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INDEX PROCEIIURE CODE HNT/YR RECORD 
HUMBER 

VOLUME I, 
VOLUHE 2, 

!.ELEHENTARY PROCEDURES 
I ,REAL IJECT AND HAT OPERATIONS 

1, um IALIZATION 
INIIJEC * 31010 APR/74 
IHIHAT * 31011 APRm 
IHIHATD * 31012 APR/74 I 
IHISYIID 31013 APR/74 1 
INISYHROW 31014 APR/74 1 

2,DUPLICATION 
DIJPIJEC * 31030 APR/74 3 
DUPVECROW * 31031 APR/74 3 
DUPROIIVEC * 31032 APR/74 3 
DUPVECCOL * 31033 APR/74 3 
DUPCOLVEC * 31034 APR/74 3 
DUPIIAT * 31035 APR/74 3 

3, HULTIPLICA TIOH 
IIULVEC * 31020 APR/74 5 
IIULROIJ * 31021 APR/74 5 
tlULCOL * 31022 APR/74 5 
COLCST * 31131 APR/74 5 
ROWCST * 31132 APR/74 5 

4, SCALAR PRODUCTS 
1, VECTOR VECTOR PRODUCTS 

VECVEC * 34010 DEC/75 7 
IIATVEC * 34011 DEC/75 7 
TAHVEC * 34012 DEC/75 7 
IIATIIAT * 34013 DEC/75 7 
TAIIIIAT * 34014 DEC/75 7 
KATTAN * 34015 DEC/75 7 
SEOIJEC * 34016 DEC/75 7 
SCAPRDl * 34017 DEC/75 7 
SYIINATIJEC 34018 DEC/75 7 

2,HATRIX VECTOR PRODUCTS 
FULIIATVEC * 31500 DEC/75 15 
FULTAHVEC * 31501 DEC/75 15 
FULSYHKATVEC 31502 DEC/75 15 
RESVEC * 31503 DEC/75 15 
SYKRESVEC 31504 DEC/75 15 

3,HATRIX MATRIX PRODUCTS 
HSHVECHAT * 31070 JAN/76 269 
HSHCOLIIAT * 31071 JAN/76 269 
HSHROWHAT * 31072 JAN/76 269 
HSHVECTAH * 31073 JAN/76 269 
HSHCOLTAH * 31074 JAN/76 269 
HSHROIITAtl * 31075 JAN/76 269 

5,ELIHINATION 
EUIVEC * 34020 APR/74 9 
ELKCOL * 34023 APR/74 9 
ELHROW * 34024 APR/74 9 
ELKVECCOL * 34021 APR/74 9 
ELHCOLVEC * 34022 APR/74 9 
ELHVECROW * 34026 APR/74 9 
ELMROWVEC * 34027 APR/74 9 
ELHCOLROW * 34029 APR/74 9 

1, !. 5, ELHROWCOL * 34028 APR/74 9 



INDEX PROCEDURE CODE HNT/YR RECORD 
NUHBER 

1, 1, 5, liAXELHROW * 34025 APR/74 9 
6, INTERCHANGING 

ICHVEC * 34030 APR/74 11 
ICHCOL * 34031 APR/74 11 
ICHROW * 34032 APR/74 11 
ICHROWCOL * 34033 APR/74 11 
ICHSEQVEC * 34034 APR/74 11 
ICHSEO * 34035 APR/74 11 

7,ROTATION 
ROTCOL * 34040 APR/74 13 
ROTROW * 34041 APR/74 13 

8,NORNS 
INFNRHVEC * 31061 OCT/75 241 
IHFHRHROW * 31062 OCT/75 241 
IHFHRHCOL * 31063 OCT/75 241 
INFNRNHAT * 31064 OCT/75 241 
ONEHRHVEC * 31065 OCT/75 241 
ONENRHROW * 31066 OCT/75 241 
OHEHRHCOL * 31067 OCT/75 241 
ONENRHHAT * 31068 OCT/75 241 
ABSHAXHAT * 31069 OCT/75 241 

9,SCALIN6 
REASCL 34183 APR/74 17 

2,COHPI. VECT AND HAT OPERATIONS 
1, 
2, 
3,HULTIPLICmON 

COHCOLCST 34352 HAY/74 21 
COHROWCST 34353 HAY/74 21 

4,SCALAR PRODUCTS 
COHHATVEC 34354 HAY/74 23 
HSHCOHCOL 34355 HAY/74 23 
HSHCOHPRD 34356 HAY/74 23 

5,ELIIIINATION 
ELMCOIIVECCOL 34376 HAY/74 25 
ELHCOHCOL 34377 HAY/74 25 
ELHCOHROWVEC 34378 HAY/74 25 

6, INTERCHANGING 
7,ROTATION 

ROTCOHCOL 34357 JAN/76 287 
ROTCOHROW 34358 JAN/7b 287 
CHSH2 34611 JAN/76 287 

8,NORHS 
' 

COHEUCNRH 34359 DEC/75 31 
9,SCALING 

COHSCL 34193 DEC/75 29 
SCLCOH 34360 DEC/75 29 

3,COHPLEX ARITHMETIC 
1,HONADIC OPERATIONS 

CONABS 34340 HAY/74 35 
COHSQRT 34343 MAY/74 35 
CARPOL 34344 HAY/74 35 

2,DYADIC OPERATIONS 
CONHUL 34341 HAY/74 37 

1. 3. 2, COHDIV 34342 HAY/74 3i 



INDEX PROCEDURE CODE HNT/YR RECORD 
NUMBER 

1. 4.LONG INTEGEF: ARITHKETIC 
LNGINTADD 31200 OCT/74 201 
LNGINTSUBTRACT 31201 OCT.'74 201 
LNGINTNULT 31202 OCT/74 201 
LNGINTitIVIDE 31203 OCT/74 201 
LNGINTf'OWER 31204 OCT 174 201 

5,LONG REAL ARITHMETIC 
1,ELEH, ARITHHETIC OPERATIONS 

Df' ADD * 31101 HRC/77 271 
DP SUB * 31102 ltRC/77 271 
DP HUL * 31103 MRC/77 271 
DP DIV * 31104 ltRC/77 271 
DP POW 31109 HF:C/77 271 
LHG ADD * 31105 H~C/77 271 
LNG SUB * 31106 HF:C/77 m 
LNG HUL * 31107 MRC/77 271 
LNG DIV * 31108 HRC/?7 271 
LNG POW 31110 HRC/77 271 

2, SCALAR PRODUCTS 
LNGVECVEC * 34410 JAN/76 285 
LNGMATVEC * 34411 JAN/76 285 
LNGTAMVEC * 34412 ,JAN/76 285 
LNGHATMA7 * 34413 ,IAN/76 285 
LNGTAMHAT * 34414 JAN/76 285 
LNGHATTAM * 34415 JAN.'76 285 
LNGSEOVEC * 34416 JAN/76 285 
LNGSCAPRD1 f 34417 JAN/7o 285 
LNGSYHHATVEC 34418 JAN/76 295 
LNGFULMATVEC * 31505 JAN/76 285 
LNGFULT AHVEC * 31506 JAN/76 285 
LNGFULSYHHA T'JfC 315(•7 JAt./76 225 
LNGRESVEC * 31508 JAN/76 285 
LNGSYHRESVEC 31509 JAN/76 285 

3.CONVERSION 
LNGREATODECI 31100 HRC/77 289 

2,ALGEBRAIC EVALUATIONS 
1,EVAL, OF A FINITE SERIES 
2,EVAL. OF POLYNOMIALS 

I, EVAL. OF GENERAL POL YNONIALS 
!,POLYNOMIALS IN GRUNERT FORK 

POL 31040 OCT/75 245 
TAYPOL 31241 OCT 175 245 
NORDERPOL 31242 OCT/75 245 
DERPOL 31243 OCT/75 245 

2.POL YNOHIALS IN NEWTON FORM 
2,EVAL, OF ORTHOGOH, POLYNOMIALS 

!,GENERAL ORTHOGOH, POLYtlOIIIALS 
ORTPOL 31044 NOIJ/7B 293 
ORTPOLSYM 31048 NOV/78 m 
ALL ORT POL 31045 NOV/78 293 
ALLORTPOLSYii 31049 NOV/78 :!93 
SUIIORTPOL 31047 NOV/78 293 
SUIIORTPOL SYH 31058 NOV/78 293 

2,CHEBYCHEV POLYNOMIALS 
2, 2, 2, 2, CHEPOLSUH 31046 DEC/7B 229 



INDEX f'ROCEDURE CO[IE HNT/YR RECORD 
N.UMP.Ef: 

2, 2, 2, 2, ODDCHEPOLSUH 3)(.59 DEC/78 229 
CHEPOL 31042 Dff/'2 229 
ALL CHE POL 31043 DE[ ·7r ::ti 

3,EVAL, OF TRIGONOK, POLYNOMIALS 
1.EVAL. OF FOURIER SERIES 

SINSER 31090 QCT/74 JtjJ 
COSSER 310?1 D/74 ~)5 
FOUSER 31092 OCT/74 203 
FOUSER1 31093 OCT/74 203 
FOUSER2 31094 OCT/74 203 
COKFOUSER ]1095 OCT/74 2(;! 

COKFOUSER1 31096 OCT/74 :03 
COHFOUSER2 31097 OCT/74 20!: 

3,EVAL, OF CONTINUED FRACTIONS 
JFRAC 35083 HAY/74 41 

4, OPERATIONS ON POL YNOHIALS 
1, TRANSF, OF REPRESENTATION 

POLCHS 31051 DEC/78 43 
CHSPOL 31052 DEC/78 43 
POLSHTCHS 3105:i DEC/78 43 
SHTCHSPOL 31054 flEC/78 43 
GRNNEW 31055 DEC/78 43 
NEWGRN 31050 DEC/78 43 
LINTFNPOL 31250 [tEC/78 43 

2,0P, ON GENERAL POLYNOMIALS 
3,0P, ON ORTHOGONAL POLYNOHIALS 

INTCHS 31248 OCT/i4 21)5 
5 ,FAST FOURIER TRANSFORM 

/ERSION: 791231 



SEr.TrrJ~J 1 1.1.1 

INSTITIITF I l"ATHt'l"ATICU CHITRE. 

RRieF O~SCRIPTIONI 

FIVE PROCEDURES. THIS SECTION CONTAINS 
INIVEC INITIALIZES 
INIMAT INITIALIZES 
INIMATD INITIALIZES 
INISYl"D INITIALIZFS 
WHOSE UPPERTRIANGLE 
ARRAY. 

A ( PART OF A ) Vi:CTOP WITH A CONSTANT. 
A ( PART nF A l MATRIX WITH A r. □NSTANTo 

ELEl"ENTS ACI, I+SHIFTl, I• LP(l)UR OF A MATRIX. 
A (PART OF A) CODIAGONAL OF A SYMl"ETRIC MATRIX, 

IS STORED COLUMNWISE IN A ONE•DIMENSIONAL 

INISYMROW TNITIALIZES A (PART OF Al ROW OF 
IJPPF.RTR UNG LE IS STORED COLUMNWISE tN A 

KEYWORDS I 

iLFMENTARY PPOCEDURF, 
VECTOR OPERATIONS, 
INITJALJHTTON. 

SUBSECTIONI INIVEC ■ 

CALLING SE0UFNCEI 

HEADING: 

A SYMMETRIC MATRIY,YHOSr 
ONE-DIMENSIONAL ARPAY. 

"PROCEDURF" INIVECCL, U, A, X)t "VALUE" L,U,XI 
"INTEGER" I ,Ill "REAL" )(; "ARRAY" Al 
"CODE" 31t'IUII 

FORMAL PARAMETERSI 
L,U1 <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER INDEX OF THE VECTOP A, RESPECTIV~LY; 
At <ARRAY TDENTIFIER>; 

"ARRAY" Atl I Ul, THE ARRAY TO 8E INITIALIZEDI 
Xt <ARITHMETIC EXPRESSION>J 

INITIALIZATION CONSTANT. 

LANGUAGF.I COMPASS. 



SECTION 1 1.1.1 

5U05FCTYONI JNIHATa 

CALLING SEOUFNCEI 

HEADINGt 

(DeCeMBER 1979) PAG~ 2 

"PROCEDIJRE" INIMAT(LR, UR, LC, UC, A, X); "VALUE" LR,UR,LC,uc.x; 
"INTEGER" LR,UR,LC,UCJ "REAL" Xt "ARRAY" Al 
"CODE" 31~11; 

FORMAL PARAHETERSI 
LR,UR,LC0UC1 <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER ROW•INOEX, AND LOWER AND UPPER COLUMN•INOEX 
OF T~E MATRIX A, RESPECTIVELY; 

At <ARRAY IDENTIFIER>; 
"ARRAY" A[LP I UR, LC I UC], THE ARRAY TO BE INITIALI7EDI 

XI <ARITHMETIC EXPRESSION>& 
INITIALIZATION CONSTANT. 

LANGUAGEt COMPASS. 

SUBSfCTIONI INIHATD. 

CALLING SEOUENCEa 
HEADING• 
"PROCEDURE" INIMATD(LR, UR, SHIFT, A, X)I "VALUf" LR,UR,SHIFT,Xt 
"INTEGER" LR,UR,SHIFTI "REAL" X; "ARRAY" A; 
"CODE" 31012: 

FORMAL PARAMETERSI 
LR,URI <ARITHMETIC EXPRESSION>J 

LOWER AND UPPER ROW-INDEX OF THE CODIAGONAL TO BE 
INITIALIZEOt 

SHIFTI <ARITHMETIC EXPRESSION>J 
DISTANCE BETWEEN DIAGONAL AND CODIAGONAL; 

As <ARRAY IDENTIFIER>; 
"ARRAY" ACLR I UR, LR + SHIFT I UR+ SHIFT], THE ARRAY TO 
BE INITIALI7EDI 

xa <ARITHMETIC F.XPRESSION>; 
INITIALIZATION CONSTANT. 

LANGUAGFI COMPASS. 



SECTION I lo1el 

SUBSECTIONt TNISYMD. 

CALLING SEOUFNCEt 

HEADINGS 

(OECti"IB!:R .1979) PAGE 3 

"PROCEDURE" INISYMD(LR, UR, SHIFT, A, X); "VALUE" LR,UR,SHIFT,X; 
"INTEGER" LR,UR,SHIFTI "REAL" XI "ARRAY" Al 

FORMAL PARAMETERS• 
LR,URI <ARITHMETIC EXPRESSION>; 

LO~ER ANO UPPER ROW•INDEX OF A CODIAGONAL ( OF A SYMMETRIC 
MATRIX OF ORDER N) TO BE INITIALIZEDI 
LR ANO UR SHOULD SATISFY I LR >• 1, UR<• N; 

SHIFTt <ARITHMiTIC EXPRESSION>; 
DISTANCE BETWEEN DIAGONAL AND COOIAGONAL, (-N <SHIFT< N)S 

At <ARRAY IDENTIFIER>J 
A ONF.•DIMENSIONAL ARRAY A[l IN* (N+l)//Zl CONTAINING THE 
COLUMNWISE STORED lJPPERTRIANGLE OF A SYMMETRIC MATRIX, 
SUCH THAT THE (I,J) - TH ELEMENT OF THE MATRIX IS 
A[ (J•l) + J//2 + 1 ·11 J • l, ••• ,N1 I • MAX(l,J-N), ••• ,J1 

Xt <ARITHMETIC EXPRESSION>; 
INITIALIZATION CONSTANT. 

LANGllAGEt ALGOL 6!0. 

SUBSECTIONS INISYHROWo 

CALLING SF.0UENCEt 

HEADINGt 
"PROCEDURE" INISYMROW(L, U, I, A, Xll "VALUE" L,U,I,XI 
"INTEGER" L,IJ, II '"REAL" XI "ARRAY" A; 

FORMAL PARAMETF.RSt 
L,Ut <ARITHMETIC EXPRESSION>r 

LOWER ANO UPPER INDEX OF ROW•ELEMENT TO BE INITIALIZED; 
I 1 <ARITHMETIC EXPRESSION> J 

ROW INDEX; 
At <ARRAY IDENTlFIER>r 

A ONE-DIMENSIONAL ARRAY A[l t N • CN+l)//211 
ARRAY A SHOULD CONTAIN A COLUMNWISE STORED UPPERTRIANGLE OF 
A SYMMETRIC MATRIX OF ORDER N, 
SUCH THAT THE CI,J) • TH EleHENT OF THE MATRIX IS 
A[ CJ• 1) * J//2 + I lJ J • 1, ••• ,NI I• 1, ••• ,Jo 
FOR FIXED ORDER N, THE PARAMETERS L, U ANO I SHOULD 
SATISFY THE CONDITIONS 1 1 < ■ L< ■ N, l < ■U< ■ N, 1 <•I< ■ N 

XI ~ARITHMETIC EXPRESSION>I 
INITIALIZATION CONSTANT. 

LANGUAGE! ALGOL 60. 



SECTinN t 1.1.1 PAGE 4 

~OIIRCE TEXT(S l 1 

THE PROCEDURFS INIVEC, INIMAT AND INIMATD ARE WRITTEN IN CO~PASS, A~ 
EQUIVALENT ALGOL 60 TEXT OF THESE COMPASS ROUTINES IS GIVEN. 

"COOf" 31010: 
"PROCEDURE" INIVEC(L, U, A, X)I "VALUE" L,U,XI 
"INTEGER" L,Ug "REAL" XI "ARRAY" Al 
"FOR" Lt• L "STEP" 1 "UNTIL" U "DO" ACLll• Xt 

"EOP 11 

"CODE" nou I 
"PROCEDURE" INIHAT(LR, UR, LC, UC, A, X)1 "VALUE" LR,UR,LC,UC,Xt 
"INTEGER" LReUR,LC,!IC; "REAL" Xt 11 ARl!AY 11 A: 
"BEGIN" "INTEGER" JI 

"FOR" LRI• LR "STEP" l "UNTIL" UR "DO" 
"FOR" Jt• LC "STEP" l "UNTIL" UC "DO" A[LR, Jl8• X 

"END" INIMAT; 
"EOP" 

"CODE" 311012; 
"PROCEDURE" INIMATD(LR, UR, SHIFT, A, X>s "VALUE" LR,UR,SHIFT,Xs 
"INTEGER 11 LR,UR,SHIFTJ "REAL" XI "ARRAY" A; 
"FOR" LRr• LR "STEP" 1 "UNTIL" UP "DO" ACLR, LR + SHIFT11• XI 

"EOP" 

"CODE" 31013; 
"PROCEDURE" INISYMDILR, UR, SHIFT, A, XlJ "VALUE" LR,UR,SHIFT,XJ 
"INTEGER" LR,UR,SHIFTI "REAL" XI "ARRAY" Al 
ttBEr.tNn SHIFTI• ABS(SHIFT)I URI• UR+ SHIFT+ 1; SHIFTt•LR + SHIFT; 

LR I• (SHIFT - 3) * SHIFT II 2 + LR: 
"FOR" LR I• SHIFT+ LR "WHILE" SHIFT< UR "DO" 
"BEGIN" ACLR]I• XJ SHIFTt• SHIFT+ 1 "END" 

"END" INISYMD; 
"EOP" 

"CODE" 31014; 
"PROCEDURE" INISVMROW(L, U, I, A, X); 0 VALUE 11 L,U,I,XI 
"INTEGER" L,u.x, "REAL" Xa "ARRAY" AS 
"BrGIN" "INTEGER" Kl 

11 IFtt l < ■ I "THEN" 
"BEGIN" Kl• (I - l) • I//21 l I• K + LI 

K •• ("IF" U < I "THE~" U "ELSE" I>+ K; 
"FOR" Lt• L •STEP" l "UNTIL" K noon A[Lll• XJ 
L t • I + 1 

"END"t 
"IF" U>I ttTHEN""F0R" Kl•(L-l)*LlfZ+Ia K+L-1 "WHILE" L<• U nonn 
"BEGIN" A[Klt• XI La• L + 1 "END" 

19f:ND" INISYMROW; 
"fOP" 



SfCTinN t le 1.2 PAGI; l 

AUTHOR I P.A.RfENTJFSo 

INSTITUTEI MATHEMATICAL CENTRE. 

R~CF.IV[Ot 73n715. 

BRIEF OFSCRIPTIONI 

THIS SECTION CONTAINS SIX PROCCDURESo 
OUPVF.C COPieS THC VECTOR GIVEN IN ARRAY BCL+SHIFT I U+SHIFT] TD THE 
VECTOR GIVEN IN ARRAY ACLIU].· 
DUPVECROW COPIES THE ROW VECTOR GIVEN IN ARRAY BCI1I, L1111 TO THE 
VFCTOR GIVEN IN ARRAY A[LIU1. 
OUPROWVEC COPIES THE VECTOR GIVtN IN ARRAY B[LIUl TO THE ROW VECTOR 
GIVEN IN ARRAY A[IrI, LIUlo 
DUPVECCOL COPIES THE COLUMN VECTOR GIVFN IN ARRAY BCL1U, JaJ1 TO 
THE VECTOR GIVFN IN ARRAY A[LtUlo 
DUPCOLVf.C COPIES THE VECTOR GIVEN IN ARRAY B[ltUl TO THE COLUMN 
VECTOR GIVEN IN ARRAY ACLtU, JIJJ. 
DIIPMAT COPIES THE MATRIX GIVEN IN ARRAY I\CLIU, I1J] TIJ TYE MATRIX 
GIVFN IN ARRAY A[L1U, ItJlo 

t<EYWOROSI 

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS, 
DUPLICATION. 

SUBSfCTIONI DUPVFC. 

CALLIN~ SE0UFNCE1 

HEAOTNGI 
"PROCEDURE" OUPVEC(L, U, SHIFT, A, B)I "VALUE" L,U,SHIFTI 
"INTEGER'' L.111, SHIFT; ttARRAY" A, BI 
ttCOOE" 31030: 

FORMAL PARAMFTERSI 
L,llt <ARITHMETIC EXPRESSION>t 

LOWER AND UPPER VECTOR-INDEX, RESPECTIVELY; 
S~IFTt <ARITHMETIC EXPRESSION>; 

INDEX•SHIFTING PARAMF.TERI 
A,Ra <ARRAY IDENTIFIER>J 

"ARRAY" ACL I Ul, BCL + S~IFT I U + SHIFT1, 
INTO A. 

LANGUAGPI CO~PASS. 

B IS CrJPir::D 



SFCTIOH I 1.1.2 

SlJB<;fCTION I DUPVECROWo 

CALLING SEQUENCES 

HEADING• 
"PRnCEDURE" OUPVECROW(L, U, I, A, ~); "VALUE" L,U,I; 
"INTEGER" L,U,II "ARRAY" A,BI 
"CODF." u11,11 

FORMAL PARAMETERSI 
L,IJ1 <ARITHMETIC EXPRESSION>1 

PAGE i> 

LDWER ANO UPPER VECTOR C COLUMN >-INDEX, RESPECTIVELY; 
Ia <ARITHMETIC EXPRESSION>J 

ROW-INDEX OF THE ROW VECTOR 8; 
A,81 <ARRAY IDENTIFIER>1 

"ARRAY" A£l s Ul, BCI I I, L t Ul, B IS COPIED INTO Ae 

LANGlfA<;F1 COMPASS. 

SIIBSECTIONI DUPROWVEC. 

CALLING SEQUfNCF.I 

HEADINGS 
"PROCEDURE" OUPROWVEC(L, U, I, A, B)I "VALUE~ L,U,II 
"INTEGER" L,U,II "ARRAY" A,BI 
"CODE" 1103?.I 

FORMAL PARAMETERS• 
L,Ur <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER VECTOR C COLUMN >-INDEX, RF.SPECTIVFLYt 
II <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE ROW VECTOR Al 
A,Bs <ARRAY IDENTIFIER>t 

"ARRAY" ACI I I, LI Ul, BCL I Ul, BIS COPIED INTO Ae 

LANGIJAGEI COMPASS. 



SECTiflN I 1.1.2 

SUB5ECTION1 OUPVECCOL. 

