBEGINMHREALWR, I3

HPRAOCEDUREUCOMDIV(XRsXTIsYR»YI»ZR»ZI)3

"CODE"343423

COMDIV{=005selselse2sRsT)3

OUTPUT (61 (WM ( W (m o541 %I) /(al4e2%1)aM)MymDDDs+DeDDpM(MkIM)t0r) 0
sRy I)

WENDY

(=054 1%I) /{ol+e2%I)m 0,30+40s40*]

SOURCE TEXT(S)s

NCODE™34341:
_ WPROCEDURE® COMMUL(AR>AIsBRsBIsRRsRI);
UVALUE" AR,AI»BR»BI§ MREAL"™ AR,AI,BR,BIsRR,RI3
WREGINY RRs= AR % BR = AI * BIj
RIt= AR # BI 4 AI * BR
REND" COMMUL:
nENPN

WCODEN34342;
"PRAOCEDURE" COMDIV(XRsXIsYRsYI»ZR»21)3
NYALUE® XRsXIsYRsYISMREALY XRsXIsYR,YI»ZRsZI%
WBEGIN® WREAL® H,D3
WIFW ABS(YI) < ARS(YR) MTHEN®
WBEGINW WIFW YI= O WTHENW
WBEGIN® ZRt=s XR/YR3 ZIt= XI/YR WEND® MELSE"
WREGIN® Hi= YI/YR3 Di= H*YI + YR
7Rs= (XR + H % XI)/Ds. ZIs= (XI=H%*XR)/D
WEND®
WENDM" MELSEY
WBEGIN® Ht= YR/YI$ Ds= H#*YR + YI3
ZRta (XR*H ¢+ XI)/Ds ZIt= (XI*H = XR)/D
NEND®
WEND®" COMDIVs

wEgQPY

PAGE
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AUTHORS HeJeJo TE RIELE.
INSTITUTE: MATHEMATICAL CENTRE,
RECEIVED® 7401253 REVISED: 7405143

BRIEF DESCRIPTIONS

THIS SECTION CONTAINS A SET OF FIVE PROCEDURES FOR

THE BASIC ARITHMETIC OPERATIONS WITH LONG INTEGERS?

LNG INT ADD EXACTLY COMPUTES THE SUM OF TWO NONNEGATIVE INTEGERS,
LNG INT SUBTRACT EXACTLY COMPUTES THE DIFFERENCE OF TWO NONNEGATIVE
INTEGERS.

LNG INT MULT EXACTLY COMPUTES THE PRODUCT OF TWO NONNEGATIVE
INTEGERS.

LNG INT DIVIDE EXACTLY COMPUTES THE QUOTIENT WITH REMAINDER NF Tun
NONNEGATIVE INTEGERS.

LNG INT POWER EXACTLY COMPUTES U*%POWER,

WHERE U IS A NONNEGATIVE LONG INTEGER AND POWER IS THE

POSITIVE (SINGLE=LENGTH) EXPONENT,

KEYWORDS 3

LONG INTEGER ARITHMETIC,
ADDITIONS

SUBTRACTION,
MULTIPLICATION,

DIVISION WITH REMAINDER,
EXPONENTIATION.
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SUBSECTION t LNG INT ADD,

CALLING SEQUENCE

THE HEADING DF THE PROCEDURE READS:
WPRNCEDURE® LNG INT ADD(UsV,SUM);
WINTEGERM MARRAY® U,V,SUMS

THE MEANING OF THE FORMAL PARAMETERS IS3

Us Vs SUM2 <ARRAY IDENTIFIER>;
WINTEGER™ MWARRAY™ ULO:UCO011s VIO3VIO1J»s

SUMTOSMAX(ULOI»VIOI)+11s

BEFDRE THE CALL OF LNG INT ADDs U AND V MUST
CONTAIN THE LONG INTEGERS TO BE ADDED;
AFTER THE CALLs SUM CONTAINS THE MULTI=LENGTH
SUM OF U AND V, WHILE U AND V REMAIN UNCHANGED.

PRNCEDURES USED : NOME.

REQUIRED CENTRAL MEMORY 3

EXECUTION FIELD LENGTH ¢ 7.

RUNNING TIME 3
WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE
CD CYBER 73w28 COMPUTERS THE RELATIVE PRECISION OF THE

COEFFICIENTS IS AT MOST ONE OR TWD DIGITS®
o LO¥MAX{ULOI,VIO0]) + o06*MIN(ULCISVIO]) + o56b.

LANGUAGE 3 ALGOL 60,
METHOD AND PERFORMANCE t SEE LNG INT POWER (THIS SECTION).

EXAMPLE OF USE s SEE LNG INT POWER (THIS SECTION}.
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SUBSECTION ¢ LNG INT SUBTRACT.

CALLING SEQUENCE

THE HEADING NF THE PROCEDURE READS 3
WPROCEDURE™ LNG INT SUBTRACT (U,VsDIFFERENCE)S
NINTEGER® WARRAY® UsVsDIFFERENCES

THE MEANING OF THE FORMAL PARAMETERS ISt

1sVsDIFFERENCEt <ARRAY IDENTIFIER>S
WINTEGERM "ARRAY" ULOQOsULGII,VIOtVIOI1,DIFFERENCELOULNTTS
BEFORE THE CALL OF LNG INT SUBTRACT, U AND V MUST
CONTAIN THE LONG INTEGERS TO BE SUBTRACTED(V FROM U)3
AFTER THE CALL, DIFFERENCE CONTAINS THE MULTI=LENGTH
DIFFERENCE U=V3 IF U<V THEN DIFFERENCELG1=0
IS DELIVEREDS U AND V REMAIN UNCHANGED.

PROCEDURES USED : NONE.

REQUIRED CENTRAL MEMORYS

EXECUTION FIELD LENGTH 31 7.

RUNNING TIME
WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE
CD CYBER 73=28 COMPUTERS THE RELATIVE PRECISION OF THE

COBFFICIENTS IS AT MOST ONg OR TWO DIGITS:
«10#UL0] + oN64VI0I + 64,

LANGUAGE &t ALGOL 60,

METHOD AND PERFORMANCE ¢ SEE LNG INT POWER (THIS SECTION).

EXAMPLE OF USE s SEE LNG INT POWER (THIS SECTION).
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SUBSECTION 3 LNG INT MULT,.

CALLING SEQUENCE 3

THE HEADING OF THE PROCEDURE READS:
RPROCEDUREM™ LNG INT MULT(U»VsPRODUCT) 3
WINTEGERM MARRAYM™ U,V,PRODUCTS

THE MEANING OF THE FORMAL PARAMETERS IS:

Us Vs PRODUCT: <ARRAY IDENTIFIER>$
WINTEGER® MARRAY" ULOsULAG]1s VIOVIGIIs

PRODUCTLO2ULOI+VIO]1]3

BEFORE THE CALL OF LNG INT MULT, U AND V MUST
CONTAIN THE LONG INTEGERS TO BE MULTIPLIEDS
AFTER THE CALLs PRODUCT CONTAINS THE MULTI=LENGTH
PRODUCT OF U AND V, WHILE U AND V REMAIN UNCHANGED,

PROCEDURES USED 3 NONE.

REQUIRED CENTRAL MEMORY @

EXECUTION FIELD LENGTH 3 7.

RUNNING TIME 1
WE GIVE A FORMULA FDR THE RUNNING TIME IN MILLISECONDS AN THE
CD CYBER 73=28 COMPUTER3 THE RELATIVE PRECISION OF THE

COEFFICIENTS IS AT MOST ONE OR TWD DIGITSS
«18%ULOT4VINT + 15*%ULG] + 06*VIN] + .46,

LANGUAGE # ALGOL 60,

METHOD AND PERFORMANCE t SEE LNG INT POWER (THIS SECTION).

EXAMPLE OF USE s SEE LNG INT POWER (THIS SECTION},
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SUBSECTION & LNG INT DIVIDE.

CALLING SEQUENCE

THE HEADING OF THE PROCEDURE READS:
UPRAOCEDURE™ LNG INT DIVIDE(UsVsQUOTIENT,REMAINDER)$ "VALUEY Us
WINTEGERY™ MARRAY™ U,V,QUOTIENT, REMAINDERS

THE MEANING OF THE FORMAL PARAMETERS 1S3
UsV.QUOTIENT>REMAINDER: <ARRAY IDENTIFIER>3
MINTEGERY WARRAY®" ULOsULC11, VIOSVIOIDs
QUOTIENTLO:ULO]=VIO0I+1)s REMAINDERCGEVIOI1IS
BEFORE THE CALL OF LNG INT DIVIDE, U MUST CONTAIN THE
DIVIDENDs V THE DIVISOR(V "= 0)3
AFTER THE CALLs THE RESULTS OF THE LONG DIVISION
OF U BY V (TeEe U//7V AND U=U//V) ARE STORED INTO
QUOTIENT AND REMAINDER: U AND V REMAIN UNCHANGED.

PROCEDURES USED @ NONE.

REQUIRED CENTRAL MEMDRY @

11 + UCO] + (IF VIOl=1 OR ULDI<VIO] THEN O ELSE VIQI+l)»

RUNNING TIME s

WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE

CD CYBER 73=~28 COMPUTER3 THE RELATIVE PRECISION OF THE

CNEFFICIFNTS IS AT MOST ONE OR TWO DIGITS:

IF VI0J=1 THEN (.34*%UL0] + ,67) ELSE IF VI[1] >= 5 000 000 THEN
(o 26%DIFF4VIO] + o57#DIFF + L10%VIG] + 1.8)

ELSE (o27*DIFF4VIG] 4 o66%DIFF ¢ o66*VI0] + 2.0)

(HERE DIFF=ULQ]=VIQ141l, I.E. THE NUMBER OF EXECUTIONS

OF THE STATEMENTs, IN WHICH DIVISION OF A (V{01+1)=PLACE

NUMBER BY A VID1=PLACE NUMBER IS PERFORMED),

LANGUAGE t ALGOL 60,
METHOD AND PERFDRMANCE 3 SEE LNG INT POWER (THIS SECTION).

EXAMPLE OF USE 8 SEE LNG INT POWER (THIS SECTION).
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SUBSECTION ¢ LNG INT POWER,

CALLING SEQUENCE 3

THE HEADING OF THE PROCEDURE READS:
WPRNCEDUREM LNG INT POWER(UsEXPONENTsRESULT)S
WYALUE® EXPONENTS WINTEGER®™ EXPOMENT: WINTEGER™ WARRAY™ U,RESULTS

THE MEANING OF THE FORMAL PARAMETERS ISt

EXPONENT: <ARITHMETIC EXPRESSION>3
THE (POSITIVE) POWER TN WHICH THE LONG INTEGER U
WILL BF RAISED: :

Us RESULT® <ARRAY IDENTIFIER>;
WINTEGER™ WARRAY" UCLOsUL0J3» RESULTLOSULOI*EXPONENTIS
BEFORE THE CALL OF LNG INT POWERs U MUST CONTAIN
THE LONG INTEGER WHICH HAS TO BE RAISED TO THE
POWER EXPONENT;
AFTER THE CALL, RESULT CONTAINS THE VALUE OF THE
LONG INTEGER U**EXPONENTS U REMAINS UNCHANGED.

PROCEDURES USED 3
LNG INT MULT = CP31202.

REQUIRED CENTRAL MEMODRY 3

EXECUTION FIELD LENGTH 3 4 + 3 * (ULQ] # EXPONENT + 1).

RUNNING TIME 3

FOR THIS PROCEDURE THE TIME FORMULA IS A COMPLICATED FUNCTION OF
ULOJ» EXPONENT AND THE NUMBER OF ONES IN THE BINARY REPRESENTATION
OF EXPONENT» BUT ROUGHLY THE TIME IS OF THE ORDER 3
(UIOYHEXPONENT )Y %42},

TWO TESTCASES 3

EXPONENT TIME(IN SECe) FOR:

Utgoi=1 utoij=2
20 06 210
48 13 234
100 «68 1.94
360 5,48 1646

ELEY) 16.8 51ed
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LANGUAGE 8 ALGOL A0C.

METHOD AND PERFDRMANCE:

DEFINITIONS

A LONG INTEGER OF LENGTH Ns 0OR AN N=PLACE INTEGER
{N>0) IS ANY NONNEGATIVE INTEGER LESS THAN BASE**Ny
AND GREATER THAN OR EQUAL TO BASE##(N=1), WHERE BASE
IS THE (POSITIVE) RADIX OF THY POSITIONAL NOTATION, IN
WHICH THE INTEGERS ARE EXPRESSED.

ALL FIVE PROCEDURES USE THE BASE 10 000 000s THIS IS THE LARGEST
POWER OF 10, THE SQUARE OF WHICH CAN BE REPRESENTED EXACTLY
ON THE CD CYBER 73=28 COMPUTER. IF ONE WANTS TN USE THE
PROCEDURES WITH ANODTHER VALUE OF THE BASEs SAY R (NOT
NECESSARILY A POWER OF 10)» THEN IN THE SOURCE TEXTS OF THE
PROCEDURES THE NUMBER 1) 00 Q00 HAS TO BE REPLACED BY R

(8 TIMES IN LNG INT ADD»s

2 TIMES IN LNG INT SUBTRACT,

2 TIMES IN LNG INT MULT AND

16 TIMES IN LNG INT DIVIDE).
MOREOVERs IN LNG INT DIVIDE THE NUMBER 9 999 999 HAS TO BE
REPLACED BY THE NUMBER R = l.

IF AT11s AL21s see» ALNI ARE THE N ¥WDIGITS®™ OF THE LONG
INTEGER M OF LEMNGTH N (AL1]1 %= 0)s THEN

ME({oco lAT1IHBASE+AT2I)#BASE4o0 0+ ALN=2I)#BASE+AIN=1])#BASE+ALINT,

ACCORDINGLYs A LONG INTEGER M OF LENGTH N ALWAYS WILL
BE STORED INTO A CORRESPONDING MWINTEGERM™ WARRAY® A,
THE LENGTH N WILL BE STORED INTO THE ARRAY ELEMENT A[01.

FOR THE METHOD OF THE PROCEDURES LNG INT ADDs LNG INT SUBTRACT,
LNG IMT MULT AND LNG INT DIVIDE, SEE [13 PP.229=248]3

PRNOCEDURE LNG INT POWER USES THE BINARY METHOD FOR
EXPONENTIATION (SEE [13 PP»398=4011).

REFERENCESS

[131. DONALD Ees KNUTH,
THE ART OF COMPUTER PROGRAMMINGs VOLUME 2/
SEMINUMERICAL ALGORITHMS,.
ADDISON=WESLEY PUBLISHING COMPANYs 1969,
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EXAMPLE OF

WREGIN®

b

USE?

WPROCEDURE®

npRO
"pRO
"pRO

CEDURE®
CEDURE®
CEDURE®

WPROCEDURE™

WPROCEDUREY

MBEGIN® WINTEGERY I,L; L= A[O]s
QUTPUT(61sM("B6ZDs(B7DIM) N, (ATTI]sIs= 18L))3
OUTPUTLGL,R{n/n) W) J

WEND

" 0OUTs

LNG INT
LNG TINT
LNG INT
LNG INT
LNG INT

ouT(A) 3

(MARCH 1977) PAGE 8

ADD(UsVsSUM) 3 ®CODEW™ 312003 i
SUBTRACT(U,sV,DIFFERENCE)3 “CODE®™ 312013
MULT(U»V,PRODUCT)3 "CODE"™ 312023
DIVIDE(UsV>QUOTIENT,REMAINDER) 3"CODEY 312033
POWER (UJoEXPONENT,RESULT) 3 “CODE® 31204%

WINTEGER® WARRAY® A3

WINTEGER" WARRAY" U,V,R1»R20K312013

Ul01s=53 Urf118=333;
VIOle=23 VI11t=4 4443 VI2]11=4 444 &&43 OUT(V)S

LNG
LNG
LNG
LNG
LNG
WENDW

UL213s=UL3]:=Ul41t=UT5]8=7 §O0 OQ03 OUT(U)S

INT 'ADD(UsV»R1)8 OUT(R1)S

INT SUBTRACT(UsVsR1)3 OUT(RL)S

INT MULT(U»VsR1)s OUT(R1)3

INT DIVIDE(UsV»R1»R2)3 OUT(R1}3 OUT(R2)3
INT POWER({Vs55R1)3 OUT(R1)

DELIVERS:

333
4446
333

333
1483111
750825
734
17341

7800000
44b4644
7000000
7000000
1114073
0001650
G700700
5299149

70006000

7000000
7000000
9114221
0826575

6553709

7036000 TOCO000
7004445 1444444

6995556 2555556
9114221 9111114 80000G0

6327185 8964586 9972395 8069589 6628224
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SOURCE TEXT(S)s

BCODEY 312003

MPROCEDURE®™ LNG INT ADD(UsV,SUM)3 MINTEGERW®ARRAYM U, VsSUM3

WREGINYAINTEGER™ LUsLVsDIFFsCARRY,IsToMAXS
LUs=UL0Js LVe=sVIOTs
CNIFY LU >a LV WTHEN®
WREGIN® MAXt=iLls: DIFFt=LU = LV + 13 CARRY:=03
WEOR® Ts=LU RSTEPW =1 MWUNTIL®™ DIFF wDOn
WBEGIN® T3=ULI] + VII=DIFF+11 + CARRY:
CARRY:s="TIF" T<1i 000 000 "THENM Q0 WELSE®
SUMIIls=T = CARRY * 10 000 000
HENDW ‘
WFORY T:=DIFF = 1 WSTEP" «1 WUNTIL® 1 wpQw
UBEGIN® TesULI1 + CARRY3
CARRY1=WIFW T<10 000 000 MTHEN® ¢ WELSE®
SUMEIl:=T = CARRY * 10 OK0 Q00
HENDW
HENDW WELSE®
WBEGIN® MAXs=LVY; DIFFsalV = LU + 13 CARRY:«(03
HFOR® Is=LV ®STEP"™ =1 WUNTILY DIFF npO®
MBEGIN® Ts=V[I] 4+ UCI=~DIFF+1]1 + CARRYS
CARRYs=MIFM T<L{ 30 00O WTHEN® 0 WELSEW
SUMEIJs=T = CARRY % 10 000 000
BENDWS
WEORM Jt=wDIFF = 1 WSTEP® =1 ®UNTIL® 1 npgw
UREGINY T:=aVII] + CARRYS
CARRYs=WIFR T<10 000 000 "THENY (Q WELSE®
SUMEI1s=T = CARRY * 14 0i30 0090
HENDY
WENDMS
WIF® CARRY=] MTHENN
"BEGIN® WFORW JssMAX WSTEP® =1 WUNTIL® 1 wpn®
SUM[I+118=SUMIII; SUMC1ls=13 MAXSt=MAX ¢ 1
WEND™S
SUMLOTs=MAX
WEND® LNG INT ADDs3
WEQPW

i3

13

13

13

PAGE 9
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WCODE"™ 312013
WPROCEDURE®™ LNG INT SUBTRACT(UsV,DIFFERENCE)3
NINTEGERMWHARRAYY Uos Vs DIFFERENCES
WBEGINWMINTEGERM LUsLVsDIFF,I»T»JsCARRYS
LUs=UCL0]s LVs=V[O]s
WIFM LUSLV "ORM LUsLV WAND® UL11<VL1] ®THEN® DIFFERENCEL0]3=0 ®ELSE®
WBEGIN® DIFF:=LlU - LV + 1; CARRY:={3
WEOR® Ts=Ll WSTEPM =] WUNTIL® DIFF nDO®
WBEGIN® T:=U[I] = V[I=~DIFF+1] + CARRY3
CARRYtaWIFM T<( WTHEN® <1 WELSE® 03
DIFFERENCELIJs=T = CARRY #* 10 000 000
NENDY3
WFOR" Y3=DIFF = 1 WSTEP® «1:®UNTIL® 1 "DO®
"BEGINY TesULI1 + CARRYSs CARRYt=sWIF" T<@ MTHEN® =1 WELSE™ O3
DIFFERENCELIIt=T = CARRY * 10 000 000
WENDW;
WIF?® CARRYm=] WTHENW
UBEGIN® DIFFERENCE[Q]:=03 "GOTOW READY MENDW;
Tredy Je=lU3
WFOR® Tt=J+1 "WHILEW DIFFERENCE[I1s=Q ®AND" J>1 ¥DOW Ji=J=13
DIFFERENCE[OT3=J3
WIFN J<LU WTHEN®
WEORY Tg=1 WSTEPW 1 MUNTIL" J ™DOW
DIFFERENCETIT:taDIFFERENCE[LU+I=J]
WENDY S
READYS
UEND™ LNG INT SUBTRACT:
wEQPH

HCODEM 3121023
WPRACEDURE™ LNG INT MULT{U»VoPRODUCT)S
NINTEGERMMARRAY® Us V5 PRODUCTS
WREGINWNINTEGERY LUsLVsLUV»IsJsCARRY, TS
LUs=Uf0Js LVe=VLOJs LUVesLU + LV
WEOR® JTe=lLU + 1 WSTEPW 1 WUNTIL®™ LUV "DO® PRODUCTLII:=03
HEOR® JtelU WSTEP®" =1 MUNTIL® 1 wDpO®
HBEGIN® CARRYt=03
NEORY TI3alV WSTEPY =] WUNTIL® 1 ®DpOW
NREGIN® Te=ULJ] * VY[I] + PRODUCTLJ+I1 + CARRY}
CARRY$=T//10 000 0003 PRODUCTCLJ+I18=T = CARRY #* 10 {00 000
WENDMs PRODUCTLJIs=CARRY
HENDMS
RIF® PRODUCTL11=0 WTHEN®
WBEGIN® WFOR® Js=2 WSTEPH 1 WUNTIL® LUV wDOW
PRODUCTLI=~113=PRODUCTILIIs LUViI=LUYV = 1
RENDMS PRODUCTIOJIt=LUV
WEND® LNG INT MULTs
"EDP"
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“CODE" 312032

WPROCEDUREM™ LNG INT DIVIDE{U»>VsQUOTIENT,REMAINDER)® "VALUE™ U

AINTEGERWHARRAY™ UsV,QUOTIENTsREMAINDERS

WBEGINWMINTEGER™ LUsLVsV1sDIFF,I1sToSCALESD»QLlsJsCARRYS
LUs=UL0Ts LVs=VIOls Vis=V{11l3 DIFFs=slU = LV3

WIFM LV=sl WTHEN®
WBEGIN® CARRY:=;
WEOR® Is=l WSTEPM 1 MUNTILY LU ®DOW®
MBEGIN® T:=CARRY * 10 000 000 + ULIls QUOTIENTILIIt=T//V1s
CARRYs=T = QUAOTIENTLI] * V1
MEND®3 REMAINDER[OJt=13 REMAINDER[1]8=CARRYS
MIF" QUOTIENTI11=0 WTHEN®
WREGIN® WFNRM T:=2 HMSTEPM 1 MUNTIL® LU wDnOw
QUOTIENTII=13s=QUONTIENTIITS
QUOTIENTIL(]s=LU = (MIFM LU=1 WTHEN® 0 WELSE® 1)
UEND® WELSE®™ QUOTIENTLQls=LU
WENDP LVs=1
HELSE®

WIFY LUSLV #THEN®
"BEGIN" QUOTIENTCOY$=13 QUOTIENTL113=03

NFQRM I3s0 WSTEP® 1 MUNTIL™ LU "DO" REMAINDERLIVs=ULI]
MENDM LU<LY
"ELSEW

HBEGINWWINTEGER"MWARRAY® ALO:LVIs
SCALE:=1Q 000 000//(V1+1)s
WIFY SCALE>1 NTHEN®
UBEGINWHNCOMMENT® NORMALIZE U3 CARRYt=03
WEQRM Is=lU WSTEP® =] WUNTIL®™ 1 "DOW
WBEGIN® TeaSCALE * ULI1 + CARRY3 CARRY:=T//10 000 0003
ULTI1:sT = CARRY * 10 000 00€O
WENDM™; UL013=CARRYS
NCOMMENT® NORMALIZE V3 CARRY:=(Q3
BFORN TrelV WSTEP®W 1 MUNTIL® 1 #pOW
WREGINY T:=SCALE % VILI] 4 CARRY: CARRY:=T//10 OO0 0003
VEIls=T = CARRY #% 10 000 0020
WEND®S ViiseV[1l]
WEND" NORMALTIZATION
WELSE® UL0Js=03 WCOMMENTY
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H

WCOMMENT® COMPUTE QUOTIENT AND REMAINDER3
NEORM Tisf WSTEPM 1 WUNTIL® DIFF #DQO®
WBEGIN" De:=ULI] #% 10 000 000 + UCI+11:
Qlz="IF" ULI1=sV1l WTHEN® 9 999 Q0Q WELSE® D//V13
WIF® V[2] * Q1 > (D=Ql#V1) * 10 040 OO0 + ULI+2]1 WTHEN®
WBEGIN® QlsmQl = 13
WIF® V[21#%01>(D=Q1#V1)#*10 000 O000+ULI+2] ¥THEN®" Ql:=Ql=1
WENDW3