CALLING SEOUENCEt 

HEADUIG1 

( DECc"IBl:P 1979) 

11 PROCEDIIRE" DUPVECCOL(L, U, J, A, BJ; "VALUE" L,tJ,J; 
11 INTEG!=R 11 L,ll,JI 11 ARRAY 11 A,Bt 
11 CODE" 311."!331 

FORMAL PARAMFTFRSt 
L,Ut <ARITHMETIC EXPRESSION>s 

PAGE !I 

LDWfR AND UPP~R .V[CTOP ( ROW I-INDEX, R~SPECTtVELY; 
JI <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN VECTOR as 
A,81 <ARRAY IOENTIFIER>I 

11 ARRAY 11 ACL I Ul, BCL I U, I I Il, BIS COPifD INTn Ao 

LANGUAGE1 COMPASS. 

SURSECTIONt DUPCOLVEC. 

CALLING SF.OUFNC~I 

HEAOINGI 
11 PROCEOURF 11 DUPC □LVEC(L, U, J, A, Bll 11 VALUE 11 L,U,JI 
11 tNTEGER 11 L,U,Jt 11 ARRAY 11 A,B; 
ncnoe11 310341 

FORMAL PARAMETFRSI 
L,Ut <ARITHMF.TIC EXPRESSION>I 

LOWER AND UPPER VECTOR ( ROW I-INDEX, RESPF.CTIVELYl 
J 1 <ARITHMETIC ElCPRESSION>; 

COLUMN-INDEX OF THe COLUMN VECTOR Al 
A,BI <ARRAY IDE~TIFIER>; 

11 ARRAY 11 A[L I U, I I Il, BCL I lll, B tS COPIED INT'l A. 

LANGUAGEI COMPASS. 



SECTION I lala2 

SUBSECTIONS DUPHATe 

CALLING SfQUENCEa 

HEADING• 

(DECEMBER 1Q79) 

"PROCEDURE" DUPMATfL, U, I, J, A, 8)1 "VALUE" L,U,I,JI 
"INTEGER" L,U,I,JI "ARRAY" A,B1 
"CODE" 310351 

FORMAL PARAMETERSI 
L,u, <ARITHMETIC EXPRESSION>r 

LOWFR ANO UPPER ROW•INDEX, RESPECTIVELYJ 
I,Jr <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER COLUMN-INDEX• ReSPECTIVELYI 
A,RI <ARRAY IOENTIFIER>J 

PAGE 4 

"ARRAY" ArL I U, I I Jl, BCL I U, I I Jl, 8 IS COPIF.D INTO 
Ae 

LANGUAGF.1 COMPASS. 



SECTION 1 1.1.?. 

SOIJRCF TEXT<S)I 

THE FOLLOWING PROCEDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL 6~ 
TEXT OF THESi COMPASS ROUTINES IS GIVF.N. 

"CODE" 'H0301 
"PROCEDURE" DUPVECCL, U, SHIFT, A, 8)1 "VALUE" L,U,SHIFT; 
NINTF.GER" L,U,SHIFTI "ARRAY~ A,81 
"FOR" LI• L "STEP" 1 "UNTIL" U "DO" A[Lll• BCL+SHIFTlt 

"EOP" 

"CODE" 310311 
"PROCEDURE" DUPVECROW(L, U, I., A, 8)1 "V4LUE 11 L,U,II 
"INTEGER" L,U,II "ARRAY" A,B1 
"FOR" LI• L "STEP" 1 "UNTIL" U "DO" A[Lll• BCI,Lll 

"EOP" 

"CODE" 310321 
"PROCEDURE" DUPROWVFC(L, U, I• A, B)I "VALUE" L,U,I; 
"INTEGER" L,U,T; "ARRAY" A,B; 
"FOR" LI• L "STEP" 1 "UNTIL" U "DO" A[I,Llt• R[L]I 

"EDP" 

"CODE" H0331 
"PROCEDURE" DUPVECCOLCL, U, J., A, B)I "VALUE" L.,U,J; 
"INTEGER" L,U,Jt "ARRAY" A,BI 
11 FOR" LI• l 11 STEP" 1 "UNTIL" U "0011 ACL]I• BCL,Jll 

"EDP" 

"CODE" 310341 
"PROCEDURF." DUPCOLVEC(L, U, J, A, A); "VALUF. 11 L,IJ,JI 
"INTEGER" L,U,J1 "ARRAY" A•BI 
NFQRN LI• L "STEP" l "UNTIL" U "DO" ACL,Jll• B[Lll 

"EOP" 

"CODE 11 31U!U 
"PROCF.DURE" DUPMAT(L., u., I, J, A, 8)1 "VALUE" L,U,I,J; 
"INTF.GER" L,U,I,JI "ARRAY" A,B1 
"BEGIN" "INTEGER" Kl 

"FOR" LI• L "STEP" 1 "UNTIL" U •oon 
"FOR" Kl• I "STEP" 1 "UNTIL" J "00" ACL,Kll• BCL,Kl 

"END" DUPMATI 
"EOP" 





SFCTION I 1.1.3 (01:CeMBSR 1Q79) PAG!: 1 

AUTHORSt PeAeBEENTJES, C.G. VAN DEP LAAN. 

INSTITUTE• ~ATHE~ATICAL CENTRE. 

RECF.IVEDt 730715• 

BRIEF DESCRIPTIONt 

THIS SECTION CONTAINS FIVE PROCEDURES. 
MULVEC STORES X TIMES TI-IE VECTOR GIVEN IN ARRAY BCL+SHIFTtU+SHIFT1 
INTO THE VECTOR GIVEN IN ARRAY A[LtUle 
MIILROW STORES X TIMES THE ROW VECTOR GIVEN IN ARRAY B[JtJ,LtUl INTO 
THE ROW VECTOR GIVEN IN ARRAY A[ItI,LtUl. 
MULCOL STORES X TIMES THE COLUMN VECTOR GIVEN IN ARRAY BCLtU,JtJ] 
INTO THE COLUMN VECTOR GIVEN IN ARRAY ACLaU,ItIJ. 
COLCST MULTIPLIES THE COLUMN VECTOR GIVEN IN ARRAY ACL1U,J1J] BY x. 
ROWCST MULTIPLIES THE ROW VECTOR GIVEN IN ARRAY ACI1I,L1U] BY X. 

KEYWORDS I 

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS, 
MULTIPLICATIONS. 

SUBSECTIONt MULVEC. 

CALLING SEOUF.NCEt 

HEADING a 
"PROCEDURE" MULVEC(L, U, SHIFT, A, B, X>; "VALUE" L,U,SHIFT,X; 
"INTEGER" L,U,SHIFTt "REAL" XI "ARRAY" A,BI 
ncooen 310201 

FORMAL PARAMETERSt 
L,Ut <ARITMETIC EXPRESSION>1 

LOWER AND UPPER VECTOR-INDEX, RESPECTIVELYI 
SHIFTI <ARITHMETIC EXPRESSION>; 

SUBSCRIPT-SHIFTING PARAMETERI 
A,Bt <ARRAY IDENTIFIER>t 

"ARRAY" A[L I Ul, B[L + SHIFT I U + SHIFT], THE PRODUCT OF 
THE CONTENTS OF BARE STORED IN Ae 

Xa <ARITHMETIC EXPRESSION>t 
MULTIPLICATION FACTOR. 

LANGUAGEt COMPASS. 



SF.CTION I l.1.3 

SIIRSEl'.:TIONI MIJLROlola 

CALLING SEQUENCE& 

HEAOINGI 

( DECEMB£:R 1979) 

"PROCEOllRE" MIILROW( L, U, I, J, A, !I, X); "VALUE 11 L,ll, I,J,X; 
"INTEGER" L,11,I,JI 11 REAL 11 XI "ARRAY" A,!11 
11CODE" 110211 

FORMAL PARAMETERS& 
L,U1 <ARITMETIC EXPRESSION>1 

LOWER AND UPPER COLU~N-INDEX, RESPECTIVF.LY; 
I,Jt <ARITHMETIC EXPRESSION>; 

ROW-INDICES OF THE ROW VECTORS A ANO BJ 
A,Bt <ARRAY IDENTIFIER>J 

_PAGE 2 

"ARRAY" ACI t I, L I Ul, B[J I J, LI Ul, THE CONTENTS OF B 
MULTIPLIED BY X ARE STORED INTO Ae 

X1 <ARITHMETIC EXPRESSION>I 
MULTIPLICATION FACTOR. 

LANGUAGF.r COMPASS. 

SURSECTIONI MULCnL. 

CALLING SEOUENCEa 

HEADING& 
"PROCEDURE" MULCOL<L, U, I, J, A, B, X)I 11 VALUE 11 L.,U,I,J,XI 
"INTEGER" L,U,I,j: "REAL" X; "ARRAY" A,R; 
11CODF. 11 31022s 

FORMAL PARAMETERS• 
L,Ut <ARITMF.TIC EXPRESSION>; 

LOWER AND UPPER ROW•INDEX, RESPECTIVELYI 
I,Jt <ARITHMETIC EXPRESSION>; 

COLUMN-INDICES OF THE COLUMN VECTORS A ANO B; 
A,Ra <ARRAY IDENTIFIER>; 

"ARRAY" A[L I U, I a Il, B[L I U, J I Jl, THE CONTENTS OF 8 
MULTIPLIED BY X ARE STORED INTO Al 

Xs <ARITHMETIC EXPRESSION>; 
MULTIPLICATION FACTOR. 

LANGUAGEt COMPASS. 



SECTION 1 1.1.3 

SURSeCTIONs COLCSTe 

CALLING SEQUENCE• 

HEADINGI 

(DECEMBER 197Q) 

"PROCEDURE" COLCST<L, U, J, A, X); "VALUE" L,U,J,X; 
"INTEGER" L,U,JI "REAL" XI "APRAY" At 
"CODE" ~11311 

FORMAL PARAMFTERSI 
L,U1 <ARITHMETIC eXPRESSION>J 

LOWER ANO UPPER ROW-INDEX, RESPECTIVELYI 
Jt <ARITHHF.TIC EXPRESSION>; 

COLUMN•INCEX; 
Al <ARRAY IOF.NTIFIER>s 

"ARRAY" A[L I U, J I Jll 
X1 <ARITHMETIC EXPRESSION>J 

MULTIPLICATION FACTOR, 

LANGUAGEI CO~PASS. 

SURSECTIONt ROWCST. 

CALLING SEQUENCEt 

HEADING• 
"PROCEDURE" ROWCST(L, U, I, A, X); "VALUE" L,U,I,X; 
"INTEGER" L,U,II ."REAL" XI "ARRAY" Al 
11CODE" 311321 

FORMAL PARAMf.TFRSt 
L,Ut <ARITHMETIC EXPRESSION>1 

LOWER ANO UPPER COLUMN-INDEX, RF.SPECTIVELYJ 
Is <ARITHMETIC EXPRESSION>J 

ROW-INOEXI 
At <ARRAY IOENTIFIER>t 

"ARRAY" A[I I I, L I UJ; 
X1 <ARITHMETIC EXPRESSION>; 

MIILTIPLICATION FACTOR. 

LANGUAGEt COMPASS. 

PAGE 3 
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SrHJRCi: Tl:YT(S)I 

THE FOLLOWING PROCEDURES ARE WRITTEN IN COMPASS, AN EOUIVALENT ALGOL 60 
TrXT 0~ TMESE COMPASS ROUTINES IS GIVEN. 

"CODE" 31020; 
"PROCEDURE" MULVEC(L, U, SHIFT, A, B, X)I "VALUE" L,U,SHIFT,Xt 
"INTEGER" L,U,SMIFTC "REAL" X; "ARRAY" A,B; 
"FOR" Lt• L "STEP" l "UNTIL" U noon A[LJI• B[L+SHIFTJ•Xs 

"EDP" 

ncnoc" ~1021; 
"PROCEDURE" MULROW(L, U, I, J, A, B, X)I "VALUE" L,U,I,J,XI 
"INTEGER" L,U,I,JI "REAL" XI "ARRAY" A,81 
"FOR" LI• L "STEP" 1 "UNTIL" U noon A[I,Llt• BCJ,Ll•X; 

11 EOP" 

ncaoen U022t 
"PROCEDURE" MULCOLIL, U, I, J, A, 8, XI; "VALUE" L,U,I,J,~; 
"INTEGER" L,U,I,JI "REAL" XS "ARRAY" A,BI 
"FOR" Lt• L "STEP" 1 "UNTIL" U "00" ACL,Ilt• BtL,Jl*XS 

"EDP" 

ncnoen 311311 
"PROCEDURE" COLCSTIL, U, J, A, X); "VALUE" L,U,J,X; 
"INTEGER" L,U,JJ HRFAL" XI 8 ARRAY" At 
"FOR" Lt• L "STEP" 1 "UNTIL" U "00" ACL,Jlt• ACL,JJ • XJ 

"EOP" 

ncooen 311321 
"PROCEDURE" ROWCSTCL, U, I, A, XII "VALUE" L,U,I,XI 
"INTEGER" L,U,I; "RfAL" XJ "ARRAY" Al 
"FOR" LI• l "STEP" 1 "UNTIL" U "00" ACI,Llt• ACI,L] • XI 

"EOP" 
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AUT40RSI T.J.DEKKER, JaCaPaBUS, JaWOLLESWINKELa 

CONTRIBUTORS a 

INSTITUTE a MATHEMATICAL CENTRE. 

REC~IVFOI 741215. 

BRIF.F Of.SCRIPTION1 

THIS SECTION CONTAINS NINE PROCEDURE!. 
VECVECI• SCALAR PRODUCT OF THE VECTOR GIVEN IN ARRAY A[LtU1 AND 
ARRAY BCSHIFT +LI SHIFT+ Ula 
MATVEC1• SCALAR PRODUCT OF THE ROW VECTOR GIVEN IN ARRAY AtI1I,L1Ul 
AND THE VECTOR GIVEN IN ARRAY 8[LIU]. 
TAMVEC1 ■ SCALAR PRODUCT OF THE COLUMN VECTOR GIVEN IN ARRAY 
A[L1U, III] AND THE VECTOR GIVEN IN ARRAY B[LIUle 
MATMATI• SCALAR PRODUCT OF THe ROW VFCTOR GIVEN IN ARRAY A[ItI,LtUl 
AND THE COLllHN VECTOR IN ARRAY R[L1U, JIJ]e 
TAMMATI• SCALAR PRODUCT OF THE COLUMN VECTORS GIVEN IN ARRAY 
A[LIUa III] ANO ARRAY B[LIUa JtJle 
MATTAM I• SCALAR PRODUCT OF THE ROW VECTORS GIVEN IN ARRAY 
ACI1I,L1Ul AND ARRAY B[J:J, LIU]. 
SE0VEC I• SCALAR PRODUCT OF THE VECTORS GIVEN IN ARRAY 
A[IL I IL + (U+L-l>•cu-L)//2] ANO ARRAY BtSHIFT +LI S~IFT + UJ, 
WH~RE THE ELEMENTS OF THE FIRST VECTOR ARE ACIL+(J+L-ll*<J-L)l/21 
FOR J • L, •••• Ua 
SCAPROll• SCALAR PRODUCT OF THE VECTORS GIVEN IN ARRAY 
ACMIN(LA• LA+ (N - 11 • SA) 1 MAX(LA,LA + (N - 11 * SAil AND ARRAY 
BCMIN(LB, LB+ (N • 11 • SB) 1 MAX(LB,L8 + (N - ll * SB)] WHERE THE 
ELEMENTS OF THE VECTORS ARE A[LA+(J•l>•SA] AND B[LB+(J•l>•SqJ 
FOR J • la •••• Ne 
SYHMATVEC 1 ■ THE SCALARPRODUCT OF ( A PART OF ) A VECTOR AND 
( A PART OF ) A ROW OF A SYMMETRIC MATRI~, WHOSE UPPERTRIANGLE IS 
GIVEN COLUMNWISE IN AN ONE•DIMENSIONAL ARRAY. 

KEYWORDS I 

ELFHENTARY PROCEDURE• 
VECTOR OPERATIONS• 
SCALAR PRODUCTS. 



SFCTION 1 1.1.4.1 

SURSECTION1 VECVEC. 

CALLING SEOUENCEI 

ltEADINGI 

(DECEMBER l?7Ql PAGE? 

"REAL" "PROCEDURE" VECVEC(L, U, SHIFT, A, BlJ "VALUE" L,U,S~IFT; 
11 INTF.GER 11 L,11,SHIFTI "ARRAY" A,B; 
11CODE 11 '34li'l 1IO a 

FORMAL PARAMETERSa 
L,U1 <ARITHMETIC EXPRF.SSION>; 

LOWER AND UPPER BOUND:OF T~E RUNNING SUBSCRIPTS 
SHIFT• <ARITHMETIC EXPRESSION>J 

INDEX-SHIFTING PARAMETER OF THE VECTOR B; 
A,81 <ARRAY IDENTIFIER>; 

"ARRAY" ArL I UJ, B[l + SHIFT I U + SHIFT]. 

LANGIIAGEI COMPASS. 

SUBSECTIONS MATVEC. 

CALLING SEOUENCF.t 

HEADINGS 
"RF.Al" "PROCEDURE" MATVEC(l, U, I, A, BIJ "VALUE" L,U,II 
"INTEGER" l,U,I; "ARRAY" A,B; 
11COOE" 340111 

FORMAL PARAMETER~• 
L,UI <ARITHMETIC EXPRESSION>s 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPT; 
II <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE ROW VECTOR At 
A,B1 <ARRAY IDENTIFIER>a 

"ARRAY" A[I I I, Lt Ul, BCL I Ule 

LANGUAGES COMPASS. 



SECTION I lele4el 

SUBSECTION• TAMVFCa 

CALLING SEOllENCEI 

HEADINGI 

(DECEMBER 1Q79) 

"RF.AL" 11 PROCEDURe" TAMVEC(L, U, I, A, BJI "VALUE" L,U,II 
11 INTEGER 11 L,U,II 11 ARRAY 11 A,BJ 
"CODE" 34012; 

FORMAL PARAHF.TF.RSI 
L,Us <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND/OF THE RUNNING SUBSCRIPT; 
I1 <ARITHMETIC EXPRESSION>a 

COLlll"N-INDEX OF THE COLUl"N VECTOR Al 
A,B1 <ARRAY IOENTIFIER>J 

"ARRAY" A[L I U, I I Il, BCL I Ula 

LANGUAGEI COMPASS. 

SUBSECTIONI MATMATa 

CALLING SEOUENCEt 

HEADINGI 
"REAL" "PROCEDURE" MATMAT(L, U, I, J, A, B); 11 VALUE 11 L,U,I,J; 
11 CODE" 340131 

FORMAL PARAMETERS.I 
L,Ut <ARITHMETIC EXPRESSION>J 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPT; 
I,Js <ARITHMETIC EXPRESSION>I 

ROW-INDEX OF THE ROW VECTOR A AND COLUHN•INOEX 
COLUMN VECTOR BJ 

A,B I <ARRAY IDENTIFIER>1 
"ARRAY" A[I I I, L I Ul, BCL I U, J I J 1. 

LANGUAGF.I COMPASS. 

!'AGE 3 

OF T~E 



SfCTION I lele4el 

SUASECTIONI TAHMATo 

CALLING SEQUfNCFa 

HEADINGI 

(DECEMBER 1979 I 

"RF.Al" "PROCEDURE" TAHHAT(l, U, I, J, A, B); "VALUE" L,U.I,J; 
"INTEGER" L,U,I,J: "ARRAY" A,A; 
"C0DE 11 34!0141 

FORMAL PARAMF.TF.RSt 
L,Us <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUN010F THE RUNNING SUBSCRIPTJ 
I,Jt <ARITHMETIC EXPRESSION>J 

PAGE 4 

COLUMN•INDICF.S OF THE COLUMN VECTORS A AND B, RESPECTIVELY; 
A,Bt <ARRAY IDENTIFIER>; 

"ARRAY" A[L I U, I I I], B[L I U, J I Jlo 

LANGIIAGF.t COMPASS. 

SUASECTIONt MATTAM. 

CALLING SEOUENCF.1 

HEAOINGI 
"RFAL"_ NPROCEDUR~" MATTAM(L, U, I, J, A, B)I "VALUE" L,U,I,J; 
"INTEGER" L,U,I,J; "ARRAY" A,B; 
"CODE" 34ln15a 

FORMAL PARAMETERS• 
L,Ut <ARIT~METIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRlPTI 
I,Jt <ARITHMETIC EXPRESSION>1 

ROW•INOICES OF THE ROW VECTORS A AND B, RESPECTIVELY; 
A,Rr <ARRAY IDENTIFIER>; 

"ARRAY" A[I I I, L I Ul, B[J I J, L I U]o 

LANGUAGFt COMPASS. 



SF.CTION I 1.1.4.1 

SUBSECTIONI SF.0VEC. 

CALLING SE0UENCEt 

HEADINGI 

(Di:CEMBER 1979) 

"REAL" "PROCEDURf" SE0VEC<L, U, IL, SHIFT, A, B)I 
"CODE" :140161 

FORMAL PARAMETERSt 
L,Ut <ARITHMETIC EXPRESSI'ON>a 

LOWER ANO UPPER BOUND OF THE RUNNING SURSCRIPTJ 
ILt <ARITHMETIC EXPRESSION>; 

LOWER BOUNO OF THE VECTOR Al 
SHIFTt <ARITHMETIC iXPRESSION>a 

INDEX-SHIFTING PARAMETER OF THE VECTOR B; 
A,81 <ARRAY IDENTIFIER>J 

"ARRAY" A[P I 0]1 BtL + SHIFT, U + SHIFT]I 

PAGE 5 

THE VALUES OF P AND O SHOULD SATISFY P <• Il AND 0 >• 
IL+(U+L•l>*<U•L)//2). 

LANGUAGEI COMPASS. 

SU~SECTIONI SCAPRDl ■ 

CALLING SE0UENCEI 

HEADING• 
"REAL" "PROCEDURE" SCAPRDl(LA, SA, LB, SB, N, A, 8); 
"VALUE" LA,SA,LB,SB,N; "INTEGER" LA,SA,LB,SB,N; "ARRAY" A,BI 
"CODE" 34017s 

FORMAL PARAMETERS• 
~• <ARITHMETIC EXPRESSION>I 

UPPER BOUND OF THE RUNNING SUBSCRIPTS 
LA,LBI <ARITHMETIC EXPRESSION>J 

LOWER BOUNDS OF THE VECTORS A AND B, RESPECTIVELY; 
SA,SBt <ARITHMETIC EXPRESSION>I 

INDEX-SHIFTING PARAMETERS OF THE VECTORS A AND B, 
R&SPECTIV&l VJ 

A,Rt <ARRAY IDENTIFIER>; 
"ARRAY" A[P I Ol, B[R t S11 
THE SUBSCRIPTS ABOVE AND THE VALUES OF LA( +lJ•l>•SA) ANO 
LB( +(J•l>•se >,J. l(l)N SHOULD NOT CONTRADICT EACH OTHER. 

LANGIJAGEt COMPASS. 



SECTION 1 1.1.4.1 ("!ARCH 1977> 

SUB~ECTIONI SYMMATVEC. 

CALLING SEQUENCE• 

THE HEADING OF me PROCEDURE READS' 
"REAL" PROCEDURE" SYHMATVECfL, U, I, A, BJI "VALUE" L,U,II 
"INTEGER" L,U,Ia "ARRAY" A,BI 
ttCODE" 34018; 

PAGE f. 

SYMMATVECI• THE VALUE OF THE SCALAR PRODUCT OF THE VECTORS GIVEN 
IN ARRAY A[PIQ] ~ND ARRAY B[L1U], WHERE THE ELeMENTS 
OF THE FIRST VECTOR AREi IF L<t THEN A[(I•ll*I//2 + Jl, 
J■ L.,. ••• MINCU, l•l> AND A[fJ•l,.J//2 + Il, J•I••••• 11, 
RESPECTIVELY, OTHERWISE A[(J•l)*JI/Z + Il, J•l••••• U. 

THE MEANING OF THE FORMAL PARAMETERS IS1 
L,111 <ARITHMETIC EXPRESSION>t 

LOWER AND UPPER BOUND OF THE VECT~R B, RESPECTIVELY; L >•11 
I1 <ARITHMETIC EXPRESSION>; 

ROW INDEX OF THE MATRIX A; I> ■ ls 
Al <ARRAY IDENTIFIER>I 

A ONE•DIMENSIONAL ARRAY A[P I Q] WITH1 IF I> L THEN 
P•CI-ll*Il/2 + L ELSE P•CL-ll*LI/Z + I AND IF I> U THEN 
O•CI-l>•Il/2 + U ELSE O•CU-l)*U//2 + It 

BI <ARRAY IDENTIFIER>; 
A ONE-DIMENSIONAL ARRAY B[L1U]; 

PROCEDURES USED• 

LANGUAGE I 

VECVEC • CP34010, 
SEOVF.C • CP34~l6e 

ALGOL 6fle 

METHOD AND PERFORMANCEI 

SF.E REFERENCE [2le 

RfFERENCES I 

tll T.J.OEKKER. 
ALGOL 60 PROCEDURES IN NUMERICAL ALGEBRA,PART 1, 
MATHEMATICAL CENTRE TRACT 22,AMSTERDAM (19701 

C 2 l J • C • P • BUS • 
MINIMALISERING ~AN FUNCTIES VAN MEERDERE VARIABELEN, 
MATHEMATICAL CENTRE, NR zq17z,AMSTERDA" (1972) 
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SOURCE TElCT(S)I 

THE FOLLOWING PROCEDURES• EXCEPT FOP SYMMATVEC ARE WRITTEN IN CO~PA~S, 
AN F0UIVALENT ALGOL 6C TEXT OF THESE COMPASS ROUTINES IS GIVEN. 

"CODE" ~40101 
"REAL" "PROCEDURE" VECVEC(L, U, SHIFT, A, B); "VALUE" L,U,Sl-lIFT; 
11 INTEGER 11 L,ll,Sl-lIFT; 11 ARRAY 11 A,B; 
"BEGIN" "INTEGER" Kl "REAL" SI 

SI• O; 
"FOR 11 Kl•L "STEP" 1 "UNTIL" U "0011 SI• A[Kl • BCSHIFT +Kl+ SJ 
VECVECI• S 

HF.NOH Vi:CVEC; 
11 EOP" 

"CODE" 340111 
HREAL" "PROCFOUREtt MATVECCL, U, I, A, B); "VALUE" L,U,I; 
"INTFGER" L,U,I; "ARRAY" A,B; 
"RF.GIN" "INTEGER" Kl "REAL" Ss 

SI• 01 
HFQRH Ks•L "STEP" 1 "UNTIL" U noon SI• ACI,Kl * B[KJ + SJ 
MATVECI• S 

"END" MATVEC; 
11EOP" 

ncnoe11 340121 
"REAL" "PROCEDURE" TAMVEC<L, U, I, A, 8)1 "VALUE 11 L,U,IJ 
11 INTEGER" l,U,I; "ARRAY" A,8; 
"BEGIN" "INTEGER" Kl "REAL" Ss 

SI• O; 
"FOR" Kl•l "STEP" 1 HUNTIL" U 1100" SI• ACK,Il • B[Kl + SI 
TANVEC I• S 

"END" TAMVEC; 
"EDP" 

"CODE" 11401:!II 
"RiAL" "PROCEDURE 11 MATMATCL, U, I, J, A, Bll "VALUE" L,U,I,J; 
"INTEGER" L.11,I,J; "ARRAY" A,B; 
11 BEGIN" "INTEGER" Kl "REAL" SI 

SI• 01 
"FOR" Kl•L 11 STEP 11 l "UNTIL" ll "D0 11 SI• ACI,Kl * BCK,Jl + St 
MATMATI• S 

"END" MATMAT; 
"EOP 11 



(DECEMBER 1975) 

"Ci1DE" ;:!4dl4t 
"REAL" "PROCFDURE" TANNAT(L, U, I, J, A, 0); "VALUE" L,U,I,JI 
"INTEGER" L,U,I,J; "ARRAY" A,B; 
"BEGIN" "INTEGER" Kl "REAL" S; 

St• OS 

PAGE" 

"FOR" Ka•L "STEP" 1 "UNTIL" U noon Sr ■ ACK,Il * BCK,JJ + S; 
1'.,\NNATr• S 

"END" TANMATI 
"EOP" 

"CODE 11 ~4~115; 
"REAL" "PROCEDURE" MATTAMCL, Uj I, J, A, B)t "VALUE" L,U,I,J; 
"INTF.GER 8 L.u,r.Jt "ARRAY" A,B; 
11 8EGIN" 11 INTEGER" K; "REAL" S; 

St• 01 
"FOR" Ka•L "STEP" l "UNTIL" U 8 D0" St• ACI,Kl * BCJ,Kl + S; 
IOTTAMt• S 

"ENO" MATTAMI 
"EOP" 

"CODE" 34inl6t 
"REAL" "PROCEDURE" SEOVEC(L, U, IL, SHIFT, A, B)I 
"VALUE" L.U,IL,SHIFTt "INTEGER" L,U,IL,SMIFT; "ARRAY" A,B; 
"BEGIN" HREAL" S; 

St• 01 
"FOR• Lt•L "STEP" l "UNTIL" U "00" 
"8EGIN 11 SI• ACJLl * BCL +SHIFT]+ S; ILi• IL + L "EN011 J 
SEOVECI• S 

"ENO" SEOVEC; 
11 EOP" 

"CODE'' 3't017t 
"REAL" "PROCEDURE" SCAPRDl(LA, SA, LS, sa, N, A, B); 
"VALUE" LA,SA,LB..,SB,N; "INTEGER" LA,SA.,LB,.SB»NI "ARRAY 11 A,13J 
"BEGIN" "RFAL" St 11 INTEGER" Kt 

St• 01 
11 F0R" Kl• l 11STEP" l "UNTIL" N 11 00 11 

11 BEGIN" St•ACLAl * B[LB] + SI LAt• LA+ SAi LB•• LB+ SB 11 END"; 
SCAPRDl ta S 

"FN0 11 SCAPROl: 
11EOP" 

"COOlo" 34018 a 
11 REAL'' "PROCEDIIRE" SYM'4ATVEC(L• Up I.1 A» B)g 11 VALUE" L,U,It 
"INTFGER" L~U•It "ARRAY" A,Bl 
"BEGIN" "INTEGER" K• M; 

11 REAL" 11PROCEDUREtt VECVEC(L, U, SHIFT• A. B)I "CODE" 340101 
"REAL" "PROCEDURE" SEQVEC(L, u. IL., SHIFT, A .. B)s 11CnDE" 340161 
Ml• "IF" L > I "THEN" L "ELSE" I; Kl• M * (M - 1) // 21 
SYMMATVECI• VECVEC<L, "IF" l < ■ U "THEN" I-1 "ELSE" U, K, ~- A) 

+ SEOVEC(M• U• K + I, O, A, B) 
"END" SYMMATVECl 

•EOP" 
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AUTHOR I DeWINTERe 

INSTITUTE a ~ATHF.HATICAL C~NTREe 

R~CeIVEO I 741215. 

BRifF DPSCRIPTION I 

THIS SECTION CONTAINS FIVE PROCEDURES s 
FULMATVFC CALCULATES THE VECTOR A* A, WHERE A IS A GIVEN MATRIX 
ANO RISA VECTOR. 
FULTAHVfC CALCULATES THE VECTOR At* 81 WHERE A' IS THE TRANSP05EO 
UF THE MATRIX A AND 8 IS A VECTOR. 
FULSYMHATVF.C CALCULATES T4c VECTOR A• B, WHER£ A IS A SYMMETRIC 
MATRIX WHOSE UPPERTRIANGLE IS STORED COLUMNWISE IN A 
ONE-DIMENSIONAL ARRAY ANO 8 IS A VECTOR. 
RFSVEC CALCULATES THE RESIDUAL VECTOP. A• 8 + 1 • C, WHERE A IS A 
GIVFN MATRIX, B ANO CARE VECTORS AND X IS A SCALAR. 
SYMRESVEC CALCULATES THE RESIDUAL VECTOR A* 8 + X • C, W4ERI A IS 
A SYMMETRIC MATRIX WHOSE UPPERTRIANGLE IS STORED IN A 
ONF.-DIMENSIONAl ARRAY, 8 ANO CARE VECTORS ANO X IS A SCALAR. 

KfYWORDS I 

ELfMENTARY PROCEDURF, 
VECTOR OPERATION. 



srCTION t 1.1.4.? 

~llfiSl.'CfIONI FULMATVEC. 

CALLING SEOUENCEs 

THE HEADING OF THf: PROCEDURE READS1 
11 PROCEOURE 11 FULMATVEC(LR, UR. LC~ UC. A• B, C)J 
11 VALUE 11 LR• UR, LC, UC, RI 11 INTEGER 11 LR, UR, LC, UCJ 
IIARRAYII Ae B.o C; 
11cooe11 315"1!,J: 

T4& M2ANING OF THE FORMAL PARAMETFRS rsa 
LR, URI <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF T~E R!JW-INDEXJ 
LC. UCs <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE COLUMN-INDEX; 
A: <ARPAV IDENTIFIER>; 

IIARRAV 11 AfLRIURelCBUC]a THE ~ATRIXS 
Bt <ARRAY IDENTIFIER>; 

11 ARRAV" BCLC&UCJ; TH~ VECTOR: 
Cs <ARRAY IDENTIFIER>; 

11 ARRAYtt CCLRIURJ; 
THI.' RESULT A* BIS DELIVERED IN Co 

LANGUAGE• COMPASS 3. 

MfT400 AND PERFORMANCE1 SE~ REFERENCE Cllo 

SURSFCTIONt FULTAMVEC. 

CALLING SEQIIENCEt 

THE HEADING OF THE PROCEDURE READSs 
•PRnCEDURE• FULTAMVECCLR, UR, LC, UC, A, B, C)I 
"VALUE• LR, UR, LC, UC, Bs "INTEGER• LR, UR, LC, UCt 
•ARRAY" A.o B.o C; 
IICODE 11 31 'S!fH; 

THi MEANING OF THE FORMAL PARAMETERS IS! 
LR, URr <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE ROW-INDEXI 
lC, UCt <ARITH~ETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE COLUMN-INDEX; 
Al <ARRAY IDENTIFIER>; 

"ARRAY" ACLR1UR,LC1UC1& THE MATRIXI 
BI <ARRAY IDENTIFIER>1 

•ARRAY 11 BCLRtUR]; THE YECTORI 
C@ <ARRAY IDENTIFIER>; 

"ARRAY" C[LCIUC]; 

PAr;E 2 

THE RESULT At* BIS DELIVERED INC; HERE At DENOTES THE 
TRANSPOSED OF THE MATRIX Ae 



SFCTION 1 1.1.4.? (DECEMBER lQ75) 

LANGUAG~I COMPASS 3. 

METHOD AND PERFORMANCEI ELEMENTARY. 

SUBS~CTIONI FULSYMMATVEC. 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" FULSYMMATVEC(LR, UR, LC, UC, A, B, CJ; 
"VALUE" LR• UR, LC, UC, BJ "INTEGER" LR, UR, LC, UC; 
"ARRAY" A, B, C; 
"COOE" 31~0?1 

THE MEANING OF THE FORMAL PARAMETERS ISs 
LR, URI <ARITHM~TIC EXPRESSION>& 

LOWER AND UPPER BOUND OF THE ROW-INDEXJ LR >• 11 
LC, UCI <ARITHMETIC EXPRESSI □N>t 

LOWER ANO UPPER 80UNO OF THE COLUMN-INDEXt LC >• 11 
At <ARRAY IDENTIFIER>J 

"ARRAY" A[LIUl, WHERE• 

PAGE 3 

L • MIN(LR * (LR - l) // 2 + LC, LC * (LC • ll // 2 + LRI, 
U • MAX(UR * (UR• 11 // 2 + UC, UC* (UC - 11 // 2 + URI 
AND THE CI,JI-TH ELEMENT OF THE SYMMETRIC MATRIX SHOULD ~E 
GIVF.N IN A[J • (J - lJ // Z + Il; 

8& <ARRAY IDENTIFIER>; 
"ARRAY" B[LCIUC]J THE VECTORS 

Cl <ARRAY IDENTIFIER>J 
HARRAY" C[LRIUR]J 
THE RESULT A• BIS DELIVERED IN Ca 



SFCTION I lel.4.?. 

PRnCEOURES USFOI 

SYMMATVF.C • CP,4018. 

LANGUAGFI ALGOL Ml. 

METHOD ANO PF.RFORMANCFt 

F.Ll::Ml:NTARY,. 

SU~SECTIONI RESVfC. 

CALLING SEOUENce, 

( DECEMBER H75 > 

THE HEADING OF THE PROCEDURE REAOS1 
"PROCEDURE" RESViC(LR, UR, LC, UC, A, B, C, XlJ 
nVAUlf" LR, UR, LC, UC, B, XI "INTEGER" LR, IJR, LC, UCJ 
"REAL" XI "ARRAY" A• BP CJ 
"CODE" ·n5n1: 

THE MEANING OF THE FORMAL PARAMETERS !St 
LR, URt <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE ROW-INOEl(S 
LC, ucr <ARITHMETIC EXPRESSION>I 

LOWER ANO UPPER BOUND OF THE COLUl"N•INDEX; 
As <ARRAY IDENTIFIER>; 

"ARRAY" ACLR1UR,LC1UC]; THE MATRIXJ 
Bt <ARRAY IDENTIFIER>J 

"ARRAY" BCLCIUC]I THE VECTOR; 
XI <ARITHMETIC EXPRESSION>; 

THE VALUE OF THE MULTIPLYING SCALARI 
Cl <ARRAY IDENTIFIER>; 

"ARRAY" CCLRsUR]; 
THE RESULT A+ 8 + X + C IS OVERWRITTEN 

LANGUAGE a COMPASS 3 ■ 

METHOD AND PF.RFORMANCFI 

HEMENTARYe 

ON c. 

PAGE 4 



SUBSECTIONt SYMRESVEC. 

CALLING SE0UFNCE1 

THr HEADING OF THE PROCEDURE READSt 
"PROCEDURG" SYMRESVfC(LR, UR, LC, UC, A, B, C, X); 
"VALUE" LR• UR, LC, UC, B, XJ "INTEGER" LR, UR, LC, UCJ 
"REAL" xa "ARRAY" A, B, Cl 
ncooen 315041 

THE MEANING OF THE FORMAL PARAMETERS ISI 
LR, URI <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE ROW-INDEX; LR >• 1: 
LC, UCt <ARITHMETIC EXPRESSION>I 

LOWER AND UPPER BOUND OF THE COLUMN-INDEXJ LC >• ll 
Al <ARRAY IDcNTIFIER>; 

"ARRAY" ACLtUl, WHERE1 

PAGE 5 

L • MIN(LR • (LR - 1) // 2 + LC, LC • (LC - l) // 2 + LR>, 
U • MAX(UR • (UR - 1) // 2 + UC, UC• (UC - 1) //?+UR) 
ANO THE (J.J)-TH ELEMENT OF THE SYMMETRIC MATRIX SHOULD BE 
GIVEN IN A[J • (J - 1) // 2 + 111 

Ba <ARRAY IDENTIFIER>J 
"ARRAY" BCLC1UC]; THE VECTOR; 

X1 <ARITHMETIC EXPRESSION>1 
THE VALUE OF THE MULTIPLYING SCALARI 

Cl <ARRAY IDENTIFI€R>; 
"ARRAY" CCLRtUR]; 
THE RESULT A• 8 + X • C IS DELIVERED IN C. 

PROCEDURES USED1 

SYMMATVEC • CP34~18. 

LANGUAGE• 

MFTHOD ANO PERFORMANCEa 

ELEMENTARY. 

RE~ERENCESt 

[ll.T.J.OEKKERe 
ALGOL 60 PROCEDURES IN NUMERICAL ALG~BRA, PARTl, 
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (lq70). 

[2].J.C.P.BUS. 
MINIMALISERING VAN FUNKTIES VA~ MEEROERE VARIABELEN» 
MATHEMATICAL CENTRE, NR 29/72, AMSTERDAM (1972>• 



SfCTION I 1.1.4e2 (DECEMBER 1Q75l PAGE 6 

SOURCE TEXT( S H 

T~E FOLLOWING PROCEDURES, EXCEPT FOR FULSYMMATVEC ANO SYMRESVEC ARE 
WRITTEN IN COMPASS 3, AN EQUIVALENT ALGOL TEXT OF THESE COMPASS 
ROIITINES IS GIVEN. 

"CODE" 315l'01 
11 PROCEOIJRE" FIJLMATVEC<LR, UR, LC, UC, A, B, Cl: 
11 VALUE" LR, UR, LC, UC, BI 11 INTEGER 11 LR, UP, LC, UC: 
"ARRAY 11 A• lh C; 
"BEGIN" 11 REAL" 11 PROCEDURE 11 MATVEC(L, U, I, A, ij)J "CODE" 34011; 

IIFORH LR1• LR "STEP 11 1 "UNTIL" UR noon 
CCLRll• MATVECCLC, UC, LR,iA, B); 

"END 11 FlllMATVFCI 
"EOPH 

"CODE 11 315101: 
"PROCEOURE 11 FULTAMVEC(LR, UR, LC, UC, A, B, C)I 
11VALUE" LR, UR, LC, UC, SI "INTEGER" LR, UR, LC, UC; 
"ARRAY" A, B, C; 
11 BF.GIN 11 "REAL" "PROCEDURE" TAMVECIL, U, I, A, 8)1 "CODE" 340121 

"FORII LCt• LC "STEP" 1 "UNTIL" UC 110011 
C[lClt• TAMVEC(LR, UR, LC, A, 8); 

11END" FUL TAMVEC c 
"£0P 11 

IICODE" 3151<12; 
"PROCEDURE" FULSYMMATVEC(LR, UR, LC, UC, A, B, C)I 
"VALU~ 11 LR, UR, LC, UC, B; "INTEGER" LR, UR, LC, UC; 
11 ARRAY" A• B, C; 
"BEGIN" "REAL" "PROCEDURE" SYM~ATVEC(L, U, I, A, BI; 

"CODE" 34018; . 
11 FOR" LRI• LR 11STEP" l "UNTIL" UR noon 
C[LRll• SYMMATVEC(LC, UC, LR, A, B) 

11END" FULSYMMATVEC; 
"EDP" 

"CODE" ~15031 
"PROCEDURE 11 RESVEC(LR, UR, LC, UC, A, B, C, XlJ 
"VALUE 11 LR, UR, LC, UC, X; "INTEGER" LR, UR, LC, UCI 
"REAL" XI "ARRAY" A, B, Cl 
"BEGIN" NREAL" "PROCEDURE" MATVF.C(L, U, I, A, B)J "CODE" 34011; 

"FOR" LPt• LR "STEP" l "UNTIL" UR noon 
CCLRll• NATVEC(LC, UC, LR, A, 9) + CCLR] • X 

"l::ND" RESVEC: 
11EOP" 

"CODE" 315041 
"PROCEDURE" SYMRESVEC(LR, UR, LC, UC, A, B, C, ~)J 
"VALtlE 11 LR, URo LC, UC. X; "INTEGER" LR, UR, LC, UCJ 
"REAL" Xi "ARRAY" A, B• Cl 
"BEGIN" "RF.Al" "PROCEDURE" SYMMATVECCL, U, I, A, B)J 

"CODE" 34018; 
11FOR" LRI• LR "STEP" 1 "UNTIL" UR "DO" 

CCLR]I• SYMMATVECCLC, UC• LR, A, B) ♦ CCLRl • X 
HF.ND" SYMRESVECI 

"EOP" 



SrCTION I 1.l.4a3 (DECEMBER 197'1 l PAGE 1 

AUTHORS D.T.WJNTER. 

INSTITIITEt MATHEMATICAL CENTRE. 

RECEIVED• 7Sl?.08a 

RRIEF OF.SCRIPTIONt 

THIS SECTION CONTAINS PROCEDURES THAT MULTIPLY A GIVEN MATRIX RY A 
(GENERALIZED> HOUSEHOLDER MATRIX, I.F.. A MATRIX M •I+ X • U • U1 , 

WHERE I IS THE UNIT MATRIX, X A REAL CONSTANT ANO U A VECTOR 
(CALLEO THE HOUSEHOLDER CONSTANT ANO HOUSEHOLDER VECTOR, 
RESPECTIVH Y) 

HSHVECMAT PREMUL TIP LIES A MATRIX BY A HOUScHOLDER 
HOUSEHOLDER VECTOR HAS 0EEN STORED 
IN A ONE-DIMENSIONAL ARRAY. 

HSHCOLMAT PREMULTIPLIES A MATRIX RY A HOUSEHOLDER 
THF HOUSEHOLDER VECTOR HAS BEEN STORED AS 
IN A TWO-DIMENSIONAL ARRAY. 

HSHROWMAT PRF.MUL TI PLIES A MATRIX BY A HOUSEHOLDER 
THE HOUSEHOLDER VECTOR HAS BEEN STORED AS 
IN A TWO-DIMENSIONAL ARRAY. 

HSI-IVECTAM POSTl'IULTIPLIES A MATRIX 0Y A HOUSEHOLDER 
THE HOUSEHOLDER VECTOR HAS BEEN STORED 
IN A ONE•DIMENSIONAL ARRAY. 

HSHCOLTAM POSTMUL TIPLHS A MATRIX BY A HOUSEHOLDER 
THE HOUSEHOLDER VECTOR HAS BEEN STORED 
AS A COLUMN IN A TWO•DIMENSIONAL ARRAY. 

HSHROWTAH POSTHUL TI PLIES A MATRIX BY A HOUSEHOLDER 
THE HOUSEHOLDER VECTOR MAS BEEN STORED 
AS A ROW IN A TWO•DIMENSI~NAL ARRAYe 

l<EYWORDSI 

HOUSEHOLDER MATRIX 
ORTMOGONAL TRANSFORMATION 

LANGUAGE• ALGOL 60 

MATRTX, THE 

MATRJ'( • 
A COLUMN 

MATRIX• 
A ROW 

MATRIX, 

MATRIX, 

MATRIXa 



SU~SECTIONI HSHV£CMAT 

CALLING SEQUENCE• 

(JANUARY 1976) 

THF. HFAOING OF THE PROCEDURE READSI 
"PROCEDURE" HSHVECMAT(LR• UR, LC• UC• X, U, A)I 
"VALUE" LR, UR. LC, uc. XI "INTEGER" LR, UR, LC, ucr 
"REAL" XI "ARRAY" U, A; 
"COOE 11 31111710: 

THF- MEANING OF THE FORMAL PARAMETERS IS• 
LR,URI <ARITHMETIC EXPRESSIONS>; 

THE LOWER AND UPPER ROW INDICES: 
LC,UCI <ARITHMETIC EXPRESSIONS>1 

THE LOWER AND UPPER COLUMN INDICESI 
XI <ARITHMETIC EXPRESSION>1 

THE HOtJSFHOLDER CONSTANTI 
Ut <ARRAY IOENTIFIER>1 "ARRAY" UtLRIURlJ 

TM~ HOUSEHOLDER VECTOR; 
At <ARRAY IOENTIFIF.R>; "ARRAY" A[LRIUR,LCtUC]; 

THE MATRIX TO BE PREMULTIPLIEO RV THE HOUSEHOLDER MATRIX. 