HCOMMENT® ULIsT4+LVIt=ULTsI+LV] = Q1 % VI1sLVI1s

CARRY:=D3 ,

WEORM Js=mlV MSTEPM =] MWUNTIL" 1 "DOY

WBEGINY T2=Ql # VLJY + CARRY3 CARRY3=T//10 40O 0003
ACJl3=T = CARRY * 10 C0C 000

WENDW; AC31s=CARRYS

CARRYt =08

MEORM JislV NSTEPH =) #UNTIL® O #DOY

NREGIN® TsaULI+J] = ACJ] + CARRY; CARRY:="IFW T<g NTHENY =1
MELSE® 03 UTI+J1t=T = CARRY * 10 000 00O

HENDWS

MCOMMENT® IF CARRY==] THEN Q1 IS ONE TDO LARGE,
AND V MUST BE ADDED BACK TO UCLItI+LVI3
WIFN CARRYswl WTHEN®
MBEGINM Ql:=Ql = 15 CARRY:=(;
WEOR® JtwlV WSTEP™ =1 MUNTIL® 1 "pQw
WBEGIN® TieULI+J] + V[J1 + CARRY3 CARRY#=WIFW T<10 000 000
WTHEN® O WELSE® 13 UCI+J1teT = CARRY % 10 000 000
nENDW
WEND"3 QUNTIENTCIJi=01
NENDM 13

WCOMMENTY CORRECT STORAGE OF QUOTIENTS

WIFM QUAOTIENTLO1 "= O WTHEN®

WBEGIN" ®FORW I:=DIFF WSTEPY =1 WUNTIL® O %DOW
QUOTIENTI{I+11:=QUOTIENTII1; QUOTIENTIG)s=DIFF + 1

WENDR Mg SEN

WIF® QUOTIENTI11 "= 0 MWTHEN® QUOTIENTLO)s=DIFF WELSEW®

MBEGIN® WFOR® Is=1 WSTEPM™ 1 MUNTIL" DIFF = 1 "DO"
QUOTIENTLI1s=QUOTIENTII+11s QUOTIENTIOIt=DIFF =~ 1

WENDWS WCOMMENT®
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WCOMMENT® REMAINDER $s U[LDIFF+1:3LUI/Z/SCALE:

WIF® SCALE>1 MTHEN®

ARBEGIN™ CARRY:=03
WFORY I3=1 HSTEP®™ 1 WUNTIL® LV ®DO®
WBEGIN® T:=CARRY * 10 0009 00 + ULDIFF+Il;

REMAINDERLITs=T//SCALEs CARRY$=sT = REMAINDERII] # SCALE

HEND®

NENDT NELSEW

MEORM Ts=1 WSTEPW 1 WUNTIL®™ LV #DOY REMAINDER[IJs=ULDIFF+I1s

WCOMMENTY CORRECT STORAGE 0OF REMAINDER3

T3=i0s Je=LV3

WEORY Jaal+]l WWHILE® REMAINDER[II=(G "AND™ J>1 %DOW Jta=j=ls
REMAINDERIOYI2 =]

WIFW J<LV UTHEN®

BEOR® Tem] WSTEPW 1 ®WUNTIL®™ J wpon
REMAINDERTITt=REMAINDERILY ¢ I = J13%

WCOMMENT® UNNORMALIZE THE DIVISOR V3

NIFN SCALE>1 WTHEN®

"BEGIN® CARRY:=03
WEQRM 1=l WSTEP® 1 WUNTIL® LV mpgm
"BEGIN®™ TisCARRY # 10 000 000 + VLT3

VEI1t=T//SCALE; CARRYtaT = V[I1 * SCALE

"END"

WEND Y

nENDW
MEND® LNG INT DIVIDE;

nEQPN

WCOOE®™ 312043
WPRNCEDURE®N LNG INT POWER(USEXPONENTSRESULT)S
WVALUE® EXPONENTS WINTEGER™ EXPONENTs WINTEGER®WWARRAY®™ U, RESULT:;
NBEGINWWINTEGER® MAX»IsN;
WPROCEDURE™ LNG INT MULT(U,V,PRODUCT)3 WCODE® 312023
MAX8=sUL0) % EXPANENTS
WBEGINWHNINTEGERMMARRAY®W Y,Z,HIOtMAX]:
WCOMMENTY Yisl, Zi=lU;
YIOlssY[1le=ls
REOR® I8=UL0] WSTEPW =1 WUNTIL" O WDO®W Z[{I1s=ULI13
HALVE: N:t=EXPONENT//2; MIF" N4N=EXPONENT ®THEN® ®GOTO"™ SQUARE 7%
LNG INT MULT(Y»ZsH)s
WEOR™ T:=mHL(GY WSTEP® =1 WUNTIL®™ & "DOY™ YLIlt=HIIIs;
WIFM Na) WTHENY WGOTO" READY:
SQUARE Z3 LNG INT MULT(ZsZsH)}
WFORM T3=H{OG] WSTEPH =) WUNTIL"™ O "DO® ZUIJ3=HIIIs
EXPONENT:=N; WGOTOWHALVE;
READY? WFOR® Ig=Y[OT "STEP® =1 WUNTIL® O ®DDO"™ RESULTLIIs=Y[I}
HEND®
RENDY LNG INT POWER;
ngOPH

13
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AUTHORSt DoToWINTER{A=DsF=I)s TeJsDEKKER(EsJ)
CONTRIBUTOR: JoKOOPMAN(ESJ)

INSTITUTES® MATHEMATICAL CeENTRE,UNIVERSITY OF AMSTERDAM,
RECEIVEDs 770328

RRIEF DESCRIPTION:

THIS SECTION CONTAINS PROCEDURES FOR THE ELEMENTARY OPERATINNS IN
DOUBLE PRECISINN ARITHMETIC.

Ao DPADD ADDS TWO SINGLE PRECISION NUMBERS TO A DOUBLE PRECISINN
SUM.

Be DPSUB SUBTRACTS TWO SINGLE PRECISION NUMBERS TO A DOUBLE
PRECISION DIFFERENCE.

Co DPMUL MULTIPLIES TWO SINGLE PRECISION NUMBERS T0 A
DOUBLE PRECISION PRODUCT.

De DPDIV DIVINES TWO SINGLE PRECISION NUMBERS TO A DOUBLE

. PRFCISION QUOTIENT.

Eo DPPOW COMPUTES A##EXPON IN DOUBLE PRECISIONsWHERE
A IS A SINGLE PRECISION REAL NUMBER AND EXPOMN THE
INTEGER EXPONENTe

Feo LNGADD ADDS TWO DOUBLE PRECISION NUMBERS,

Geo LNGSUB SUBTRACTS TWO DOUBLE PRECISION NUMBERS.

Ho LNGMUL MULTIPLIES TWN DOUBLE PRECISION NUMBERS,

I. LNGDIV DIVIDES TwO DOUBLE PRECISION NUMBERS,

Jo LNGPOW COMPUTES (AsAA)**EXPON IN DOUBLE PRECISION, WHERE
(AsAA) IS A DOUBLE PRECISION REAL NUMBER AND EXPON
THE INTEGER EXPONENT,

KEYWORDS 8
DOUBLE PRECISION ARITHMETIC

EXPONENTIATINN.

LANGUAGE® COMPASS{A=D,sF=TI)5ALGOL 60(E»J)
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METHDD AND PERFNRMANCES

THE PROCEDURES A=D,F=]I USE THE HARDWARE FUNCTIONS FOR DNUBLE

PRECISINN THAT AREZ AVAILIBLE ON THE CYBERe

THE PROCFDURES LNG ADDs LNG SUB, LNG MUL AND LNG DIV CHECK THE

INPUT PARAMETERS (AsAA) AND (ByBB) FOR CORRECTNESS. A HEAD/TAIL

PAIR IS A CORRECT DOUBLE PRECISION PARAMETER IN THE FOLLOWING

CASES?s

A) THE TAIL IS ZEROD3

B) THE EXPONENT IN THE BINARY REPRESENTATION OF THE TAIL IS 48
LESS THAN THE EXPONENT OF THE HEAD.

AN QUTPUT PARAMETER OF TMESE PROCEDURES ALWAYS IS A CORRECT DOUBLE

PRECISION NUMBER, IF AN INPUT PARAMETER IS NOT CORRECTs THE ERROR

HESSAGE "DP PARAMETER TAIL ERROR™ WILL BE ISSUED.

BOTH PROCEDURES E AND J MAKE USE OF THE BINARY REPRESENTATIONM NF
THE INTEGER EXPONENT., IF X DENOTES THE NUMBER THAT IS TO BE
EXPONENTIATEDs THE PROCEDURES E AND J RUN AS FOLLOWSS

THE SEQUENCE X» X#%2, X#ké4,X*%Bs0ee IS FORMED WHILE

SIMULTANEOQUSLY THE BINARY REPRESENTATION OF THE EXPONENT

IS CHECKED; WHEN THE I=TH DIGIT EQUALS ONE»THE FACTOR

Xk {2%%{J=1)) IS TAKEN INTO ACCOUNT,.

EXAMPLE OF USE:s

SEE THE PROCEDURE LNGREATODECI (SECTION 1la5.3)e
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SUBSECTION: DP ADD
CALLING SEQUENCES

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:
WPROCEDURE® DP ADD(As B» C» CC):

NYALUE™ A, B3 MREAL®™ A, Bs C» CC3

WCODE™ 311013

THF MEANING OF THE FORMAL PARAMETERS ISt
AsB: <ARITHMETIC EXPRESSIONS>3
THE OPERANDS3
CsCCs <REAL VARIABLES>; :
THE HEAD AND TAIL OF THE DDUBLE PRECISION RESULT OF A+¢B.

SUBSECTION: DP SUB
CALLING SEQUENCEs

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?:
WPRACEDURE® DP SUB(As By C» CC)3

WYALUE®™ As Bgs MREAL® A, B» C» CCs

#CODEY 311023

THE MEANING 0OF THE FORMAL PARAMETERS ISt
AsBt <ARITHMETIC EXPRESSIONS>S
THE OPERANDSS
CsCC3s <REAL VARIABLES>;
THE HEAD AND TAIL OF THE DDUBLE PRECISION RESULT OF A=B,.

SUBSECTION: DP MUL
CALLING SEQUENCE:s

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?
WPROCEDURE® DP MUL{A» By Cs» CC)s

WVALUE® A, Bs WREALW A, By, C» CCs

WCODE® 311033

THE MEANING DF THE FORMAL PARAMETERS IS3
ApBt <ARITHMETIC EXPRESSIONS>3
THE OPERANDS3s
CsCCt <REAL VARIABLES?>;
THE HEAD AND TAIL OF THE DOUBLE PRECISION RESULT OF A#B,
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SUBSECTION: DP DIV
CALLING SEQUENCES

THE DECLARATION QOF THE PROCEDURE IN THE CALLING PROGRAM READS:
"PROCEDURE® DP DIV(A, Bs C» CC)3

WYALUE® A, B3 WREALY™ Ay, Bs C» CC3

NCODEM" 311043

THE MEANING OF THE FORMAL PARAMETERS IS:
AsBs <ARITHMETIC EXPRESSIONS>3
THE OPERANDS
C>CCt <REAL VARIABLES>: i
THE HEAD AND TAIL OF THE DDUBLE PRECISION RESULT OF A/B,

SURSECTIONS: DP POW.
CALLING SEQUENCEs

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:?
WPRNOCENURENDP POW(A HSEXPON »C +CC )3
BVALUE®AEXPNNSNINTEGERWEXPONS"REAL"A,C5CC

"CDDE"BIIOQ:

THE MEANING OF THE FORMAL PARAMETERS IS
8 CARTITHMETIC EXPRESSION>s

THE NUMBER THAT IS TO BE EXPONENTIATED:
EXPON 8 <ARITHMETIC EXPRESSION>;

THE (INTEGER) POWER TD WHICH A WILL BE RAISED3
C » CC 1 <REAL VARIABLES>s

EXITs THE HEAD (C) AND TAIL (CC) OF THE DOUBLE

PRECISION RESULT A**EXPON,

PROCEDURES USED:3

LNG POW = CP31110.

RUNNING TIME:

ROUGHLY PROPORTIONAL TO LN(EXPON),
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SURSECTIONS LNG ADD
CALLIMNG SEQUENCE:

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?
MPRNCEDURE™ LNG ADD(As AA, Bs BB, C» CC)s

NYALUE® A, AA, By BR3 MREAL™ A, AAs, By, BBy, C, CCs

"CODE™ 311058

THE MEANING OF THE FORMAL PARAMETERS I35t
AsAApBsBB: <ARTITHMETIC EXPRESSIONS>:

THE HEADS (A AND B) AND THE TAILS (AA AND BB) OF THE OPERANDSS
CsCCt <RFAL VARIABLES>3 :

THE HEAD AND TAIL OF THE RESULT (A»AA)+(B,BB).

SURSECTION: LNG SUB
CALLING SFQUENCE:

THE DECLARATION OF THE PROCEDNURE IN THE CALLING PROGRAM READNS:
WPROCEDUREM™ NG SUR{A, AAs By BBy, Cs» CC)H3
NVALUE® A, AAs, B, BB3 "REAL™ A, AAy, By, BBy Cs CC3
HCONE® 311063
THE MEANING NF THE FORMAL PARAMETERS ISt
As AAsBsBB3 CARITHMETIC EXPRESSIONS>s
THE HEADS (A AND B) AND THE TAILS (AA AND BB) 0OF THE NPERANDS:
CsCCs <REAL VARIABLES?>:
THE HFAD AND TAIL DF THE RESULT (AsAA)=(BsBB).

SUBSECTIONS LNG MUL
CALLING SEQUENCF3

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROUOGRAM READS:
PPRICEDUREN LNG MUL{A, AAs Bs BBy C» CC)s

NVALUE® As AAs, B, BBs WREAL™ A, AAs, By, 8By, C, CC3

WCODEM 311073

THE MEANING NF THE FORMAL PARAMETERS ISt
AsAAsBsBRBs <ARITHMETIC EXPRESSIONS>g

THE HEADS (A AND B) AND THE TAILS (AA AND BB) OF THE DPERANDSS
CsCCt <REAL VARIABLES>;

THE HEAD AND TAIL OF THE RESULT (AsAA}*(BsBBJoe
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SUBSECTION: LNG DIV
CALLING SEQUENCE:

THE DECLARATINN OF THE PROCEDURE IN THE CALLING PROGRAM READS?
WPROCEDURE® LNG DIV(A, AA, B» BB, C» CC)3;

WVALUE" A, AA, B, BBs ™REAL™ A» AAs B, BBy Cs CC3

WCNDEW 311083

THe MEANING OF THE FORMAL PARAMETERS IS:
ApAApRyRB: <ARITHMETIC EXPRESSIONS>3

THE HEADS (A AND B) AND THE TAILS (AA AND BB) OF THE DOPERANDS3
CsCCt <REAL VARIABLES?>; :

THE HEAD AND TAIL OF THE RESULT (A»AA)/(B5BB)o

SUBSECTINNS LNG POV,
CALLING SEQUENCE:

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:
"PROCEDUREMLNG POW(A »AA HLEXPON »C »CC )3 -

WYALUEMA, AAsEXPONSWINTEGERMEXPONS"REAL ™A, AA,C5CC

#CODE™311103

THE MEANING OF THE FORMAL PARAMETERS IS:
As AA 8 <ARITHMETIC EXPRESSIONS>3
THE HEAD (A) AND TAIL (AA) OF THE NUMBER THAT
IS TO BE EXPONENTIATED:
EXPON ¢ <ARITHMETIC EXPRESSION>:
THE CINTEGER) POWER TO WHICH (A,AA) WILL BE RAISED3
CsCC t <REAL VARIABLES>3
EXIT: THE HEAD (C) AND TAIL (CC) OF THE DOUBLE
PRECISION RESULT (AsAA)**EXPON,

PROCEDURES USED:
LNG MUL = CP311407.
LNG DIV = CP31108,
RUNNING TIME:

ROUGHLY PROPORTINNAL TO LN(EXPON).
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SOURCE TEXT(S)s

ALL PROCEDURES» EXCEPT POW AND LNG POWs ARE WRITTEN IN COMPASS, IT IS
NOT POSSIBLE TO SIMULATE THESE PROCEDURES IN ALGOL 60, SO ONLY THE TEXT
IS GIVEN FOR POW AND LNG POWe

WCODEM31109s
NPROCEDUREYDP POW(ASEXPUON,C»CC)s
MYALUEMALEXPONSHINTEGERMEXPONSWREALMAL,CHCC3
WREGINWMPROCEDUREWLNG POM(A»AASEXPON,C»CC)$"CODE"31114s
LNG POW(AsO0sEXPNN,C»CC)
WEND® DP POWS
wegopw

#"CODEY31110¢
WPROCEDUREMLNG POW(A» AA»EXPONSCsCC) 3
HYALUEMAS AASEXPONSWINTEGERMEXPONS "REALMA» AA,C»CC3
WREGINWNINTEGER"OLDEX osNEWEX3"REALYD DD
HPROCEDUREMLNG MUL(A»AA»BsBB,C,CC)3SWCNDEM31107s
HPROCEDUREMWLNG DIVIAsAA»BsBB»C»CC)3WCODE®311083
DisAsDDt=AASCss13CCs=d s NEWEX t=ABS{EXPON)S
WEARNOLDEX s sNEWE X PWHILEYNEWE X =g nDOW
WBEGINTNEWEXt=s0OLDEX/ /23
NIFUNEWEX+NEWEX*=0LDEX
NPTHEN®LNG MUL{(C»CCsDsDDsC»CC)s
HIFUNEWEX " =0
HWTHENWLNG MUL(D,DDsDsDDs»D»DD)
NENDYS
NWIFNEXPONSOWTHENMLNG DIV(1505C»CCsCs»CC)
WEND® LNG POWS
ngapn
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AUTHORS S Jo WOLLESWINKEL AND De WINTER.

CONTRIBUTORS Ja

Ce Po BUS,

INSTITUTE: MATHEMATICAL CENTRE

RECEIVED: 750501,

BRIEF DESCRIPTION:

THIS SECTION CONTAINS FOURTEEN PROCEDURES FNR CALCULATINGs WITH
DUNBLE LENGTH ARITHMETIC, THE (SCALAR) PRODUCTS OF SINGLE LENGTH

VECTORS AND
LNGVECVEC:

LNGMATVECS
LNGTAMVEC:
LNGMATMAT:

LNGTAMMAT:
LNGMATTAM:

LNGSEQVECs

LNGSCAPRDY:

MATRICES

CALCULATES THE SCALAR PRODUCT OF TwO VECTORS GIVEN IN
ONE=D IMENSIONAL ARRAYS3:

CALCULATES THE SCALAR PRODUCT OF A VECTOR GIVEN 1IN A
ONE«DIMENSIONAL ARRAY AND A ROW OF A MATRIX GIVEN IN A
TWO DIMENSIONAL ARRAY;

CALCULATES THE SCALAR PRODUCT OF A VECTOR GIVEN 1IN A
NNE=DIMENSIONAL ARRAY AND A COLUMN OF A MATRIX GIVEN IN
A  TWO=DIMENSIONAL ARRAY3:

CALCULATES THE SCALAR PRODUCT OF A ROW OF A MATRIX AND
A COLUMN OF ANOTHER MATRIXs, WHICH ARE BOTH GIVEN IN
TWO=DIMENSIONAL ARRAYSS

CALCULATES THE SCALAR PRODUCT OF COLUMNS OF MATRICES»
WHICH ARE BOTH GIVEN IN TwO=DIMENSIONAL ARRAYS3
CALCULATES THE SCALAR PRODUCT OF ROWS OF MATRICES,
WHICH ARE BOTH GIVEN IN TWO=-DIMENSIONAL ARRAYS:
CALCULATES THE SCALAR PRODUCT OF TWOD VECTORS GIVEN IN
ONE=DIMENSIONAL ARRAYS» WHERE THE MUTUAL SPACINGS
BETWEEN THE INDICES OF THE FIRST VECTOR CHANGE
LINEARLYS

CALCULATES THE SCALAR PRODUCT OF TWO VECTORS GIVEN IN
ONE=DIMENSIONAL ARRAYS, WHERE THE SPACINGS 0OF BRAOTH
VECTORS ARE CONSTANTS

LNGSYMMATVECs CALCULATES THE SCALAR PRODUCT OF A VECTOR GIVEN IN A

ONE=DIMENSIONAL ARRAY AND A ROW OF A SYMMETRIC MATRIX,
WHOSE UPPER TRIANGLE IS STORED COLUMN=WISE IN A ONE-
DIMENSIONAL ARRAYS

THE ABOVE PRNCEDURES HAVE THE POSSIBILITY OF ADDING A DOUBLE LENGTH
SCALAR TO THE CALCULATED SCALAR PRODUCT:



SECTION t 1.5.2 {JANUARY 1976) PAGE 2

LNGFULMATVECs CALCULATES THE VECTDR A * B, WHERE A IS A GIVEN
MATRIX AND B IS A VECTOR: .

LNGFULTAMVECt CALCULATES THE VECTOR A* * By WHERE A" IS THE
TRANSPOSED OF THE MATRIX A AND B IS A VECTORS

LNGFULSYMMATVEC: CALCULATES THE VECTOR A * B, WHERE A IS A
SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS STORED
COLUMNWISE IN A ONE=DIMENSIONAL ARRAY, AND B IS A
VECTORS

LNGRESVECs CALCULATES THE RESIDUAL VECTOR A *# B + X * Cs WHERE A
IS A GIVEN MATRIXs B AND C ARE VECTORS AND X IS A
SCALAR: .

LNGSYMRESVECs CALCULATES THE RESIDUAL VECTOR A ®* B + X #* C», WHERE A
IS A SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS STORED
COLUMNWISE IN A ONE=DIMENSIONAL ARRAY, B AND C ARE
VECTORS AND» X IS A SCALAR.

IN THIS SECTION (X» XX) DENOTES A DOUBLE=LENGTH NUMBER WITH HEAD X

AND TAIL XX (SEE METHOD AND PERFORMANCE).

KEYWORDS ¢

ELEMENTARY OPERATIONS,
VECTOR OPERATIONS,

SCALAR PRODUCTS»
DOUBLE=LENGTH ARITHMETIC,
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SUBSECTION: LNGVECVEC.

CALLING SEQUENCES

THE HEADING OF THE PROCEDURE READSt

HPROCEDUREY LNGVECVEC(L, U, SHIFTs As Bs C» CCs» Ds DD)3
NVALUE" Ls Us SHIFTs C» CC3 WINTEGER® Ls Us SHIFT:
WREAL® C» CC» D» DDs MARRAY®™ A, B3

NCODEN 344103

THE MEANING 0OF THE FORMAL PARAMETERS ISt

L <ARITHMETIC EXPRESSION>3
THE LOWER BOUND OF THE RUNNING SUBSCRIPTS
Us <ARITHMETIC EXPRESSION>;

THE UPPER BOUND OF THE RUNNING SUBSCRIPTS
SHIFTt <ARITHMETIC EXPRESSION>j
THE INDEX=~SHIFTING PARAMETER OF THE VECTOR GIVEN IN B

At <ARRAY IDENTIFIER>;
ONE OF THE VECTORS SHOULD BE GIVEN IN ARRAY ACLUJNs
Bt <ARRAY IDENTIFIER>3

THE OTHER VECTOR SHOULD BE GIVEN IN ARRAY
BLL + SHIFT 8 U + SHIFTI:

Csr CCs  <ARITHMETIC EXPRESSION>

! THE HEAD AND TAIL OF THE DOUBLE=LENGTH SCALAR THAT HAS TN
BE ADDED TO THE CALCULATED SCALAR PRODUCTs IF CC IS NOT A
TAIL T C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE); ,

Ds DD8 <REAL VARIABLE?>S
EXITe THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH

RESULT.

DATA AND RESULTS:
{Ds DD)t= (C» CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN 1IN

THE ARRAYS ATL8U) AND BIL + SHIFT ¢ U + SHIFTI,

LANGUAGE COMPASS.
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SUBSECTIONS LNGMATVEC.

CALLING SEQUENCE?®

THE YFADING OF THE PROCEDURE READS:

WPROCEDURE™ LNGMATVEC(L», Us I» As Bs C» CCy» D» DD):
WVALUE" Lo Us I» C» CC3 MINTEGER™ L, Uy I

WREAL®™ C» CCs Ds DD3 WARRAY®™ A, B3

RCODEY 344113

THE MEANING NF THE FORMAL PARAHETERS ISs

L <ARITHMETIC EXPRESSION>s
THE LOWER BOUND OF THE RUNNING SURSCRIPTS
Us <ARITHMETIC EXPRESSION>;
THE UPPER BOUND OF THE RUNNING SUBSCRIPT:
T <ARITHMETIC EXPRESSION>3
THE INDEX OF THE ROW=VECTOR GIVEN IN ARRAY Aj
Az <ARRAY IDENTIFIER>;
THE ROW=VECTOR SHOULD BE GIVEN IN ARRAY A[IsI, L3UJs
B¢ CARRAY IDENTIFIER>S

THE VECTOR SHOULD BE GIVEN IN ARRAY BIL:UIls

C» CCt <ARITHMETIC EXPRESSION>;
THE HEAD AND TAIL OF THE DOUBLE=LENGTH SCALAR THAT HAS TO
BE ADDED TO THE CALCULATED SCALAR PRODUCTs IF CC IS NOT A
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHND
AND PERFORMANCE)S

Ds DDs <REAL VARIABLE>;
EXITs THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH

RESULT,.