PROCEDURES USEDt 
TAMVEC • CP34012 
~LMCOLVEC • CP34022 

RUNNING TIMEt PROPORTIONAL TO (UC•LC+l>•<UR•LR+l) 

SUBSECTION• HSHCnLMAT 

CALLING SEQUENCE• 
THE HEADING OF THE PROCEDURE REAOS1 
"PROCEDURE" HSHCQLMAT(LR, UR, LC, UC, I, X, U, A)I 
"VALUE" LR, UR, LC, UC, I, XI "INTEGER" LR, UR, LC, UC, It 
HRFAL" XI "ARRAY" U, A; 
"CODE" 31kl71: 

THE MEANING OF THE. FORMAL PARAMETERS IS• 
LR,UR1 <ARITHMETIC EXPRESSIONS>; 

THE LOWER AND UPPER ROW INDICESI 
LC,UCI <ARITHMETIC EXPRESSIONS>1 

THE LOWER ANO UPPER COLUMN INDICES; 
II <ARITHMFTIC EXPRESSION>; 

THE COLUMN INDEX OF THE HOUSEHOLDER VF.CTORI 
XI <ARITHMETIC EXPRESSION>a 

THE HOUSEHOLOiR CONSTANTS 
UI <ARRAY IDENTIFIFR>; "ARRAY" U[LRtUR,IaI]I 

THE HOUSEHOLDER VECTORJ 
At <ARRAY IOENTIFIER>J "ARRAY" A[LRIUR,LCtUCll 

THE MATRIX TO BE PREHULTIPLIED BY THE MOUSEMOLDER MATRIX. 

PROCEOIJRES lJSFOt 
TAMMAT • CP34014 
ELMCOL • CP34023 



SECTION I lalo4e3 !JANUARY 197~) 

RUNNING TIMEa PROPORTIONAL TO (UC-LC+l)*!UR-LR+l) 

SUBSECTIONI HSHROWMAT 

CALLING SEOUENC~I 
THE HEADING OF TH~ PROC:DURE REAOSr 
"PROCEDURE" HSHROWMAT(LR, UR, LC, UC, I, X, U, Al: 
11VALIIE" LR, llR, LC, IJC, I, XI "INTEGER" LR, UR, LC, UC, It 
11 REAL 11 XI 11 ARRAY 11 U, Al 
"COOi:" 31072 I 

THE MEANING OF THE FORMAL PARAM€TERS ISI 
LR,URI <ARITHMETIC FXPRESS IONS> I 

THE LOWER ANO UPPfR ROW INDICES; 
LC,11C I <ARITHMFTIC EXPRESSIONS>; 

THE LOWER AND UPPER COLUMN INOICESI 
It <ARITHMETIC EXPRESSION>t 

THe ROW INDEX OF THE HOUSEHOLDER VECTORS 
Xt <4RITHMETIC EXPRESSION>; 

THE HOUSEHOLDER CONSTANTt 
UI <ARRAY IDENTIFIER>; 11 ARRAY" U[ItI,LRtURlJ 

THE HOUSEHOLDER VECTOR; 
Al <ARRAV IDENTIFIER>; 11 ARRAY" A[LRIUR,LCIUC]; 

THE MATRIX TO RE PREMULTIPLIED BY THE HOUSEHOLDER MATRIX. 

PROCEDURES USEOI 
MATMAT • CP34~13 
ELMCOLROW • CP34027 

RUNNING TIMfa PROPORTIONAL TO (UC•LC+ll*!UR-LR+l) 

SUBSECTIONI HSHVECTAM 

CALLING SEQUF.NCEI 
THE HEADING OF THE PROCEDURE READSr 
"PROCEOURE 11 HSHV~CTAM(LR, UR, LC, UC, X, U, A>J 
11 VALUE" LR, UR, LC, UC, XI "INTEGER" LR, UR, LC, UCI 
"REAL 11 X; 11 ARRAY" U. AJ 
"COOE 11 31\073; 

THE MEANING OF THE FORMAL PARAMETF.RS ISI 
LR,URI <ARITHMETIC FXPRESSIONS>; 

THF LOWER ANO UPPER ROW INDICESI 
LC,UCI <ARITHMFTIC EXPRESSIONS>1 

THE LOWER ANO UPPER COLUMN INOICESJ 
XI <4RITHMETIC EXPRESSION>; 

THF. HOUSEHOLDER CONSTANTI 
UI <ARRAY IDENTIFIER>1 "ARRAY" UCLCtUCll 

THi HOUSeHOLOfR VECTOR; 
Al <ARRAY IOENTIFIER>; 11 ARRAY" A[LR1UR,LC1UCJ; 

PAGE~ 

THE MATRIX TO BE POSTMULTIPLIED BY THE HOUScHOLOER MATRIX. 



SECTION I l.1.4e3 

PR11CEDIIRES llSEDI 
MATVEC • CP34011 
FLMROWVEC • CP34027 

(JANUARY 1976) 

RUNNING TIMEt PROP □ RTiaNAL TO (UC•LC+l)*(UR-LR+l) 

SUBSECTIONI HSHCOLTAM 

CALLING SE0UENCEl 
THE HEAOTNG OF THE PROCEDURE READSt 
"PROCEOURE" HSHCOLTAM(LR• U~• LC, UC, I, X, U, A)I 
"VAUIE 11 LR, IIR, LC.o UC, I, Xt "INTEGER" LR, UR, LC, UC, I; 
IIRFAL" XJ "ARRAY" 11, A; . 
11 COOE 11 311J74; 

THE MEANING OF THE FORMAL PARA,ETERS ISt 
LR,UR1 <ARITHMETIC EXPRESSIONS>; 

THE LOWER AND IIPPER ROW INDICESI 
LC,IICI <ARITHMETIC EXPRESSIO~S>J 

TH~ LOWER ANO UPPER COLUMN INDICES; 
It <ARITHMETIC EXPRESSION>; 

THE COLUMN INDEX OF THE HOUS~HOLDER VECTORI 
XI <ARITHMETIC EXPRESSION>1 

THE HOUSEHOLDER CONSTANT; 
Ut <ARRAY IDENTIFIFR>; "ARRAY" UCLCtUC,III]; 

THE HOUSEHOLDER VECTORI 
Al <ARRAY IDENTIFIF.R>J "ARRAY" A[LRIUR,LCIUC]; 

PAGE 4 

THF MATRIX TO BF. POSTMULTIPLIED BY THF HOUSfHOLDER MATRIX. 

PROCEDURES llSEOI 
HATMAT • CP34013 
ELMROWCOL • CP34028 

RUNNING TIMEt PROPORTIONAL TO (UC-LC+l)*(UR•LR+l) 



SFCTION 1 1.1.4.3 

SIJRSECTION1 HSHROWTAM 

CALLING SE0UENCE1 

(JANUARY 1Q76) 

TYE HEADING OF THE PROCEDURE READS: 
"PROCEDURE" HSHROWTAM(LR• UR• LC• UC• I. X• U, A)I 
"VALUE" LR• UR. LC• UC, I• XI "INTEGER" LR, UR• LC• UC• It 
HRfAL" XI "ARRAY" U• AJ 
"COOE 11 31.:>75; 

THE MEANING ~F THF. FORMAL PARAMETERS IS1 
LR,URI <ARITHMETIC EXPRESSIONS>; 

THE LOWER AND UPPER ROW INDICESI 
LC,llCI <ARITHMETIC EXPRESSIONS>1 

THE LOWER AND UPP~R COLUMN INDICES; 
I 1 <ARITHMETIC EXPRESSION>; 

THE ROW INDEX OF THE HOUSEHOLDER VECTORI 
Xs <ARITH~ETIC EXPRESSION>I 

THE HOUSEHOLDER CONSTANTI 
Us <ARRAY IDENTIFIER>; 11APRAY" Utl1I,LC1UC]; 

THE HOUSEHOLDER VECTORI 
Al <ARRAY IDENTIFIER>; "ARRAY" ACLRIUR•LCtUClJ 

PAGE 5 

THE MATRIX TO BE POSTMULTIPLIED BY THE HOUSEHOLDER MATRIX. 

PPOCEOIJRES useos 
MATTAM • CP3~01~ 
ELMR□W • CP34024 

RUNNING TIME: PROPORTIONAL TO (UC•LC+l)*(UR-LR+l) 

SOIIRCE TE'tTS 1 

11 CilOE" 310701 
HPROCF.DURE" HSHVECMAT(LR, UR, LC• UC• X, U, A)I 
ttVALUE" LR, UR, LC, UC• X; "INTEGER" LR, UR, LC, UCI 
"REAL" Xt "ARRAY" U, Al 
"BEGINH "REAL" "PROCEDURE" TAMVeC(L, U, I, A, B); "CODE" 340121 

11 PROCEOllRE" ELMCOLVEC(L, U, I, A, B• X); "CODE" 3410221 
"FOR" LCI• LC "STEP" l "UNTIL" UC noon 
ELMCOLVEC(LR, UR, LC, A, U, TAMVEC(LR, UR, LC, A, U) • X) 

"fNOH; 
"EOP" 

ncoDE 11 310711 
"PROCEDURE" HSHCOLMAT(LR, UR• LC, UC, I, X, U, All 
"VALUE" LR, UR, LC, IJC, I, X; "INTEGER" LR, UR, LC, UC• II 
"REAL" XI "ARRAY" Uo Al 
HBEGIN 11 "REAL" ffPROC~DUREH TAMMAT(L, U, I, J, A, B)I "CODE" 34014; 

"PROCEDURE" ELMCOL(L, U, I• J, A, B, X); "CODE" 34il231 
"FnR" LCt• LC "STcP" 1 "UNTIL" UC "DO" 
ELMC □L(LR, UR, LC• I, A, U• TAMMAT(LR, UR, LC, I, A, U) * W) 

HfOP" 



(JANIJARV 1976) 

ncnOFII 3l,t172: 
"PROCEOURE" HSHRnW,.ATfLR1 UR. LC1 uc., r., x., u., A) I 
11 VALll~" LR• lJR., LC• UC.- Ii X; 11 INTEGEP" LR, UR, LC, UC., I; 
"REAL" X; 11 ARRAY" U. A; 
11 B[GIN 11 11 REAL 11 "PROCEDURE" MATMAT(L, U, t, J, A, ~); 11COOE 11 ~4n13; 

"PROCEDUR~ 11 ELMCOLROW(L, U, I, J, A, B, X); "CODE" 34~29; 
"FOR" LCI• LC 11 ~TFP" 1 "UNTIL" UC nonn 
rLMCOLROWHR., UR1 LC., Ii, A, u., MAT,.AT( LR, IIR, 1, LC, U, Al • X) 

"CODE 11 H07~1 
"PROCl:DURt 11 HSHVF.CTA/HLR, UR, LC• UC, X, ll, A) I 
11 VALU~" LR, UR1 LC• UC• X; "INTEG~R" LR, UR, LC, UC; 
11 REAL 11 X; 11 ARRAY 11 U1 A: 
"BEGIN" 11 REAL" "PROCEDURE" ,.ATVEC(L, U, I, A, 8)1 11CODE 11 34011: 

IIPROC~DURfll ELMR □WVEC(L, U, I, A, B, XII "CODE" 34027; 
11 FOR" LRI• LR 11 STEP 11 1 11 UNTIL 11 UR 11 00" 
ELNROWVF-CfLC• UC, LR, A, U, MATVEC(LC, UC, LR, A, UI * X> 

11F.N0 11 ; 

11 CODE 11 310741 
11 PROCE DURE II HSHCIJL TAM ( LR, llR, LC, UC, !, X, U, A) I 
"VALUE 11 LR, UR, LC, UC1 I, X: 11 I~TEGiR 11 LR, UR, LC, UC, I; 
"REAL" X; "ARRAY" U., A; 
"BFGIN 11 11 REAL 11 11 PROCEOURE 11 MATMAT(L, U, I, J, A, 8)1 11CODE 11 34~131 

11 PROCEOURE 11 ELMROWCOL<L• U, I, J, A, B, X): 11COOE 11 34028; 
11 FOR 11 LR I• LR HSTE P" l 111.lNT Il" UR noon 
£LMROWCOL(LC, UC1 LR, I, A, U, MATMAT(LC, UC, LR, I1 A, U) * XI 

"l:N0 11 t 

ttCODf 11 H0751 
11 PROCEDURE 11 HSHROWTAM(LR, UR1 LC1 UC, I, X, IJ, A) t 
"VALUE" LR, UR1 LC, UC, I, XI "INTEGER" LR, UR, LC, UC, 1: 
"RF.Al" X; "ARRAY" IJ, Al 
11RfGIN 11 "REAL" 11PROCEOURE 11 MATTAM(L, U, I, J, A, B)I 11COOE 11 340151 

"PROCEOURE 11 fLMROW(L, U, I, J, A, B, X)1 "CODE" 340241 
"FnR 11 LRI• LR "STEP" 1 11 UNTIL 11 UR 11 00" 
ELMRnW(LC, UC, LR, I, A, U, ~ATTAM(LC, UC, LR, I, A, U) + V) 

"iN0 11 ; 

111:0P" 



SECTION I lelo5 (APRIL 1974) PAGE 1 

AUTHORS I TeJaOEKKER. CeGe VANDERLAAN. 

CONTR IBIJTOR t P.A.Bf.ENTJES. 

INSTITllTEt MATHEMATICAL CENTRE. 

RtCfIVl::Ot 

~RIEF OFSCRIPTIONt 

THIS SECTION CnNTAINS TEN PROCEDURES. 
HMVEC ADDS X TIMES THE VECTOR /:IVEN IN APRJIY BCSHIFT+L I ~HIFT+lll 
Tn THE VECTOR GIVEN IN ARRAY A[LtUlo 
~LMCOL ADDS X TIMES THE COLUMN VECTOR GIVEN IN ARRAY B[LtU, JtJ] TO 
THF COLUMN VECTOR GIVEN IN ARRAY A[LIU, Itllo 
ELMROW ADDS r TIMES THE ROW VECTOR GIVEN IN ARRAY 8CJtJ, LtUl TO 
THE ROW VECTOR GIVEN IN ARRAY AritI, L1Ulo 
ELMVECCOL ADDS X TIMES THE COLUMN VECTOR GIVEN IN ARRAY ArL1U, Ill) 
Tn THE VECTOR GIVEN IN ARRAY ACLtUlo 
HMCOLVEC ADDS X Tlr,!E.S THE VECTOR GIVEN IN ARRAY BCLtlll TO TI.it: 
COLUMN VECTOR GIVEN IN ARRAY ACL1U, I1Ilo 
ELr,!VECROW ADDS X TIMES THE ROW VECTOP GIVEN IN ARRAY B[JtI, LIU1 Tn 
THE VECTOR GIVEN IN ARRAY A[LtUle 
ELMROWVEC ADDS X TIMES THE VECTOR GIVEN IN ARRAY BCLtU] TO THE 
ROW VECTOR GIVEN IN ARRAY ACitI, LtUlo 
ELMCOLROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY R[JtJ, Ltll1 TO 
THE COLUMN VECTOR GIVEN IN ARRAY A[LtU, Itllo 
ELMROWCOL ADDS X TI~ES THE COLUMN VECTOR GIVEN IN ARRAY B[lsU, JtJ1 
TO TME ROW VECTOi GIVEN IN ARRAY ACitI, LtUJ. 
MAXELMROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY B[JIJ• LtU] TO 
THF ROW VECTOR GIVEN IN ARRAY A[ItI, LtUlo 
MOREOVER, MAXELMROWI• THE VALUE OF THE S!COND SUBSCRIPT OF AN 
ELEMENT OF THE NF~ ROW VECTOR IN ARRAY A WHICH IS OF MAXIMUM 
ASS OLUTE VALIIE • 
IFe HOWEVER, L > U, THEN MAXELMROWt• Le 

KEYWORDS I 

ELFMENTARY PROCEDURE. 
VECTOR OPERATIONS, 
ELIMINATION. 



SFCTION t 1.1.5 

SUBSECTION• F.LHVECe 

CALLING StOUF.NCFa 

HEAOINGI 

PAGE 2 

"PROCEDURE" rLMVECfL, U, SHIFT, A, B, X); "VALUE" L,U,SHIFT,XI 
"INTEGER" L,U,SHIFT; "REAL" X; "ARRAY" A,~; 
11CODE 11 3402t'H 

FORMAL PARAMF.TERSa 
L,Ut <ARITHMETIC EXPRESSION>; 

LOWeR AND UPPER BOUNOIOF TH~ RUNNING SUBSCRIPTS 
SHIFTI <ARITHMETIC EXPRESSION>a 

INDEX•SHIFTING PARAMETER OF THE VECTOR B; 
A,Bt <ARRAY IDENTIFIER>; 

11 APRAY" Atl I Ul, B[L + SHIFT I U + SHIFTJI 
XI <ARITHMETIC EXPRESSION>; 

ELIMINATION FACTOR. 

SU9SECTIONt ELHCOL. 

CALLING SEQUfNCEI 

HEADING I 
ffPROCEDURe" ELMCOLfL, U, I, J, A, g, X>I "VALUE" L,U,I,J,Xf 
"INTEGER" L,U,J,J; "REAL" X; "ARRAY" A.B; 
11CDDE" 3402'H 

FORMAL PARAMFTERSI 
L.,UI <ARITHMETIC EXPRESSION>s 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCJHPTJ 
I I <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN VECTOR Al 
JI <ARITHMETIC EXPRESSION>J 

COLUHN•INDEX OF THE COLUMN VECTOR BI 
A,IU <ARRAY IDENTIFIER>; 

"ARRAY" A[L I U, I I 11, B[L I U, J I J]I 
xa <ARITHMETIC EXPRESSION>I 

ELIMINATION FACTOR. 

LANGUAGE! COMPASS. 



SFCTintl I lele"i 

SUBSECTIONI ELMRnw. 

CALLING SE0UENCEI 

H~ADINGt 
t•PROCE=OlJREH F.LMROWCL, U, I, J, A, B, JO; "VALUE" L,U.,J,J,l(; 
11 INTEGER" L.1ll,I.1JI "REAL" Xt "ARRAY" A,Bt 
"CODE" 34tll4t 

FORMAL PARAMETERSt 
L.,Ut <ARITHMETIC EXPRESSION>J 

LOWER AND UPPER BOUND/OF THE RUNNING SUBSCRIPT; 
It <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE ROW VECTOR A; 
JI <ARITHMiTIC EXPRESSION>1 

ROW•INOEX OF THE ROW VECTOR R; 
A,Bt <ARRAY IDENTIFIER>; 

"ARRAY" ACI I It L t U]., B[J I J, L I Ull 
Xt <ARITHMETIC EXPRESSION>t 

ELIMINATION FACTOR. 

LANGUAGFI COMPASS. 

SUBSECTIONS ELMVECCOL. 

CALLING SEOUENCF.t 

HEADING I . 
"PROCEDURE" F.LMVECCOLCL, U., I• A, B, X)I "VALUE" L,U,I,XJ 
t1INTEG~Rt1 L.1U,I1 "REAL" X; "ARRAY" A,Bt 
11cone11 :J4tll21: 

FORMAL PARAMETERSs 
L,U1 <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTS 
II <ARITHMETIC EXPRESSION>J 

COLUMN•INDEX OF THE COLU"4N VECTOR Bl 
A,Bt <ARRAY IDENTIFIER>; 

11 ARRAY 11 ACL t U]., B[L t U, I t Ill 
Xt <ARITHMETIC EXPRESSION>; 

ELIMINATION FACTORe 

LANGUAGFt COMPASS. 

PAGE 3 



SECTION I 1.1.5 

SUBSECTION ELMCOLVECe 

CALLING SECUENCFI 

licADINGI 

(DECEMBER 19791 

"PROCEDURE" FLMCOLVEC(L, U, I, A, B, X); "VALUE" L,U,I,X; 
11 INTEGER 11 L,11,II "REAL" Xt "ARRAY" A,BI 
"CODF." 340121 

FORMAL PARAMETERS• 
L,U1 <ARITHMETIC fXPRESSION>r 

LOWER AND UPPER ROUND,OF THE RUNNING SUBSCRIPT; 
Ia <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN VECTOR Al 
A,81 <ARRAY IDF.NTIFIER>r 

"ARRAY" ACL I U, I I Il, BCL I U]; 
Xa <ARITHMETIC EXPRESSION>; 

ELIMINATION FACTOR. 

LANGUAGE• COMPASS. 

SUBSfCTIONI FLHVECROW. 

CALLING SE0UFNCEI 

MEADit,IGI 
"PROCEDURE" ELMVECROW(L, U, I, A, B, XI: "VALUE" L,11,I,Xs 
11 INTEGER" L,IJ, IJ "REAL 11 Xt 11 ARRAY" A, BI 
"CODe" 34,)26: 

FORMAL PARAMF.TERSI 
L,U1 <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPT; 
II <ARITHMETIC EXPRESSION>t 

ROW-INDEX OF THE RQij VECTOR BI 
A,81 <ARRAY IDENTIFIER>1 

"ARRAY" A[L I Ul, B[I r I, L I Ull 
X1 <ARITHMETIC EXPRESSION>: 

ELIMINATION FACTOR. 

LANGUAGFt COMPASS. 

PAG!: 4 



SicCTION 1 1.1.5 

SURSECTIONI FLMRnwvec. 

CALLING S~OU~NCE1 

HEAIJINGI 

(DECEMBCR 197<1 l 

"PROCEDURE" ELMROWVEC(L, u, I, A, B, X)I "VALUE" L,u,r,x, 
"INTEGER" L.oll.oII "REAL" XJ "ARRAY" A,B; 
ncnm:n 340271 

FORMAL PARAMETF.RSI 
L,U1 <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER BDUND:OF THE RUNNING SUBSCRIPT; 
It <ARITHMETIC EXPRESSION>; 

ROW-INOEX OF THE ROW VECTOR Al 
A,Ba <ARRAY IDENTIFIER>1 

"ARRAY" A[I I I, L a UJ, BCL I U]; 
XI <ARITHMETIC EXPRESSION>; 

ELIMINATION FACTOR. 

LANGUAGE• COMPASS. 

SUASECTIONI FLMCOLROW. 

CALLING SE0UENCEa 

HEADING I 

PAGE !i 

"PROCEDURE" F.LMCaLROW(L, u, I, J, A, B, x,, "VALUE" L,U,I,J,x, 
"INTEGER" L•U.0I,J1 "REAL" XI "ARRAY" A,81 
"CODE" ~4029; . 

FORMAL PARAMF.TERSt 
L,Ua <ARITHMETIC EXPRESSION>1 

LOW&R AND UPPER BOUND OF THE RUNNING SUBSCRIPTJ 
It <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN VECTOR At 
JI <ARITMMETir EXPRESSION>I 

ROW-INDEX OF THE ROW VECTOR BJ 
A,Bt <ARRAY IDENTIFIER>; 

"ARRAY" ACL I U, I a Il, BCJ I J, L I Ul, WHEN A• B THEN 
CORRECT ELIMINATION IS GUARANTEED ONLY WHEN THE RQW ANO 
COLUMN AR~ DISJUNCT; 

XI <ARITI-IMETIC i::XPRESSION>; 
~LIMINATION FACTOR. 

LANGUAGfl COMPASS. 



SF.CTION I 1.1.5 

SU~SECTTONI ~LMRnwcoL. 

CALLING Sf.OU~NCF.1 

HE AO ING I 

(OECEl1BFR 1979> PAGE" 

"PROCEDURE" FLHROWCOL(L• U, I• J, A, 8, X)I "VALUE" L,U,I,J,XI 
"INTEGER" L,u,r.J, "REAL" x, "ARPAY" A,81 
HCODE" 3402AI 

FORMAL PARAMETF.RS1 
L•U• <ARITHMETIC EXPRESSION>I 

LOWER ANO UPPER BOUND 10F THE RUNNING SUBSCRIPTS 
JI <ARITHMETIC EXPRESSION>; 

ROW-INDEX nF THE ROW VECTOR Af 
JI <ARITHMETIC EXPRESSION>1 

COLUMN-INDEX OF THE COLUMN VECTr.tR 8; 
A,81 <ARRAY IDENTIFIER>; 

"ARRAY" ACI I 1• L I Ul• B[L t U, J I Jl, WHEN A•~ T~EN 
CORR~CT ELIMINATION IS GUARANTEED ONLY WHEN THE ROW AND 
COLUMN AR~ DISJUNCTI 

XI <ARITHMfTIC EXPRESSION>; 
ELIMINATION FACTOR. 

LANGUAGFI COMPASS. 



~URS~CTIONI ~AXELMROW. 

CALLING 5fOUENCFt 

HEAOINGI 

(Di:CEMBEP l97Ql 

ttJNT~GER" "PROCiDURF 11 MAXELMRDW(L, U, I, J, A, B, X)I 
"VALUE" L,ll,I.J,Xs "INTEGER" L,U,I,J; 11 Ri:AL" X: 11 ARRAY" A,R; 
nc,10e11 340251 

PAGE 7 

MAXFLMROW OFLIVERS THE IND~~ OF THE MAXIMAL ELEMENT AFT~R ELIMINA
TION STEP IN ARRAY Ao 

FORMAL PARAMETEPSI 
L,111 <ARITHMETIC EXPRE<::SION>; 

LOWF.R ANO UPPER BOUNfl 11F T'-1!: RUNNING SUBSCRIPTI 
II <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE' ROW VECTOR Al 
JI <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE ROW VECTOR BI 
A,R1 <ARRAY IDENTIFI~R>1 

"ARRAY" A[I I I, L I Ul, B[I I I, L I U]t 
XI <ARITHMETIC EXPRESSION>; 

rLIMINATION FACTOR ■ 

LANGUAGFt COMPASS. 

RFFFRENCES1 

[11.ToJoDEKKF.Ro 
ALGOL 60 PROCtDURES IN NUMERICAL ALGeBRA, PART 1, 
MATHFMATICAL CENTRE TRACT 22, AMSTERDAM (197Clo 



SECTION I 1.1.5 (DECEMBER 1Q79) PAGE II 

snURCE TEXT(S11 

THE FOLLOWING PROCiDURES ARE WRITTEN IN COMPASS, AN EQUIVALENT ALGOL 6~ 
TfXT OF THFSE COMPASS RnUTINES IS GIVEN. 

£LHVEC 
HMROW 
ELHIJECCOL 
fLHCOLIJEC 
MAXFLMROW 

11cnoe 11 34020 1 
IIPROCEOURE 11 ELHVEC<L, U, SHIFt, A, B, X)I 11 VALUE" L,U,SHIFT,X; 
11 INTEGER 11 L,11.SHIFT; "REAL" X; 11 ARRAY 11 A,BJ 
"FOR 11 La• L 11STEP" 1 11UNTIL 11 U 11DO" A[llt• A[Ll + B[L +SHIFT] ♦ Xt 

11EOP" 

"CODE" Hl023i 
"PROCEDURE" ELMCOL(L, U, I, J, A, R, X)t 11VALUE" L,U,I,J,Xi 
11 INTEGER" L.U,I,Jt 11 REAL 11 X; 11ARRAY11 A,~; 
"FOR 11 LI• L "STEP" 1 "UNTIL" U noon A[L,Il•• A[l,Il + BCL,Jl • Xt 

"EDP" . 

ncnoen 340241 
hPROCEOURE" ELMROW(L, U, I, J, A, B, X)t 11 VALUE" L,U,I,J,XI 
"INTEGER" L,U,I,JI "REAL" XI 11 ARRAY 11 A,9; 
"FOR" LI• L 11 STEP 11 1 "UNTIL" U 1100" ACI,L]I• ACI,Ll + BCJ,L1 • X; 

"EDP" 

ncnoen 340211 
"PROCEDURE" FLMVECCOL(L, U, I, A, B, X)t t1IJALUE" L,U,I,X; 
11 INTEGER 11 L,U,I; -11 REAL" X; "ARRAY" A,BJ 
"FOR" Lt• L "STEP" 1 "UNTIL" U 11 00 11 A[Llt• A[Ll + BCL,Il • X; 

"EDP" 

"CODE" 1!4k122; 
"PRnCEOURE" FLMCOLVEC(L, U, I, A, B, X)I "VALUE" L,U,I,XJ 
"INTEGER" L,U,II 11REAL" XI 11ARRAY 11 A,B; 
"FOR" LI• L "STEP" l "UNTIL" U 11 00" ACL,Ill• ACL,I] + B[Ll ♦ XI 

"EOP" 

"CODE" 340261 
IIPROCEOURE 11 ELMVECROW(L, u, I, A, a, X)I "VALUE" L,u,r~x, 
"INTEGER" L,U.Ia "REAL" XI "APRAY" A,B1 
11 FOR" LI• L "STEP" 1 "UNTIL" U "D011 ACLJI• A[Ll + B£1,Ll * Xs 

"EOP 11 



SFCTION I 1.1.5 (APRIL 1Q741 

"CODF" ~40271 
"PROCEDURE" ELMROWVEC(L, U, I, A, B, X)I "VALUE" L,U,J,X; 
"INTEGER" L,U,II "RFAL" X; "ARRAY" A,B; 
"FOR" Ls• L "STEP" 1 "UNTIL" U "00" AfI,Lll• AtI,Ll + BCL1 • Xt 

"EDP" 

ncnOF" 3402Q; 
"PROCEDURE" ELMCOLROW(L, U, I, J, A, 8, XII "VALUE" L,U,I,J,Xs 
"INTEGER" L,U,I,JI "REAL" Xs "ARRAY" A,AI 
"FOR" LI• L "STEP" 1 "UNTIL" U noon A[L,Ill• ACL,Il + BCJ,L1 • X; 

"EDP" 

ncnOE" 340?81 
"PROCEDURF" FLMROWC □L(L, U, I, J, A, B, X); "VALUE" L,U,I,J,X; 
"INTEGER" L,1 1,1,J; "REAL" X; "ARRAY" A,B; 
"FOR" LI• L "STEP" 1 "UNTIL" U "DO" ACI,Llt• ACI,Ll + B[L,Jl • XI 

"FOP" 

"CODE" ~40251 
"INTEGER" "PROCEDURE" MAXELMROW(L, U, I, J, A, 8, X)J 
"VALUE" L,U,I,J,Xs "INTEGER" L,U,I,J; "REAL" X; "ARRAY" A,R; 
"BEGTN" "INTEGER" Kl "PEAL" R, S; 

SI•~. 
"FOR" Kl• L "STEP" 1 "UNTIL" U noon 
"AEGTN" RI• AfI,Klt• A[I,K] + BCJ,Kl • Xl"lF" ABS(R) > S "THEN" 

"BEGIN" SI• ABS(R)S LI• K "END" 
"END"I 
MAXF.LMROWI• L 

"ENO" MAXF.LMROWI 
"EDP" 





SFCTION r 1.1.6 (APRIL 1974) PAGE 1 

CONTRIBUTOR I PeAeBEENTJcSo 

INSTITUTEt MATMEMATICAL CENTREo 

790715. 

B~IEF D~SCRIPTIONI 

THIS SECTION CONTAINS SIX PROCEDURES. 
ICHVEC INTF.RCHANGES THE ELEMENTS OF THE VECTOR GIVEN IN ARRAY 
A[LIU] ANO ARRAY AtSHIFT + L I SHIFT+ Ulo 
ICHCOL INTERCHANG~S THE ELEMENTS OF THE COLUMN VECTORS GIVEN IN 
ARRAY A[LtU, ItI] ANO ARRAY ACLtU, JtJlo 
ICHROW INTERCHANGES THE ELEMENTS OF THE ROW VECTORS GIVEN IN ARRAY 
A[I1I1 LIU] AND ARRAY A[JIJ1 LIU]. 
ICHROWCOL INT~RCHANGES THE ELEMENTS OF T~E ROW VECTOR GIVEN IN 
ARRAY A[III, LtUl AND THE COLUMN VECTOR GIVEN IN ARRAY A[LIU, JIJle 
ICHSEQVEC INTERCHANGES THE ELEMENTS OF THE VECTORS GIVEN IN ARRAY 
aCIL t IL + (U + L - IJ•(u • L)//2] AND ARRAY ACSHIFT+L I SHIFT+UJ, 
WHERE THE ELEMENTS OF THE FIRST VECTOR ARE A[IL+(J+l•ll•IJ•Ll//21 
FOR J • L4•••• Uo 
ICHSEQ INTERCHANGES THE ELEMENTS 
IN ARRAY A[IL I IL + (U + L • l) • 
ACSHIFT + IL I SHIFT+ IL + (U + L - lJ 
ELEMENTS OF THE VECTORS ARE ACIL + (J + 
ACSHIFT + IL + (J + L - 1) * (J - l) // 

KEYWORDS, 

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS. 
INTF-RCHANGING. 

OF THE VECTORS GIVF.N 
(U - l) II Zl ANO ARRAY 
• (U - LJ // 2] WHfRE THE 
L - 11 * (J - LI // 21 AND 
2J FOR J • L ••••• U • 



Sl.lr\SF.CTIONI ICHVEC. 

C•LLING SEOUFNCEI 

IH:AnINGI 

(OcCEHB[R 1979) 

"PROCEDURE" ICHVEC(L, U, SHIFT, A)f "VALUE" L,U,SHIFTr 
"INTl:GER" L,11,SHIFTI "ARRAY" A; 
"CODE" 34030: 

FORMAL PARAMETERS• 
L,U1 <ARITHMETIC EXPRESSION>I 

LOWER AND UPPER 80UND1 □ F THE RUNNING SUBSCRIPTI 
SHIFTt <ARITHMETIC EXPRESSION>; 

INOEX-S~IFTING PARAMETERS 
Al <ARRAY IDENTIFIER>s 

PAGE 2 

"ARRAY" A[P 1 0]; P AND 0 SHOULD SATISFYt P <• L, 0 >• U, 
P < ■ L + SHIFT AND 0 > ■ U + SHIFT. 

LANGUAGE• COMPASS. 

SU8SF.CTIONI ICHCOle 

CALLING SEOUENCE1 

HEADINGS 
"PROCEDURE" ICHCOL(L, U, I, J, A); "VALUE" L,U,I,J; 
"INTEGER" L,IJ,I,JI "ARRAY" Al 
"CODI:" HOU; 

FORMAL PARAMETERS1 
L,U1 <ARITHMETIC EXPRESSION>1 

LOWfR AND UPPER BOUND OF THE RUNNING SUBSCRIPTJ 
l,JI <ARITHMETIC EXPRF.SSION>; 

COLUMN-INDICES OF THE COLUMN VECTORS OF ARRAY AJ 
Al <ARRAY IDENTIFIER>1 

"ARRAY" A[L t U, P 1 0]; PANO 0 SHOULD SATISFY• P <• I, 
P < ■ J, 0 > ■ I AND 0 > ■ Jo 

LANGUAGF.I COMPASS. 



SFrTION t leie6 

SUBSFCTTONt ICHROW. 

CALLING SEOUiNCEt 

HF.AOJNGt 
"PROCEDURF" ICHROW(L, U, I, J, A)J "VALUE" L,U,I,JJ 
"INTEGFR" L,U,I,JI "ARRAY" Al 
nc ODie" 3401?.: 

FORMAL PARAMETERS1 
L,Ut <ARITHMETIC EXPRESSION>t 

LOWER AND UPPER BOUND/OF THE RUNNING SUBSCRIPT; 
I,Jt <ARITHMETIC EXPRESSION>; 

ROW-INOJCES OF THE ROW VECTORS OF ARRAY Al 
Al <ARRAY IDENTIFIER>t 

"ARRAY" A[P I Q, L I U]; PANO Q SHOULD SATISFYI P <• I, 
P <• J, Q >• I AND Q > ■ J. 

LANGIJAGEt COMPASS. 

suasECTIONt ICHROWCOL. 

CALLING SEOUENCE1 

HUCIJNf:: I 
"PROCEDURE" ICHROWCOL(L, U, I, J, A)I "VALUE" L,U,1,JI 
"INTEGF.Rtt L,U,I,Ja "ARRAY" A; 
11cooe11 Hl:133; 

FORMAL PARAMETERSt 
L,U1 <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE RUNNING SUBSCRIPT; 
It <ARITHMETIC EXPRESSION>J 

ROW-INDEX OF THE ROW VcCTOR OF ARRAY A; 
Jt <ARIT~MF.TIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN VECTOR OF ARRAY A; 
Al <ARRAY IDENTIFIER>t 

"ARRAY" A[P IQ, R I SlJ P, Q, R AND S SHOULD SATISFYt 
P <• I• P <a L, 0 >a I, 0 > ■ U, R <a J, R <a L, S >• J AND 
S >• u. FURTHERMORE THE ROW ANO COLUMN TO BE INTERCHANGED 
SHOULD BE DISJUNCT. 

LANr.UAGF.I COMPASS. 



SECTIOt~ t 1.1.6 

SURSECTIONI ICHSEavec. 

CALLING SEOUENCE1 

HF.AD ING I 

(DECEMBER 1979) PAGE 4 

"PROCiOtJRE" ICHSEOVPC f L, U., IL, Sl-4IFT, A) ; "VALUE" L,U, Il• S 1-!IFTt 
"INTEGER" L,11, IL,SHIFT; "ARRAY" A; 
"Cl1DE 11 340341 

FORMAL PARAMETERS: 
L,Ut <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND:OF TH~ PUNNI~G SURSCRIPTI 
Ill <ARITHMETIC EXPRESSinN>I 

LOWER BOUND OF THE VECTOR Al 
SHIFTt <ARITHMETIC EXPRESSION>; 

INDEX-SHIFTING PARAMETERI 
Al <ARRAY IDENTIFIER>J 

"ARRAY" A[P t O]J 
THE SURSCRIPTS A~OVE ANO THE VALUES OF L(+SHIFT>• Uf+SHIFT> 
AND Il+(U+L-lJ•CU-L)//2 SHOULD NOT CONTRADICT EACH OTHER. 

LANGUAREt COMPASS. 



SfCTfON I lele6 

SURSECTIONt ICHSEO. 

CALLING SEOUENCEt 

HEADING• 
"PROCEOURi" ICHSEO(L, U, IL, SHIFT, A); "VALUE" L,U,IL,SHIFT; 
"INTEGER" L,U,IL,SHIFT; "ARRAY" A; 
HCODF." 340351 

FORMAL PARAMETERSt 
L,Ut <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND/OF THE RUNNING SUBSCRIPTI 
ILi <ARITHMETIC EXPRESSION>1 

LOWER BOUND OF THE VECTOR Al 
~HIFTI <ARITHMETIC EXPRESSION>; 

INOEX•SHIFTING PARAMETERI 
At <ARRAY IOF.NTIFIER>J 

"ARRAY" A[P I Q]; 

PAGF 5 

THE SURSCRIPTS ABOVE ANO THE VALUES OF IL+(J+L•l>•<J-L)//2 
( +SHIFT >•J • L(l)U, SHOULD NOT CONTRADICT EACH nTHER. 

LANr.UAGFI COMPASS. 

REFFRENCES1 

[11.T.J.DEKKER. 
ALGOL 60 PROCEDURES IN NUMERICAL ALGERRA, PART 1, 
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (1970). 



SECTION I 1.1.h PAGE 6 

~OIJRCE Ti:XT(S)s 

THE FOLLOWING PROCEDU~ES ARE WRITTEN IN COMPA~S, AN EQUIVALENT ALGOL 60 
TFXT OF THcSE COMPASS ROUTINES IS GIVEN. 

"CODf" H010; 
"PROCEDURE" ICHVEC(L, U, SHIFT, A); "VALUE" L,U,SHIFTI 
"INTEGER" L,U,SHIFTI "ARRAY" Al 
"BEGIN" "REAL" R; 

"FOR" Lt• L 11 STEP 11 l 111JNTIL 11 II "DO" 
"BEGIN" RI• A[L]J A[LH• ACL + SHIFTH A[l + SHIFTlt• ~ "E~O" 

Hf.NO" ICHVF.C; 
"EOP" 

"CODE" H03l 1 
"PROCEDURE" ICHCOL(L, U, I, J, A); "VALUE" L,U,I,J; 
11 INTEGER" L,1',J,J; "ARRAY" A; 
"BFG!N" "REAL" RI 

HFOR" Lt• L "STfP" l "UNTIL" U "DO" 
"BEGIN" RI• ACL,Il; ACL,Ill• ACL,Jl: ACL,Jll• R "END" 

"END" ICHCOL 1 
"E0P" 

"CODE" 34!032; 
"PROCEDURE" ICHROW(L, U, I, J, A)I "VALUE" L,U,I,JI 
"INTEGER" L,U,I,JI "ARRAY" AJ 
"BEGIN" "RfAL" R; 

"FOR" LI• L "STEP" 1 "UNTIL" U "DO" 
NBEGIN" RI• ACI,Lll ACI,L]I• ACJ,Lll ACJ,Lll• R "END" 

"END" ICHROW; . 
"EOP" 



SfCTION I 1.1 .6 (APRIL 1974) 

"CODE" 14033: 
"PROCEDURE" ICHROWCOL!L, U, I, J, A); 11VALUE" L,U,I,J; 
11 INTEGER 11 L•ll•I•J; 11 ARRAY 11 Al 
11 BFGIN 11 11 REAL" RI 

11 FOR" LI• L "STEP" 1 "UNTIL" U "00 11 

"AEGTN 11 RI• ACI•Ll; ACI,Lll• A[L.J]; ACL,J]r ■ R 11 END 11 

11END 11 ICHR □WCOLI 

"EDP" 

11cnoe11 341!'.1341 

PAGE 7 

"PROCEDURE" ICHSEOVECCL, U, IL• SHIFT, A)I 11 VALUE 11 L,U,IL,S~IFT; 
11 INTEGF.R 11 L.u.rL.SHIFT; "ARRAY" Af 
11 AEGIN 11 11 REAL 11 R; 

"FOR" LI• L 11STEP" l 11 UNTIL 11 U 11 00" 
11 BEGIN" RI• ACILl; ACIL]I ■ A[L + SHIFT]; A[L + SHIFT]I ■ R: 

Ill• IL + L 
11 END 11 

"fNO" IC!-ISEOVEC: 
11EOP 11 

"C00!: 11 140351 
11 PROCEDURE 11 ICHSEO<L• U• IL, SHIFT, A); 11 VALUE" L,U,IL,S~IFTt 
"INTEGER" L,11.IL,S~IFT; 11 ARRAY 11 A; 
11 REGIN 11 "RF.AL" RI 

IIFQRII LI• L "STEP" 1 HUNTIL" U "00" 
11 REGIN 11 RI• A[ILll ACIL11• A[IL + SHIFTlJ ACIL + SHIFT1•• RI 

Ill• IL + L 
11ENOH 

"ENO" ICHSEO; 
11 E □P" 
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AUTHOR I PoAoREENTJESo 

INSTITUTE& MATHEMATICAL CENTRE. 

RECEIVED& 7307150 

BRIFF DFSCRIPTI □ NI 

TMIS SECTION CONTAINS TWO PROCEDURES. 
ROTCOL RFPLACES THE COLUMN VECTOR X GIVEN IN ARRAY A[L&U, Itii AND 
THE COLUMN VECTOR Y GIVEN IN ARRAY ACL1U, J1J] BY THE VECTORS 
ex ♦ SY AND CY - sx. 
ROTROW REPLACES THE ROW VECTOR X GIVEN IN ARRAY ACltI, LtU] ANO THE 
ROW VECTOR Y GIVEN IN ARRAY A[JtJ, LtUJ 8Y THE VECTORS ex+ SY AND 
CV - SX. 

KcYWOPDSt 

ELr,MENTARY PROCEDURE, 
VECTOR OPERATIONS• 
ROTATION. 

SUBSECTION! R □TCDlo 

CALLING SE0UENCEt 

HF.AOINGI 
"PROCEDURE" ROTCOL(L, U, I, J, A, C, S)I "VALUE" L,U,I,J.C,S; 
"INTEGER" L,U,I,JI "REAL" C,SJ "ARRAY" Al 
"CODE" 340401 

FORMAL PARAMETERSt 
L,Ut <ARITHMETIC EXPRESSION>s 

LOWER ANO UPPER BOUND OF THE RUNNING SUBSCRIPTI 
I, JI <ARITHMETIC EXPRESSION>J 

COLUMN-INDICES OF THE COLUMN VECTORS OF ARRAY Al 
Al <ARRAY IDENTIFIER>1 

"ARRAY" A[L I U, P I 011 P ANO 0 SHOULD SATISFY• p 

P < ■ J, 0 > ■ I AND 0 > ■ J; 
c.s, <ARITHMETIC EXPRESSION>I 

ROTATION FACTORS. 

LANGUAGFt COMPASS. 

< ■ I, 



SFCTION 1 1.1. 7 

SURSECTIONI ROTROW. 

CALLING SEOUENCEI 

HEADING I 

(OECEMBE:R 1979) 

"PROCEOURF" ROTR□ W(L, U, I, J. A, c. s,, HVALUE" L,U,I,J,c.s; 
"INTEGER" L,U,I,J; "REAL" C,S; "ARRAY" A; 
11 CnOE" ~40411 

FORMAL PARAMETFRSI 
L, 11 t <ARITHM~TIC EXPRESSION>t 

LOWER AND UPPER ROUNDIOF THc RUNNING SUBSCRIPT; 
I,JI <ARIT~METIC EXPRESSION>; 

ROW-INDICES OF THE ROW-VECTORS 
Al <ARRAY IDENTIFIER>I 

"ARRAY" ArP IQ, L t U]; P 
p < ■ J, 0 >• I ANO Q > ■ J; 

c .. ~. <ARITHMETIC EXPRESSION>J 
ROTATION FACTORS. 

LANGUAGE• COMPASS. 

REHRENCES I 

[ll.T.J.DrKKF.R. 

ANO 

OF ARRAY Al 

Q SHOULD SATISFY• 

ALGOL 6~ PROCEDURES IN NUMERICAL ALGEBRA, PART 1, 
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (1970>. 

p < ■ I, 



SicC:TION I 1.1.7 

SOURCE TEXT(S)t 

THE FOLL □WtijG PRnCEDURES ARE WRITTEN IN CO~PASS, AN EQUIVALENT ALGOL 6N 
TtXT OF TMES; COMPASS ROUTINES IS GIVEN. 

IICOD[ 11 34041'.l I 
"PROCEDURE" R□TCOLCL, U, I, J, A, C, S>t 11 VALUE 11 L,U,I,J,C,St 
"INTEGER" L,1.1, I, J; 11 REAL 11 C, S; "A"RAY 11 A; 
11 BFGIN 11 11REAL 11 X, YI 

11 FOR 11 Lt• L 11 STfP 11 1 11UNTIL 11 U 11 D0 11 

11 REGIN 11 Xt• ACL,I]; Ya ■ A[l,J]; ACL,Ill• X * C + Y ♦ St 
ACL,Jll• Y • C - X • S 

11END" 
11 END 11 ROTCOL; 

"EOP 11 

"COOE 11 340411 
11 PROCEDURE 11 ROTROW(L, U, I, J, A, C, Sl: 11 VALUE" L,u.r,J,C,SI 
11 INTEGER 11 L,U,I,JI 11 REAL 11 C,SJ 11 ARRAY 11 At 
11aeGIN" IIR[AL" x. YI 

"FOR" LI• L IISTEP 11 l 11UNTIL 11 IJ 11 D0 11 

11 BEGIN 11 Xt• ACI,Lll Vt• A[J,Lll A[I,Llt• X • C + Y • S1 
ACJ,Ll•• Y • C - X * S 

11 END 11 

"END" ROTROWI 
111:0P '' 





$fCTION I l.l.8 (OCTOBER 1975) 

AIITI-IORSI c.G. VAN OF.R LAAN ANO J.c.P. BUS. 

CVNTRIBUTORI J.C.P. BUS. 

INSTITUT~a MATHEMATICAL C!NTRE. 

RECEI~EOr 74iJ92l. 

BRifF OFSCRIPTIONI 

INFNRMVeC CALCULATES THE INFINITY•NORM OF A VECTOR; 
INFNRMAfJW CALCIJLATF.S THE INFINITY-NORM OF A ROW VFCTOR; 
INFNRMCOl CALCULATES THE INFINITY-NORM OF A COLUMN VECTORS 
INFNRMMAT CALCULATES THE INFINITY-NORM OF A MATRIXI 
ONENR,..VEC CALCULATES THE ONE-NORM OF A VECTOR; 
ONF.NRMROW CALCULATES THE ONE•NORM OF A ROW VECTOR; 
ONENAMCOL CALCULATES THE ONE•NORM OF A COLUMN VECTORJ 
ON~NRMMAT CALCULATES THE ONE-NORM OF A MATRIXI 

PAGE 1 

ABSMAXMAT CALCULATES FOR A GIVEN MATRIX THE MODULUS OF AN eLEMENT 
WHICH IS OF MAXIMUM ABSOLUTE VALUEJ 

KEYWORDS I 

Vl!CTOR NORMS• 
MATRIX NnRMS. 