DATA AND RESULTS:
(D> DD)t= (C» CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN 1IN

THE ARRAYS ATIsIs L3U] AND BELLsU],

LANGUAGE: COMPASS .
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SUBSECTION: LNGTAMVEC,

CALLING SEQUENCES

THE HEADING OF THE PROCEDURE READS?t

WPROCEDUREW LNGTAMVEC(L, Us I» A» By C» CCs Ds» DD
PYALUE" Ls Us Is C» CC3 MWINTEGER®" L, Us I

WREALY Cs CCs D» DD3 WARRAY® A, B3

WCODE™ 344123

THE MEANING OF THE FORMAL PARAMETERS ISt

(] CARITHMETIC EXPRESSINN>3
THE LOWER BOUND OF THE RUNNING SUBSCRIPTS
Us <ARITHMETIC EXPRESSION>;
THE UPPER BOUND OF THE RUNNING SUBSCRIPTS
It <ARITHMETIC EXPRESSION>$
THE INDEX OF THE COLUMN=VECTOR GIVEN IN ARRAY A
Al <ARRAY IDENTIFIER>;
THE COLUMN=VECTOR SHOULD BE GIVEN IN ARRAY AfL:U, I3IJs
Bt <ARRAY IDENTIFIER>3

THE VECTOR SHOULD BE GIVEN IN ARRAY BLL:U];

Cs CC3 <ARITHMETIC EXPRESSION>:
THE HEAD AND TAIL OF THE DOUBLE«LENGTH SCALAR THAT HAS TO
BE ADDED TOD THE CALCULATED SCALAR PRODUCTs IF CC IS NOT A
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE)

Dy DD3 <REAL VARIABLE?>:;
EXIT: THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH

RESULT.

DATA AND RESULTS:
(Ds DD)t= (Cs CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN 1IN

THE ARRAYS AfLsU, I$I1 AND BILsUI,

LANGUAGE COMPASS.
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SUBSECTION: LNGMATMAT.

CALLING SEQUENCES

THE HEADING OF THE PROCEDURE READS:

HWPROCEDURE® LNGMATMAT(L, U, I» Js A Bs Cs CCs Ds DD)3
WYALUEY Ly, Us Is Js Cs CC3 WINTEGER™ L, U, I, J3
MREAL"™ C» CC» D» DD3 WARRAYH® A, B3

WCODEY 344133

THE MEANING DOF THE FORMAL PARAMETERS ISs

L <ARITHMETIC EXPRESSION>3

THE LOWER BOUND OF THE RUNNING SUBSCRIPT;
Us <ARITHMETIC EXPRESSION>;

THE UPPER BOUND OF THE RUNNING SUBSCRIPTS
I <ARITHMETIC EXPRESSION>g

THE INDEX OF THE ROW=VECTOR GIVEN IN ARRAY As
Js <ARITHMETIC EXPRESSION>3

THE INDEX OF THE COLUMN=VECTOR GIVEN IN ARRAY B3
As <ARRAY IDENTIFIER>3

THE ROW=VECTOR SHOULD BE GIVEN IN ARRAY ALI:I, L3UJs
Bt <ARRAY IDENTIFIER>3

THE COLUMN=VECTOR SHOULD BE GIVEN IN ARRAY BILtUs, JtJ13

Cs CC3: <ARITHMETIC EXPRESSION>3
THE HEAD AND TAIL OF THE DOUBLE=LENGTH SCALAR THAT HAS TO
BE ADDED TD THE CALCULATED SCALAR PRODUCT: IF CC IS NOT A
TATIL 7O C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE)3

D, DDs <REAL VARIABLE>;
EXIT: THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH

RESULT,

DATA AND RESULTSS
(Ds DD)t=» {C» CC) %+ THE SCALAR PRODUCT OF THE VECTORS GIVEN 1IN

THE ARRAYS ALIsI, L3:U] AND BIL:U» Jtdl,

- LANGUAGF ¢ COMPASS.
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SUBSECTIONS LNGTAMMAT,.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:

WPRACEDURE" LNGTAMMAT{L, U» I» Jo As» Bs Cs CC» D» DD)3
NYALUE® Ly Us Is» Js C» CC3 NINTEGERY L, Us T J3
HWREAL® C» CCs Dy, DD3 WMARRAYM™ A, B3

NCODEY 344143

THE MEANING NF THE FORMAL PARAMETERS 1S3

Ls <ARITHMETIC EXPRESSION>;

THE LOWER BOUND OF THE RUNNING SUBSCRIPTS
Us <ARITHMETIC EXPRESSION>3

THE UPPER BOUND OF THE RUNNING SUBSCRIPTS
I: <ARITHMETIC EXPRESSION>3;

THE INDEX OF THE COLUMN=VECTOR GIVEN IN ARRAY Ag
Js <ARITHMETIC EXPRESSION>3

THE INDEX OF THE COLUMN=VECTOR GIVEN IN ARRAY Bt
As <ARRAY IDENTIFIER>;

ONE OF THE COLUMN=VECTORS SHOULD BE GIVEN 1IN ARRAY
ATL2Us Is8Is

Bs <ARRAY IDENTIFIER>;

' THE OTHER COLUMN=VECTOR SHOULD BE GIVEN IN ARRAY
BLL:Us J2J1s

Cs CCs <ARITHMETIC EXPRESSION>3
THE HEAD AND TAIL OF THE DOUBLE=LENGTH SCALAR THAT HAS TO
BE ADDED TO THE CALCULATED SCALAR PRODUCT: IF CC IS NOT A
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE )3

Ds DDs <REAL VARIABLE>;
EXIT: THE HEAD AND TAIL OF THE CALCULATED DOUBLE=~LENGTH

RESULT.

DATA AND RESULTS:
(D> DD)t=s (Cs CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN 1IN

THE ARRAYS ACLsUs I3I1 AND BIL2Us J3J1,

LANGUAGE ¢ COMPASS,
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SUBSECTION: LNGMATTAM.

CALLING SEQUENCE:

THE HEADING NF THE PROCEDURE READS:

UPRNOCEDUREY LNGMATTAMI(L, Us I, Js A» Bs Cs CCs Ds DD)3
WVALUE™ Ls Us Ts Js C» CC3 RNINTEGER™ L, Us I, J3
NREAL" C» CC» D» DD3 MARRAY® As B3

NCODEN 34415

THE MEANING OF THE FORMAL PARAHETEﬁS IS:

Ls <ARITHMETIC EXPRESSION>;

THE LOWER BOUND OF THE RUNNING SUBSCRIPTS
Us <ARITHMETIC EXPRESSION>S

THE UPPER BOUND OF THE RUNNING SUBSCRIPT;
Is <ARITHMETIC EXPRESSION>;

THE INDEX OF THE ROW=VECTOR GIVEN IN ARRAY A3
Js <ARITHMETIC EXPRESSION>3

THE INDEX OF THE ROW-VECTOR GIVEN IN ARRAY B3
Al <ARRAY IDENTIFIER>}

ONE NF THE ROW=-VYECTORS SHOULD BE GIVEN IN ARRAY A[IzI»L3UJs
Bs <ARRAY IDENTIFIER>}

THE NTHER ROW=VECTOR SHOULD BE GIVEN IN ARRAY BL[J3Js, L3UI3
Cs CC: <ARITHMETIC EXPRESSION>;
THE HEAD AND TAIL OF THE DOUBLE~LENGTH SCALAR THAT HAS TO
RE ADDED TO THE CALCULATED SCALAR PRODUCTs IF CC IS NOT A
TAIL TD C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE)s
D, DD: <REAL VARIABLE>:;
EXIT: THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH
RESULT,

DATA AND RESULTS:
(D> DD)s= (C» CC) + THE SCALAR PRODUCT O0OF THE VECTORS GIVEN 1IN

THE ARRAYS AUIsIs L8U] AND BILJtJds L3UI,

LANGUAGE s COMPASSa
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SUBSECTION: LNGSEQVEC.

CALLING SEQUENCE?

THE HEADING OF THE PROCEDURE READS?

WPROCEDURE™ LNGSEQVEC(Ls U, IlLs SHIFT, As Bs Cs CCy» Ds DD)3
UVALUE" L, Us IL, SHIFT» Cs CC3 MINTEGER™ Ls Uy IL, SHIFTS
WREAL®" C» CC» Ds» DDs MARRAYM A, B3

HCODEM 344163

THE MEANING OF THE FORMAL PARAMETERS ISt

L <ARTTHMETIC EXPRESSION>S

THE LOWER BOUND OF THE RUNNING SUBSCRIPT:
Us <ARITHMETIC EXPRESSION>;

THE UPPER BOUND OF THE RUNNING SUBSCRIPT:
ILs <ARITHMETIC EXPRESSION>g

THE FIRST INDEX OF THE VECTOR GIVEN IN ARRAY A3
SHIFT: <ARITHMETIC EXPRESSION>;
THE INDEX=SHIFTING PARAMETER OF THF VECTOR GIVEN IN B3
As <ARRAY IDENTIFIER>}
ONE OF THE VECTORS SHOULD BE GIVEN IN ARRAY ALP3Ql, WHERE
P = MIN(IL ¢ (J ¢ L = 1) % (J = 1) /7 235 J = Ls sses U) AND
, Q= MAX(IL + (J + L = 1) * (J = 1) /7 23 J = Ls eees» U)B
B3 <ARRAY IDEMTIFIER>}
THE OTHER VECTOR SHouULD BE GIVEN IN ARRAY
BIL + SHIFT : U + SHIFTI;
Cs CCt <ARITHMETIC EXPRESSION>3
THE HEAD AND TAIL OF THE DODUBLE=LENGTH SCALAR THAT HAS TO
BE ADDED TO THE CALCULATED SCALAR PRODUCTS IF CC IS NOT A
TAIL Tn € THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE)
Ds DD3 <REAL VARIABLE>S
EXITs THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH
RESULT.

DATA AND RESULTS:
{D, DD)s= (Cs CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN IN
THE ARRAYS ALP301 {SEE THE MEANING OF PARAMETER A ) AND

BIL 4 SHIFT: U + SHIFTls, WHERE THt ELEMENTS OF THE FIRST VECTOR ARE
ACIL + (J + L = 1) % (J = 1) // 2]s J = Ls sees Us

LANGUAGE: COMPASS,
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SUBSECTIONS LNGSCAPRDI.

CALLING SEQUENCEs

THF HEADING DF THE PROCEDURE READS:

WPRACEDURE™ LNGSCAPRDI(LAs SAs, LBs SB» N» Ay Bs Cs» CCs» D» DD)3
WYALUEY LA, SAs LBy SBs Ny C» CCs MWINTEGER™ LAs SA» LBs SBs N3
WREAL®™ C» CCo» Dy DDt MARRAY® A, B3

WCODE™ 344173

THE MEANING OF THE FORMAL PARAMETERS ISt

LAs <ARITHMETIC EXPRESSION>3

THE FIRST INDEX OF THE VECTDR GIVEN IN ARRAY As
SAs <ARITHMETIC EXPRESSION>;

THE SPACING OF THE VECTOR GIVEN IN ARRAY A
LBs <ARITHMETIC EXPRESSICN>3

THE FIRST INDEX OF THE VECTOR GIVEN IN ARRAY B;
SB: <ARITHMETIC EXPRESSION>3

THE SPACING OF THE VECTOR GIVEN IN ARRAY B}
Nt <ARITHMETIC EXPRESSINN>$

THE UPPER BOUND OF THE RUNNING SUBSCRIPT; IF N < 1, THEN 0N
EXIT THE RESULT (D, DD) WILL SATISFY: (Ds DD) = (C» CC)s
Al <ARRAY IDENTIFIER>S
’ ONE OF THE VECTORS SHOULD BE GIVEN IN ARRAY
ATMIN(LAs LA 4 (N = 1) * SA) 3 MAX(LAs LA ¢ (N = 1) * SA)I3
Bs <ARRAY IDENTIFIER>;
THe OTHER VECTOR SHOULD BE GIVEN IN ARRAY
BEMIN(LB, LB + (N = 1) % SB) & MAX{LBs LB + (N = 1) #* SBI1s
Cs CC: <ARITHMETIC EXPRESSIDN>;
THE HEAD AND TAIL OF THE DOUBLE=LENGTH SCALAR THAT HAS TO
BE ADDED .TO THE CALCULATED SCALAR PRODUCT: IF CC IS NOT &
TAIL TD C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE)3
D, DDt <REAL VARIABLE>;
EXIT: THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH
RESULT.

DATA AND RESULTS:

{Ds DD)te {Cs» CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN IN
THE ARRAYS ALMIN(LAs LA + (N = 1) # SA)tMAX(LAs LA + (N = 1) * SA)]
AND BEMINILB, LB + (N = 1) * SB) ¢ MAX(LBs LB + (N = 1) * SB)1,
WHERE THE ELEMENTS OF THE VECTORS ARE A[LA + (J = 1) * SAl AND
BILB + (J = 1) * SB1, FOR J = 1s ces Ne

L ANGUAGE 3 COMPASS,
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SUBSECTIONS LNGSYMMATVEC,

CALLING SEQUENCES

THE HEADING NF THE PROCEDURE READS:

WPROCEDURE" LNGSYMMATVEC(L» Uy I5 As Bs C» CCp» Ds DD}
NYALUE™ Ly Us Is Cs CCs MINTEGER™ L, Us I3

HREAL® C» CCs» Ds DD$ WARRAY® Ap B3

WCODEY 344183

THE MEANING NF THE FORMAL PARAMETERS IS3

L: <ARITHMETIC EXPRESSION>;

THE LOWER BOUND OF THE RUNNING SUBSCRIPT3
Us <ARITHMETIC EXPRESSION>3

THE UPPER BDUND DF THE RUMNING SUBSCRIPT:
Is <ARITHMETIC EXPRESSION>3

THE INDEX OF THE ROW OF THE SYMMETRIC MATRIX» WHOSE UPPER
TRIANGLE IS STORED COLUMN=WISE IN THE ONE=DIMENSINNAL ARRAY
Ag

As <ARRAY IDENTIFIER>3
THE ROW OF THE SYMMETRIC MATRIX SHOULD BE GIVEN 1IN ARRAY
ATP3QYs WHERE, IF I > L THEN P = (I = 1) *# I /7 2 ¢+ L ELSE
P = (L= 1)%L 7/ 2 + I AND IF I >U THEN
Q= (I =1) * I // 2 «+ U ELSE Q = (U= 1) * U /7 2 + I3

B: <ARRAY IDENTIFIER>;
THE VECTOR SHOULD BE GIVEN IN ARRAY BILsUIls

Cs CC3 <ARITHMETIC EXPRESSION>3
THE HEAD AND TAIL OF THF DOUBLE=~LENGTH SCALAR THAT HAS TO
BE ADDED T0O THE CALCULATED SCALAR PRODUCTs IF CC IS NOT A
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD
AND PERFORMANCE)3

Ds DDt <REAL VARIABLE>;
EXTITs THE HEAD AND TAIL OF THE CALCULATED DOUBLE=LENGTH

RESULT.

PROCEDURES USED:
DPMUL = CP311433
LNGADD = CP31105.

DATA AND RESULTS:

(D DD)t= (Cs CC) + THE SCALAR PRDDUCT OF THE VECTORS GIVEN 1IN
THE ARRAYS ALPsQ] (SEE THE MEANING OF PARAMETER A) AND B[L3U3l,
WHERE THE ELEMENTS OF THE FIRST VECTOR ARE: IF L < I THEN
AT(I = 1) * I J/7 2 + Jl» J = Ls sees MIN(Us I = 1} AND
AT(d = 1) # J /7 2 + 115 J = Is eaes Us RESPECTIVELY,s OTHERWISE
AC(S = 1) * J // 2 + I1s J = Ls eves U3 THE VALUES OF Ly, Us I
SHOULD BE POSITIVE.

LANGUAGE ¢ ALGOL 69,
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SUBSECTION? LNGFULMATVEC,

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:

"PROCEDUREM™ LNGFULMATVEC(LRy URs, LC» UCs As By C)s
MVALUE® LRs URs LC» UCs B3 WINTEGER™ LRy URs LC, UC3
HARRAY® A» By C3

WCONE" 315453

THE MEANING NF THE FORMAL PARAMETERS ISt
LR, UR3 <ARITHMETIC EXPRESSION2>s

LOWER AND UPPER BOUND OF THE ROW~INDEX3$
LCs» UCs <ARITHMETIC EXPRESSION>%

LOWER AND UPPER BOUND OF THE COLUMN=INDEX3

As <ARRAY IDENTIFIER>S

WARRAY" ALLRSURSLC3UCIs THE MATRIXS
Bt <ARRAY IDENTIFIER>S

WARRAY® BLLC3UC13 THE VECTOR3
C: ) <ARRAY IDENTIFIER>:

HARRAY® CLLRIUR]S
THE RESULT A # Bs CALCULATED WITH DOUBLE LENGTH ARITHMETIC,
IS DELIVERED IN C,

LANGUAGE s COMPASS .,

METHOD AND PERFORMANCE:

ELEMENTARY,
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SUBSECTINN: LNGFULTAMVEC,

CALLING SEQUENCE?

THE HEADING OF THE PROCEDURE READS:

WPROCEDURE™ LNGFULTAMVEC(LR, UR» LCs» UCs A» By C)3
"VALUEY LR» URs LCs UCs B3 WINTEGER"™ LR» URs LC, UCS
HARRAY® A, Bs C3

WCODEY 315063

THE MEANING OF THE FORMAL PARAMETERS IS
LRs UR: <ARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND OF THE ROW=INDEX3Z
LC» UC3 <ARITHMETIC EXPRESSION>3

LOWER AND UPPER BOUND OF THE COLUMN~INDEX3

As <ARRAY IDENTIFIER>;

WARRAY" ATLR:UR,LC3UCT3 THE MATRIX3
Bs <ARRAY IDENTIFIER>3

WARRAY®™ BLLR3URI; THE VECTORS
C: <ARRAY IDENTIFIER>:

WARRAYW CILCsUCTs

THE RESULT A' #* By, CALCULATED WITH DOUBLE LENGTH ARITHMETIC,
IS DELIVERED IN Cs HERE A!' DENOTES THE TRANSPUSED OF THE
MATRIX A,

LANGUAGE COMPASS,

METHOD AND PERFORMANCE?®
ELEMENTARY,
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SUBSECTIONS LNGFULSYMMATVEC,

CALLING SEQUENCE?

THE HEADING OF THE PROCEDURE READS?S

WPRNCEDURE" LNGFULSYMMATVEC(LRs, URs, LC» UC» A» Bs C)3
WYALUE® LRs URs LC» UCs B3 ®INTEGERM™ LR, UR, LCs, UCs
WARRAY® A, By C3

MCADF™ 315073

THE MEANING OF THE FORMAL PARAMETERS 1St

LRs UR3 <ARITHMETIC EXPRESSION?3
LOWER AND UPPER BOUND OF THE ROW=INDEX$ LR >= 13

LCs UCt <ARITHMETIC EXPRESSION>}
LOWER AND UPPER BODUND QOF THE COLUMN=INDEX3 LC >= 13

As <ARRAY IDENTIFIER>3
WARRAY® ALLsUl, WHERE?
L = MIN(LR #* (LR = 1) // 2 + LCs LC * (LC = 1) /7 2 + LR)»
U = MAX(UR * (UR = 1) // 2 + UCs UC * (UC = 1) // 2 & UR)
AND THE (IsJV=TH ELEMENT OF THE SYMMETRIC MATRIX SHOULD BE
GIVEN IN ALJ #* (J = 1) // 2 + I13

B1 <ARRAY IDENTIFIER>;
WARRAY® BLLC:UCI: THE VECTOR
Cs <ARRAY IDENTIFIER>S :

WARRAY® CILR3UR]3
THE RESULT A * By, CALCULATED WITH OOUBLE LENGTH ARITHMETIC»
IS DELIVERED IN Co

PRIOCEDURES USED:

LNGSYMMATVEC = CP34418,

LANGUAGEs ALGOL 68.

METHOD AND PERFORMANCE:

FLEMENTARY,
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SUBSECTIONS LNGRESVEC.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:

YPROCEDURE™ LNGRESVEC(LR, URs LCs» UCs A» Bs C» X)3
MYALUE™ LRs UR», LC» UC, B, X3 "INTEGER®" LR, URs, LCs» UCS
WREAL®" X3 WARRAY® A, B, C3

WCODE® 315083

THE MEANING OF THE FDRMAL PARAMETERS ISt
LRy UR: <ARITHMETIC EXPRESSION>:

LOWER AND UPPER BOUND OF THE ROW~INDEXS
LCs UCs <ARITHMETIC EXPRESSION>3

LOWER AND UPPER BOUND OF THE COLUMN~INDEXS

Al <ARRAY IDENTIFIER>;

WARRAYY" ATLREURsLC3:UCI3 THE MATRIX?:
B2 <ARRAY IDENTIFIER>S

WARRAY® BLLC:UCIs THE VECTORS
X3 <ARITHMETIC EXPRESSION>:

THE VALUE OF THE MULTIPLYING SCALARS
Cs <ARRAY IDENTIFIER>3

WARRAY® CLLR2UR];
THE RESULT A * B + X % C» CALCULATED WITH DOUBLE LENGTH
ARITHMETICs IS OVERWRITTEN ON Ce

LANGUAGE3 COMPASS .

METHOD AND PERFORMANCE:

ELEMENTARY,
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SUBSECTION® LNGSYMRESVEC.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS?

"PROCEDURE®™ LNGSYMRESVEC(LR, URs LCs UC» As By C» X)3
HVALUE®™ LRs URs LCs» UCs» By X3 WINTEGER™ LRs UR, LC» UC3
WREAL®™ Y3 MWARRAYM A, B, C3

NCODE® 315093

THE MEANING OF THE FORMAL PARAMETERS IS:

LR, UR: <ARITHMETIC FXPRESSION2?3
LOWER AND UPPER BOUND OF THE ROW=INDEX$ LR >= 13

LCs UC: <ARITHMETIC EXPRESSION>3
LOWER AND UPPER BOUND OF THE COLUMN=INDEX3 LC >= 13

As <ARRAY IDENTIFIER>S
WARRAY® ALL3UJ, WHERES
L = MIN(LR * (LR = 1) /7 2 + LCy» LC % (LC = 1) /7 2 % LR)»
U = MAX{UR % (UR = 1) 77 2 +# UCs, UC * (UC = 1) // 2 + UR)
AND THE (I»J)=TH ELEMENT OF THE SYMMETRIC MATRIX SHOULD BE
GIVEN IN ALJ * (J = 1) // 2 + 113

81 <ARRAY IDENTIFIER>;

WARRAYM B[LC:UCIs THE VECTORS
Xs <ARITHMETIC EXPRESSION>3

THE VALUE OF THE MULTIPLYING SCALAR3
Cs <ARRAY IDENTIFIER>3

WARRAY" CLLRSUR]S
THE RESULT A # B + X #® C» CALCULATED WITH DOUBLE LENGTH
ARITHMETIC, IS OVERWRITTEN ON Co
PROCEDURES USED:
DPMUL = CP311033
LNGSYMMATVEC = CP34418,
LANGUAGE: ALGOL 60,

METHOD AND PERFORMANCES

ELEMENTARY,
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METHOD AND PERFORMANCE:

ALL PROCEDURES GIVEN IN THIS SECTION MAKE USE OF THE DOUBLE=LENGTH
ARITHMETIC OPERATIONS AVAILABLE 1IN HARDWARE ON THE CYRER 73,
LET (Xs XX) DENOTE A DOUBLE«LENGTH NUMBER, THEN WE WILL SAY THAT XX
IS A TAIL TO Xs WHEN THE FOLLOWING CONDITIONS HOLD:
X = FLI1(X + XX)»
{Xs XX) = FL2(X + XX}»
WHERE FL1(» 4 o) AND FL2(e + o) DENOTE SINGLE=LENGTH RESPECTIVELY
DOUBLE=LENGTH ADDITION WITH TRUNCATING OF THE RESULT TO 48 AND 96
BITS RESPECTIVELY, ‘
WHEN A PROCEDURE DELIVERS A DOUBLE LENGTH RESULT IN D AND DDs THEN
THESE RESULTS ARE SUCH THAT DD IS A TAIL TO D3 WHEN ONE SHNULD
PROVIDE AN INITIALIZING DOUBLE LENGTH SCALAR IN C AND CC» THEN CC
SHOULD BE A TAIL TO C», OTHERWISE THE FOLLOWING ERROR MESSAGE WILL
BE PRINTEDS
DP PARAMETER TAIL ERROR
AND EXECUTION OF THE PROGRAM WILL TERMINATE IN THE USUAL WAY.
NOTE THAT CC = Q0 IS A TAIL TO C FOR ALL VALUES OF Ce FURTHERMORE,
IT SEEMS WORTHWHILE TO NOTE THAT THE ARRAY B MUST BE A VALUE
PARAMETER IN ALGOL 60, HOWEVERs IN THE COMPASS ROUTINE THE
DUPLICATION NF THIS ARRAY IS ONLY DONE IF NECESSARYs, IeEs IF THE
ACTUAL PARAMETERS B AND C ARE THE SAME.

N

SOURCE TEXTS:

THE PROCEDURES IN THIS SECTION ARE WRITTEN IN COMPASS, EXCEPT FOR
LNGSYMMATVEC, LNGFULSYMMATVEC AND LNGSYMRESVEC.

WE GIVE FQUIVALENT ALGOL 60 TEXTS OF THE COMPASS ROUTINESe FOR TME
COMPASS TEXT SEE APPENDIX C, SECTION 1l.5.2

WCODE™ 344103
WPROCEDUREN LNGVECVEC(Ls Us SHIFTs A, B, Cs» CCs Ds» DD)s
MVALUE™ Lo U}y SHIFTe C» CCs "INTEGER® LoUpSHIFT:
NREALY C» CCs» D» DD3 WARRAY™ A, B3
HBEGIN® WREALY E» EES3
WPROCENURE® NPMUL(A, Bs C» CC)s WCODE"™ 31103
"PROCEDURE® LNGADD(A, AAs By BBs C» CC)s M"CODE®™ 311053
NFOR® L3= L WSTEPW 1 WUNTIL™ U mpQ®
WRBEGIN® DPMUL(ALL], BLL + SHIFT1s E» EE):
LNGADD(Cs CCs E» EE» C» CC)
HEND®S
Dt= C3 DDt= CC
WENDY LNGVECVECS
nEQp"
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WCODEY 344113

WPROCEDUREN LNGMATVEC(Ls Us I» Ay B» C» CCs Dy DD}

MVALUE"™ Ls Up Is» Cp» CC3 MINTEGER® L, Us I3

WREAL®Y Cs» CCs Ds DDz WARRAYM™ A, B3

HBEGINY® WREALW E, EES
WPROCEDURE®™ DPMUL(As By C» CC)s “CODEM™ 3114033
NPROCEDURE™ LNGADD(A» AAs Bs BBy Cs CC)s ®CODE"™ 311053
UFOR® Lie L OSTEP® 1 WUNTIL® U #DO%
WREGIN® DPMUL(ALI»LYs BLIls E» EE): LNGADD(Cs CCs E» EEs C» CC)
HENDM S . i
Dt= C3 DD:= CC

HEND" LNGMATVEC:

REQPW

WCODE® 34412:

WPROCEDUREY LNGTAMVEC(Ls Us I» Ay Bs C» CCs Dy DD

MVALUE®™ Ls Us Is C» CC3 WINTEGER®™ L» Us Is

HREAL® Cs CCs Ds DD3 "ARRAY® A, B3

WBEGIN® ®REALY E, EEs
WPROCEDURE™ DPMUL(As B, C» CC)s MCODEW 31103
UPROCEDURE™ LNGADD{A» AA» By BBs C» CC)3 WCODE® 31105
WEORM Lis | WSTEP® 1 WUNTIL® U wDQ®
WREGIN® DPMUL(ALL,I1s BILI3s E» EE)S LNGADD(C, CC» E» EEs» Cs» CC)
HEND® 3
D:= C: DDs= CC

WEND®™ LNGTAMVECS

NEOPH

WCODE" 344133

WPROCEDUREY LMGMATMAT{Ls, Us I» Js As» By C» CCs» D, DD}

MVALUE® Ls Us I» Js» C» CC3 WINTEGER™ L, Us I, Js

HREALW Co CCs» Ds DD3 MARRAYM™ A, B3

ABEGINY WREAL™ E, EES
UPROCEDURE™ DPMUL(As By, C» CC)3 ™CODE®™ 311033
YPROCEDURE™ LNGADD{(A» AAp By BBy Cs CC)3 WCODE®™ 311053
WEDR® Lg= L WSTEP®™ 1 ®WUNTIL® U wDOW
MBEGIN®™ DPMUL(ALIsLYs BLL»Jl» E» EE)3 LNGADD(C», CCs» E» EE, C» CC)
"END";
Dt= Cs DDt= CC

HEND® LNGMATMATS

"EOP"
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NCODEY 34414%

HPRNOCEDURE® LNGTAMMAT{Ls Us I» J» As» By C», CCs» D» DD)s

MVALUE® Ls Us Is Js Cs CCs MINTEGER™ Ly, U, I, J3

"REALY Cs CC» Ds DDs ®ARRAYM™ A, B3

NBEGIN® WREAL®™ Es EES
APROCEDURE™ DPMUL(As Bs C» CC)3 MCODE™ 311033
UPROCEDURE®™ LNGADD(A, AA, B, BBy C» CC)s "CODEY 311453
WEORW Lis | USTEPM 1 ®UNTIL® U wDOw
UBEGIN® DPMUL{ALLsI1s BILs»J)s Es EE)s LNGADD(C» CCs Es EE» C» CC)
WENDY; '
Di= C3 DDs= CC

NENDY LNGTAMMATS

nEQPYH

NCODEY 344153

MPROCEDURE® LNGMATTAM(Ls Us I» J» As Bs Cs» CCs D» DD)3

WYALUEY Ly Us Is Js Cs CC3 MINTEGERM L, Up I, J3

"REAL"™ C» CC» D» DD3 MARRAYM™ A, B

NBEGIN® WREALY E, EF3
"PROCEDURE"™ DPMUL(A» By Cs CC); ®CODE®™ 311033
WPROCEDURE™ LNGADD(A», AAs Bs BBs C» CC)s ™CODE"™ 31105
WFORY Ls= L WSTEPW™ 1 WYNTIL™ U ®»DpO®
WBEGIN" DPMUL(ALIsL]» B[JsL1s Es EE)3 LNGADD(C, CCs» Es EE, C» CC)
WENDWS
D:= C3 DDs= CC

HEND® LNGMATTAM:

nEOP®

WCODEY 344163 :
"PROCEDURE" LNGSEQVEC(Ls Us, ILs» SHIFT, As Bs Cs» CCs» D» DD)s
WVALUE™ Ls Us ILs SHIFT, Cs CC3 MINTEGER" L», U, ILs SHIFT:
WREAL® Co CCs» D» DD3 WARRAYM™ A, B3
WBEGIN® NREAL™ E, FE:
WPRNACEDURE® DPMUL{As Bs C» CC)3 WCODE™ 311033
NPROCEDURE™ LNGADD(As AAs By BRs C» CC)3s ™CODE™ 31105:
WFOR® L= L WSTEP® 1 WUNTIL™ U wDQ®
WRBEGINY DPMUL({ACIL1s BEL + SHIFT), Es EE)s ILs= IL + L3
LNGADD(Cs» CC» Es EEs C» CC)
WENDMS
Dt= Cs DDt= CC
HEND" LNGSEQVECS
ngopn
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WCODEY 3644173
WPROCEDURE® LNGSCAPRD1(LA», SAs LB, SBs, N» Ay By, Cs CCs D» DD)3
WVALUE®™ LA, SAs LBs SBs» Ns C» CCs D» DD3 MINTEGER®™ LA, SAs LBs» SByNs
NREALY Cs CCe Ds DD3 "ARRAYM™ A, B3
HBEGINT WREALY™ E, EEs WINTEGERY K3
#PROCEDUREY DPMUL(As Bs C» CC)3 WCODE® 311033
HWPROCEDURE"™ LNGADD(A, AAs By BBy Cp» CC)s “CODE® 311453
WEORW Ks= 1 WSTEP® ] MNUNTIL® N ®#pQn
HBEGINY DPMUL{ALLA]s BILBls E£» EE)S LAZI= LA ¢ SA3 LBt= LB 4+ SB;
LNGADD(C» CC» E» EEs C» CC)
HENDW 3
Dt= C3 DDs= CC
NENDRS
"EDP"

NCODEY 344183
APROCEDUREY® LNGSYMMATVEC(Ls Us I» As By C» CCs» Ds DD)3
NWYALUE® L, 1, To C» CC3
WINTEGER™ Ls Uy I3 WREAL®™ C, CCs D, DD3 MARRAY®™ A, B3
HBEGIN® WINTEGERY Ky M3
#PROCEDUREY LNGVECVEC(Ls, U» S» As By Cs Ts D» R}3 BCODE™ 344103
HPROCEDURE™ LNGSEQVEC{L», Us IL», S» As B, C» Ts D» R}
BCODER 344163
Mt= WIFMW L > I WTHEN™ L WELSE® I; Kte M % (M = 1) // 2%
LNGVECVECI{L, WIF® J <= U HTHEN® I = 1 ®ELSE® U,
Ks Bs Ap Cs» CC» Cs CC)3
LNGSEQVEC(Ms Us K ¢+ I, O» As Bs Cs» CC» Ds DD)
MEND® LNGSYMMATVECS
ngnpn

RCODE®W 315053

WPROCEDURE® LNGFULMATVEC(LRs, UR» LCs UCs» Ap By C)g

MVALUE® LRs URs LC» UC» B3 WINTEGER™ LRy URs LCs UC3

NARRAY® Ap By C3

HBEGIN® WREAL™ D, DD
"PROCEDURE®™ LNGMATVEC(Ls, Us I» A, Bs C» CCy» Ds DD)3 WCODE™ 34411
NFEOR® LRe= LR #WSTEPW 1 SUNTIL®™ UR #DOW
WBEGINY LNGMATVEC(LC, UCy LRs Ay By 05 U5 D» DDI§ CLLRIt= D + DD
"END"

WEND™ LNGFULMATVECS

"EUP"

"CODE®™ 3150618

MPROCEDURE® LNGFULTAMVEC(LRs URs LCs» UCs Ay Bs C)3

"VALUE" LRs URs LC» UCs» B3 WINTEGERY LR, URy LC» UC3

WARRAY® As Bs C3

WBEGIN® WREAL™ D, DD
WPROCEDUREY LNGTAMVEC(L, Us Is As By Cs CC» D» DD)3 "CODEW™ 344123
WEOR® L Cs= LC WSTEP™ 1 WUNTIL® UC w®pOw
WBEGIN® LNGTAMVEC(LRs, URy LCs» As» Bs Os 0O» D, DD)3 CI[LCIt= D ¢ DD
NENDW

REND® LNGFULTAMVECS

HEQPW
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nCODEN 315673
"PROCEDUREW LNGFULSYMMATVEC(LR, URs, LCs UCy» As Bs C)t
HYALUE"™ LRs» URs LCs» UC» Bs MWINTEGER™ LR, UR, LC, UCs
HARRAY® A, By C3
NBEGIN" WREALY D, DD
WPROCEDURE®™ LNGSYMMATVEC(Ls Us I, A Bs C» CC» D, DD)s3
WCODEW 344183
NFEORM LRt= LR WSTEPM 1 MUNTIL® UR wDOW
NMBEGINY LMGSYMMATVECI{LC, UCs LRs As» B, Os O» Ds DD)3
CLLRIt= D + DD ‘
WENDH
WEND® LNGFULSYMMATVECS
nEQPY

"CODE" 315083
"PROCEDURE"™ LNGRESVEC(LRs UR, LC» UCs As By C» X)3
WVALUE®™ LRs URs LCs» UC» X3 MINTEGER™ LRy, URs, LC» UC3
WREAL® X3 WARRAY" A, B, C3
WBEGIN® WREAL®™ D, DDs Es EES
WPROCEDURE®™ DPMUL(Xs Ys E» EE)3 "CODE® 311033

PROCEDURE™ LNGMATVEC(Ls Us Is A» By Cs» CCs» Dy DD)s WCODEY 34411

WFOR" LRs= LR NSTEP® 1 WUNTIL® UR "DnNW
"BEGIN® DPMUL{CILRI, Xs Es EE)3
LNGMATVEC(LC» UCs LRe As By E» EEs D» DD)3 CLLRIt= D + DD
NENDY
"END® LNGRESVECS
wEgQpw

WCODE™ 315093 .
"PROCEDURE™ LNGSYMRESVEC{LR» UR, LC» UCs As Bs C» X)3
WVALUE™ LRs URs LC» UCs By X3 WINTEGER®™ LR, UR» LC» UCs
WREAL® X3 WARRAY®W A, B, C3
WBEGIN® WREAL® Ds DDs E» EES
"PROCEDUREY DPMUL(Xs Ys E» EE)3 WCODE™ 311035
"PROCEDURE"™ LNGSYMMATVEC(Ls Uy Is As By C» CCp» Dy, DD)3
WCODE®™ 344183
WEORY LRs= LR WSTEPM™ 1 WUNTIL®™ UR wpO®
WBEGIN® DPMUL(CILLRI» Xs Es EE)S

LNGSYMMATVEC{LC, UC» LRs As» B» E» EEs Ds DD)$s CI[LRIt= D + DD

WEND®
NEND® LNGSYMRESVEC;
nEQP N
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AUTHORS 8 ToJoDEKKER £ JoKOOPMAN,
CONTRIBUTOR: J.KOOPMAN.

IQSTITUTEC UNIVERSITY OF AMSTERDAN.
RECIEVEDs 770328

BRIEF DESCRIPTIONS

LNGREATODECI CONVERTS A DOUBLE=LENGTH NUMBER TO A
NUMBER IN DECIMAL FLOATING=POINT REPRESENTATION.

THE RESULT CONSISTS OF A MANTISSA MANT OF MAGNITUDE<1
(AND >=,1) AND A DECIMAL EXPONENT EXPO.

KEYWORDS:

DNUBLE PRECISINN ARITHMETIC»
CONVERSTIONS
DECIMAL REPRESENTATION.

CALLING SEQUENCE:
THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:

WPROCEDURE™ LNGREATODECI(Xs XXs S» MANTs EXPO)3
NVALUE®X s XXs S sWINTEGERWS, EXPOSMREALMX s XXM INTEGERWMARRAYPMANT 3
HCODEM 311003

THE MEANING OF THE FORMAL PARAMETERS 1S3
X XX t <ARITHMETIC EXPRESSIONS>;
ENTRY: THE HEAD (X) AND TAIL (XX) OF THE NUMBER
THAT IS TO BE CONVERTEDS
S 8 <ARITHMETIC EXPRESSION>S
ENTRY: THE DESIRED NUMBER OF SIGNIFICANT DIGITS
OF THE CONVERTED VARIABLE.
ONE SHOULD NOT CHONSE S LARGER THAN THE NUMBER
OF DIGITS CORRESPONDING TO THE DOUBLE LENGTH
MACHINE PRECISION (FOR CDCs S<29 )eo OTHERWISE,
THE LAST DIGITS ARE USELESS, AS ALL OPERATIONS
IN LNGREATODECI ARE PERFORMED IN DOUBLE=LENGTH A=
RITHMETICs IF S IS CHOSEN NONPUSITIVE,ONLY THE SIGN
AND THE DECIMAL EXPONENT OF THE CONVERTED NUMBER
ARE DELIVEREDS
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MANT 8 <ARRAY IDENTIFIER>:
WINTEGERWHWARRAYWMANTLO2S];
EXITe MANTLO0ls THE SIGN OF THE DECIMAL NUMBER3
MANTLIY (I"=0): THE I=TH SIGNIFICANT
DIGIT OF THE MANTISSA OF THE COMVERTED NUMBER3
IeEe THE VALUE OF THE MANTISSA EQUALS
MANTIQI*(MANTL11/1U+MANTL217100+00 e MANTEST/10%%3) 3
EXPO ¢ <INTEGER VARIABLE>}
EXITe THE DECIMAL EXPONENT OF THE CONVERTED NUMBER,
Ts€e THE DOUBLE=LENGTH NUMBER (X»XX) APPROXIMATELY
EQUALS MANTISSA#10%*EXPO WITH THE VALUE OF
MANTISSA GIVEN IN MANT,

PRNCEDURES USEDs

LNG SUB = CP31106.
LNG MUL = CP311K28,
DP POW = CP31109.

RUNNING TIME:

ROUGHLY PROPORTIONAL TO LN(LN(X))+S,
LANGUAGE: ALGOL 60.

METHOD AND PERFORMANCES

LNGREATNDECI DETERMINES THE DECIMAL EXPONENT EXPO. AFTER
THAT, THE LONG REAL NUMBER (XsXX) IS DIVIDED BY 10%**EXPD
IN DOUBLE PRECISION. BY TRUNCATING THE RESULT, THE

FIRST MOST SIGNIFICANT DIGIT OF THE MANTISSA IS 0B=
TAINEDs. SUBTRACTING THIS DIGIT FROM (XsXX)/710%%EXPO»
MULTIPLYING THE RESULT WITH 10, THE MEXT MOST SIGNI=
FICANT DIGIT CAN BE OBTAINED BY TRUNCATIONe THIS PROw-
CESS 0OF SUBTRACTIONs MULTIPLICATION AND TRUNCATION WILL
BE REPEATED UNTIL S DIGITS ARE OBTAINED. FINALLY>

THE MANTISSA THUS NBTAINED IS PROPERLY ROUNDED.
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EXAMPLE OF USEs

WBEGINWNCOMMENT#EXAMPLE OF USE OF LNGREATODECI AND DP POWS
"INTEGERWS ,EXPOs
WREAL™OP,OPL3
WPROCEDURE"DP POW(A,EXPONsC»CC)3"CODE™311093
WPROCEDURENLNGREATODECI(XsXXsSosMANTLEYPO) 3"CODE"3111G3

"PROCEDUREMPRINT(S,» NANT,EXPONENT) S
HYALUENS EXPONENTs"INTEGERMSyEXPONENTSWINTEGERPPARRAYNMANT §
WBEGIN"MINTEGER"KS .
DUTCHARACTER( 61 M{ M=t 4M) My MANTIOT42) 3
PEORWKs = INSTEPHWLINUNTIL®S®DO"
NBEGINNWIFUK=INTHENHOUTPUT (61 ,(nn(H )nu)u)g
QUTPUT(61, (DM )", MANTIK])
WENDWSOQUTPUT( Ll N(Na(nnn)n,43DN) ", EXPONENT)
WENDMPRINTS

DP POW(2548,0P,NPL) 3

WFORNS: =ONSTEPMG UNTILW28nDOW

HBEGINWNINTEGERM™MARRAYMMANT[01S] 3
LNGREATODECI(OPsOPLsSsMANTSEXPO) S

PRINT(S>MANT, EXP0O) 3
QUTPUT(SLs M0 /n)n)
) NEND"

neEpMpw

DELTVERS:

+44015

+02815%4+315

+02R147498142015

+0281474976711%+015

+.2814749767106560%+015
+028147497671065600000"+015
+22816749767106560000000007+015
+22814749767106560000000000000%+015
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SOURCE TEXT(S)s -

WCODE®311403
T MPRAOCENUREMLNGREATODECTI(X»XXsS»MANTH,EXPO)S
HYALUEWX s XXp SSWINTEGERMS pEXPOS PREAL WX s XX S NINTEGERWNARRAYHMANT S
MBEGINWNINTEGERMIK 3
SREAL"P,PP;
WPROCEDUREMLNG SUB({AsAAsBsBB»C,CC)$"CNDE®3211063
WPROCEDURE®LNG MUL(AsAAsBsBBsC»CC)3MCODEN311073
WPROCEDURENNP POW(A»EXPONsC,CC)$"CODEM311093
MANTEOT8sSIGNIX) s WIFNX<OUWTHENPHBEGINTN tmeX g XX 8 m X X HEND W3
WIFWX=QWTHENWEXPD2 =0 :
NELSENEXPOI=ENTIERC(LN(X) /LML) )+13
DP POW{10,=EXPOsP,PP)s
LNG MUL(XsXXsPsPPyXsXX)3
HFORMI3=GMWHILENENTIER(X)=0 £ X"=Q npO®
WBEGINWLNG MUL{IX»XX51050s Xs XX) 3EXPOswEXPO=]1WENDYS
WEORWI 3=l WSTEPNIRUNTILYSHDOY
WBEGINWK:mENTIER(X) 3 WIFNK>INTHENYK =93 MANTLI I8 =K3
LNG SUB(XsXXsKsidsPsPP)SLNG MUL(P,PPsIsUsXyXX)
WENDM S
HIFHENTIER({X)>=5
WTHENWHMBEGINWNFORNI s s SHSTEPW=]1NUNTIL#1"DO"
HWAEGINUK s =MANTLI]+413
RIFRK<IONTHENNPBEGINYMANTIITs=K3"GOTOMREADY

HEND®S
MANT[I1t=0
MENDWg
EXPO:=EXPO+1s
NIFNSOONTHENUMANTIL] =13
READ.Y?
NENDWS
EXPOs=EXPO+1
NENDY LNGREATODECIS
"EQPW
skl o ok oo ok ok M10502V /777 END OF LIST /717

Ao o o ok o ok ok ok ok o M1O56:2Y /777 END OF LIST 7/7/
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AUTHOR: CoGo VAN DER LAAN.
INSTITUTES REKENCENTRUM RIJKSUNIVERSITEIT GRONINGEN.
RECEIVED: 741114,

BRIEF DESCRIPTIONS

THIS SECTION CONTAINS THE PROCEDURES POLs TAYPOL, NORDERPOL AND
DERPOLW :

POL EVALUATES A POLYNOMIAL;
DERPOL EVALUATES THE FIRST K DERIVATIVES 1F A POLYNOMIALS:

NORDERPAL EVALUATES THE FIRST K NDRMALIZED DERIVATIVES OF A
POLYNOMIAL (IeFe J=TH DERIVATIVE/(J FACTORIAL)»J=0slseees K<=DEGREES

TAYPOL EVALUATES X#*Jg*({J=TH DERIVATIVE)/(J FACTORIAL)>»
Je0srlseees K<=DEGREE,

KEYWORDS 2

POLYNOMIAL EVALUATION,
{NORMALIZED) DFRIVATIVES,
DERIVATIVES OF A POLYNDMIAL.

SUBSECTIONS POLe

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:
NREALMMPROCEDUREY POL(NsX»A)3
HVALUEWN, X3PINTEGERMNWREALPX 3 MARRAYNA

POLs=ATOI+AT1I* X400t ALNIRXHENS

THE MEANING OF THE FORMAL PARAMETERS IS3
N3 <ARITHMETIC FEXPRESSION>:
ENTRY: THF DEGREE OF THE POLYNOMIALS
X <ARITHMETIC EXPRESSION>S
ENTRY: THE ARGUMENT OF THE POLYNOMIAL;
Al <ARRAY IDENTIFIER>;
WARRAYHWALOSNIS
ENTRY® THE COEFFICIENTS OF THE POLYNOMIAL
ALOT+ATLI4X 4600 * AINIRX%%N,

PROCEDURES USED: NONE.
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RUNNING TIME: PROPORTIONAL TO N
(N MULTIPLICATIONS AND ADDITIONS).

LANGUAGE: ALGOL 6Q.

METHOD AND PERFORMANCE?
THE METHOD USED FOR £VALUATION IS HORNER?S RULE (SYNTHETIC
DIVISINN)Y. THE ERROR GROWTH IS GIVEN BY A LINEAR FUNCTION NF THE
DEGREE OF THE POLYNNMIAL (SZE VAN DER LAANs STO:R{1972) Pes 29 (EXe
11) OR WILKINSON(1963) P. 36537),

SUBSECTION: DERPOL.
CALLIMG SEQUENCES

THE HEADING 0OF THE PROCEDURE READS:
WPROCEDUREY DERPOL(NsKsXsA)3
WYALUEM™NoKa XSWINTEGERVN, K3 WREAL X3 WARRAY WA

THE MEANING OF THE FORMAL PARAMETERS IS:
N3 <ARITHMFTIC EXPRESSION>3
ENTRYs THE DEGREE OF THE POLYNOMIAL:
K3 CARITHMETIC EXPRESSION>;
ENTRY: THE FIRST K DERIVATIVES ARE TO BE CALCULATED:
X1 CARTTHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE POLYNOMIALS
As <ARRAY IDENTIFIER>3
WARRAYWALCGINTS
ENTRY: THE COEFFICIENTS OF THE POLYNNMIAL
ATOT+ALLI 1% X+o0 o +ALNT#XH&NS
EXITs THE J=TH DERIVATIVE IS DELIVERED IN ACJls J=(slseeesK<=
DEGREE: THE DTHER ELEMENTS ARE GENERALLY ALTERED.

PROCEDURES USED ¢
NORDERPOL = CP31242

RUNNING TIMEt THE NUMBER OF ADDITIONS IS (K#1)#(N=K/2) AND
THF NUMBER OF MULTIPLICATIONS IS N, IMN FIRST ORDER,

LANGUAGF: ALGOL 6Q0.

METHOD AND PERFORMANCES SEE TAYPOL(THIS SECTION),
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SUBSECTION: NORDERPOL.
CALLING SEQUENCE:

THE HEADING DF THE PRDCEDURE READS?:

NPRNACEDURE® NORDERPOL(NsSKsXsA)S
PVALUFYNsKs X3 WINTEGERTN, K3 "REAL "X WARRAYMAS

THE MEANING OF THE FORMAL PARAMETERS ISt

Ne <ARITHMETIC EXPRESSION>S .
ENTRYs THE DEGREE OF THE POLYNOMIAL;
Ks CARITHMETIC EXPRESSION>:;
THE FIRST K NORMALIZED DERIVATIVES ARE TO BE CALCULATED
(I.Ee (J=TH DERIVATIVE)/(J FACTORIAL)» J=0s1ls00esK<=DEGREE]},
X CARITHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE POLYNOMIAL;
As <ARRAY IDENTIFIER>3
WARRAYMATON]s
ENTRY: THE COEFFICIENTS OF THE POLYNOMIAL
: ALOI+AT13*X400 0 #+ALNTI*X *%N3
EXITs THE J=TH NORMALIZED DERIVATIVE IS DELIVERED IN ALJY
J=0s15000sK<sDEGREES THE OTHER ELEMENTS ARE GENERALLY
ALTERED.

PRNCEDURES USED: NONE,
REQUIRED CENTRAL MEMORYs$ AN AUXILIARY ARRAY OF ORDER N + 1 IS DECLARED.

RUNNING TIME: THE NUMBER OF ADDITIONS IS (K+41)*(N=K/2) AND
THE NUMBER OF MULTIPLICATIONS/DIVISIONS IS 2 % N + K,

LANGUAGE: ALGOL 60.