SECTJON I 1.1.8 (OECEMFIER 197Ql 

SURSFCTIONI INFNRMVfC. 

CALLING SEOUENCE1 

THf HFADING OF THE PROCEDURE PEADSt 
HRfAL" nppncrouRe" INFNRMVEC(L, U, K, A); 
"VALUE" L, U; "INTEGER" L, U, K; "ARRAY" A; 

INFNRMVEC I• 1'1AX( AAS(A[I1), I• L, •••' U )s 

THU MFANING OF THE FORMAL PARAMETERS ISt 
L, Us <ARITHMETIC EXPRESSIO~>; 

PAGE 2 

ENTRYITHE LOWER ROUND AND UPPER BOUND OF THE INDEX OF TI-IE 
VECTOR A, RESPECTIVELYI 

Kl <VARIABLE>; 
F.XIT1THE FIRST INDi:X FOR WI-IICH A8S(Aril), I • L, •••• 11, 

IS MAXIMAL; 
At <ARRAY IDENTIFIER>I 

"ARRAY" ACLSUl. 

PROCEDURES useo, NONE. 

SURSECTIONt INFNR~ROW. 

CAI.LING SE01ll=NCEI 

THE HEADING OF THE PROCEDURE READSI 
"REAL" "PROCEDURE" INFNRMROW(L, U, I, K, A); 
"VALUE" L, U, I; "INTEGER" L, ll, I, K: "ARRAY" Al 

INFNRMROW t ■ /OX( ARS(ACI,J]>, J• L, •••• IJ )I 

THE MEANING nF THE FORMAL PARAMETERS IS• 
L, Us <ARITHMETIC EXPRESSION>; 

eNTRYITHE LOWER BOUND AND UPPER BOUND OF THE COLUMN INDEX 
OF THE ROW VECTOR A, RESPECTIVELYI 

II <ARITHMETIC EXPRESSION>; 
ENTRYITHE ROW INDEX; 

Kl <VARIABLE>s 
EXITtTHE FIRST INDEX FOR WHICH ASS(A[J,Jll, J • L, •••' U, 

IS MAXIMAL; 
Al <ARRAY IDENTIFIER>; 

"ARRAY" AriaI,LaU1. 

?POCEDURES USfD1 NON~. 



(Dl:CEM!H:R 1Q79l 

SURSrCT!ONI !NFNRMC □L. 

CALLING SF.0UfNCf1 

THF HEADING OF THE PROCEDURE READSI 
HJ?f:AL" "PROC&DIIRi:" INFNRHCOLI L, U, J, K• Al I 
"VALUE" L, U, JI "INTEGER" L, 1.J, J, I<; ;ARRAY" A; 

INFNRMCOL I• MAX( ASS(ACI,Jl), I• L, •••' U )I 

THE MEANING OF THE FORMAL PARAMETERS ISt 
L, Ur <ARITHMETIC EXPRESSION>; 

ENTRY1THE LOWER SOUND ANO UPP~R BOUND OF THE ROW INDEX OF 
THE COLUMN VECTOR A, RESPECTIVELYa 

JI <ARITHMETIC EXPRESSYnN>s 
F.NTRYITHE COLUMN INDEX: 

Kl <VARIABLE>l 
EXITITHE FIRST INDEX FOR WHICH ABS(ACI,J1>, I• L, •••' U, 

IS MAXIMAL; 
Al <ARRAY IDENTIFIER>; 

"ARRAY" ArL1U,J1J]. 

PROCEOIIRES USE01 NONic ■ 

SURSECTIONt INFNRMMAT ■ 

CALLING SEOUENCEa 

THE HEADING OF THE PROCEDURE READSI 
"REAL" "PROCEDURE" INFNRMMAT(LR, UR, LC, UC, KR, A); 
"VALUE" LR, UR. LC• UCI "INTEGER" LR, UR, LC, UC, KRI "ARRAY" AJ 

INFNRMHAT I• ~AX( ONeNRMROW(LC, UC, I, Al, I•LR, •••'UR); 

THE MEANING OF THE FORMAL PARAMETERS IS1 
LR, IJRI <ARITHMETIC EXPRESSION>1 

ENTRY1THE LOWER BOUND AND UPPER BOUND OF THE ROW INDEX, 
Rl?SPECTIVi!L Y; 

LC, UCI <ARITHMETIC EXPRESSION>; 
ENTRY1THE LOWER ROUND ANO UPPER 130UND OF THE COLIJMN INDEX, 

RESPECTIVEL YI 
KRI <VARIARLE>1 

EXIT1THE FIRST ROW INDEX FOR WHICH THE ONE•NORM I~ MAXIMAL; 
Al <ARRAY JDENTIFIER>J 

"ARRAY" A[LRIUR,LCtUClo 

PPnCEOURES USED1 ONENRMROW. 



SFCTIOH 1 1.1.8 (DECEMBER 1979) 

SUBS~CTIONI □ NtNRMVEC. 

CALLING SE0UFNCEI 

THE HEADING OF THE PROCEDURE READSI 
"REAL" "PROCEDURe" ONENRMVEC<L• U• A)J 
"VALUE" L, U: "INTEGER" L• U; "ARRAY" A; 

%;; 

ONENRMVEC I• SUH( ARS(Atil>, I• L, •••• U ); 

THf MEANING OF THE FORMAL PARAMETERS ISt 
l• Ut <ARITHMETIC EXPRESSION>J 
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ENTRYITHE LOWER BOUND ANO UPPER BOUND OF THE INDEX OF THE 
VECTOR A, RESPECTIVELY; 

Al <ARRAY IDENTIFIER>; 
"ARRAY" ACL 1U]. 

PROCEDURES UScOt NONE. 

SUBSECTIONt ONENRMROW. 

CALLING SE0UENCE1 

THE HEADING OF THE PROCEDURE READS1 
"REAL" 11 PROCEOUREtt ONENRMROWCL, U, I, A); 
"VALUE" L, U. I; "INTEGER" L• U, It "ARRAY" Al 

ONENRHROW I• SUNl ABS(ACI,Jl), J• L, •••• U )I 

THE MEANING OF THE FORMAL PARAMETERS ISt 
L, UI <ARITHMETIC EXPRESSION>I 

fNTRYITHE LOWER BOUND ANO UPPER BOUND OF THE COLUMN INDEX 
OF TMe ROW VECTOR A, RISPECTIVELY; 

It <ARITHMETIC EXPRESSION>; 
ENTRY1 THE ROW INDEXI 

Al <ARRAY IOENTIFIER>I 
"ARRAY" ACI1I,L1U]e 

PROCEDURES useo, NONE. 



Si!'CTION I lel .s (OfCl:MBER l97QI 

SURSECTIONt ONFNRMCOL. 

CALLING SEOUENCE1 

THf: H~ADING OF THE PROCEOURt READSI 
"IIFAL 11 11 PROCF.OIIRE" ONENIIMCOLCL, \h J, Al; 
"VALUE" L, II, Jt "INTEGER" L, U, JJ "ARRAY" Al 

ONFNRMCOL 1 ■ SUM( ARSUCI,Jl), I• L, •••' IJ >J 

TH~ MEANING nF T~E FORMAL PARAMETERS IS1 
L, Ut <ARITHMETIC EXPRESSION>; 

r.NTRYITHE LOWER BOUND AND UPPER BOUND OF THE ROW INDE~ OF 
THE COLUMN VECTOR A, RESPECTIVELY; 

JI <ARIT~METIC EXPRESSION>; 
ENTRYI THE COLUMN INDEX; 

Al <ARRAY IDENTIFIER>; 
"ARRAY" A[L1U,J1Jle 

PROCEDURES USEOI NONE. 

SUBSECTION! ONENRMMAT. 

CALLING SEOUENCEt 

THE HEADING OF THE PROCEDURE READSt 
"REAL" "PROCEDURE" ONENRMMAT(LR, UR, LC, UC, KC, A); 
"VALUE" LR, UR, ~C, UCI "INTEGER" LR, UR, LC, UC, KCJ "ARRAY" A; 

ONENPMMAT I• MAX(ONENRMC~L(LR, UR, J, A), J•LC, •••' UC)I 

THE MEANING OF THE FORMAL PARAMETERS IS1 
LR, URI <ARITHMETIC EXPRESSION>; 

ENTRYITHE LOWER BOUND AND UPPl:R BOUND OF HIE ROW INDEX, 
RESPECTIVEL YI 

LC, IJC I <ARITHMETIC EXPRESSION>; 
F.NTRYITHE LOWER BOUND ANO UPPER BOIJNO OF THE COLUMN INOE~, 

RESPECTIVELY; 
l<C I <\IARIAALE>I 

EXITITHE FIRST COLUMN INDEX FOR WHICH THI: ONE-NORN IS 
MAXIMAL; 

Al <ARRAY IDENTIFIER>; 
HAP.RAY" A[LRIUR,LCIUCJ. 

PROCEDURES USFOt ONeNRHCOle 



Si:'CTIIJN I 1. 1.n (OCTOBER l.975) 

SURS~CTIONI ABSMAXMAT. 

C,ALLING SE011FNCFI 

TH[ HEADING OF THE PPOC£DURE RF.ADSt 
"REAL" "PR'1CEOIIRE" ABS"IAXMAT( LR, UR, LC, UC, l<R, l<C, A) t 
"VALUE" LR, UR, LC, UC; "INTEGER" LR, UR, LC, UC, l<R, KC: 
HARR.AV" A; 

ABSMAXHAT I• MAX( ABS(ACI,J].), I• LR, •• ., tlR, J• LC, •••• UC ) I 

THF MEANING OF THE FORMAL PAR.METERS IS1 
LR, IJRI <ARITHMETIC EXPRESSION>r 

ENTRYITHE LOWER R~UND AND UPPER BOUND OF THE Rnw INDEX, 
Ri:SPE!CTIVH VJ 

LC, UC I <ARITMM~TIC £XPRESSION>; 
ENTRYITHE LOWER ROUND ANO UPPER BOUND OF THE COLUMN INOElt.t 

RESPEC TIVEL Yr 
KR, KC• <VARI&RLE>t 

EXITI THI: RnW AND COLIIMN INDEX OF AN ELEMENT FOR VHICH THE 
MODULUS IS MAXIHALI 

At <ARRAY JOENTIFIER>J 
"ARRAY" ArLRIUR,LC1uc1. 

PRnCEDURES USEOI INFNRMCOLe 

LANGUAGEt COMPASS. 

M~THOD AND PFRFORHANCEI 

ELEMENTARY. 
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SOURCE TEXT(S)I 

THE FOLLOWING PROCEDIJRfS ARE WRITTEN IN COf'IPASS, AN fOUIVALENT ALGOL 60 
TEXT OF THESE c □~PASS ROUTINES rs GIVr:N. 

"COD£" '.-110611 
"RFAL 11 "PROCEDURE" INFNRHVECCL., U, K, All "VALUE" L, U; 
"INTEGER" L, U, K; "ARRAY" A; 
HBfGJNH "REAL" R., MAX; 

MAXI• 01 Kl• LI 
"FOR" LI• L "STEP" 1 "UNTIL" U "00" 
"REGIN" RI• ABS(A[L]I; "IF" R > MAX "THEN" 

"BF.GIN" MAXI• RS Kl• L "END" 
ntrnon; 
JNFNRMVF.CI• MAX 

"END" INFNRMVECI 
"EDP" 

11 CODE 11 311()62; 
"REAL" 11 PROCEOURE" INFNRMROW(L, U, I, K, A)I "VALUE" L, U, I; 
"INTEGF.RII L, u., I• K; "ARRAY" AJ 
HREGIN" "REAL" R, MAX; 

MAXI• 01 Kl• LI 
"FOR" LI• L "STEP" 1 "UNTIL" U "00" 
"BEGIN" RI• AA~(ACI.L]); "IF" R > MAX "THEN" 

"BF.GIN" MAXI• RI Kl• L "ENO" 
ttENOH; 
INFNPMROWI• MU 

HF.ND" INFNRMROWI 
"EOPH 

ttCODE 11 3liC63; 
"REAL" "PROCEDURE" INFNRMCOLCL, U, J, K, AJI "VALUE 11 L, U, J; 
"INTEGFR" L, U, J, Kl "ARRAY" Al 
"BEGIN" "REAL" R., MAX: 

MAXI• 01 Kl• LI 
"FOR" LI• L "STEP" 1 "UNTIL" U noon 
"BFGTN" Al• ABS(ACL.Jl); "lF 11 R > MAX "THEN" 

"BF.GIN" ~AXI• Rs 1(1 ■ L "ENO" 
"SNOH; 
TNFNRMCOlt• MAX 

"END" INFNRMCOLI 
"E □ Pn 



SFCTIO"I t 1. 1 .8 (OCTOBER 1975) 

"CODF" l\16641 
HPF.Al 11 11 PROCFOIIPE" INFNR"lllUT( LP• IJR• LC• UC• KP., A) I 
"VALUF 11 LR• UP., LC• UC& "INTEGER" LR, UR, LC, UC, KRI "ARRAY" A; 
"BEGIN" "RFAL 11 R• MAXI 

"REH" "PROCF.DllRE" ONENRMPOWtl1 U., I, A) t "CODE 11 31!066& 
MAXI• 01 KPI• LR& 
ttFOR" LRI• LR "STEP" 1 "UNTIL" UP "00" 
1tqeGIN" RI• ONENRMRnWILC. uc. LR, A)& "IF" R > MAX "THEN" 

"BEGIN" MAXI• Pa KRI• LP "ENO" 
tta;!IID"I 
INFNRMMATt• MAlt 

"END" INFNRl<!MATI 
"EOP 11 

11 CODF. 11 no65: 
"RF.AL" "PROCEDURE" ONENPMVECfL, U• A)I "VALUE" L• Ut 
"INTEGFR" L• UI "ARRAY" AJ 
HRfGIN" 11 PFAL 11 SUM; 

SIIMI• 01 "FOR" LI• L "STEP" l "UNTIL" U "Dll" 
SUMI• SUM+ ABSIACLJ)t 
ONENRMVF.CI• SUM 

"FtlD II ONENRMVEC I 
"EflP" 

"COOE 11 :l110li6 t 
"REAL" "PROCEDURE" ONENRMROW(l• U., I., A)J "VALUE" L• U1 I1 
"INTEGER" L• u., I; "ARRAY" Al 
HREGIN" "REAL" SUM; 

SUMI• 01 "FOR" LI• L "STEP" 1 "UNTIL" U "0n 11 

SUMt• SUM+ ABS(A[I,L]); 
ONENRMPOWt• SUM 

"END" rJNENRMPOWI 
111:0P" 

PAGE~ 
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11 COOE" nc 67; 
IIRFAL 11 11 PROCEDURE 11 ONENRMCCL(L, u. J, Ala 11 VALUE 11 L, U, JJ 
11 INTEGER 11 L• U, Ja "ARRAY" Al 
na~GIN" "REAL" SUM; 

SUMI•~; "F□ R 11 Lt• L "STEP 11 1 11 UNTIL 11 U 11 D0 11 

SUMI• SUM+ ABSCA[l•Jl)J 
ONr.NRMCOLI • SUM 

11 F.N0 11 ONENRMCOLI 
11F.OP" 

11COOft1 -=11068: 
IIRFAL 11 11 PROCEDIJRE 11 ONENRMMAT( LR, •· UR, LC • UC. KC, A JI 
11 VALUF 11 LR• UR• LC, UCI 11 INTEGER 11 LR, UR, LC, UC, KCf "ARRAY" A; 
IIBF.GINII "REAL 11 MAX, R: 

"Pl?AL 11 "PROCEOIIRE" ONENRMCOL(l, ll, J, AJ; ncoOE" 31;0671 
MAXI• oa KCI• LCJ 
11 FOR 11 LC1 ■ LC "STEP" l 11UNTIL" UC "0011 
11 BEGIN 11 Pt• ONENRMCOL(LR, UR, LC, A); 11 IF 11 R > MAX "THEN" 

11 BEGIN 11 MAXI• RI KCI• LC 11EN0 11 
11F,ND 11 ; 

ONENRMMATI• MAX 
11 END 11 ONENRMMATI 

11 E □ P" 

IICOOE" U>OM: 
11 REAL 11 11 PROCEDURE 11 ABSMAXMAT(LR, UR, LC, UC, I, J, AJ; 
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11 VALUE 11 LR, UR, LC, UC: 11 INTEGER 11 LR, UP, LC, UC, I, J; "ARRAY" Al 
"~EGIN 11 11 INTEGER 11 II; 11 REAL 11 MAX, R; 

11REAL 11 11 PROCEDURE 11 INFNRMCOL(L, U, I, K, A)f 11CODE 11 31063: 
MAXI• 01 II• LR; JI• LCJ 
11 FOR 11 LCI• LC "SlEP 11 l "UNTIL" UC 110011 
11 BEGIN 11 Ra• INFNRMCOL(LR, UR, LC, II, A)S 11 IF 11 R > MAX 11THEN 11 

11 BEGIN 11 MAXI• R; It• IlJ JI• LC 11END 11 
11END 11 ; 

A13SMAXJ,tATI• MAlC 
"ENO" ABSHAXMATI 

11 EOP" 





(APRIL 1974) 

AUTHOQS s ToJo DEKKER, Wo HOFFMANN. 

CONTPIRUTORS1 Wo HOFFMANN, SoPoNo VAN KAMPEN. 

JNSTITUTFt MATHF.MATICAL CENTRE. 

RF.CEIVfDt 7316300 

R~IFF OFSCRIPTIONI 

THF. PROCEDIIRE REA~CL NORMALIZES THE (NON-NULL) COLUMNS OF A TWO
DIMENSIONAL ARRAY IN SUCH A WAY THAT, IN EACH COLUNN, AN ELFMFNT OF 
MAXIMUM ABSOLUTE VALUE EQUALS lo THE NORMALIZED VECTORS ARF 
DELIVF.RED IN TH~ CORRESPONDING COLUMNS OF T~E ARRAY. 

KEYWOROSI 

NORMALIZATION, 
VECTOR SCALING. 

CALLINr. SEQUENCE& 

THE HEADING OF THF. PROCEDURE ISt 
"PROCEDURE" R~ASCLfA, N, Nl, N2)S "VALUE" N, Nl, NZl 
"INTEGER" N, Nl, N?; "ARRAY" A; 

THE MEANING OF THE FORMAL PARAMETERS ISt 
At <ARRAY IDfNTIFIER>J 

A TWO-DIMENSIONAL ARRAY A[ltN,NllNZlJ 
cNTRYt THE N2 - Nl + 1 COLUMN VECTORS MUST BE GIVEN IN Al 
EXITI T~E NORMALIZED VECTORS (I.Ee IN EACH VECTOR AN 

ELEMENT OF MAXIMUM ABSOLUTE VALUE EQUALS l) ARE 
DELIVERED IN THE CORRESPONDING COLUMNS OF Al 

Nt <ARITHMETIC EXPRESSION>; 
THE NUMBER OF ROWS OF ARRAY AJ 

Nl, N2t <ARITHMETIC EXPRESSION>J 
THE LOWER AND UPPER BOUND OF THE COLU~N INDICES OF ARRAY A. 



$ECTI1f'l (A?Rll 1974) 

PRIJCEDURE:: US ED: NCJIIE. 

RUNtHNG T!1E1 1-'R!.IPURTIOIIAL TON* (Ill::! - Nl + 1). 

LI. NGUAGE 1 ALG1L 60. 

METHOD AND PEP..FOP.MANCE: SEE PEF :[l]. 

REFERENCES:' 
[l].T.J. DEKKER AND W. HOFFMANN. 

ALGCJL 60 PROCEDURE$ IN NUMERICAL ALGE9RA, PART 2. 
MC TRACT 23, 1968, MATH ■ CENTR., AMSTERDAM. 

EXAMPLE 'Jf USE: 

THE PR'.JCEDLIRE REA~CL 1S IJSED lN REAEIGl, SECTION 3.3.1.2.2. 

SOURCE TE XTC S l r 

"CODE" 3418 3; 
"COMMENT" MCA 2413; 
"PROCEDLIRE" REASCL<A, N, Nl, 1112); "VALUE" ~, ~11, N2; 
"INTEGER" N, ~1, HZ; "ARRAY" A; 
"BEGIN" "IMTEGER" I, J; "REAL" S; 

"FOR" JI= Hl "STEP" l "UNTIL" N2 ~oo• 
11 0EGI"l 11 S: ■ O; 

"FOP" I:= 1 11 STEP11 l "UNTIL" N 11 00" 
"IF" ABS(ACI,Jl) > ABSCS) "THEN• St• ACI,JJ; 
"IF• SA= 0 11 THEN11 

PAGE 2 

"FOR" I: ■ 1 "STEP" 1 "UNTIL" N "DO" A[I,Jlt• ACI,Jl / S 
"Et!O" 

"END" RE A$~ L; 
''E JP'' 



(MAY 1974) 

AUTHOR I C.G. VANDERLAAN. 

CONTRIBUTORS I H.FIOLET• C.G. VANDERLAAN. 

INSTITUTE1 MAT4EMATICAL CENTRE. 

BRIEF DESCRIPTION I 

T4IS SECTION CONTAINS THE PROCEDURfS COMCOLCST AND COMROWCST. 
COMCOLCST ~ILTIPLIES THE COMPLEX COLUMN-VECTOR GIVEN IN ARRAY 
AR.AI[L1U.J1J] BY XR+I*XI. 
COMROWCST MULTIPLIES THE COMPLEX ROW-VECTOR GIVEN IN ARRAY 
AR.AI[I1I.L1Ul RV XR+I*Xlo 

KEYWORDS I 

COMPLEX VECTOR OPERATIONS• 
~ULTIPLICATION. 

SUBSfCTIONI COMCOLCST. 

CALLING SEQUENCE 1 

THE HEADING OF T~E PROCEDURc READS• 
"PROCEDURE" COHCOLCST(L.u.J.AR.AI.xR.XI); 
"VALUE" L•U•J,XR,XJ:HINTEGER" L,U.J;HREAL" XR,Xl; 
"ARRAY" AR,AI; 

THE MEANTNG OF THE FORMAL PARAMETERS IS1 
L,U1 <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE COLUMN VECTORI 
JI <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX □ F THE COLUMN VECTOR; 
AR.AIi <ARRAY IDENTIFIER>; 

"ARRAY" AR.AI[LtU.JIJ] 
ENTRYI 
AR I REAL PART, 
AI I IMAGINARY PART OF THE COLUMN VECTOR 
EXIT• 
THE TRANSFORMED COMPLEX COLUMNS 

XR.XII <ARITHMETIC EXPRESSION>; 
ENTPYI 
XRI REAL PART OF THE MULTIPLICATION FACTOR; 
XII IMAGINARY PART OF THE MULTIPLICATION FACTOR. 

PROCFOURES USEOt COMMUL • CP3434le 



(DECEMBER 19751 

RUNNING TI~FI ROUG~LY PROPORTIONAL TO (U-L+l). 

LANGUAGF.1 ALGOL h~ ■ 

SIIRSECTION t COHROlolCST • 

CALLING SEQUENCE t 

THE 4EADING OF TH~ PROCEDURE REAOSI 
"PROCEDURE" COMROWCST(L, U, Ij AR, AI, XR, XIII 
"VALUf" Lt U, I• XR, XII "INTEGER" Lt u. IS "REAL" XR• XII 
"ARRAY" AR• AIi 

THE MEANING OF THE FORMAL PARAMETERS ISt 
L,IJ1 <ARITHMETIC EXnESSION>1 

LOWER ANO UPPER BOUND OF THE ROW VECTORJ 
I1 <ARITHMETIC eXPRESSION>1 

ROW•INOEX OF THE ROW VECTORS 
AR,Air <ARRAY IDENTIFIER>J 

"ARRAY"ARtAI[I1I,LtUl1 
ENTRYI 
AR I REAL PART, 
AI t IMAGINARY PART OF THF ROW VECTOR 
EXITI 
THE TRANSFORMED COMPLEX ROWI 

XR,XI& <ARITHMETIC EXPRESSION>; 
XRs REAL PART OF THE MULTIPLICATION FACTORS 
XII IMAGINARY PART OF THE MULTIPLICATION FACTOR. 

PROCFDURES USED• COMMUL • CP34341o 

RUNNING TIHfl ROUGHLY PROPORTIONAL TO (U•L) ■ 

LANGUAGE! ALGOL Me 

PAGE i 



SECTION t l.2.3 

SOURCE TEXT(S) t 

"CODF." 343521 

(MAY 1q74) 

"PROCEDURE" COMCOLCST(L,U,J,AR,AI,XR,XI>; 
"VALUE" L,U,J,XR,XIs"INTEGER" L,U,Jl"REAL" XR,Xll 
11 ARRAY" AR,AI; 
11 BEGIN 11 

"PROCEDURE" COHMULfAR,AI,BR,SI,RR,RI)JHCODE" 343411 
"FOR" lt•L "STEP" t "UNTIL" U 11 DO" 
COMHIJL( ARCL, Jl, AICL, Jl, XR, XI,ARCL,J l,Ait L,Jl) I 
"END 11 COMCOLCSTS 

"EOP" 

"CO Of 11 343 531 
"PROCEDURE" COMROWCST(L, U, I, AR, AI, XR, XI)I 
"VALUE" L, U, I, XR, XII "INTEGER" L, U, II "REAL" XR, XI; 
"ARRAY" AR, AI; 
"BEGIN" 

11PROCEDURE" COMHUL(AR,AI,BR,BI,RR,RI)t"CODE" ~43411 
"FOR" Lt• L "STEP" 1 "UNTIL" U noon COMMUL(ARCI,LJ, AICI,Ll, XR, 
XI, ARCI,Ll, AICI,Ll); 
"ENO" COMROWCSTI 

"EOP" 





SiCTION I 1.;,.4 (MAY 1974) PAGE 1 

AlJTI-IOR I CaGe VAN DF.R LAANa 

CONTRIBUTORS I H.FIOLET• C.G. VANDERLAAN. 

INSTITUTE• MATHEMATICAL CENTRE. 

RfCEIVfO I 731016a 

BRIEF DfSCRIPTIONI 

THIS SECTION CONTAINS THREE PROCEDURES• 

COMMATVEC CALCULATES THE SCALAR PRODUCT Of A COMPLEX ROWVECTOR 
GIVF.N IN ARRAY AR,AICI1I,L1U] AND THE COMPLEX VECTOR GIVEN IN 
ARRAY BR.BI[LIUla 
HSHCOMCOL TRANSFORMS A COMPLEX VECTOR INTO A VECTOR 
PROPORTIONAL TO A UNIT VECTOR; 
HSI-ICOMPRD PREMULTIPLIES A COMPLEX MATRIX WITH A COMPLEX 
HOllSEHOLDER MATRIX. 
HSHCOMCOL AND HSHCOMPRD ARE AUXILIARY PROCEDURES FOR PREMULTIPLYING 
A COMPLEX MATRIX OR VECTOR WITH A COMPLEX HOUSEHOLDER MATRIXI 

KEYWORDS a 

COMPLEX SCALAR PRODUCTS. 
HOIISEHOLDER TRANSFORMATION 

SUBSECTION• COMMATVECa 

CALLING SEOllENCEt 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" COMMATVEC(L, U, I, AR, AI, BR, BI, RR, RI); 
"VALUE" L, U, II "INTEGER" L, U, II "REAL" RR, RII 
"ARRAY" AR, Ait BRt BI; 

THE MEANING OF THE FORMAL PARAMETERS ISt 
L,U 1 <ARITHMETIC EXPRESSION>; 

LOlilER AND IIPPER BOUND OF THE VECTORSI 
I I <ARITHMETIC EXPRESSION>c 

ROW•INDEX OF THE ROW VECTORS AR AND AI; 
AR,AII <ARRAY IDENTIFIER>J 

"ARRAY" AR,AI[I1I,L1UJ; 
ENTRY I 
AP1 REAL P4RT AND 
AIi IMAGINARY PART OF THE MATRIX; 



St=CTIIJN t 1.2.4 (MAY 1974) 

BR,BI I <ARRAY IDENTIFIER>; 
"ARRAY" BR.BirL1u1, 
fNTRYI 
BRI REAL PART AND 
Bit IMAGINARY PART OF THE VECTOR; 

RR.Rit <'1ARI.6BLE>1 
EXITt 
RR& THE REAL PART ANO 
Rit THE IMAGINARY PART OF THE SCALAR PRODUCT. 

PRIJCEOURES USEDIMATVEC•CP340lle 

RUNNING TIHEt PROPORTIONAL TO U•L• 

LANGUAGF.I ALGOL 60. 

SUBSECTION• HSHCOMCOL. 

CALLIN~ SEQUFNCEI 

THE HEAOING ·oF THE PROCEDURE Rf.AOSt 

PAt;E 2 

"BOOLEAN" "PROCEDURE" HSHCOMCOL(L• U, J, AR, AI, TOL, r, C, S, T)J 
"VALUE" L• u. J, TOLi "INTEGER" L, U, JI "REAL" TOL, K, C, S, TI 
11 ARRAY" AR, AI I 

HSHCOMCOL DELIVERS THE FOLLOWING BOOLEAN VALUEI 
IF AR[L+l,Jl••2+AI[L+l,Jl•+2+ ••• +AR[lJ,J1+•2+AitU,Jl••2>TOL THEN 
A TRANSFORMATION -IS PERFORMED AND HSHCOMC □L••"TRUE",OTHERWJSF. 
HSHCOMC□ L••"FALSE" ANO THE VECTOR TO BE TRANSFORMED IS CONSIDERED 
TO BE PROPORTIONAL TO THE DESIRED UNIT VECTOR ANO NO 
TRANSFORMATION IS PERFORMED. 

THE MEANING OF THE FORMAL PARAMETERS ISt 
L,lJ, JI <ARITHMETIC EXPRESSION>; 

THE COMPLEX VECTOR TO BE TRANSFORMED, MUST BE GIVEN IN 
THE J•TH COLUMN FROM ROW L UNTIL ROW U OF A COMPLEX 
MATRIXI 

AR,Ait <ARRAY IDENTIIER>; 
"ARRAY" AR,AI[LtU,JaJJ; 
ENTRY I 
THE REAL PART AND THE IMAGINARY PART OF THE VECTOR TO BF 
TRANSFORHED MUST BE GIVEN IN THE ARRAYS AR AND AI, 
RESPECTIVELY; 
EXITr 
THE RF.Al PART ANO T4E IMAGINARY PART OF THE VECTOR U, 
OF THE HOUSEHOLDER MATRIX I-tlll"IT (WHERE " DENOTES 
CONJUGATING ANO TRANSPOSINGIARE DELIVERED IN THE ARRAYS 
AR AND AI.RESPECTIVELY,PROVIDED A TRANSFORMATION IS 
PERFORMED.IF NO TRANSFORMATION IS PERFORMED THE 4RRAYS 
AR ANO AI ARE UNALTEREDJ 



SECTION I 1.2.4 (Df::CEMBER 1979t 

TOLi <ARITHMeTIC EXPRF.SSION>I 
ENTRYI A TOLERANCEt 

(EeGe T~E SOUARE OF THE MACHINE PRECISION TIMES A NORM 
□F THE MATRIX IN CONSIOERATI □Nt; 

TI <ARITHMETIC EXPRESSION>I 
EXITI 
INFORMATION CONCERNING THE TRANSFORMATION,IeE• THE SCALAR 
T OF THE HOUSEHOLDER MATPIX ,PROVIDED A TRANSFORMATION IS 
PFRFORMED.OTHERWISE,T1 ■-l; 

K,C,SI <VARIABLE>1 
exn, 
THE MODULUS, COSINE AND SINE OF THE ARGUMENT OF THE 
FIRST ELEMENT OF THE TRANSFORMED VECTOR ARE DELIVERED IN 
K,C AND S,RESPECTIVELY,PROVIDED A TRANSFORMATION IS 
PERFOR~ED.OTHERWISE THE MOOULUS,COSINE AND SINE OF THE 
AR~UMENT OF THE COMPLEX NUMBER ARCL,Jl+AICL,Jl*I ARE 
DHIVERED. 

PROCEDURES USEDt 

CARPOL•CP34344, 
TM04AT•CP34014. 

Rl.lNNtNG TIME I PROPORTIONAL TO U-L. 

METHOD AND PFRFORMANCEI 

see WILKINSON(l965,P.49,50). 

LANGllAGF.1 ALGOL 6i!J. 

PAGE 3 



StCTION I 1.2.4 (DECEMB::R 1Q75) PAGE 4 

SUBSECTION• HSHCOMPRD. 

CALLING SEOUENCE• 

THf. HEADING OF THE PROCEDURE READS• 
"PROCEDURE" HSHCOMPRDCI, II, L, U, J, AR, AI, BR, BI, T); 
"VALUE" I, II, L, U, J, TJ "INTEGER" I, II, L, U, JI "REAL" TI 
"ARRAY" AR, AI, BR, BI; 

THE MEANING OF THE FORMAL PARAMETERS ISI 
I,II,L1U1 <ARITHMETIC EXPRESSION>t 

FNTRYI 
THE COMPLEX MATRIX TO BE PREMULTIPLIED, MUST qe GIVEN 
IN THE L-TH TO U-TH COLUMN FROM ROW I TO ROW II 
OF A COMPLEX MATRIXI 

JI <ARITHMETIC EXPRESSION>; 
F.NTRYI 
THE COMPLEX VECTOR V OF THE HOUSEHOLDER MATRIX 
I•VV"IT,WHiRE "DENOTES TRANSPOSING AND CONJUGATING, 
MUST BE GIVEN IN THE J-TH COLUMN FROM ROW I TO ROW 
YI OF A COMPLEX MATRIX GIV~N IN (BR,Bl); 

AR,AII <ARRAY IDENTIFIER>; 
"ARRAY" AR,AICI1II,L1U]I 
ENTRYI 
THE REAL PART AND T~E IMAGINARY PART OF THE MATRIX TO 
BE PREMULTIPLIED,MUST Bf. GIVEN IN THE ARRAYS AR ANO 
AI,RcSPECTIVELY; 
EXITI 
THE REAL PART ANO THE IMAGINARY PART OF THE 
RESULTING MATRIX ARE DELIVERED IN THE ARRAYS AR AND 
AI,RESPECTIVELY; 

BR.aJa <ARRAY IDENTIFIER>1 
"ARRAY" BR,BI[ItII,JIJ11 
ENTRYI 
THE REAL PART AND THE IMAGINARY PART OF THE COMPLEX 
VECTOR V OF THE HOUSEHOLDER MATRIX MUST BE GIVEN IN 
THE ARRAYS 8R ANO Bl,RESPECTIVELYI 
IE.Ge AS DELIVERED BY HSHCOHCOL)J 

TI <ARITHMETIC EXPRESSION>; 
ENTRYI 
THE SCALAR T OF THE HOUSEHOLDER MATRIXI 
(E.G. AS DELIVERED BY HSHCOMCOL)r 



SECTION 1 1.2.4 

PROCfOURES llSl:01 

TAMM AT •CP34~14• 
fLHCOMCOL•CP,4,77. 

(MAY H74) 

Rl!NNI~G TIMEI PROPORTIONAL TO (U-L>*<II-T). 

LANGUAGEI ALGOL 60. 

RHERENCEI 

WILKINSON,J.~(lq65)1 
THE ALGEBRAIC F.IGfNVALUE PROBLEM, 
CLARFNOON PRESS,OXFOROo 

F.XAP4PLii OF USE1 

AS A FORMAL TEST OF THE PROCEDURES HSHCOHCOL ANO HSHCOMPRO THE 
FOLLOWING HATRIXI 

3 4+I 
· 4+I 5 

IS TRANSFORMED INTO UPPER TRIANGULAR FORMa 

"BEGIN""INTEGER"Il"REAL"K,C,S,TJ 
"ARRAYHAR,Airl12,112lS 

PAGE !I 

HBOOLEAN""PROCEOURE" HSHCOMCOL(L,U,J,AR,Al,TOL,K,C,S,Tll"CODE"343551 
"PROCEOURE"HSHCOMPRD<l,II,L,U,J•AR,AI,BR,BI,T)l"CODE"34356S 
ARt1,ll1•31ARt1,2lt•AR[2,ll1•0JARt2,2l1•5S 
AI[l,lll•O1Aifl,2]1 ■ Al[2,ll1•4tAl[?,2lt•OI 

"IF"HSHCOHCOL(l,2,1,AR,AI,("-l4+5)**2•K•C,S,T)"THEN" 
HSHCOHPRO(l,2,2,2,1,AR,AI,AR,Al,T)S 
OUTPUT(61,"C""<"AFTER USE HSHCOMCOL,HSHCOMPROl")",I• 
2(2(•O.D,+OoO,H(H ♦ IN)ff,88),/)H)H, 

AR[1,11,AI[l,11,AR[l,Zl,Aitl,2l,ARt2,11,AI[2,1l,ARt2,2l,Att2,2l)J 
OlJTPIIT(61.o"<""("K, C, S.o T,">",l,3(•DoDB>,-DOoD,/,")",K•C•S• 

T>a 
"EN0 11 

OUTPltT1 
AFT~R USE HSHCOMCOL.oHSHCOHPROI 
e.o+o.a•I a.0+1.6+1 
11).I.J+4.ij,]+I 6.2+1().~)+I 

K, C, S• T.t 
,.o -1.0 o.o 40.0 



Sl:CTION I 1.2.4 

SOURCE HXT<S> t 

"CODE" ~43541 

<MAY l974) 

11 PROCEDURE 11 COMMATVEC(L, U, I, AR, AI, BR, BI, RR, RI)J 
11 VALUE" L, U, II "INTEGER" L, U, II "REAL" RR, Rll 
"ARRAY" AR, AI, BR, BI; 
11 BEGTN" 11 REAL 11 "PROCEDURE" MATVEC<L,ll,I,A,'l) r"CODE" 34011f 

"REAL" MV1 
MVI• MATVEC(L, U, I, AR, BR) - MATVfC(L, U, I, AI, BI); 
RII• MATVEC(L, U, I, AI, BR)+ MATVEC(L, U, I, AR, BI)J 
RRl ■ MV 

"l:NDII COMMATVl:Ct 
"EOP" 

"CODE" ~435!it 

PAGE 6 

"BOOLEAN" HPROCEOURF" HSHCOMCOL(L, U, J, AR, AI, TOL, K, C, S, T>; 
11VALllf 11 L, U, J, TOL; "INTEGER" L, U, J; 11REAL" TOL, K, C, S, Tt 
"ARRAY" AR, AIi 
"BEr.IN" "REAL" VR, DEL, MOD,~. ARLJ, AILJJ 

"PROCFOURE 11 CARPOL(AR,AI,R,C,S)l"CODE" 343441 
11 REAL" "PROCEDURE" TAMMAT(L,U,I,J,A,~Jl 11CODE 11 340141 
VRI• TAMMAT(L + 1, U, J, J, AR, AR) + TAMMATCL + 1, U, 
J, J, AI, AI); ARLJI• ARCL,J]; AILJI• AICL,Jll 
CARPOL(ARLJ, AILJ, MOD, C, S)I "IF" VR > TOL "THEN" 
"BEGIN 11 VRI• VR + ARLJ +• 2 + AILJ ** 2; HI• Kl• SQRT(VRJJ 

Tt ■ VR +MOD• H; 
"IF" ARLJ • 0 "AND" AILJ • 0 11 THEN" APCL,J11• M "~LSE" 
"BEGIN" AR[L,Jll• ARLJ + C • KJ AICL,JJI• AILJ + S • K; 

SI ■ - S 
"END 11 1 
Cl• - Cl HSHCOMCOLI• "TRUE" 

"END" 
11ELSF 11 

"BFGIN" HSHCOMCOLt• "FALSE"I Ka ■ MODI TI• - 1 "END 11 

111:ND" HSHCOMCOL; 
11 EOP 11 

"CODE" 343561 
"PROCEDURE" HSHCOMPRO(I, II, L, U, J, AR, AI, BR, BI, TJ; 
"VALUE 11 1, II• L, u. J, T; 11 INTEGER" I, II, L, U, JI "REAL" TI 
"ARRAY" AR, AI, BR, 811 
"BF.t;INH 

11 PROCEOIJRE" ELMCOMCOL(L,U,I,J,AR,AI,BR,BI,XR,XI>l"CODE" 343771 
11REAL 11 11PROCEDURE" TANNAT(L,U,I,J,A,B)l"CODE" 340141 

11 FOR 11 LI• L "STEP" 1 11UNT1L" U "00" ELMCOMCOL(I, II, L, J, AR, AI, 
BR, Bia ( - TAMNAT(I, II, Ja L, BR, AR> - TANMAT(I, 11, J• 
L, 'lI, AI)) / T, (TANMATU, II, J, L, BI, AR) - TAfo1MAT(I, 
II, J, L, BR, AI)) / T)I 
11END" HSMCONPRDI 

"EOP 11 



SECTION I 1.2.5 (MAY 1974) PAr.E l 

AUTHOR I C.G. VAN DER LAANe 

CONTRIBUTORS & H.FIOLET • C.G. VAN OER LAAN. 

INSTITUTE I MATHF"4ATICAL CENTRE. 

R£CEIVtD & 730813. 

BRIEF DFSCRIPTION & 

THIS SECTION CJNTAINS THE PROCEDURES ELMCOHVECCOL, ELMCO~COL AND 
ELMCOl"IROWVEC. 
ELMCOMVECC□L ADDS XR+I*XI TIMES THE COl"IPLEX COLUMN VECTOR GIVEN 
IN ARRAY 8R,BI[L1U,J1Jl TO THE COMPLEX VECTOR GIVEN IN ARRAY 
AR,AirL1Ula 
ELHCOHCOL ADDS XR+I•XI TINES THE COMPLEX COLUMN VECTOR GIVEN IN 
ARRAY BR,BICLIU,JIJJ TO THE COMPLEX COLUMN VECTOR GIVEN IN ARRAY 
AR,AICLIU,I1Ile 
ELMCOMROWVF.C ADDS XR+I*XI TIMES THE COMPLEX VECTOR GIVEN IN ARRAY 
BR,BI[L1UJ TO THE COMPLEX ROW VECTOR GIVEN IN ARRAY AR,AI[ItI,LIUla 

KEYWORDS I 

COMPLEX VECTOR OPERATIONS, 
ELIHINATrON. 

SUBSECTION I ELHCOMVECCOL. 

CALLING SEQUENCE 1 

THE HEADING OF THE PROCEDURE READS I 
"PROCEDURE" ELMCOHVECCOL(L,U,J,AR,AI,BR,BI,XR,XI); 
"VALUE" L,U,J,XR,XII 
"INTEGER" L,U,J;"REAL" XR,XI;NARRAY" AR,AI,BR,8IJ 

THE MEANING OF THE FORMAL PARAMETERS IS 1 
L,1J1 <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE VF.CTORSJ 
JI <ARITHMETIC EXPRESSION>r 

COLUMN-INDEX OF THE COLUMN VECTORS BR ANO BIJ 
AR.AIi <ARRAY IDENTIFIER>J 

"ARRAY" AR,AICL1Ul 
ENTRYI 
AR I REAL PART OF THE VECTOR, 
AI I IMAGINARY PART OF THE VECTOR. 
FXITI 
THE RESULTING VECTOR (SEE ALSO BRIEF DESCRIPTIO~)S 



SFCTION 1 1.2.5 

XR,X!I 

<DECEMBER 1979> 

<ARRAY IDENTIFIER>J 
"ARRAY" BR,BICL1U,J1J]J 
F.NTRYJ 
BR I REAL PART OF THE COLUMN VECTOR, 
BI I IMAGINARY PART OF THE COLUMN VECTOR. 
<ARIT~HF.TIC EXPRESSION>; 
ENTRYI 
XRI REAL PART OF THE ELIMINATION FACTORS 
XII IMAGINARY PART OF THE ELIMINATION FACTOR• 

PROCEDURES USED I ELMVECCOL • CP3402l • 

RUNNING TIME I ROUGHLY PROPORTIONAL TO (U-L) • 

LANGUAGEI ALGOL 60. 

SUBSfCTION I ELMCOMCOL. 

CALLING SEQUENCE I 

TH£ HEADING OF THE PROCcDURE READS I 
"PROCEDURE" FLHCOHCOLCL,U,I,J,AR,AI,BR,BI,XR,XIIJ 
"VALUE" L,U,I,J,XR,XI; 
"INTEGER" L,U,I,JJ"REAL" XR,XIl"ARRAY" AR,AI,BR,BII 

THE MEANING OF THE FORMAL PARAMETERS IS I 
L,UJ <ARITHMETIC exPRESSION>J 

LOWER .AND UPPER BOUND OF THE VECTORS I 
I,Js <ARITHMETIC EXPRESSION>s 

II COLUMN-INDEX OF THE COLUMN VECTORS AR ANO AI; 
JI COLUHN~INOEX OF THE COLUMN VECTORS BR ANO BII 

AR,Ait <ARRAY IDENTIFIER>I 
"ARRAY" AR,AICL1U,I1I] 
ENTRYa 
AR I REAL PART OF THE COLUMN VECTOR, 
AI I IMAGINARY PART OF THE COLUMN VECTORa 
EXIT• 
THE RESULTING VECTOR (SEE AL~O RRIEF DESCRIPTION); 

BR,BI1 <ARRAY IOENTIFIER>1 
"ARRAY" BR,BI[L1U,J1J] 
ENTRYI 
BR I REAL PART OF THE COLUMN VECTOR, 
BI I IMAGINARY PART OF THE COLUMN VECTOR. 

XR,XI1 <ARITHMETIC EXPRESSI0~>1 
~NTRYI 
XRI REAL PART OF THE ELIMINATION FACTOR; 
XII IMAGINARY PART OF TH~ ELIMINATION FACTOR• 

PAGE 2 



SECTION I l.?.!5 (l1AY 197'+) 

PROCEOURES USED r ELl1COL • CP34023 • 

RUNNING TIME I ROUGHLY PROPORTIONAL TO (U-L) • 

LANGUAGFI ALGOL &O. 

SUBSECTION I ELMCOMROWVEC o 

CALLING S~OUENCt 1 

TH~ HEADING OF THE PROCEDURE READS I 
HPROCEDURj" ELMCOMROWVEC(L,U,I,AR,Al,BR,Bl,XR,Xl)t 
"VALUE" L,U,I,XR,XII 
"INTEGER" L,U,I;"REAL" XR,XIJ"ARRAY" AR,AI,BR,BI; 

THE MEANING OF THE FORMAL PARAMETERS IS I 
L,U1 <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER BOUND OF THE VECTORSI 
It <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE ROW VECTORS AR ANO AIi 
AR,AJI <ARRAY IDENTIFIER>t 

"ARRAY" AR,AICI1I,L1Ul 
ENTRYI 
AR I REAL PART OF THE ROW VECTOR, 
AI I IMAGINARY PART OF THE ROW VECTOR. 
EXITI 
THE RESIJL TING VECTOR (SEE ALSO BRIEF DESCRIPTION>; 

8R,BJI <ARRA~ IOENTIFIER>1 
"ARRAY" 9R,BI[LIU] 
ENTRY• 
BR I REAL PART OF THE VECTOR, 
BI I IMAGINARY PART OF THE VECTOR 

XR,XII <ARITHMETIC EXPRESSION>J 
ENTRY I 
XRt REAL PART OF THE ELIMINATION FACTOR; 
XII IMAGINARY PART OF THE ELIMINATION FACTOR• 

PROCEDURES USED I ELMROWVEC • CP34027 • 

RUNNING TIME I ROllGHL Y PROPORTIONAl- TO <U-LI • 

LANGUAGFI ALGOL 60. 