METHOD AND PERFORMANCE: SEE TAYPOL(THIS SECTION).
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SUBSECTION: TAYPOL.
CALLING SEQUENCES

THE HEADING OF THE PROCEDURE READS:

WPROCEDURE® TAYPOL(NsKsXsA)2
PYALUE®N oK X3 WINTEGERPM,KE"REALWX3TARRAYMAS

THE MEANING OF THE FORMAL PARAMETERS IS:

Ne <SARITHMETIC EXPRESSION>s
ENTRY: THE DEGREE OF THE POLYNNMIAL3
Kt SARITHMETIC EXPRESSION>:
ENTRY: THE FIRST K TERMS X##J#{(J=TH DERIVATIVE)}/{J FACTORIAL)»
Je0islsoees K<=DEGREEs ARE TO BE CALCULATEDS
Xs <ARITHMETIC EXPRESSION>%
ENTRY: THE ARGUMENT OF THE POLYNOMIALS
At CARRAY IDENTIFIER>3
RARRAYMATOSNIS
ENTRY: THE COEFFICIENTS OF THE POLYNOMIAL
ALDTI+ALL1T% X400t ADNIRX* %N
EXITe THE J=eTH TERM X#kJ*k{J=TH DERIVATIVE)}/{(J FACTORIAL)» TS
DELIVERED IN ALJYls J=Ds1r000.2K<=DEGREES THE OTHER
ELEMENTS ARE GENERALLY ALTERED,

PROCEDURES USED: NONE.

RUNNING TIMEs THE NUMBER OF ADDITIONS IS (K+1)*%(N=K/72)} AND
THE NUMBER OF MULTIPLICATIONS IS 2 # N,

LANGUAGE: ALGOL 60 N

METHOD AND PERFORMANCE: .
THE METHOD OF EVALUATION IS GIVEN BY TRAUB AND SHAW(1972,1974).
LET X#&Jj*{J=TH DERIVATIVE OF THE POLYNOMIAL)/(J FACTORIAL)=
(J OVER J)#ALJI#X#xJ4(J41 OVER JIRATJLI#X*k*(J41)¢e0et{N OVER J)*
ACNJ*X#%&N, THEN THE J=TH DERIVATIVE (UP TO A FACTOR) CAN BE OBTAINED
FROM THE BINOMIAL COEFFICIENTS FOLLOWED BY EVALUATION OF THE ABOVE
INPRODUCT, THE SHAW AND TRAUB ALGORITHM PERFNRMS THE BUILDING UP OF
THE BINODMIAL CDEFFICIENTS IMPLICITLY.
WE HAVE NOT IMPLEMENTED THE MORE SOPHISTICATED ALGORITHMs, BASED
ON DIVISORS NF N+1, BECAUSE OF THE MORE COMPLEX APPEARANCE
OF THE IMPLEMENTATION AND BECAUSE OF THE DIFFICULTY IN CHOSING
THE MOST EFFICIENT DIVISOR. OUR (RESTRICTED) IMPLEMENTATION NF THE
ONE=PARAMETER FAMILY OF ALGORITHMS PRESERVES THE LINEAR NUMBER OF
MULTIPLICATIONS (2%N (NORDERPOLs TAYPOL) AND 3%N (DERPOL)).
THE ABSOLUTE ERROR IS OF ORDER MAX((N OVER N)*AINI#X**(N=K)sssss
(N OVER K)*ALK])s FOR THE K=TH NORMALIZED DERIVATIVE (SEE VAN DER
LAAN OR WOZNIAKOWSKTI}.
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REFERENCES:

[11.SHAWsMe AND Jo TRAUBS
ON THE NUMBER OF MULTIPLICATIONS FOR THE EVALUATION OF A
POLYNOMIAL AND SOME OF ITS DERIVATIVES (21 Po)e
JOURN, ACMs 19745 VOLe 21, NOo 1s Pe 161=167,

[271.STOERsJos 3
EINFUEHRIUNG IN DIE NUMERISCHE MATHEMATIK 1.
SPRINGER, 1972,

[37.VAN DER LAAN CeGe?
ORTHNGNNAL POLYNOMIALS IN:NUMERICAL ANALYSIS.
1l ERROR ANALYSIS OF RECURRENCE RELATIONS IN FLOATING=POINT
COMPUTATION, (TO APPEAR).

[41-MILKINSONsJoHa
ROUNDING ERRORS IN ALGEBRAIC PROCESSES,
HSNs NDTES ON APPLIED SCIENCES NO. 32» 19632,

T51eWOZNTAKOWSKIsHo 2
ROUNDING ERROR ANALYSIS FOR THE EVALUATION OF A POLYNOMIAL AND
SOME OF ITS DERIVATIVES.
SIAM Je NF NUM., AN, VOL 115 NOo 4» P, 780=787.

EXAMPLE 0F USE:s

AS A FORMAL TEST OF THE PROCEDURE DERPOL THE DERIVATIVES OF THE
POLYNOMIAL 3#X*43am2%X*%2+X~1 ARE CALCULATED AT X=1,

WBEGINWMARRAYWALO1313
HPROCEDUREMDERPOL(NsKs XoA) 3"CODEN312433
AT318=33A02)t==23A01)8=l;A0G =]}
DERPOL(353515A)3 OUTPUT(S1,M("
W{NTHE QwTH UNTIL AND INCLUDING THE 3=TH DERIVATIVES 3m)n,
&(BZDBIW)N, ATOTI,AL115A0215A03])

YEND® EXAMPLE OF USEs

THE O=TH UNTIL AND INCLUDING THE 3=TH DERIVATIVES : 1 6 14 18
SOURCE TEXT(S):

"CODEY 310403
NREAL® WPRNCEDURE™ POL({NsXsA)S
NYALUE® NeX3IWINTEGER®™ N3WREALY X3WARRAY® As
WBEGINY MREALW R3
Ri= 0%
RFOR® Nim N WSTEPM =1 WUNTIL® O ®wDOW
Re=sR*X 4+ ACNI1s
POLs=s R
HWENDY POLS
"EGP"
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WCODE® 312¢41:
WPROCEDURE™ TAYPOLIN»KsXsA)S
HYALUE® NsKs X3
WINTEGERM NRK3WREAL™ X3WARRAYM Ag
HIFH X%s 0 WTHENW
WBEGIN® WINTEGERM I,J,NM1s
MREALY XJpAApHS
XJs=1s
HEORY Jsza 1 WSTEPW 1 OUNTIL®™ N #DOW
WBEGINM XJSHXJ*XZA[JII-A[J]*XJ WEND®S
AAt=ATNIENM1lesN=13
HFORY Js= O W“WSTEPW 1 "UNTIL" K #pQOw
UBEGTN® HimAAg
UFOR® Tg¢=m NM]1 nSTEP® —1 AUNTIL® § »Dpnw
Hie AT T13=ACI14M
RENDN
HEND® HELSE®
WEORW Kis K WSTEPHW w] HWUNTIL® 1 wD0OW A[K13=0$
HEQPW

WCNDEY 312423

WPROCEDURE™ NORDERPOL (MsKsXsA)s

BYALUEY NeKoX3

NINTEGERM NoK$WREALW X3UARRAYM™ A3

‘HIFN X"e 0 WTHENN

WREGINY WINTEGERY IsJpNM1s
WREALY XJsAAsH3
WARRAY® XXCOSNIs
XJimls
WFORM Jgs 1 WSTEPM 1 WUNTIL® N #WDOW
WBEGIN® XJseXXLJItaXJ®X3ALJTt=ALJI%Xd MENDW;
HizAAte ALNTSNMLitaN=]3

WEORW Igwm NM1 WSTEP® =1 WUNTILY O "DOY His ACITs=sALXIT+H3

WFOR® Jt= 1 WSTEPW 1 WUNTIL® K wpOw

WBEGIN® Hi=AAs
WEOR® Ts= NM1 WSTEPW =1 WUNTILW J "DOW
Hes AT T78=ATIl+H3
ACJI2=H/XXT ]

WENDW

"END® NORDERPOL 3
WEQPW

HCODE®™ 31243

RPROCEDURE™ DERPOL (NsKsXsA)3

MYALUEM NoKsX3

AINTEGERM NoK3WREAL® X3MARRAY™ Ajg

RBEGIN® WINTEGER®™ J3 "REAL"™ FACS
WPROCEDUREMNORDERPOL(NSK» X5 A)3WCODE® 312423
FACe=13
NORDERPOL (NsKsXsA)3
WFEORW Jts 2 WSTEP® 1 ®WUNTIL® K ®pO#
WBEGIN® FAC3=FAC*JsALJT8=ALJI*FAC WENDY®

BENDW DERPOL 8
nEQP W

PAGE
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AUTHOR ¢ CsGs VAN DER LAAN

CQNTRIBUTORSS CsaGs VAN DER LAAN, M. VOORINTHOLT
INSTITUTES REKENCENTRUM RIJKSUNIVERSITEIT GRONINGEN
RECEIVED: Ta06uL

BRIEF DFSCRIPTION:

THIS SECTION CONTAINS SIX PRNOCEDURES FNR THE EVALUATION
OF DRTHOGONAL POLYNNMIALS:
ORTPOL, ORTPOLSYMs EVALUATE AN ORTHOGONAL POLYNOMIAL»
ALLORTPOLoALLORTPOLSYM: EVALUATE ALL ORTHOGONAL POLYNOMIALS OF
DEGREE LESS THAN A GIVEN POSITIVE INTEGER.
SUMORTPOL, SUMDRTPOLSYM: EVALUATE A SERIES OF
ORTHOGONAL POLYNOMIALS.
THE PROCEDURES ENDING WITH SYM ARE EFFICIENT VERSIONS FOR
SYMMETRICAL POLYNOMTIALS (I.E. ODD INDEXED POLYNOMIALS THAT ARE 0ODD
FUNCTIONS AND EVEN INDEXED POLYNOMIALS THAT ARE EVEN FUNCTIONS)S

KEYWORDS

ORTHOGONAL POLYNOMIALS

SERTES OF ORTHOGONAL POLYNOMIALSS

LINEAR THREE TERM (INIHOMODGENEOUS RECURRENCE RELATION.
DATA AND RESULTS:

ORTHOGONAL POLYNOMIALS CAN BE CHARACTERIZED BY A RECURRENCE
RELATION OF THE FOLLOWING FORM

ALTKY # FLK+11(X) = (A2[K] + X % A3[K1) #* FEKI(X)
- ALLK] * FLK=11(X),

WHERE AICK] ARE REAL NUMBERS. SEE FOR INSTANCE TABLE 22,7 IN
ABRAMOWITZ AND STEGUN (1964) FOR THE CLASSICAL ORTHOGONAL
POLYNOMIALS, BY AN ELEMENTARY TRANSFORMATION, THE COEFFICIENTS
IN THE RECURRENCE RELATION ABOVE CAN BE MADE SUCH THAT

THE RECURRENCE RELATION IS GIVEN BY

PIK+#11(X) = (X = BIK]) * PIKI(X) = C[K] #* PIK=11(X),

PLOIIX) = 1, PELIIXY = X = BIQT,
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IN THIS WAY WE OBTAIN A NORMALIZATION OF THE ORTHOGONAL POLYNNMTAL
SUCH THAT THE LEADING COEFFICIENT IN THE EXPLICIT REPRESENTATION OF
PLKI{X) EQUALS 1.

AS A CONSEQUENCE THE FOLLOWING RELATION HOLDS BETWEEN THE VALUES
OBTAINED BY OUR PROCEDURES (E.Ge. ORTPOL) AND THE VALUES FROM

THE REPRESENTATION IN ABRAMOWITZ AND STEGUN (1964} {(I.C. F)

Nel
ORTPOLINI(X) = PROD (ALLK1/A3[K1I) * FINI(X) »
Ke=0

WHERE A1CKYs A30K]» FIN] ARE DETERMINED BY 22,4 AND 22.7 IN
ABRAMOWITZ AND STEGUN(1964)e WE NOTICE THAT OVERFLOW/UNDERFLOW
MAY OCCUR EARLIER AS A CONSEQUENCE OF OUR NORMALIZATION.

IN DRDER TO AVOID MISTAKES WHEN OBTAINING THE RECURRENCE
COEFFICIENTS THE FOLLOWING TABLE GIVES THE RECURRENCE COEFFICIENTS
FNR THE CLASSICAL ORTHOGONAL POLYNOMIALS (NOTE THAT THE FIRST AND
SECOND POLYNOMIAL ARE DEFINED BY THE NORMALIZATION AND B[OT):

POLYNOMIAL KIND RECURRENCE COEFFICIENTS

3
1
3 BLK1 H CLK1I
H 3

CHEBYSHEV (1=~ST KIND) 3 [ H 172 » K=1

: 3 L] 174 » K>1
3 3

CHEBYSHEV (2=ND KIND) ] H 174
H H

LEGENDRE 3 [V] H K#%2 /(4K ¥%2=1)
H 3

JACOBI $ «(ALPHA**2=BETA®*%2)/ ¢ 4% (1+ALPHA)*
8 ((2%K+ALPHA+BETA)} % 8 (14BETAY/7({ALPHA+
8 (2%K+ALPHA+BETA+2)) 8 BETA+2)%%2%{ALPHA+
H 3 BETA#3)}) » K=1
3 3
3 8 4L%KE(KFALPHA)*®
8 8 (K+BETAY#({K+ALPHA+
3 3 BETA)/7{(2%K+ALPHA+
H 3 BETA)*#2%( (2%K+
3 3 ALPHA4BETA)*%2=1})
H ] » K>1
H H
H 8 (ALPHA»RETA > =1)
H 3

LAGUERRE 3 2%K+ALPHA+Y H K& (K+ALPHA)
? 3

HERMITE H Q H K72
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IN GENERAL THE REC!URRENCE COEFFICIENTS MAY BE OBTAINED BY USE OF
THE PROCEDURE RECCOF. THE ABOVE TABLE IS OBTAINED BY ADAPTION

OF TABLE 22.7,ABRAMOWITZ AND STEGUN (1964) P, 782s AS FNLLOWS:
(NOTE THAT N>=13 FOR N=0 CONSULT 22.4)

BlIls==sA2[I1/A3[11] s I=20s1s5009N=l
CLIVe=(AGLTI*AL[I=13)7(A301I]1%A3[I=11) » I=1l525000sN=1s

METHOD AND PERFORMANCE:

LET THE ORTHNGONAL POLYNDMIAL BE DEFINED BY

PEK+17(X Ve (X=BIKI)#PLKI(X)=C[KI#P[K=1I(X) 5 Km=ly2sseeN=1
WHERE BLO3N=1]s CC18N=117 CONTAIN THE RECURRENCE CNEFFICIENTS AND
PILI(X)=X=B[&Ts PLOI(X) =) (SEE STOER 19725 Pse 119)e

THEN
N=1 /7 X«~BLK1 1\ 71\
PINI(X) = (X=B[OIs1) % PROD ( It 1 » N®ls25060se
K=l \ «=C[K1 6 /7N G/

AND

ATOT+AT1T#PL1I(X) 400 e+ AINI*PIN]I{(X )=
N J=1 / X=BL[K] 1\ /7 ATJI A
ACG)Y + (X=BLGJs1) * SUM PROD I 1t )
J=]l K=1 \ =C[K] o7\ € !/
THESE EXPRESSIONS ARE EVALUATED BY A GEMERALISED HORNER RULE.

(SEE ALSO LUKEs» 1969, Pe 327),

REFERENCES:

ABRAMOWITZ, Mo & Io STEGUN (1964)1
HANDBODK OF MATHEMATICAL FUNCTIONS,
NATIONAL BUREAU OF STANDARDSs WASHINGTON DeCe

LUKEs Yelo (1969):3
THE SPECIAL FUNCTIONS AND THEIR APPROXIMATIONS I,
ACADEMIC PRESS» LONDON» NEW YORK.

STOER, Jo (1972)3
EINFUEHRUNG IN DIE NUMERISCHE MATHEMATIK I,
SPRINGER VERLAGs BERLIN.
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SUBSECTIONS ORTPNL.
CALLING SEQUENCE:
THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?:
"REAL" "PROCEDURE®™ ORTPOL(N»X»BsC); “VALUEM NsX3
HINTEGER™ Ng MREAL®W X3 MARRAY"™ R,C3
WCODEY 310443
ORTPOL DELIVERS THE VALUE OF THE ORTHDGONAL POLYNOMIAL OF
DEGREE N FNR THE ARGUMENT X AS DETERMINED BY THE
RECURRENCE CNEFFICIENTS, ’

THE MEANING NF THE FORMAL PARAMETERS IS

Nt SARITHMETIC EXPRESSION>;

ENTRY: THE DEGREE OF THE POLYNOMIALS
X3 <ARTTHMETIC EXPRESSION>S

ENTRY: THE ARGUMENT OF THE ORTHOGONAL POLYNOMIAL;
BsCs <ARRAY IDENTIFIER>}

MARRAY" BL[O8N=11s, CL1lEN=113
ENTRY: THE RECURRENCE COEFFICIENTS (SEE DATA AND RESULTS).

SURSECTION: ORTPALSYM,

CALLING SEQUENCES
THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:
NREAL™ WPROCEDURE"™ ORTPOLSYM(NoXsC)s WVALUEY NyX3
WINTEGER® N3 ®WREAL™ X3 MARRAY™ C3
NCODEN 310483
ORTPOLSYM DELIVERS THE VALUE DF THE ORTHOGONAL POLYNDMIAL DF
DEGREE N FOR THE ARGUMENT X AS DETERMINED BY THE
RECURRENCE CNEFFICIENTS,.

THE MEANING NF THE FORMAL PARAMETERS IS:

N <ARITHMETIC EXPRESSION>S

ENTRY: THE DEGREE OF THE POLYNOMIALS
X3 <ARITHMETIC EXPRESSION>S

ENTRY: THE ARGUMENT OF THE ORTHOGONAL POLYNOMIALS
Cs <ARRAY IDENTIFIER>S

MARRAYY CL18N=113
ENTRY: THE RECURRENCE COEFFICIENTS (StE DATA AND RESULTS).
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SURSECTIONS ALLORTPOL.

CALLING SEQUENCE?
THE DECLARATION (OF THE PROCEDURE IN THE CALLING PROGRAM READS:

HPRNCEDUREN ALLORTPOL(N»X5B»C»sP)3s
MVALUE®™ NoX3 WINTEGERY N3 MREALM™ X3 MARRAY® ByCsP3
WCODEM 310453

THE MEANING NF THE FORMAL PARAMETERS IS:
NsXsByCt: SEE ORTPOL (THIS SECTINN):
Ps <ARRAY IDENTIFIER>3
WARRAY® PLO&N1s
EXIT: PLKY CONTAINSs FOR THE ARGUMENT, THE VALUE 0OF THE
K=TH ORTHOGONAL POLYNOMIAL AS DEFINED BY THE
RECURRENCE COEFFICIENTS.

SURSECTINNS ALLDRTPOLSYM,

CALLING SEQUENCES
THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?®

UPROCEDURE™ ALLORTPOLSYM(NsX»CsP)3
WVALUE™ N,X3 WINTEGER™ Nj HWREALM™ X3 WARRAYM™ C,P3
HCODEM 314493

THE MEANING OF THE FORMAL PARAMETERS ISt
NsXsCs SEE ORTPOLSYA (THIS SECTINN)S
P3 <ARRAY IDENTIFIER>;
WARRAY® PIOINIS
EXITs PLKI CONTAINSs, FOR THE ARGUMEMT, THE VALUE OF THE
K=TH ORTHOGONAL POLYNOMIAL AS DEFINED BY THE
RECURRENCE COEFFICIENTS,

SUBSECTION: SUMORTPOLW

CALLING SEQUENCEs
THE OFCLARATION OF THE PROCEDURF IN THE CALLING PROGRAM READS:
WREAL™ WPROCEDUREM™ SUMORTPOL (Ns X5BsCsA)s

MYALUE® NsXs MINTEGER® N3 MREAL™ X5 MARRAYY B,C, A3
HCODE™ 310473
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SUMORTPAL ¢ DELIVERS THE VALUE OF THE POLYNOMIAL
ATOT+AT1I#PTLIIX) 400t AINI*PINTI(X)
WHERE PIKI(Y) IS THE X=TH ORTHOGONAL POLYNNMIAL.

THE MEANING OF THE FORMAL PARAMETERS ISt
NeXsRsC3 SEE ORTPOL (THIS SECTION):
Az <ARRAY IDENTIFIER>S
TARRAYM ALOSNIg
ENTRY: THE COEFFICIENTS OF THE SERIES EXPANSION
ACTGI+ACLII#PLLI(X)4eee+AINI*PINI(X)
WHERE PLKTI(X) IS THE KeTH NORTHOGONAL POLYNOMTAL
AS DEFINED BY THE RECURRENCE COEFFICIENTS,

SUBSFCTION: SUMORTPOLSYM,

CALLTING SEQUENCE?

THE DECLARATION OF THE PROCEDURE IM THE CALLING PROGRAM READS?:

MREALY "PROCEDUREY SUMORTPOLSYM(N,XsCoA)s
WYALUE®N NyXs HINTEGERN N3 HREAL"™ X3 HARRAYY C,As
"CODE" 310583

SUMORTPOLSYM & DELIVERS THE VALUE OF THE POLYNOMIAL
ATUGT#ATLI*PI11(X) 40 0atALNI*PINI(X)
WHERE PLKI1(X) IS THE K=TH ORTHNOGONAL PDOLYNOMIAL.

THr MEANING NF THE FORMAL PARAMETERS ISt
NsXsCs SEE ORTPOLSYM™ (THIS SeCTINN)3
Al <ARRAY IDENTIFIER>3
WARRAYM A[{sNT3
ENTRYs THE COEFFICIENTS DOF THE SERIES EXPANSION
ATGI+ACLTI*PIYTI(X)400etATNI*PINI(X)
WHERE PLKI(X) IS THE K=TH ORTHOGONAL POLYNDMIAL
AS DEFIN:ZD BY THE RECURRENCE COEFFICIENTS,
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EXAMPLE OF USEs

THE FOLLOWING PR{OGRAM DELIVERS THE VALUES 0OF THE
LAGUERRE POLYNNDMIAL OF DEGREES 6G»152535455 FOR X=0 BY MEANS OF THE
PROCEDURE ALLORTPOL (BLKJ]s=s2%K4l, CLK1=K*%*2)13

WREGINW WARRAY® Bl1)t4], CL1lt4]s PLCE5]3

NINTEGER™ I3

NPROCEDURE® ALLORTPOL{NsXsBsCsP)3 MCODE®™ 310453

BlN1t=13

WEORW Tte]l HSTEPM™ 1 MUNTIL® 4 wpOw

HBEGINY BIIls=2%Y413

ClIJt=Iskk2s

WENDY I3

ALLORTPOL(5505sB5CsP)3

NUTPUT (61, M ("2/56(2Bs +2ZDeD)P) U, (PLI1»T3=015));
WEND" PROGRAMS

RESULTS (NOTE THE DIFFERENCE WITH FIGURE 229 IN ABRAMOWITZ AND
STEGUN (1964) RECAUSE OF THE NNRMALIZATION)@

+1.0 -]a0 +2.0 =6e0 +2440 =120.0



SECTION t 2,267l (NOVEMBER 1978) PAGE

SOURCE TEXTSs

ACADEN 310648
WREALY WPROCFDUREY ORTPOL(NsXsBsC)s
NYALUEM™ NoX3 "INTEGERM™ N3 WREAL™ ¥: WARRAY® B,C%
RIFY NsO0 WTHEN® NRTPOL$=]l WELSEN
CWAEGIN® WINTEGER® KslL3 WREAL™ RsS,H3

R3mX=B[1]13 Stmls LseN=l;

HWEQR® Kgs]l HMSTEP® 1 WNUNTIL™ L wDOW
WBEGINY His=RS

Ri=(X=B[K])*R=CL[KI1%53

StaHs
MENDWsg

ORTPOL3=RS
WEND® ORTPOLS

ngoew

"CODF™ 310483
WREAL®™ YPRDCEDUREM™ NRTPOLSYM(N,XsC)3
WYALUE®™ Ny X3 RINTEGER®™ N3 WREAL"™ X3 WARRAY® C3
NIFW N=i) WTHEN" ORTPOLSYMi=1,0 “ELSEW®
URBEGINY
"WINTEGER® Kels WREALY RpSsH3
Rims)3 S3sledds L3eN=l3
MFORM Kesl WSTEPM™ 1 WUNTIL"™ L nDOWY
PBEGINY
HisR3 Ri=X#R=C[K]1*S3;
St=H
HEND S
ORTPOLSYMs =R
WEND® [IRTPOLSYM:
nENPR

UCNDE® 310453
WPROCENUREYALLORTPOLIN, X5B5CIRESULTS2(P)3
WYALUE® NoXs NINTEGER® N3WREAL®™ X;"ARRAY®™ By;CsPs
MIFN NeQ "THEN® PLO1s=1WELSE"®
WBEGINY WINTEGER™ K,K1s8 ®REALY RpS,H$
Ri1=P{1]73=X=B[0J3 S:=P[0)t=1l3Ks=]}}
WEORY Kilsm2 WSTEPH 1 WUNTIL® N ®pOw
WBEGINY HseR: PIK1l1e¢=Res(X=BLKI)*R=CLK]I*S?
StaHs Ki=Kls
WEND®S
WEND® ALLORTPOL
wzZopw
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NCNDEN 3101493
"PROCEDURE® ALLORTPOLSYM(Ny Xs C)RESULTS:(P)3
RYALUE® NeX3 MINTEGERM™ N3 WRFAL® X3 "ARRAYY C,P3
WIFY M=Q WTHENY" PLO18=l,0 MELSE®
WBEGIN®
WINTEGERM K3 "REAL®™ R,S»H3
Rt=P[11s=X3 StaP[N)ss=l,03
WEOR® Kiw2 WSTEPM 1 MUNTIL®™ N wupQn
NBEGINM
Hi=Rg
P[K]2aR3=X%RmC[Kw]1%Ss
SteH
WENDM 3
WENDY" ALLORTPOLSYMs
"Egp"

nCODEM 310473
WREALW "PROCEDUREM™ SUMORTPOL(NsXsBsCsA);
WYALUE® NoX3 NWINTEGER™ N5 MREAL™ X3 MARRAY" B,C,A3
WIF® NaQ WTHEN® SUMORTPOL3=AL0] NELSE®
"BEGIN® WINTEGER™ Ki MREAL™ HyR»S;
Re=ATNI3 Si=03
NEORY KisNel MSTEP® w1 WUNTIL® 1 ®DOW
MBEGIN®

Ht=R}$

Riz2A[KI+(X=BI[K1)%*R4+S3$

Sta =CTK1*H
WENDMS

SUMORTPOL:=ALO1+(X=BLOT)*R4+S
WEND® SUMORTPOL:
WEQpN

WCODE® 310583
WREAL®W WPROCEDUREM SUMORTPOLSYMINsX»CsA)s
NVALUE® NoX3 WINTEGER' N§g WREAL®™ X3 MARRAY"™ C,As
WIF® N=O ®THENW SUMORTPOLSYM:=A[Q] ®ELSEN
NMBEGIN®
HWINTEGER™ K3 "REAL™ HpR»S3
R1=A[N1s Si=0s
WEORW KgaN=] WSTEPT «} WUNTIL® 1 nDQw
HBEGIN®
HiaR3
R1=sALKI+X%R+S3
St= =CIK1%H
WENDWS
SUMORTPOLSYMs=ALWII4+X*R+S
RENDY SUMORTPOLSYM3
wEQPH

PAGE
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AUTHOR S CsGo VAN DER LAAN,

CONTRIBUTORS: CeGs VAN DER LAAN» Mo VOORINTHOLT.
INSTITUTES REKENCENTRUM RIJKSUNIVERSITEIT GRONINGEN.
RECEIVED: 780601,

BRIEF DESCRIPTION:

THIS SECTION CNONTAINS FNUR PROCEDURES ABOUT CHEBYSHEV POLYNOMIALS
AF THE FIRST KIND3
CHEPOLSUM: EVALUATES A (FINITE) SUM OF CHERYSHEV POLYNOMIALS,
ODDCHEPOLSUM: EVALUATES A (FINITE) SUM OF CHERYSHEV POLYNOMIALS
OF 0DD DEGREE»
CHEPOLS EVALUATES A CHEBYSHEV POLYNOMIAL,
ALLCHEPOL: EVALUATES ALL CHEBYSHEV POLYNDOMIALS WITH DEGREE LESS
THAN A GIVEN POSITIVE INTEGER.

KEYWORDS 3

(FINITE) SUM OF (SHIFTED) CHEBYSHEV POLYNOMIALS OF THE FIRST KIND,
GOERTZELsWATT,CLENSHAWS GENERALIZED HORNER ALGORITHM,s
LINFAR THREE TERM (INHOMOGENEOUS) RECURRENCE RELATION,
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FOXs Le & ToBo PARKER (1972): .
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THE CHEBYSHEV POLYNNMIALS,
WILEY.
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EINFUEHRUNG IN DIE NUMERISCHE MATHEMATIK 1.
HEIDELBERGER TASCHENBUECHER 1055SPRINGER=VERLAG.
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SURSECTIONS CHEPOLSUM.

CALLING SEQUENCES

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?Y
HREALWHPRNCEDURENCHEPOLSUM(Ns XsA) 3

MVALUEUN, XsWINTEGER"Ns "REALMX 3 "ARRAY¥AS

MCODEN310463

CHEPOLSUMs=THE VALUE OF THE CHEBYSHEYV SUM
ATOT + ACLI*TLL1I(X) 4 ecees + ACNIRTINI(X),
WHERE TL11(X)soeeses TINI(X) ARE CHEBYSHEV POLYNOMIALS
OF THE FIRST KIND, OF DEGREE lseeeesNs RESPECTIVELY.

THF MEANING OF THE FORMAL PARAMETERS IS
N t <ARITHMETIC EXPRESSINON>3
ENTRY: THE DEGREE OF THE POLYNOMIAL REPRESENTFD BY THE
CHEBYSHEV SUM (N>=Q)
X 3 <ARITHMETIC EXPRESSTON>$
ENTRYs THE ARGUMENT OF THE CHEBYSHEV POLYNOMIALS » ABS(X)<=ij
A 3 <ARRAY IDENTIFIER>}
WARRAYM A[IINIs
ENTRYs THE COEFFICIENTS OF THE CHEBYSHEV SUM MUST BE GIVEN IN
ARRAY A, WMERE ALK] IS THE COEFFICIENT OF THE CHEBYSHEV
POLYNOMIAL OF DEGREE Ks (<=K<aN,

PROCEDURES USED: NONE.
RUNNING TIME: PROPARTIONAL TO N.

METHOD AND PERFORMANCE:

N N 7 2%X 1V K /7 ALKI \
SUM ACKI®TEKI(X) = (1,X) #% SUM T ] %= 1
K=y Ks) \ =1 0 / Ao /

WE USE THE CLENSHAW OR GENERALIZED HORNER ALGORTITHMS

N
SUM ACKI®TLIKI{X) = (1,X) #

K=g
!/ /] ALY ©\ J 2%X 1 \ /7 AC11 N\ /7 2%X 1\ /7 AINT VN
[ 8 1+ b I O 8 1 +eet+ I j+I 1 Jesle
AN ¢ / V=l 0/ v\ O 7 A\ =10/ A9 I A
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THIS PROCZDURE MAY BgE USED:
= TO EVALUATE THE SUM OF CHEBYSHEY POLYNOMIALS DF EVEN DEGRFE
N

SUM ATKI*TL2%KI(X) ,
K={)
BY THE CALL OF
CHEPOLSUM(N,WIF" ABS(X)<ARREB "THEN™ =1 MELSE" 2#4X#X=l,A)
BECAUSE OF
TE2#K{X) = TIKI(TL21(X))s
(ARREB DENDTFS THE MACHINE PRECISION)
= TO EVALUATE THE SUM OF SHIFTED CHEBYSHEV POLYNOMIALS FOR QO<=X<=}
N :
SUM ATKTI*TIIKIIX) &
K=}
BY THE CALL QOF
CHEPOLSUM(N,24X=15A)
BFCAUSFE OF
TOIKI(X) = TEKI{2%X=1),

EXAMPLE OF USE

THE POLYNOMTIAL 8 1 + L/72*%TLLT{X) + 1/4%TL2]{X) IS EVALUATED FOR
‘X = =1,0s8s WHERE Tr11(X) AND TL21(X) AREZ THE CHEBYSHzV POLYNOMIALS
OF FIRST AND SECOND DEGREE» RESPECTIVELY,

UBEGINWMARRAYNALQ12]s
NREAL"MPROCEDUREMCHEPOLSUM(Ns X, A)3
PYALUEYNS X3P INTEGER"NS WREALMXSHWARRAYMAS
WCODEM31W463
AT213=,253A0128=,53A00]8=13
OUTPUT(61sM{M3(BZ.DD)M)M,CHEPOLSUM(2,5=15A) s CHEPOLSUM(2505A4)>
CHEPOLSUM(25154))

NENDT

o75 75 1875
SUBSECTIONS ODDCHEPOLSUM,

CALLING SEQUENCES®

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?:
WREALWWPROCENUREN ODDCHEPOLSUM(Ns X5 A)3

NVALUEYN X3 WINTEGERMNS"REALWXSMARRAY"AS

"CNDE™310593



SECTION ¢ 2420202 (DECEMBER 1978) PAGE &

ODDCHEPNLSUM:= THE VALUE OF THE CHEBYSHEV SUM
ATLI*TL1I(X) + ceee + ALNI*TL2%N4+11(X),
WHERE TL11(X)se0ees TE2*N+11{X) ARE CHEBYSHEV POLYNOMIALS
OF THE FIRST KINDs OF (0DD) DEGREE lsesses2%N+l,

THE MEANING NF THE FORMAL PARAMETERS ISt
N 1 <ARITHMETIC EXPRESSION>3
ENTRY: THE DEGREE OF THE POLYNOMIAL REPRESENTED BY
THE CHEBYSHEV SUM IS 2#%N+1 (N>=0)g
X 8 <ARITHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE CHEBYSHEV POLYNOMIALS, ABS(X)<=13
A ¢ <ARRAY IDENTIFIER>;
WARRAY® ALOIN1s ;
ENTRYs THE COEFFICIENTS OF THE CHEBYSHEV SUM MUST BE GIVEN IN
ARRAY As WHERE ALK IS THE COEFFICIENT OF THE CHERYSHEYV
PAOLYNOMIAL OF DEGREE 2#%K+l, 0O<sK<=N,

PROCEDURES USED: NONE.

RUNNING TIME: PROPDRTIONAL TO No

METHOD AND PERFORMANCE:

FROM THE REPRESENTATION», FOR ABS(X)<=l,

N N 7 2%TL23{X) =1 \ K JALIKI A\
SUM ATKI#TL2#K+11(X) = X * (i,=1) * SUM [ 1 *1 1
K=i) K=0 A\ i a 7 N0
WE USE THE CLENSHAW 0OR GENERALIZED HORNER ALGORITHMS

N 7 7 ALOT A
SUM ALKI*TL2*%K411(X) = X * (ls=1) * [ T 1+
K=3 v A 0o 7
/ 2%TL23(X) =1 \ /7 / AL1T A\ 7 2#TT21(X) =1 \ / AINI A\ A
t 1 %[0 Jtasatl 1 % 1 Jesde
\ 1 L AR o / \ 1 G 7/ \ o /717 7

THIS PROCEDURE MAY BE USED TN EVALUATE THE SUM DOF SHIFTED CHEBYSHEV
POLYNOMIALS OF 0ODD DEGREE FOR Q<=X<=1,
N

SUM ACKI*TYL2#K413(X) »

Ks@
BY THE CALL OF

ODDCHEPOLSUM(Ny 2%X=15A)
BECAUSE OF

TIIKI(X) = TLKII2#%X=1),
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EXAMPLE OF USE:s

THE POLYNOMIAL 1/2#TL11(X) + 1/5%T[31(X) IS EVALUATED FOR X==1,0,1,
WHERE TLLI(X) AND TL31(X) ARE CHEBYSHEV POLYNOMIALS OF THE FIRST
AND THIRD DEGREFs RESPECTIVELY.

HBEGIN®
WARRAYWATLO311¢
NREALWHMPROCEDUREMOODCHEPOLSUM(NsXpA) 3
NVALUE"N, X3 WINTEGERMN; "REALNX 3 HWARRAY A
"CODEM310493 '
Af1731=2,23AT012=,53%
OUTPUT(ALsM{"/,3(By=7,0D)")",ODDCHEPOLSUM(L1s=15A)5

NDDCHEPOLSUM{1,GsA)»

ODDCHEPOLSUM(1s154)) 3
RENDY

- ) oK) M ]
SURSECTINN: CHEPNL,

CALLING SEQUENCF3

THE DECLARATION NF THE PROCEDURE IN THE CALLING PROGRAM READSt
WREALMYPROCEDURENCHEPOL (NyX) 3

MVALUE"N, Xs WINTEGERWNSWREALMX S

WCODEM310423

CHEPOL3=THE VALUE OF THE CHEBYSHEV POLYNOMIAL OF THE FIRST KIND NF
DEGREE N FOR THE ARGUMENT X.

THZ MEANING OF THE FORMAL PARAMETERS IS
N 3 <ARITHMETIC EXPRESSION>;
ENTRY: THE DEGRFE OF THE POLYNOMIAL (N>=0)3
X & <ARITHMETIC EXPRESSION>3
ENTRYs THE ARGUMENT OF THE CHEBYSHEV POLYNOMIALs ABS(X)<=1,

PROCEDURES USED: NONE.
RUNNING TIME: PROPORTIONAL TO Ne
METHOD AND PERFORMANCE® SEk ALLCHEPOL (NEXT SUBSECTION).

EXAMPLE OF USEs SEF NEXT SUBSECTION,
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SUBSECTION: ALLCHEPOL.

! CALLING SEQUENCEs

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?
NPROCEDUREMALLCHEPOL(Ns X5 T) 3

NYALUEWN X3WINTEGERMNSWREALNX3WREALWNARRAYHT

¥CNDE®3104338

THE MEANING OF THE FORMAL PARAMETERS 1S:
N 3 <ARITHMETIC EXPRESSION>S
ENTRYs THE DEGREE OF THE LAST POLYNOMIAL (N>=0)3
X & <ARITHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE CHEBYSHEV POLYNOMIALS, ABS{X)<=13
T 8 <ARRAY IDENTIFIER>:
HARRAY®W TLONI1s
EXIT: THE VALUES OF THE CHEBYSHEV POLYNOMIALS OF THE FIRSTY
KIND OF DEGREES OslseeesN » FOR THE ARGUMENT X» ARE
DELIVERED IN TLO01sTL1lseeasTINIs RESPECTIVELY.

PROCEDURES USED: NONE.
RUNNING TIME: PROPORTIONAL TO N.

KETHND AND PERFNORMANCE?S

FOR A DESCRIPTION OF THE ALGORITHM SEE STOER»19725Pe21,

THE MAXIMUM (ABSQLUTE) VALUE OF THE CHERYSHEV POLYNOMIAL

EQUALS 1 AS A NORMALIZATION.

AN UPPER BOUND FOR THE (ABSOLUTE) ERROR IS A QUADRATIC FUNCTION
0OF THE DEGREE NF THE CHEBYSHEV POLYNOMIAL.THIS UPPER BOUNND IS A
ROUGH DVER=ESTIMATE FOR THE SPECIAL CASE ARS(X)<,5 (STOER,1972,
Po 21=24),

EXAMPLE NF USE

BY THE PROCEDURE (ALL)CHEPOL THE CHEBYSHEV POLYNOMIALS OF THE FIRST
KIND OF DEGREES 51,2 ARE EVALUATED AT =158»1.
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WRBEGIN®
NARRAYMTC(82]s
"REAL"WPROCEDURE"CHEPOL(NyX )
WVALUEMNo X3 "INTFEGERMNS "REAL "X
NCONEN311423
"PRICEDUREMALLCHEPOLIN,X,T) 8
HVALUERN X sPINTEGERMNSUREAL XS HREALWYARRAYHT S
"CODEN31D633
ALLCHEPOL(2s=1sT)SOUTPUTLAL» (/3 (=DRIM) M, TIOI,TLLY,TL2])
ALLCHEPOL(2, Qo T)30UTPUT(6L,"("/53(~DBY")", TIO],T[11,T(27)3
ALLCHEPOL(2s 1oT)3OUTPUT(EL"("/s3(=DBIN)N,TIO01,TI11,TI2Y)3
DUTPUTIAL, W("/s3(/s=D) ") "y CHEPOL(25=1)»CHEPOL(25,0)5CHEPNLI2,1))

NENDN
1«1 1
1 ¢ =i
1 1 1
1
el
1

SOURCE TEXTI(S)13

BCNDEN310463
HREALM UPRNCEDURFEY CHFPOLSUM(N,X»A)3
NVALUEN NoXSMWINTEGERM NI"REAL®™ XSWARRAY™ A3
WIFN N=s0 WTHEN® CHEPOLSUMi=sA[Q] WELSEN
NIFN Nal NTHEN® CHEPOLSUMI=ACGI+ALL1I*X MELSEM
HBEGINY WINTEGERY K3M"REALM™ HpRyS,TX?$

TXtsX4X3R3=AIN]3

HimATN=174R*TX3

UENRY KtaN=? WSTEPM =] MUNTIL®Y 1 ®pNA%

UBEGIN® Si1sRiRt=Hg

HisA[KI+R*TX=S

WENDWK

CHEPOLSUMS=ATO T=R4H%X
WEND® CHEPOLSUMS

nEgpn
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HCNDEY31059%
WREALWHPROCEDUREVODDCHEPOLSUMINS XsA) 3
NYALUE®N X sNINTEGERMNIPREALWN s WARRAYWA;
NCOMMENT® DDDCHEPOLSUMet=ALOITELII(X)+ALLIITIAT (X +00ootALNITI2N+11(X)3
WIFH Naf BTHEN®" ODDCHEPOLSUM:=X*A[01 WELSE® )
NTFH Nel WTHEN® ODNCHEPOLSUMsaX®*(ALQOI+AL11#(4%X%X=3)) WELSEN
WBEGIN®
RINTEGER® K3
MREAL™ HsRsSsY3
YembhXt)X=?y
Rt=A[N]:
Ht=A[N==1J+R%Y3
REORY KgaN=2 WUSTEPM =] WUNTIL®: O ®DO®
HBEGIN®
Ss=R}
Re=H3$
HiwA[KJ®R*Y=S3
NENDY K3
ODDCHEPOLSUMs X% (H=R) }
NEND® NDDCHEPOLSUMS
"EUP"

NCADEN310423
HMREALWHPROCEDURENWCHEPOL (NsX )3
BYALUEWN, X $WINTEGERMWNSYWREALMX
WIFW N = O WTHEN® CHEPOL t=] WELSEW®
HIF® N = 1 ®WTHENY CHEPOL 3=X ®WELSE®
NREGINUNINTEGERWISUREAL®Ti1,T2,Hs X2
T28sX3TitelsX28X+X3
HFORNI3 a2NSTEPHLIBUNTILWN®DON
WREGINWH: aX2kT2=T1sT18aT2;3 T2 =sHWENDY}
CHEPOLt=H
PENDWCHEPOL S
uEDpﬂ

NCODEN310433
HPROCEDUREMALLCHEPDL(Ns X»T) 3
NYALUE®N s XS HINTEGERNSHWREALNXSWREALWHWARRAY® TS
NIF® N = 0 WTHEN®™ TLQ) s=1 ®ELSE"
WIF® N = 1 WTHEN" ®BEGIN® TLO] t= 135 TC1] t= X WEND® W®WELSE®
NBEGINWHINTEGERWI;WREALWT1,T25Ho X238
TIO018=Tle=l3TL178=T2saXgX28X+Xs
NEORW I3 =20 STEPHWINUNTILWNSDON
HREGTN®TITI3=HiaX2*T2=T13T1:=T2:T2seHWENDY
WENDWALLCHEPQLS
WEDP®
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AUTHOR? CeGas VAN DER LAAN,
INSTITUTE: RIJKSUNIVERSITEIT GRONINGEN,
RECEIVED? T40701.
BRIEF DESCRIPTIONS '
THIS SECTION CONTAINS THE PROCEDURES?

SINSER FOR EVALUATING A SINg SERIESS
COSSER FNR EVALUTING A COSINE SERIES:

FOUSER,FOUSER1, FOUSER2 FOR EVALUATING A FOURIER SERIES
(IN FOUSER THE SERTIES IS RESTRICTED TO A SERIES WITH SINE
COEFFICIENTS FQUAL TO COSINE COEFFICIENTS)s

PAGE 1

COMFOUSER,COMFNUSERY , COMFOUSER? FOR EVALUATING A CNMPLEX FOURIER

SERIES

(IN COMFCUSER THE SERIES IS RESTRICTED TO A SERJIES WITH REAL

COEFFICIENTS),

KEYNPRDS:

FINITE FOURIER SERIES EVALUATION,
TRIGONOMETRIC POLYNOMIAL EVALUATIONS

GAERTZEL yWATTSCLENSHAW,REINSCH ALGORITHM,
LINEAR THREE=TERM INHOMOGENEQUS RECURRENCE RELATIDN.
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SUBSECTION ¢ SINSER,

CALLING SEQUENCE?

THE HEADING NF THE PROCEDURE READS®
HREALMWPROCEDURENSINSER (N, THETA»B) s
WYALUEMN, THETATWINTEGERWN "REAL®THETA; WARRAYMB3

SINSERs= THF VALUE OF THE SINE SERIES
BILI*SIN{THETA)+0os+*BINI®SIN(N®THETA),

THE MEANING OF THE FORMAL PARAMETERS ISt
Nt <ARITHMETIC EXPRESSION>;
FNTRY: THE NUMBER OF TERMS IN THE SINE SERIES:
THETA: <ARTTHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE SINE SERIESS
B3 <ARRAY IDENTIFIER>:
WARRAYRRL1:N]3
ENTRY: THE COEFFICIENTS OF THE SINE SERIES.

PRNCEDURES USEDs NONE,

RUNNING TIME: PROPORTIONAL TO N
(TN FIRST ORDER: N MULTIPLICATIONS: 3N ADDITIONS:
3 SINE/CNSINE EVALUATIONS).

LANGUAGES ALGOL 640.

METHOD AND PERFORMANCE : SEE COMFOUSER2 (THIS SECTION).
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SURSECTION ¢ COSSER.

CALLING SEOQUENCES

THE HEADING OF THE PROCEDURE READS?
NREALWHPROCEDURENCOSSER(N, THETASA)
MVALUE"N, THETASNINTEGER"NIWREAL"THETA3"ARRAY A}

COSSERt= THE VALUE OF THE COSINE SERIES
ATDI+ALII*COS(THETA) 44 0 o #+ALNI*COS(N*THETA)

THE MEANING NF THF FORMAL PARAMETERS ISt
Ne <ARITHMETIC EXPRESSINN>3
ENTRY$ THE DEGREE OF THE TRIGONOMETRIC POLYNDMIAL.
THETA: <ARITHMETIC EXPRESSION>;
ENTRY$ THE ARGUMENT OF THE CNSINE SERIES.
At <ARRAY IDENTIFIER>S
MARRAYWALOIN];
ENTRY: THZ CODEFFICIENTS OF THE COSINE SERIES,

PROCEDURES USEDt NONE.

RUNNING TIME: PROPORTIONAL TO N
(IN FTRST ORDERt N MULTIPLICATIONS: 3N ADDITIONS:
? COSINE/SINE EVALUATIONS).

LANGUAGE: ALGOL 60.

METHOD AND PERFORMANCE ¢ SEE COMFOUSERZ (THIS SECTION).
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SUBSECTION # FOUSER.

CALLING SEQUENCE!

THE HEADING NF THE PROCEDURE READS:
UREALMWPROCENUREMFOUSER (NoTHETA»A)S
BYALUE"NTHETASWINTEGER"NS "REALWTHETAS WARRAY®AS

FOUSER t= THF VALUE OF THE FOURIER SERIES
ALDT+ALL1I* (COS(THETA)+SIN(THETA) )40 o +AINTH{COS{N*THETA)
+SININ*THETA) ),

THE MEANING OF THE FORMAL PARAMETERS ISt
M3 <ARITHMETIC EXPRESSION>3
ENTRY: THE DEGREE OF THE TRIGONOMETRIC POLYNOMIAL:
THETAs <ARITHMETIC EXPRESSION>3
ENTRYs THE ARGUMENT OF THE FOURIER SERIESS
As <ARRAY IDENTIFIER>S
WARRAYHALKIINT;
ENTRY$ THE COEFFICIENTS OF THE (FINITE) FOURIER SERIES.

PROCEDURES USEDs NONE.

RUNNING TIME: PROPORTIONAL TO N
(IN FIRST ORDERt N MULTIPLICATIONSs 3N ADDITINNSS
3 COSINE/SINE EVALUATIONS).

LANGUAGF: ALGOL 60.

METHOD AND PERFORMANCE @ SEE COMFOUSER2 (THIS SECTION),



SFCTION 1 2,

SUBSECTINN 3

2.3.1 (OCTDBER 1974) PAGE 5

FNUSER1,

CALLING SEQUENCE:?

THE HEADING NF THEF PROCEDURE READS?
NREALMMPRACEDUREMFOUSERLI (NS THETA» A»B) 3
BYALUG"N, THETASWINTEGERYNIWREALNTHETA WARRAY™A, R

FOUSERY:

a THE VALUF OF THE FOURIER SERIES
ATOI+ACIT*COSUTHETAI+RILII#SINITHETA 4o 0
+ATNI*COS (N*THETA)+BENI#SIN(N#THETA),

THE MEANING OF THE FORMAL PARAMETERS ISt

N3

THETA:?

AsBR?¢

<ARITHMETIC EXPRESSION>:

ENTRY: THE DEGRZIE OF THE TRIGONOMETRIC POLYNOMIAL®

<ARITHMETIC EXPRESSINN>3

ENTRYs THE ARGUMENT OF THE FOURIER SERIESS

<ARRAY IDENTIFIER>:

HARRAYMALQsMI,BL18NT3 )

ENTRYt THr COEFFICIENTS OF THE (FINITE) FOURIER SERIES,
WITH A[CK] COEFFICIENT OF COS(K*THETA), (K=QseoesN)
AND  BIK1 COEFFICIENT QF SIN(K#THETA)» (K=lsssesM)s

PROCEDURES USED? NONE.

RUNNING TIMEs PROPORTIONAL TO N

LANGUAGFt AL

METHOD AND P

(IN FIRST ORDERt 4N MULTIPLICATIONSs &N ADDITIONSS
2 COSINE/SINZ EVALUATIONS).

GOL 6C.

ERFNRMANCFEF ¢ SEE COMFOUSER2 (THIS SECTION).
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SUBSECTINN & FOUSER2.

CALLING SEQUFNCE?

THE HEADING NF THE PROCEDURE READS:
WREALNWPROCEDURENFNUSER2 (N, THETAs A»B)3
AVALUE"N, THETASWINTEGERWN; "REALMTHETA3 "ARRAY®A, B3

FOUSER2t= THE VALUE OF THE FOURIER SERIES
AT03+AT11%COSU{THETA)+RI1J4SIN(THETA) s
+AINI#COS (N#THETA)+BINI#SININ&THETA),

THE MEANING OF THE FORMAL PARAMETERS IS
N3 <ARITHMETIC EXPRESSION>3
ENTRY$ THE DEGREE OF THE TRIGONODMETRIC POLYNOMIALS
THETA® <ARITHMETIC EXPRESSION>3
ENTRYs$ THE ARGUMENT OFf THE FOURIER SERIES:
ApB3 <ARRAY IDENTIFIER>;
WARRAYMALQSNI,BL1sNIs
ENTRY: THE COEFFICIENTS OF THE (FINITE) FOURIER SERIES,
WITH ALK COEFFICIENT OF COS(K*THETA)» (K=0sss0esN)
AND BEKY COEFFICIENT OF SIN(K*THETA)s (K=lseeosile

PROCEDURES USEDs SINSER = CP31090,
CNSSER = CP31J91,

RUNNING TIMEs PROPORTIONAL TO N
(IN FIRST ORDER: 2N MULTIPLICATIONS: 6N ADDITIONS:
6 COSINE/SINE EVALUATIONS),

LANGUAGE & ALGOL 60,

METHOD AND PERFORMANCE ® SEE COMFOUSER2 (THIS SECTION),
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SUBSECTION

t COMFOUSER,

CALLING SEQUENCE?

THE HEADING 0OF THE PROCEDURE READS:
HPRNCEDURENCOMFOUSER (Ns THETAsAsRRHRI)
NVALUEMN» THETASHINTEGERUNSMREAL"THETAS RRy RIS MARRAYNAS

THE MEANING OF THE FORMAL PARAMETERS ISt

Nt
THETAR

At

RRsRI

<ARITHMETIC EXPRESSION>;

ENTRY: THE DEGREE OF THE POLYNOMIAL IN EXP{I*THETA)3

<ARITHMETIC EXPRESSION>3

ENTRY: THE ARGUMENT OF THE FOURIER SERIES:

<ARRAY IDENTIFIER>;

"ARRAYMALOIN]S

ENTRYs THE REAL CDEFFICIENTS ALK] (K=s0sesesN) IN THE SERIES
FN(THETA) =ALQY4ATII*EXP(TH*THETA) +0a o *ALNI*EXP(I*
THETA)#%N, MUST BE GIVEN IN ARRAY A3

<VARTARLE>S

EXITs THE REAL PART AMD THE IMAGIMARY PART OF FN(THETA)
ARE DELIVERED IN RR AND RI, RESPECTIVELY.

PROCEDURES USED: NONE.

RUNNING TIMEs PROPORTIONAL TN N

(IN FIRST ORDERs N MULTIPLICATIONSs 3N ADDITIONS3
3 COSINE/SINE EVALUATIONS),.

LANGUAGE® ALGOL 60.

METHOD AND PERFORMANCE : SEE COMFNUSER2 (THIS SECTION).
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SUBSECTION : COMFOUSER1.

CALLING SEQUENCE:

THE HEADING OF THE PROCEDURE READS:
NPROCEDUREWCOMFOUSERLI(Ns THETA> AR, AIsRRyRI) 3
WYALUEYN, THETASWINTEGER"NSWREALWTHETASRRsRISWARRAYWARS AT

THE MEANING NF THE FORMAL PARAMETERS IS:
N3 <ARITHMETIC EXPRESSION>3
ENTRY: THE DEGREE OF THE POLYNOMIAL IN EXP(I*THETA}3Z
THETA® <ARITHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE FOURIER SERIESS
ARy ATt <ARRAY IDENTIFIER>;
WARRAYWARSAILOSN]S
ENTRYS THE REAL PART AND THE IMAGINARY PART OF THE COMPLEX
CNEFFICIENTS CIK] (K=fseeesN) IN THE SERIES
FN(THETA)=CLOJ4CLII*EXP(T*THETA)+os e +CINI*EYP{I%*
THETA) #%N
MUST BE GIVEN IN ARRAY AR AND AIs RESPECTIVELYS
RRyRIt <VARIABLE>s
EXTIT: THE REAL PART AND THE IMAGINARY PART OF FN(THETA)
ARZ DELIVERED IN RR AND RI», RESPECTIVELY,

PRNOCEDURES USEDt NNNE.

RUNNING TIME: PROPORTIONAL TO N
(IN FIRST ORDERS 4N MULTIPLICATIONSS 4N ADDITIONS:
? COSINE/SINE EVALUATIONS),

LANGUAGES ALGOL &8,

METHOD AND PERFORMANCE t SEE COMFOUSER2 (THIS SECTION),
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SUBSECTION 3 COMFOUSER2.

CALLING SEQUENCEs

THE HEADING OF THE PROCEDURE READS?
WPROCEDURENCOMFOUSER2(Ns THETA» AR, AT RRHRI) 3
VALUE"Ns THETAS"INTEGER"NSPREALNTHETASRRSRISWARRAYMAR, AT

THE MEANING OF THE FORMAL PARAMETERS ISt
Nt <ARITHMETIC EXPRESSION>3
ENTRYt THE DEGREE OF THE POLYNOMIAL IN EXP{I*THETA):
THETAs <ARITHMETIC EXPRESSION>3
ENTRY: THE ARGUMENT OF THE FOURIER SERIESS
ARy ATt <ARRAY IDENTIFIER>S
WARRAY®UAR,AILON]s
ENTRY: THE REAL PART AND THE IMAGINARY PART OF THE COMPLEYX
COEFFICIENTS CIK] (K=QseaesN) IN THE SERIES
FN{THETA)=CLOJ+CL1I*EXP({I*THETA)+o e e +CINIREXP(I*
THETA) %N
MUST BE GIVEN IN ARRAY AR AND AI, RESPECTIVELY:
RRsRI: <VARIABLE?>:
EXITe THE REAL PART AND THE IMAGINARY PART OF FN(THETA)
ARE DELIVERED IN RR AND RI», RESPECTIVELY.

PROCEDIIRES USED: COMFOUSER= CP31095,.

RUNNING TIME: PROPORTINNAL TO N
(IN FIRST ORDER: 2N MULTIPLICATIONS; 6N ADDITIONS:
6 COSINE/SINE EVALUATIONS).

LANGUAGES ALGOL 60.

METHDOD AND PERFORANCE?S

FOR THE EVALUATION OF A FINITE FOURIER SERIES

{sTRIGONOMETRIC POLYNOMIAL NF DEGREE N SEE POLYA AND SZEGONE» 1971,

Pe 76)

FN(THETA) =sATGI+AL11*COS(THETA)#BL1I*SIN(THETA) ¢eaet
ACNI*COS(N*THETA)+BINI*SINI(N*THETA)>»

TWO ALGORITHMS ARE USED:



SECTION 3 2.2.3,.1 (OCTOBER 1974) PAGE 16

1. HORNER SCHEME
LET CIKI=ALKI4+I#BIK]1» K=20s00ssN
AND 7sEXP(=~I4#THETA)
THEN
FN(THETA)sRE(CIOI+CL11%Z 4,00 +CINTRZ%%N),
THE ALGNRITHM IS GIVEN BY:
Pg=CIN1
PsmPhk74CLK1y KoNmlijsseasl
FN(THETA)s=RE(P ),
{FOUSER1)
2. A COMBINATION AF THE CLENSHAW ALGORITHM (SEE GENTLEMAM{1969,I1)
s VAN DER LAAN» LUKE(19695 Pe327=329) NR STOER(1972s PebH2s63))
AND THE MODIFICATION OF REINSCH (SEE REINSCH(1967)s VAN DER
LAAN, STDER(1972s Posb4&s65))e
{SINSERCOSSERsFOUSER, FOUSER2)
A MODIFICATION OF THE IDEA OF NEWBERY IS NOT IMPLEMENTED BECAUSE
OF THE INTRODUCTION OF SINE (COSINEZ) THERMS IN A COSINE (SINE)
SERIES AND THE THE INEFFICIENCY OF THE ALGORITHM (SEE VAN DER
LAAN OR NEWBERY(1973)),

FOR THE EVALUATION OF A FINITE COMPLEX FOURIER SERIES
FNATHETA)=ARLGI+I#ATIOI+(ARLII+I#AIL LYY REXPII#THETAY 400e
+(ARTNISI*ATINII*EXPUI*THETA) *%Ny
TWO ALGORITHMS, IN REAL ARITHMETIC, ARE USED:
1 HORNER SCHEME
LET CTKI=ARIKI+I*AILK]I, K=QsresesN
AND Z=ZXP{I*THETA)
THEN
FN{(THETA)=CIDI+CI1I* 7400 e +CINI* Zh%N,
THE ALGORITHM IS GIVEN BY
PsaCIN]
P3saP*74+C[KJs KaNemlpyNew2j5560s0
FN{THETA)tapP,
(COMFOUSERL)
2o A COMBINATION OF THE CLENSHAW ALGORITHM AND THE MODIFICATION OF
REINSCHe
LET CAR=AR[DI+ARILII*COS{THETA) +0oo+ARINI*COSINATHETA)»
SAI= ATT1I#SIN{THETA) +o oo +ATINISRSININ*THETA),
SAR= ART1I*SIN(THETA) +00o +ARINI*SININ*THETA),
CAT=ATC0I+ATL1)*COS(THETA) +00o+AIINI*COSINKTHETA)
THEN FN{THETA}) =CAR=SAI+I*{SAR+CAI),
(COMFOUSER»COMFOUSER2)
THE HORNER SCHEME IS IMPLEMENTED BECAUSE OF THE SIMPLICITY 0OF
THE ALGORITHM (ALTHOUGH THIS ALGORITHM IS LESS EFFICIENT THAN THE
GOERTZEL/WATT/CLENSHAW/REINSCH ALGORITHM) AND THE STABLE NATURE
0OF ORTHOGONAL TRANSFORMATIONS.
A COMBINATION OF THE ALGORITHM OF GOERTZEL/WATT/CLENSHAW AND THE
MODIFICATINN OF REINSCH IS IMPLEMENTED BECAUSE OF THE EFFICIENCY
OF THE GWC ALGORITHM AND THE STABILITY OF THE MODIFICATION OF
REINSCH, ESPECIALLY FOR SMALL VALUES OF THE ARGUMENT (MDD, PI),
AN UPPER BNUND FOR THE ERROR GROWTH IS GIVEN B8Y A LINEAR FUNCTION
OF THE DEGREE FOR BDOTH (IMPLEMENTED) ALGORITHMS (SEE VAN DER LAAN),
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REFERENCES?®

GENTLEMANsWaMo(1969) 3

AN ERROR ANALYSIS OF GOERTZEL'S(WATT'S) METHOD FOR COMPUTING
FOURIER COEFFICIENTS.

COMPoJosVOLoe225Pelbli=165,

LAANsCeGaVAN DER(TO APPEAR):

ORTHOGONAL POLYNOMIALS IN NUMERICAL ANALYSIS 1.

ERROR ANALYSIS NF LINEAR TWO=TERM AND THREE=TERM RECURREMCE
RELATIONS.

LUKEs Yol o (1969) 3 ‘
THE SPECIAL FUNCTINNS AND THEIR APPROXIMATIONS.VOL.1.
ACADEMIC PRESS,

NEWBERYs AeCaRo (1973)12
ERRNR ANALYSIS FOR FOURIER SERIES EVALUATIOM,.
MATHoCOMPos VOLo26sPe923=924,

POLYAsGe AND GoSZEGOE(1971):
AUFGABEN UND LEHRSAETZE AUS DER ANALYSIS II.
HEIDELBERGER TASCHENBUECHER 74. SPRINGER.

REINSCHsCa(1967) 2

A NOTE ON TRIGONOMETRIC INTERPOLATION,

RERICHT NR, 67419,

ABTEILUNG MATHEMATIK DER TECHNISCHEN UNIVERSITAET MUENCHEN.

STOER» Jo (1972)
EINFUEHRUNG IN DIE NUMERISCHE MATHEMATIK 1.
HEIDELBERGER TASCHENBUECHER 105. SPRINGER,

EXAMPLE DF USE:

THE FOURIFR SERIES «5+COS{THETA)+SIN(THETA)
IS EVALUATED FOR THE ARGUMENTS G»PI/2,PI, BY MEANS OF FOUSER

WBEGINWHREALWTHETA,PISWARRAY"ALQ21]
WREALWWPRNCEDUREMFOUSER(N, THETA, A ) 3W"CNDE™ 310923
PIt=ARCTAN(1)#43A[012=,53A01]2=13
WEORNTHETA:=,PI/2,PINDON
DUTPUTLAL,"("/sB=DoDD")IM, FOUSER(15THETAs A))

WENDM

1,50
1.50
=0, 50
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SOURCE TEXTS:

RCODE™ 310903
WREALMHPROCEDURENSINSERI{Ns THETASR) S
CMVALUERN, THETASWINTEGERMNS"REALNTHE TAS WARRAY "B S
"BEGINWNINTEGERWKSWREALMC,CCoLAMBDA,H, DUN,UN,UN1S
C:=COS{THETA):
NTFENCCm o SHTHENY
MBEGINWLAMADAS= 4RCOS{THETA/2)*%23UNsS=DUNS=(3
NEORMK: sNHSTEPH=1RUNTIL #L"DOY
PREGIN®NUN: =L AMBDA®UN=DUN+B[K] 3
UN8sDUN=UM3
HEND®
NENDUHE L SENNTENCD> LSUTHEN®
"BEGINWLAMBDAS a=4kSIN(THETA/2)2%23UNs=DUNs =03
NEORNUK3 =NWSTEPH=] WUNTIL #]HDON
WREGINUDIN: =L AMBD AXUN+DUN4BIK] 3
UN3=DUM+UNS
WENDW
WENDRNELSEN
WBEGINWCC3wC+C3UNBaUNLS=mQ3
WFORMK 3 aNWSTEP M= JHUNTIL W1 ROOY
WRAEGINWH: =CCHUN=UNLI4BLKI: UN1 3= UN; UN t= H3 WENDW
RENDYS
SINSER3 sUN*STN(THETA)
BENDUS INSERS
WEQP W

WCODE® 310913
MREALMWNPROCENUREWCOSSER(N, THETAA) S
MYALUEN, THETASWINTEGERPNS"REALNTHETAS WARRAY A
NBEGINWHWINTEGERWKSWREAL®CoCCoLAMBDA, Hy DUN» UN» UNL 3
C:=COS{THETA):
ATFNCCm, 5ATHENT
"BEGINWLAMBDAz=s 4%COS({THETA/2)#%23UN1=DUNI =03
HEORWK: =NUSTEP = WYNTIL®Q®RDON
ABEGINMUN:=DUN=UNS
DUN3=LAMBDA*UN=DUN+ATK]
NENDW;COSSER:=DUN=LAMBDA72%UN
WENDWHWELSENNTFNC> GUTHENN
FREGINWLAMBDAS mm g% STN(THETA/2) *%23UNs=DUN =03
WEORUK: mNASTEP =] NUNTILHOUDOW
PBEGINYUMs=DUN+UNS
DUN2 = AMBDA®*UNS®DUNSALK]
WENDWICOSSER: =DUN=LAMBD AT 2%UN
HENDWWELSEN
HBEGIN®WCC3=«C4+C3UNEaUN11=03
WEORMK : aNWSTEPH=J WUNTIL®IUDON
WBEGINFHS sCCHUN=UNL+ALKI3
UNIz=UNSUN2=H
WENDW3COSSER3=ALOI4UN*C=UN1
HENDH
PENDWCOSSERS
WEQP N

PAGE 12



SECTION 8 2,703,611 (OCTOBEZR 1974)

"CONE" 316923
WREALMNPROCEDURENFOUSER (N, THETA»A) R
WVALUE"N g THETASHINTEGER"NSWREAL"THETASWARRAY"AS
MRFGINWNINTEGERWKSMREALMC,CCoLAMBDASH, DUN, UNs UN1,C2,522
- Cr=COS(THETA) 3
NIFNC<= GNTHENM
NBEGINMC23=COS(THETA/2) 3 LAMBDAt=4*C2%%2;UNS=DUNI=(G3
WEORMK S aNUSTEPW=I NUNTILMMDON
"BEGTINWUNS sDUN=UN3
DUN3 aL AMBDA*UN=DUN+ATK]

WENDWIFOUSER ssDUN+2%C2*%(SIN(THETA/2)=C2)*UN
UENDUNELSENNIENC> SOTHENM
WBEGIN®S23aSIN(THETA/2) $LAMBDAS==4%S 24523 UNSsDUNE =0}

MEORMK s aNNSTEPH=1MNTILONDON

"BEGINMUNE=DINFUNS

DUN: =L AMBDA*UN+DUN4ALK]

"ENDWIFOUSER t=DUN+2%S2#(S2+4COS(THETA/2) ) *UIN
NENDUNELSEN
YRBEGINNCCs=C4+CsUNs=UN12=O}

NEARNK : aNNSTEPH I HNTIL I UDOY

"BEGINMHs sCCHUN=UN1+A[K 13

UN13teUN3UNsaH

UEND"SFQUSER t=AL)=UNLI+(C+SIN(THETA) I *UN

RENDR
MENDMFOUSERS
wEAP W

CMCADE" 310933
MREALMHPROCEDURF® FOUSERLI(N,THETA»A»B) 3
MYALUEUN, THETAS "TNTEGER"N"REALMTHE TASMARRAYWA,B 3
MREGINMMINTEGERMI3"REALMR,S,HsCO5ST3
R1=S3=03COt=COSCTHETA) 3STssSIN(THETA)
“FOR"I;-N"STEP"—I"UNTIL"I"DO"
"BEGIN® HiwCO#R+SI#S+ACITs
S1aCO*S=SI#R+BLI1;
Ri=H
NEND"SFOUSERL1 =CI*R+SI#5+AL01]
MENDWEOUSERL $
nEQPM

WCODE® 310943
WREALNHPROCEDURENFOUSER2(Ns THETA»A» B) 3
NVALUENN s THETAS"TNTEGERYN; WREALUTHETAS WARRAY ™A, B3
WBEGINY
WREALWWPROCFDUREWSINSER(Ns THETAs B) s WCODEY 310903
WREALWMPROCEDURENCOSSERINSTHETALA) s "CODE" 210913
FAUSER23=COSSERINs THETAs A)+SINSER(N, THETA,R)
"ENDUFIOUSER? S
ngopn



SECTION 3 2.2.361 (DCTOBER 1974)

"COADE® 31095¢
WPROCEDUREMCOMFOUSER{Ns THETAsA»RR,RT)3
BVALUEUN, THETASHINTEGERUNS"REALMTHETAs RRsRISNARRAYMAS
WREGIN"IINTEGERWKIMREALMC,CCoLAMBDASHs DUNSUN,UNL 2
Ci1=COS(THETA)s
WIFUC Cm g 5NTHENW
WREGINMWLAMBDAs= 4*COS(THETA/2)*%23UNs=DUNs={3
WFORNK e aNHSTEPH=) HUNTIL®OWDO"
MBEGINWUN 2 = DUN=UN 3
DUN: =L AMBD A%UN=DUN+ALK]
MENDM3RR t=DUN=LAMBDA/2#UN
WENDWNELSENNTIFNC> BWTHENY
WBEGINWLAMRDA =4k SIN(THETA/2) #%23UNs=DUNs =3
NEARNKIsNHSTEPH=] HUNTIL #ONDOY
NBEGINMWUN:2=DUN+UNS
DUN:z =L AMBDA®UN+DUN+ALK]
WENDM3RR t«DUN=LAMBDA/2%UN
NENDRUELSEN
UREGINWCC:wC+CsUNI=sUNL s =3
WENRYKsaNWSTEPH=1MUNTIL®1NDOY
NBEGINYHEI sCC*UN=UN1+ALK]3
UNLs=UNsUNzaH

WENDM3RR $=ATOT+UNSC=UN1
NENDMSRT1=UNKSIN(THETA)
NENPACOMFOUSERS
nzgp

BCODEY 310963
WPROCEDURENCOMFOUSFRL(Ns THETA»AR»ATsRRSRTI) ¢
TYALUENNS THETASHWINTEGERNIWREALNTHETA> RRyRITWARRAYMAR, AL
ABEGINNSINTEGERWKSMREALWHyHRIHI»C0s ST
HR1=HIt=l03COt=COSCTHETA) $ST1=STN(THETA) S
HEORMK e sNRSTEPW==1HWUNTIL®1MDO"
MBEGTNNMI aCOKHR=SI#HI+ARIK]
HIt=CO*HI+SI*HR+AILKI;
HR3 =H
MENDNS
RR3=CO*HR=ST*HI+AR[NA];
RIS =CO#HI+SI*HR+AITO]
HENDYCOMFOUSERLS
mEQpH

"CODE™ 310973
HPROCEDURENCOMFOUSER2{N, THETA» ARs. ATIsRRsRI) 3
MVALUEMN, THETA3 "TNTEGERMN; "REALNTHE TAsRR RIS WARRAYMAR, AL S
WREGINMNREALWCARSCAI,SAR,SATS
#PROCEDURENCOMFOUSER (N» THETA» AsRR,RI) $WCODEM 31095
COMFOUSER(N, THETAs AR» CARsSAR)
COMFOUSER (Ny THETA» AT, CAI»SAT) S
RRE=CAR=SAI3
RIT=CAI+SAR
MENDWCOMFOUSER?S
ngQpH

PAGE 14
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AUTHOR 8 HoFIOLET
INSTITUTE: MATHEMATICAL CENTRE,
RECFIVED: 731105,

BRIEF DFSCRIPTINNG

JFRAC CALCULATFS A TERMINATING CONTINUFD FRACTIDN

KEYWNRNS ¢

CANTINHNED FRACTIONSs
TERMINATING CONTINUED FRACTINN,

CALLING SEQUENCE:
THi# HEADING 0OF THE PROCENURE READSH
NREALY WPRNCFDURE™ JFRAC(NyA»B)3
MVALUE™ N3PTNTEGERM N3;MARRAY™ A,B3:
WennEY 353033

JFRAC DFLIVERS THE VALUE OF THE TERMINATING CNONTINUED FRACTINM:
RTOT+AC1I/(BTLI+AL2T/(BI21+AL3T/(BI3I+ o o o + AINI/BINI)))oeo))

THE MFANING NF THE FORMAL PARAMETERS IS:

N3 CARITHMETIC EXPRESSION>:
THE UPPER INDEX OF THE ARRAYS A AND B3
A, Rt <ARRAY IDENTIFIER>;

WARRAY® AC1:N]3

WARRAY" RLOSNTS

THE ELEMENTS OF THE CONTINUED FRACTION®
BIOIAT1I/(BLL1+AL2]1/(BL21+AT31/(BT3]4 o o » +
+ AIN]I/BIN1)))ese))a

PRACEDURES USED: NNNE.

RUNNING TIMEs PROPORTIONAL TO Ne
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FXAMPLE OF USE:

WBEGIN®

WREAL® WPROCEDURE®™ JFRAC(N,A,B)3WCODE® 350833
WREALY WARRAYW P[1:1015,0Q00:1013

WINTEGERY I3

WEORM™ Tzel WSTEPH 1 ®UNTIL®™ 10 ®DO"

WBEGINT PLTI7:=1300T13=2 WEND™3

QC1s=13

WEORY Ts=7 WSTEPM 1 WUNTIL® 10 mpOn
BUTPUT(O1, M UN/ M)W JFRAC(ISP5Q))

NENDW

DELIVERS

+1.61462156R62745%+000
+1.41421319796958+000G
+1.4142136248949"+000
+1.4142135516461%4000 °

SOURCE TEXT:

#CNDE™ 350833

HREALY MPROCEDUREY JFRAC(NsAsBR) S

WYALUE® N3PWINTEGERY™ N3;WARRAYW A,B;3

WBEGINY WREALY™ DSWINTEGER™ I3
D=0
BEOR® Te=N USTEPW =] WUNTIL® 1 wDO"™ D2sA[LI1/(BLI]+D}s
JFRAC3=D+BL O]

NEND®- JFRACS
ngapw
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AUTHOR: CaGe VAN DER LAAN,

FONTRIBUTDRS! CoeGe VAN DER LAAN, Mo VOORINTHOLT,

INSTITUTE: REKENCENTRUM CER RIJKSUNIVERSITEIT GRONINGEN
RECFIVEDS 780601,

BRIEF DESCRIPTION:

WE CONSIDER THE REPRESENTATIONS

N
POWER SUM T SUM ALKI#X%#kK,
Ksiy
N
CHERYSHEV SUM t SUM ACKI*TLKI(X),
K=0
N
SHIFTED CHERYSHEV SUM 8 SUM ATKI*TY[KI(X),
K=f)
N K=l
NEWTON SUM 8 SUM (ALK] % PROD (X=XL{JV)),.
K=f J=

THE SHIFTED CHEBYSHEV POLYNOMIAL T*IN]1 IS
DEFINFD BY TOINI(X) = TINI(2%X=1).

THIS SECTION CONTAINS THE TRANSFORMATIONS:

PROCEDURE NAME TRANSFORMATION
POLCHS POWER SUM INTO CHEBYSHEV SUM
CHSPOL CHEBYSHEV SUM INTO POWER SUM

SHTCHSPOL SHIFTED CHEBYSHEV SUM INTO POWER SUM
GRNNFW POWER SUM INTO NEWTON SUM
NEWGRN NEWTON SUM INTQO POWER SUM

H
3
H
H
POLSHTCHS t POWER SUM INTO SHIFTED CHERYSHEY SUM
]
]
H
LINTFMPOL t POWER SUM IN X INTO POWER SUM IN Y, X=P%*Y+Q

KEYWORDS 2
TRANSFORMATION OF POLYNOMIAL REPRESENTATION,



SECTION 8 2.4.1 {DECEMBER 1978) PAGE ?

RUNNING TIME: PROPORTIONAL TO THE SQUARED DEGREE OF THE POLYNOMIAL.
METHOD AND PERFORMANCE:®

ALTHOUGH THE TRANSFORMATION OF REPRESENTATIONS OF POLYNOMIALS
COULD HAVE BEEN OBTAINED BY FAST EVALUATINN AND FAST INTERPOLATION
WE IMPLEMEMTED THE ALGORITHM DF HAMMING (1973, 4745475)» BECAUSE
OF ITS SIMPLE APPEARANCE. AN EXPLANATION OF THE HAMMING ALGORITHM
IS GIVEN TN VAN DER LAAN (19775224=229),

RFFERENCES®

HAMMING: RoWe (1973):
NUMERICAL METHODNS FOR SCIENTISTS AND ENGINEERS.
MCGRAW=HILL.
LAANs CaGe VAN DER (1977):
APPROXIMATIE VAN FUNCTIES EN DATA.
INt RIELEs Hodods TE (EDs)3
COLLOQUIUM NUMERIEKE PROGRAMMATUUR, DEEL 25
MC SYLLABUS 29,2 MATHEMATISCH CENTRUM AMSTERDAM,

SUBSECTION: POLCHS.

CALLING SEQUENCE:

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?®
WPROCEDURE®™ POLCHS(NyA)3

BYALUEN N3 WINTEGER® N3 TARRAY® A3

WCODE™ 310513

THE MEANING OF THE FORMAL PARAMETERS IS:

Nt <ARITHMETIC EXPRESSION>;
ENTRY: THE DEGREE OF THE POLYNDOMIAL3
Az <ARRAY IDENTIFIER>S

WARRAYY ALOINTS
ENTRY: THE COEFFICIENTS OF THE POWER SUM;
EXTTs THE COEFFICIENTS OF THE CHEBYSHEV SUM3

PROCEDURES USEDS NONE.

EXAMPLE OF USE: SEE NEXT SUBSECTION.
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SUBSECTION? CHSPOL.

CALLING SEQUENCE?

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS?
UPROCEDIIREM CHSPOL{NsA)3

NVALUEY N3 WINTEGER™ N3 WARRAY"™ As

"CODE"™ 310523

THE
N3

Al

MEANING OF THE FORMAL PARAMETERS ISt
<ARITHMETIC EXPRESSION>:
ENTRY? THE DEGREE OF THE POLYNOMIALS
<ARRAY IDENTIFIER>;
AARRAY® A[LGEIN];
ENTRY: THE COeFFICIENTS OF THE CHEBYSHEV SUM3
EXIT: THF COEFFICIENTS OF THE POWER SUMg

PROCEDURES USED:® NONE.

EXAMPLF OF USF:e

"AS AN EXAMPLE WE TRANSFORMED

INTO

THE POWER SUM: 1 ¢ 24X 4+ 3%)X¥%2

ITS CHEBYSHEV SUM;

AS A CHECK WE TRANSFORMED THE LATTER RFPRESENTATION
BACK INTD THE ORIGINAL POWER SUM.

HBEGINY

HPROCEDURE®" POLCHS(NsA):

MVALUE" N3 "INTEGER"™ N3 ®ARRAY"™ A:

"CODE" 310613

WPROCEDURE® CHSPOL(NsA)3

BYALUE" Ns WINTEGER™ N3 MARRAY" A3 .

"CODE® 310523

WARRAY® AT03213

ACOT2=1: A[113=2; A[2]13=33

DUTPUTIALs "{M/s16B,"(MALOIN) N, 4B, N(NALLIN) M, 4B, N(NAL2]N)HN)N) 3
DUTPUT(ALs MM/ N(" INPUTH) M, 5B, M( 11NN, 3(2B,+7DeDD)IMIM5A) 3
POLCHS(25A)3

DUTPUT (61 MM/, (" POLCHSM )Ny 4B, M (MW )N,3(2B,+ZD,DDIM) M A)S
CHSPOL(2,A)3

OUTPUT(61, M (N/, (" CHSPOLM )N, 4B, (M3t )", 3(2B,+7DeDD)IM) "5 A) ¢

MEND" PROGRAMS
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INPUT ]
POLCHS %
CHSPOL H

SURSFCTIANE POLSHTC

CALLING

SEQUENCES

ATO1
+1.08
+26 50
+1 600

HS .

(DECEMBER 1973) PAGE

AL11 AL21
+26 30 +3,.,00
+2. G0} +1e5M
+2.,Q70 +3,30

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REANS:
WPROCEDUREM™ POLSHTCHS(NsA)s

BYALUE™ N3

ACODFEN 310533

HE MEANING

N3

As

PRAOCEDURES USED?

EYAMPLE

SUBSECTIONS

CALLING

WINTEGERM™ N3 "ARRAY™ A3

OF THE FORMAL PARAMETERS IS

CARITHMETIC EXPRESSION>S

THE DEGREE OF THE POLYNOMIALS

<ARRAY IDENTIFIER>3

WARRAYM ATQIM]3

THF CDEFFICIENTS OF THRE POWER SUM3

THE COFFFICIENTS OF THE SHIFTED CHERYSHEV SUM;

ENTRYE

ENTRY?S
EXIT:

POLCHS

LINTFMPQOL = CP3125¢s

= CP31051.

OF USE: SEE NEXT SUBSECTION.

SEQUENCE$

SHTCHSPOL.

THF DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:
NPROCEDUREN SHTCHSPOLIN, A)YS

WYALUE® N3

WCNDE™ 310543

THE MEANING

M

Az

MINTEGER® N3 WARRAY® A3

OF THE FORMAL PARAMETERS ISt

CARITHMETIC EXPRESSION>3

THE DEGREE OF THE POLYNOMIALS

<ARRAY IDENTIFIER>s

HARRAYH" ATOSNIs

THE COFFFICIENTS OF THE SHIFTED CHEBYSHEV SUM3
THE COEFFICIENTS OF THE POWER SUMe

ENTRY?S

EMTRY?
EXIT:
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N

PROCEDURES USED: LINTFMPOL = CP31250,
CHSPOL = CP31052.

EXAMPLE OF USEs

AS AN EXAMPLE WE TRANSFORMED
THE POWER SUM: 1 + 2%X + 3xX#%2
INTO
ITS SHIFTED CHEBYSHEV SUMg
AS A CHECK WE TRANSFORMED THE LATTER REPRESENTATION
BACK INTO THE ORIGINAL POWER SUM,

NREGINT
"PROCEDUREM" POLSHTCHS(N,A)S
MVALUE® N3 "INTEGERM N3 UARRAYY A
"CONEN 31053¢
#PROCEDURE® SHTCHSPOL(N»A)3
WYALUE® N3 WINTEGERY N3 MARRAYY A3
WCODE"™ 310543
WARRAYH AFfQ22]1s
AlD13=13 A[113=25 A[2]3=32
DUTPUTIOLs MM/ o 16BN (MALIIN )N, 4B, W(VATL]IN)B,4B, M(NAL2] W) NN g
NUTPUTL6L MW/, INPUTH) M, 5B, (WsM)H,3(28,+7ZN.DDIMIM,4)3
POLSHTCHS (25 A) 3
QUTPUT (AL, MM/, n (" POLSHTCHSM )M, B, M (M21M )W, 3(28,+7DsDD)M)M5A) 3
SHTCHSPOL (25 A)2
QUTPUT(ARL, MM/, MM SHTCHSPOLM)IM,B, (M2 ") N,3(28,47ZDsDD)M) M5 A0
WENDY PROGRAMS

ALO] Al AL2]
INPUT 2 +1.00 +2.06 +34,00
POLSHTCHS 2 +3.13 +2.50 +0e38
SHTCHSPOL ¢ +1eud +2. 00 +3,00

SUBSECTIONS GRMNEW,.

CALLING SEQUENCE:

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:
NPROCEDUREM GRNNEW(NsX»A)3

MVALUE" N3 "INTEGER™ N3 MARRAYW X,A3

MCNDE™ 310553
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THE MEANING OF THE FORMAL PARAMETERS IS

N3 <ARITHMETIC EXPRESSION>g3
ENTRYs THE DEGREE OF THE POLYNNMIALs
X3 <ARRAY IDENTIFIER>S

WARRAYY™ X[(OtN=113
ENTRYt THE INTERPOLATION POINTSS
Az €ARRAY IDENTIFIER>$
ENTRY: THE COEFFICIENTS OF THE POWER SUM3
EXTIT: THE COEFFICIENTS OF THE NEWTON SUM3

PROCEDURES USED: NDNE.

EXAMPLE OF USE: SEF NEXT SUBSECTION.

SUBSECTION: NEWGRN,

CALLING SEQUENCE?:

THE DECLARATINN NF THE PROCEDURE IN THE CALLING PROGRAM READS:
- "PROCEDURE™ NEWGRN(NsX54A)3

MVALUE®" N3 "INTEGER™ N3 MARRAYWN X,A3

"CODE" 310503

THF MEANING OF THE FORMAL PARAMETERS ISt

N3 <ARITHMETIC EXPRESSICON>3
ENTRY: THE DEGREE OF THE POLYNOMIAL:
X3 <ARRAY IDENTIFIER>:

HARRAY M X[KisN=113
EMTRYSs THE INTERPOLATION POINTSS
As <ARRAY IDENTIFIER>Z
MARRAY® ATAO:N]3
ENTRY: THE COEFFICIENTS OF THE NEWTON SUM3
EXITt THE COEFFICIENTS OF THE POWER SUM3

PROCEDURES USED : ELMVEC = CP34020.

EXAMPLE OF USEs

AS AN EXAMPLE WE TRANSFORMED

THE POWER SUM: 1 4 2%X 4 3%X*%2
INTO

ITS NEWTON SUM WITH

INTERPOLATION POINTSt X[013=1,0, X[113=22.03
AS A CHECK WE TRANSFORMED THE LATTER REPRESENTATION
BACK INTO THE ORIGINAL POWER SUM,
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NBEGINM
UWPRACEDUREM GRNNEW(NsXsA)?
HYALUE® N3 "INTEGERY N3 WARRAYYW X,A3
NCODE" 31045%
HPROCEDUREN NEWGRN(NsXsA)3
UYALUE™ N3 MWINTEGER"™ N3 MWARRAYM™ X,A3
HCODEM" 310503
WARRAYY X[Q311, ALO:21;
ATUJ3=13 AC113=23 A[2]:=33
XC&l3=12 X[1lls=2g
OUTPUT(6L1s M M/s16BsM(MATOIN) N, 4B, M(MALLIN) M, 4B, M(WAL2]I0)IN) 1)
QUTPUT (61, NN/, n( 0 INPUT")" GRyM(Msu)N,3(2B,4+47D,DDIM)T,A) 8
GRNNEW{2sXsA)S
QUTPUTLAL» NN/, B (" GRNNEWM)M, 4B, M( M W) N, 3(2B,47D,0D)N) M, A) 3
NEWGRN (25 X5A)3
QUTPUT(ARLs MM/ M (" NEWGRNH )W, 4R, (g ), 3( DR, 47D,DD)W)"5A)8
UEND" PROGRAMS

ALO] ALl11] AL21]

INPUT 8 +1.00 +2.00 +3,00
GRNNEW t +6.00 +11.00 +3,00
NEWGRN 3 +1.,00 +200 43000

SURSECTION? LINTFMPOL.

CALLING SEQUENCE:

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS:
WPROCEDUREM LINTFMPOL(PsQsNsA) 3 MVALUE™ NyP»Q3

HINTEGERM N3 MREAL"™ P,Q3 MARRAY®" Ag

WCODE" 312503

THE MEANING OF THE FORMAL PARAMETERS IS!

Nt CARITHMETIC EXPRESSION>g
ENTRY: THE DEGREE OF THE POLYNNMIAL:3
PsQt <ARITHMETIC EXPRESSION>:

ENTRY: DEFINING THE LINEAR TRANSFORMATION OF
THE INDEPENDENT VARIABLE X=P*Y+Qs$
{(P=s GIVES THE VALUE OF THE POLYNOMIAL
WITH ARGUMENT Q.)

Az <ARRAY IDENTIFIER>:

NARRAYY ATOIN]S

ENTRY: THE COEFFICIENTS OF THE POWER SUM IN X3

EXITt THE COEFFICIENTS OF THE POWER SUM IN Y3

PROCEDIIRES USED: NORDERPOL = CP31242,



SECTION 8 2.4el (DECEMBER 1978) PAGE R

EXAMPLE OF USF:

AS AN EXAMPLE WE TRANSFORMED
THE POWER SUM® 1 + 2#%X + 3&Xk*2
INTO
ITS POWER SUM IN Y WITH
X = 2%Y + 33
AS A CHECK WE TRANSFORMED THE LATTER REPRESENTATION
BACK INTO THE DRIGINAL POWER SUM,

WBEGIN® .
WPROCEDURE® LINTFMPOL(P,QsNsA)S
NYALUE® NpPsQs WINTEGERY: N3
WREALY Ps0O3 MARRAYW Ag
WCODEN 312503
WARRAY® ATQ1:213
AfT(G18=13 A[113=23 AL213s=33
DUTPUT(ALsM( %/ 14B, M{NAL Q1 M)W 4B M(WALLIIN) N, 4B, W (NA[2]IW)NW) W)
QUTPUT (1M (M /% (" INPUTH)N,SB,n( W i)W, 3(2Bs+ZDDD)W)MsAY3
LINTFMPOL2s3025A)8
OUTPUT(AYs NN/, (" LINTFMPOL®)MW,B, M(MWsM)M,3(2B5,47DaDD) W) R, A) 3
LINTFMPOL(1/25=3/2525A)3%
QUTPUT(AL s/, LINTFMPOL®)MyB,M{WsW)N,3(2B,4+7DDD)W)W,4)¢8
WEND® PROGRAMS:

ATN] AL11] AL2]
INPUT £ +1.00 42600 +3,00
LINTFMPOL 3 434,00 +40.00 +12.00 (POWER SUM IN Y)
LINTFMPOL @ +1.09 4200 43,00 (POWER SUM IN X)
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SOURCE TEXTS:

"CODEM 310513
MPROCEDURE® POLCHSIN,A) 3
WYALUE™ N3 WINTEGER® N3 WARRAYM Aj
NIFN N>1 WTHEN®
WBEGINM
NCOMMENT®  SCALING:
WINTEGER" KsLoTWOPOWS
TUNPOWI =23
MFORM Kiml WSTEPW 1 WUNTILW Ne2 npOW
NBEGTINY
ATK13=ALKI/TWOPOWS TWOPOWS=TWOPOW®2:
WEND}
A[N=11:=24ACN=11/TWOPOW;
ATN1t«ALNT/TWOPOWS
ATN=211=AlN=21+AINI;
MCOMMENT® N<=2 READY:
WEORM KisN=2 "STEP® =1 WUNTIL® 1 "pnow®
NBEGIN®
ALK=1713=ATK=11+ATK+1J; ALKI:=A[KI*2 + ALK+213
MEORM LisK+l WSTEP® 1 WUNTIL® N=2 wDOW
ATL11=ATL1+ATL+2]3
NENDMS
MEND® POLCHS 8
ngopn

nCADE" 31052
"PRNCEDUREM CHSPNL(IN,A):
NVALUEY N3 WINTEGER® N3 WARRAY™ A3
WIFN N>] NTHENY
WBEGIN®
WINTEGERY Kol TWOPOWS
NEORY Kiai) WSTEPM 1 WUNTILM Ne2 wDQO"
HREGIN®
WFORY L3aNe=2 WSTEPN =] NUNTILY K ®DO"
ATLIs=ATL]I=ACL+2]; ACK+11t=ALK+11/2:
WENDYS
TWOPOW: =23
MEORM Ki=] NSTEPH 1 MUNTIL®" N-2 HDQO®
WBEGINY
ACKIt=ATKI*TYOPOWS TWOPOWS=sTWOPOW*23
wENDYS
ATN=172=TUNPNWHATIN=113
ATNI:=sTWOPOW*ALNI:
WENDW CHSPOL:
nENP N
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MCADE" 310533
HPROCEDUREM™ POLSHTCHSIN,A)S
WVALUE" N3 MINTEGERM" N3 MARRAYM Aj;
HBEGINY
MPROCEDURE® LINTEMPOL(P»QsNsA)S
WYALUEY NoPoQs MINTEGER® N; "REAL™ P,0Q3
NCDEM3]12508
WPRNCEDUREY POLCHSINsA)S
WYALUE®™ N3 MINTEGERY N3 WARRAYY Ag
MCODE31051%
LINTFMPOL(e55259NsA) S
POLCHS(N»A) s
HEND" POLSHTCHS:
wEQP N

WCNDE" 310543
WPROCEDURE™ SHTCHSPOL(N»A)3
WVALUEM™ N3 WINTEGER™ N3 MWARRAY™ Aj
WBEGINM
WPRNCEDURE" CHSPOLINsA)3
MYALUE" N3 "INTEGER®™ N3 MARRAY"™ Aj
"CODE®31523
WPROCEDURE™ LINTFMPOL(P»QsNsA)S
WYALUEY NoP,Q3 MINTEGER™ N3 "REAL™ P,Q3
WCNOEM3125i3
CHSPOL(NsA)3
LINTFMPOL(2,=1,N,A)3
RNENDY SHTCHSPOL 3
UL

"CODF" 310553
WPROCEDUREM" GRNNEW(NsXoA)s
WVALUEY Ng "INTEGER®T™ N3 "ARRAYM™ X,As
WBEGIN®
WPROCEDURE™ ELMCEV(LsUsSHIFT,AsBsX) s

MARRAYN Ag

MARRAYY Ag

WYALUE™ LoUeSHIFT»X3 MINTEGER™ L,UsSHIFTS

NREBALM X3 WARRAY® A,B3

NEOR® L=l WSTEP® «1 WUNTIL™ U wDO® ACLIs=ALLI4BIL+SHIFTI*®X3

WINTEGER" K3
MEOR® KisNel WSTEP® =1 MUNTIL® @ "DOM
ELMCEV(N=1sNe=1=KsloAsA, ¥[N=1=K1)3
WENDY GRNNEW$
nEQPRH

PAGE 10
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WCNDE" 310503

NPROCEDURE® NEWGRN(Ns XsA) 3

WUALUEM N3 WINTEGER™ N3 MARRAY"™ X,A3

WBEGINY

- MPROCEDURE® ELMVEC(LsUsSHIFTsA»BsX)3

PVALUEY LoUsSHIFTsX: WINTEGER®™ L,UpSHIFTS
NREAL™ X3 WARRAY™ A,B3
MCODEW 34020%
"INTEGERM K3
NEARY Ktef=]l WSTEPW =1 WUNTIL® ¢ wDOn
FLMVEC(KoNmls1psApAe=XILKI)s

HWENDW NEWGRNS

"FGP"

"CNDEM 312563
WPROCEDUREM LINTFMPOL(P»QsNsA)3
PYALUE® NoP»Q3 NINTEGERM N3 MREALY P,Q3 MARRAYM™ Ag
WREGINY
YPROCEDUREY NORDERPOL(NsKsXsA)3
MVALUE® NyKsXs WINTEGER® NoKs MREAL"™ X3 "ARRAY®
NCODE™ 31242
NINTEGERM K3
NREALY PPOWERS
NORDERPOL(NsNsOsA)S
PPOWERI =P
BEOR® Ksal MSTEPW 1 ®UNTIL® N wpQWw
NWBEGIN®
ALK 13 =PPOWER®ALKTS
PPOWER:=sP*PPOWERS
WENDNS
HEND® LINTFMPOLS
nEQP®

Al

PAGE

11
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AUTHOR t CeGe VAN DER LAAN,

INSTITUTE & RIJKSUNIVERSITEIT GRONINGEN,

"RECEIVED s 740131,

BRIFF DESCRIPTION

INTCHS COMPUTES THE INDEFINITE INTEGRAL OF A GIVEN CHEBYSHEV
SERIES.

KEYWORDS 3

INDEFINITE INTEGRATION,
CHERYSHEV SERIFS.

CALLING SEQUENCE 3

THE HEADING OF THE PROCEDURE READS @
"PROCEDUREMINTCHS (NsAsB) 3
PVALUEUNS"INTEGERWNI "ARRAYMA,83

THE MEANING OF THE FORMAL PARAMETERS IS 1

N 3 <ARITHMETIC EXPRESSION>3
ENTRY?
THE DEGREE OF THE POLYNDMIAL REPRESENTED BY THE CHEBYSHEV
SERIESS

AyB8 <ARRAY TIDENTIFIER>S
HARRAY® ALOSN),BL13N+11s
ENTRY:
THE COEFFICIENTS OF THE CHERYSHEV SERIES,>ALOI+AL11*Ti(X)4eoet
+ACNT*TN(X)» SHOULD BE GIVEN IN ARRAY A,
EXITe
THE COEFFICIEMTS OF THE INTEGRAL CHEBYSHEV SERIES,
BL1I#TI(X)40aa®*BIN#LI*TN4L(X)» ARF DELIVERED IN ARRAY B.
(T1(X)seea TN+L(X) DENDTE CHEBYSHEYV POLYNOMIALS OF THE FIRST
KINDsOF DEGREE lseeeN+1sRESPECTIVELY),
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METHOD AND PERFORMANCE

FOR A DESCRIPTION NF THE ALGORITHM SEE AMONG OTHERS ¢
CLENSHAWs19625Po1150R FOX AND PARKER»1968,Pe59,

RFFERENCES ¢

BROUCKEs>R,(1973)

TEN SUBRQUTINES FOR THE MANIPULATION NF CHEBYSHEV SERIES.
ALGORITHM 4466 (FORTRAN) )

COMMoACM, VUL.16’1) Pe254=256,

CLENSHAW,CoWa(1962)¢

CHFRYSHEV SERIES FNR MATHEMATICAL FUNCTI{ONS.
MATHo TABoNAT.PHYSoLABe 5,LONDON,

Hetse STATIONARY OFFICE,

FOXsLe£EIsBaPARKER(1968)3
CHERYSHEV POLYNOMIALS IN NUMERICAL ANALYSIS.
OXFORD UNIVERSITY PRESS. )

EXAMPLE OF USE 3

AS A FORMAL TEST OF THE PROCEDPURE INTCHS THE CHEBYSHEV SERIES @
141/72%T10XY)+1/54%T2(X)+1/1G*T3(X) IS TRANSFORMED INTO ITS INTEGRAL.

WBEGINWWARRAYWATO331,BL18413
HPROCEDUREWINTCHS (Ns AsB) s "CODEM312483
ACSG711=1sAl112=,53A28=,23A03]8sMw]y
INTCHS(3,A5B)3
NUTPUTIAL» "("/54(BZs4D)¥")",B[11,R[21,B3]5RB[41)3

NEND®

29000 1000 .0333 .0125

4
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SOURCE TEXT(S):

NCNDEM312488
HPROCEDUREMINTCHS(NsAsB) 3
MVALUEYNS O INTEGERMN; WARRAYNA,B;
TMCOMMENT®
INTCHS DELIVERS THE COEFFICIENTS BlIlsIslsseeN+#ls OF THE INTEGRAL
CHEBYSHEV SERIES BL11*T1(X)40es+BINI*TNI(Y)+BIN4+1I*TN+1(X),
THESE COFFFICIENTS ARE OBTAINED BY MEANS OF INDEFINITE INTEGRATINN
OF THE CHEBYSHEV SERIES ALQI+ALLI#*TI(X)+eee+AINIRTNI(X),
T1{X)seea TN+L(X) DENOTE CHEBYSHEV POLYNOMIALS OF THE FIRST KIND,
OF DEGREE 19...N+1:RESPECTIVELY3
WIFNN=OWTHENMBC11s=ALK)
"ELSE""IF"N-1"THEN"”BEGIN“B[2]8-A[1]/438(111-A[0]”END"
WELSEWMBEGINWWINTEGERMISWREALMH, Lo DUMS
Hi=ALNI3DUMs=ALN=1]13BIN+113=H/7((N+1)%2);BINIs=DUM/(N%*2)3
NFORNIsaN=1NSTEPH=INUNTIL®2%DON
YBEGINWL:=A[ J=113B(I)s=(L=H)/(2%I)sHt=DUMSDUMS=L
WEND"3BI1]:=AL0]=H/2
PENDMINTCHS 3
MEOPW

sk o skook s ok sk ok M10812W /777 END OF LIST /717
ok dek b ok kool ok M10512Ww ///77 END OF LIST /7171/
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MCSs

MCs

MCS

. MCs

MCS

MCSs

MCS

MCSs

Jule

MCs

MCs

MCS

MCSs

MCS

MCS

MCS

MCs

MCS
MCSs
MCSs

Mcs

MCS

5

6

9.1

9.2

10

11

12

13

14

15.1

15.2

15.3

le.1

16.2

17.1

17.2
17.3
18

19
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