PAGE 3 



SFCTION I l.2.5 

UA14Pli: OF USF. I 

"Bl:G IN" 

(MAY 1974) 

"C0~14ENT" fXAMPlc OF USE ELMCOMCOLt 

PAl;E 4 

"PROCEDURE" ELMCOMCOL(L,U,I,J,AR,AI,BR,RI,XR,XI)1°CODE" 34377; 
"RF.AL" "ARRAY" AR,Al[lt2,lt2ll 
"INTEGl:R" I.J; 
"PROCEDURE" OUT(K);ttINTEGER" K; 
OUTPUT(61,"("2<-o,+D,"<"•I ")"),/")", 

ARtK,ll,AI[K,ll,AR[K•2l,AitK,2l); 
ARC1,111•+l;ARCl,2lt••9;ARCZ,ll1•-l;ARC2,2]1••1; 
Airl,ll1•+2aAitl,2]1•+21Ait2,llt•+2sAI[2,2]1•-21 
OUTPUT(61,"(""("INPUT MATRIXah)tt,/tt)H); 
"FOR" Is•l,2 noon OUT(I); 
ELMCOMCOL(l,2,2,l,AR,AI,AR,AI,l,•4)1 
OUTPUT(61,"("l,"("MATRIX AFTER ELIMINATION1tt)tt,/tt)tt); 
OUTPUT ( 61, " ( "•D, +0, " ( 0 • I")"• 41h Z, DI")"• 

ARCl,1],Aitl,1],ARtl,21,Aitl,2])1 
OUT(Z) 
"END" 

OIITPIITI 
INPUT HATRIXI 
1+2*1 •Q+Z•I 

:..1 ♦u1 -1-2,111 

MATRIX AFTER ELIMINATIONI 
1+2*1 (l 

-l+?•I fi+OI • 



SOURCE TEXT( S) 1 

"COIJf:" 34376; 

(MAY 1974) 

"PROCFOURE 11 Ell'ICOMVECCOL(L,U,J.AF,AI,BR.BI,XR•XI)I 
"VALUE" L.U,J.xR.XIs 
"INTE~ER" L,U,J;ttREAL" XR,Xl:"ARRAY" AR,AI,BR,BI; 
11 13EGIN 11 

"PROCEIJUREtt flMVECCOL(L,U,I,A,B•X)l"CODE" 34021t 
flMVECCOlfl,U,J,AR,BR,XR); 
Ell'IVECCOU L, U, J, AR, B I,-X I); 
ELMVECCOLCL,U,J,AI,BR,Xl)J 
ELMVECCOLCL,UtJ,AI,BI,XR) 

"END" ELMCONVECCOLI 
"i:OPtt 

11 CODE 11 343771 
"PROCEDURE" ELMCOMCOL(L,U,I,J,AR,AI,BR,BI,XR,XI)I 
"VALUc" L,U,T,J,XR,XI; 
"INTEGER" L,U,I,J: 11 REAL" XR,XI;"ARRAY" AR,AI,BR,BIJ 
"BEGIN" 
"PROCcOURE" ELMCOL(L,U,I,J,A,B,X)J"CODE" 34023J 

ELMCOL(L,U,I,J,AR,BR,XR); 
ELMCOlfL,U,I,J,AR,BI,-XI)t 
ELMCOL<L,U,I,J,AI,BR,XI); 
ELMCOL(L,11,I,J,AI,BI,XR) 

11 END 11 El MCOMCOL; 
"EOP" 

"CODE" ~4378& 
11 PROCEDUREtt ELMCOMROWVEC(L,U,I,AR,AI,BR,BI,XR,XI)J 
"VALUE" L,U,I,XR,XII 
"INTEGER" L,U,IlttREAL" XR,XIl"ARRAY" AR,AI,BR,BII 
11 BEGIN" 
"PROCEDURE" ELNROWVECCL,U,I,A,B,Xlt"CODE" 340271 

ELHROWVEC(L,U,I,AR,BR,XR); 
ELMROWVEC(L,U,I,AR,BI,-XI); 
ELMROWVECCL,U,I,AI,BR,XI)I 
ELMROWVEC(L,U,I,AI,BI,XR) 

11 END" ELMCOHROWVECI 
"EOP" 





SFr.TION I 1.2.7 fDECEl18ER 19n I PAGE l 

AUTHORS I JeJeGe ADMIRAAL• CeGe VAN DER LAANe 

CONTRIBUTORS I J.J.G. AOHIRAAL• He FIOLET, CeGe VAN DER LAANe 

INSTITUTE• MATHEMATICAL CENTRE• UNIVERSITY OF AMSTERDAM. 

RF.CF.IVfD I 730817. 

BRIEF DFSCRIPTION 1 

THIS seCTION CONTAINS THE PROCEDURES ROTCOMCOL. ROTCOMROW AND CHSH2 
ROTCOMCOL REPLACES THE COLUMN VECTOR VR+I*VI GIVEN IN THE ARRAYS 
ARtAICL1U,I1Il AND THE COLUMN VECTOR YR+I*YI GIVEN IN THE ARRAYS 
AR.AI[Llll,JIJ] rw THE VECTORS (VR+I•VI>*(CR-I*CIJ-(YR+I•YI>•S AND 
(YR+I•Yil*(CR+I•CIJ+(VR+I•VIl*S, RESPfCTIVELYe 
ROTCOMROW REPLACf:S THE ROW VECTOR VR+I*VI GIVEN IN THE ARRAYS 
AR,AI[III,L1111 AND THE ROW VECTOR YR+I*YI GIVEN IN THF ARRAYS 
AR,AI[JIJ,LIU1 BY THE VECTORS (VR+I*VI)*(CR-I*Cl)+(YR+I*Yil*S AND 
(YR+I*Yil*(CR+I*CII-CVR+I*VIl•S, RESPECTIVELY. 
CHSH2 COMPUTES THE COMPLEX HOUSEHOLDERMATRIX THAT 
~APS THE COMPLEX VECTOR (Al,A21 INTO THE DIRECTION (l,Ole 
WARNING I IN ROTCOMCOL AND ROTCOMROW THE COSINE IS COMPLEX AND THE 

SINE IS REAL, IN CONTRAST TO THIS, IN CHSH? THE SINE IS COMPLEX 
AND THE COSINE IS REAL. 

K!!YWOROS I 

COMPLEX VECTOR OPF.RATIONS, 
ROTATION, 
HOIISEHOLD!:R MATRilCe 



SECTION t 1.2.7 (JANUARY 1Q761 

SUBSECTTON I ROTCOMCOL • 

CALLING SE0UFNCE t 

THE HEADING OF THE PROCEDURE READS I 
"PROCEDURE" ROTCOMCOLCL, U, I, J, AR, AI, CR, CI, S>; 
"VALUE" L, U, I, J, CR, CI, S; "INTEGER" L, U, I, J; 
"REAL" CR, CI, S; "ARRAY" AR, AI; 
"CODE" 343571 

THf MEANING OF THE FORMAL PARAMETERS I$ a 
L,U,I,Jt <ARITHMETIC EXPRESSION>; 
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THE ROTATION IS PERFOR~ED ON THE COLUMN VECTnRS 
AR,AI[LIU,I&I] AND AR,AI[LtU,JtJll 

AR,Alt <ARRAY IDENTIFIER>; 
"ARRAY" AR,AI[LIU,IIJ]J 
ENTRY& 
ARaTHa REAL PARTS OF THE COLUMN VECTORS 
AiaTHE IMAGINARY PARTS OF THE COLUMN VECTORS 
EXIT• 
THE RESULTING VECTORS (SEE ALSO BRIEF DESCRIPTI~N)t 

CR,CI,S1 <ARITHMETIC EXPRESSION>; 
ENTRYI 
ROTATION FACTORS; SEE ALSO BRIEF DESCRIPTION. 

RlJNNIN~ TIME I RnUGHLY PROPORTIONAL TO (U-L) • 

LANGUAGE& ALGOL 60e 



SECTION 1 1.2.7 (JANUARY 1Q76) 

SUR~ECTION I ROTCOMROW • 

CALLING SEOUENCE 1 

T~~ HEADING OF THE PROCEDURE READS I 
"PROCEDURE" ROTCOHRO~<L, U, I, J, AR, AI, CR, CI, S); 
"VALUE" L, U, 1, J, CR, CI, SI "INTEGER" L, U, I, JJ 
"REAL" CR, CI, SI "ARRAY" AR, All 
"CODE" 343581 

THF MEANING OF THE FORMAL PARAMETERS rs I 
L,U,I,JI <ARITHMETIC EXPRES$ION>1 
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THE ROTATION IS PERFORMf.D ON TH£ ROW VECTORS 
AR,AICI1I,L1U] AND AR,AICJ1J,L1U]; 

AR,AII <ARRAY IDENTIFIER>1 
"ARRAY" AR,Al[I1J,L1UJS 
ENTRY• 
ARITHE REAL PARTS OF THF. ROW VECTORS 
AIITHE IMAGINARY PARTS OF THE ROW VECTORS 
EXITI 
THE RcSULTING VECTORS (See ALSO BRIEF DESCRIPTION)J 

CR,CI,Sa <ARITHMETIC EXPRESSION>; 
ENTRYa 
ROTATION FACTORSI SEE ALSO BRIEF DESCRIPTION. 

PROCP.DURES useo I NONE. 

RUNNING TIME a ROUGHLY PROPORTIONAL TO (l~L) • 

LANGUAGES ALGOL ~O. 



SFCTI11N I 1.2.7 

EXAMPLE OF USE t 

118F.GIN 11 

(JANUARY 1Q76) 

11COMMENT 11 EXAMPLE OF USE ROTCOMCOLI 
"PROCEDURE" ROTCOMCOL(L,U,I,J,AR,Al,CR,CI,Sll 11CODE 11 34357; 
11REAL" 11 ARRAY 11 AR,AI[ltZ,11211 
"INTEGER" I,JI 
ARC1,ll1•+4;ARC1,211•+5;ARC2,ll1•-51ARC2,2l1•+4J 
AIC1,ll1•+3;AIC1,2l1• O;AICZ,111• ~;AIC2,2]1 ■-3; 
OUTPUT(61, 11 ( 1111 ( 11 INPUT MATRIX1 11 ) 11,/ 11 ) 11 )1 
OUTPUT< 61, ff( "•D,+D. II("* 111 ) "••48,-o., Z /, BB-o, Z, 38,-D, +D, " ("*I") 11 , '") "• 

ARCl,ll,AICl,ll,ARCl,21,AICl,2].,ARCZ,ll,A!C2,ll,AR[2,2l,AIC2,2l)r 
OUTPUT(bl, 11 (11//,"("AFTER POST~ULTIPLICATION WITH1 11 J11,f 11 )")J 
OUTPUT(61,"(""'"•CB-.06•I -.111,11,,, 

"'" .1 .oa+.06•I">"•''">">1 
ROTCOHCOL(l,Z,1,2,AR,AI,.~B,.06,-.l); 
OUTPUT(61, 11 (""("0ELIVERSl 11 ) 11,/11 111 11 
OUTPUT(61, 11 ( 11•D,Z,ZBD,Z/,8D,Z.,B-D,Z 11 J11 , 

ARCl,ll,AICl,ll,ARC1,2].,AICl,2l,ARC2,ll,AIC2,ll,ARC2,Zl,AICZ,2l); 
11 END 11 

OUTPUT• 
INPUT MATRIXI 

4+3+I 5 
· -5 4-3•"1 

AFTER POSTHULTIPLICATION 
.oa-.o6•I -.1 

.1 .oe+.o6•I 
DELIVERS 1 

1 0 
0 1 • 

WITHt 



SFCTION t 1.2.7 (Dl:CE'1BEII lQ79) 

SUBSECTION• CHSH2. 

CALLING SEOUF.NCft 
THE HEADING OF THE PROCEDURE rs, 
~PROCEDURE" CHSH2(A1R,All,A2R,A2I,C,SR,SI)I 
"VALUE" A1R.A1I,A2R,A2IJ"REAL" AlR,All,A2R,A2I,C,SR,Sll 
"CODE" !4611: 

THE MEANING OF THE FORMAL PARAMETERS IS• 
AlRI <ARIT4METIC EXPRESSION>s 

ENTRY• THE RiAL PART OF THE FIRST VECTORCOMPONENTI 
Alli <ARITHMETIC EXPRESSION>:1 

eNTRYI THE IMAGINARY PART OF THE FIRST VECTORCOMPONENTI 
A2RI <ARITHMETIC EXPRESSION>a 

ENTRYI THE REAL PART OF THE ScC~ND VECTORCOMPONENT; 
A2It <ARITHMETIC EXPRESSION>; 

ENTRYI THE IMAGINARY PART OF THE SECOND VECTORCOMPONENTJ 
C,SR,SI1 <VARIABLE>t 

EXIT1 THE FACTORS THAT DETERMINE THE HOUSEHOLDER MATRIX. 
THE HOUSEHOLDERMATRIX, DEFINED BYI 
HA• 8 
A ■ <Al, A2 > t 
R • C•SIGN(AlR)+SQRT(Al*Al+A2*A2),0>', 
IS DETERMINED BYI 

< •C SR+I*SI) 
(SR+I*SI C > 

PROCEDURES USEOI NONEI 

LANGUAGFI ALGOL 601 

METHOD ANO PERFORMANCEI 

AFTER A CALL OF CHSHZ YOU ARE ABLE TO ROTATE A COMPLEX VECTOR OF 
DIMENSION TWO RY MEANS OF THE FACTORS C,SR AND SI. 

EXAMPLE OF use, CHSH2 IS useo IN QZI AND QZIVAL~SECTION 3.4 

PAGE 5 



SECTION I le2e7 (JANUARY 1976) 

S0llRCt= TEXT(S) 1 

"CODE" ~43571 
"PROCEDURE" R0TC0MC0L(L, U.t I.t J, AR, AI, CR, Cl, S); 
11VALUE 11 L, 11, I• J, CR, CI, S; 11 INTEGER 11 L, U, I, JI 
11RFAL" CR, er. SI "ARRAY" AR, Alt 
"BEGIN" "R~Al" ARLI, AlLI.t ARLJ.t AILJI 

11 F0R" Lt• L 11STEP" 1 "UNTIL" U "00" 
"BFGIN 11 ARLI•• AR[L,Ill AILII• AI[L,I]I ARLJI• AR[L,J,; 

AILJ1 ■ AICL.,JH 
ARCL,111• CR• ARLI 
AifL,111• CR• AILI 
AR[L,J1t• CR* ARLJ 
AICL,Jll• CR* AILJ 

"END" 
"F.N0 11 R0TC □MC0L; 

11E0P 11 

"C00E 11 ~43'8 r 

+ CI * Alli - S 
- CI • ARLI - S 
-:CI * AILJ + S 
+ CI • ARLJ + S 

* ARLJI 
* All JI 
• AP.LI; 
* AILI; 

"PROCEDURE" R0TC0MR0W(L.t U.t I.t J, AR, AI, CR, CI, S); 
"VALUE" L, 11, I, J, CR, CI, Si "INTEGER" L., U, I, JI 
"REAL" CR, er. s, "ARRAY" AR, AIJ 
nsrr.IN 11 11 REAL" ARIL, AIIL, ARJL.t AIJL; 

"FOR" LI• L 11 STEP" l "UNTIL" U noon 
"BEGIN" ARILI• ARCI,LlJ AIIL&• AICI,Lll ARJL1• ARCJ,LlS 

AIJLt• AICJ,Lll 
ARCI,lll• CR* ARIL + CI * AIIL + S * ARJL; 
AI[I,Lll• CR• AIIL - CI * ARIL + S • AIJLJ 
ARCJ,Lll• CR• ARJL CI * AIJL S * ARIL; 
AICJ,Lll• CR* AIJL + CI * ARJL - S * AIIL; 

"END" 
"E111D 11 R0TC0MR0WI 

"E0P 11 

IICl'JOE" 346111 
"PR0CEDURE"CHSH2(A1R,All.tAZR,A2I,C,SR,Sl)I 
11VALUE"AlR,AlI,A2R,A2l;"REAL 11 AlR,AlI,A2R,A2I,C,SR,SII 
"BEGIN" "REAL" RI 
"If" A2R 4 •0 "OR" A2IA•O "THEN" 
11 REGINt1 11 IF11 AlR 4 •0 "OR" Al.1 4 •0 "THEN" 

"BEGIN" Rl•SQRT(AlR*AlR+AlI•All)ICt•RI 
SRl•(A1R*A2R+AlI*A2I)/RJSil•(AlR*A2I•All*A2R)/RI 
Rl•SQRT(C ♦C+SR*SR+SI•SI);C1•C/R;SR1aSR/R;SI1•Sl/R 

"END" "ELSE" 
"BEGIN" Sil•Cl•0JSRt•l "E~0n 

11END 11 "ELSE" "BEGIN" C1 ■l;SR1•SI1•O "END" 
"END" CHSH2s 

"E0P" 

PAGE 6 



<DHEMBER 1Q75) 

AUTHOR 1 C.G. VAN DiR LAANe 

CONTRIBUTORS I HoFIOLET• CeG• VANDERLAAN. 

INSTITllTE 1 "IATHfMATICAL CENTRE. 

RFCEIVfOI 731016. 

RRTFF OESCRTPTIONI 

COHF.UCNRM CALCULATES THE EUCLIDEAN NORM OF A COMPLEX MATRIX 
WITH LW LOWER CODIAGONALSe 

t<FYWOROt;1 

EUCLIDEAN NORM• 
CrJMPLEY MATRIX. 

CALLlNG SFQUENCE1 

THE HEADING OF THE PPOCEDURE READSI 
"RFAL" IIPROCEOtJRE" COf'lEUCNRM(AR, AT, lW• N)I "VALUE" N.t Lt.II 
11 INTEGER 11 N, LW; "ARRAY" AR, AIi 

PAt.E 1 

COMFUCNRM DELIVERS THE EUCLIDEAN NORM OF A COMPLEX MATRIX WITH LIJ 
LOWF.R COQIAGONALSt 

THE MEANING OF THE FORMAL PARAMETERS ISI 
NI <ARITHMETIC EXPRESSION>; 

THE ORDER OF THE MATRIX; 
L~t <ARITHMETIC EXPRESSION>I 

THE NUMBER OF LOWER CODIAGONALSI 
AR,A!I <ARRAY IDeNTIFicR>; 

"ARRAY" AP.tAI[l:N,1:N]; 
ENTRY1 
THE REAL PART AND THE IMAGINARY PART OF THE COMPLEX 
MATRIX,WITH LW LOWER CODIAGONALS,MUST 8£ GIVEN IN TH~ 
ARRAYS AR AND AI,RESPECTIVF.LYe 



SECTIOU I l.2.B ( DECEMBER 1975) 

PROCEDURES IISEOI MATTAM • CP34Cl5. 

RUNNING TIME• PROPORTIONAL TO N**2• 

LANGUAG~a ALGOL 60. 

FXAMPLE OF USEISFE EIGVALCOM OR EIGCOM (SECTION 3.3.2.2.2). 

SOURCE TEXT(S) I 

"CODE" "43591 
"REAL" "PROCEDURE" COMEUCNRM(AR, AI, LW• N)I "VALUE" N, LWI 
"INTEGER" N• LWJ "ARRAY" AR, AIi 
"B~GIN" "INTEGER" I, LI 

"Rf.AL" "PROCEDURE" MATTAM(L,IJ.I,J,A,B);t1CODE" 34!0151 
"REAL" Rs 
RI• 01 
"FOR" I1• 1 "STEP" l "UNTIL" N "00" 
"AEGIN" LI• "IF" I> LW "THEN" I - LW "ELSE" 11 

Ra• MATTA~(L, N, I, I, AR, A~) + MATTAM(L, N, I, 
I, AI, AI)+ R; 

"ENO" I 
COMEUCNRMI• SORT(R) 

"END" COMl:IJCNRMI 
"EOP" 

PAGE?. 



SECTION t 1.2.9 (DECEMBER 1975) 

AUTHORS 

T.J. DEKKER, We HOFFMANN (COMSCl), 
C.G. VAN DER lAAN (SCLCOM). 

CONTRIBUTORS a 

W. HOFFMANN• S.P.Ne VAN KAMPEN (COMSCL), 
He FIOLET, C.G. VANDERLAAN (SCLCOM). 

IN~TITl!TE t MATHEMATICH CENTRE. 

RECEIVEDI 731030. 

BRIEF DFSCRIPTIONa 

THIS SECTION CONTAINS TWO PROCEDURES a 

COMSCL NORMALIZES THE REAL AND COMPLEX EIGENVECTORS 

PAGE 1 

GIVEN COLUMNWISE IN A TWO•DIMENSIONAL ARRAYI THE IMAGINARY PARTS OF 
fHE CORRESPONDING EIGENVALUES MUST BE GIVEN IN A ONE-DIMENSIONAL 
ARRAY; 
THE EIGENVECTORS ARE NORMALIZED IN SUCH A WAY THAT• IN EACH EIGEN• 
VECTOR, AN ELEMENT OF MAXI~UM ~ODULUS EOUALS 11 
THE NORMALIZED EIGENVECTORS ARE DELIVERED IN THE GIVEN ARRAY. 

SCLCOM NORMALIZES THE (NON•NULL) COLUMNS OF A COMPLEX MATRIX 
IN SUCH A WAY TH4T IN EACH COLUMN AN ELEMENT OF MAXIMUM ABSOLUTE 
VALUE BECOMES EQUAL TO ONE. 

KEYWORDS a 

NORMALIZATION, 
SCALING OF COMPLEX EIGENVECTORS, 
COMPLEX SCALING. 



SECTION I le2e9 <DECEMBER 1975> 

SUBSECTION I cnMSCL. 

CALLING SEQUENCE• 

THE HEADING OF THE PROCEDURE ISI 
"PROCEDURE" COHSCL(A, N, Nl, N2, IM)s "VALUE" N, Nl, NZI 
"INTEGER" N, Nl, N2a "ARRAY" A, TM; 
"CODI:" 34193: 

THE r,lEANING OF THE FORMAL PA,RAfllETERS ISI 
Al <ARRAY IDENTIFIER>; 

"ARRAY" ACltN,NltNZJ; i 
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ENTRYs EACH REAL EIGENVECTOR MUST BE GIVEN IN A COLUMN OF 
ARRAY A, WHOSE CORRESPONDING ELEMENT OF ARRAY IM 
EQUALS O; 
THE REAL AND IMAGINARY PART OF EACH COMPLEX EIGEN
VECTOR MUST BE GIVEN IN CONSECUTIVE COLUMNS OF ARRAY 
A, WHOSE CORRESPONDING F.LEfllENTS OF ARRAY I~ ARE NOT 
EQUAL TO 01 

EXITI rne NORMALIZED EIGENVECTORS ( I.e. IN EACH EIGEN
VECTOR AN ELEMENT OF MAXIMUM MODULUS EQUALS 11 ARE 
DELIVERED IN THE CORRESPONDING COLUMNS OF AJ 

NI <ARITHMETIC EXPRESSION>s 
THE NUMBER OF ROWS OF ARRAY Al 

Nl, N2t <ARITHMETIC EXPRESSION>; 
THE LOWER AND UPPER BOUND OF THE COLUMN INDICES OF ARRAY Al 

IMI <ARRAY IDENTIFIER>J 
"ARRAY" IHCN11NZ]I 
THE IMAGINARY PARTS OF THE EIGENVALUES, OF WHICH T~E EIGEN
VECTORS ARE GIVEN IN THE CORRESPONDING COLUMNS OF ARRAY A• 
MUST BF. ~IVF.N IN ARRAY lHe 

PROCEDURES USEDt NONE. 

RUNNING TIME1 PROPORTIONAL TON* (N2 - Nl + l>o 

LANGUAGEI ALGOL 60. 

METHOD ANO PERFORMANCE• SEE REF [lle 

REFERENCES a 

[1].T.J. DEKKER AND We HOFFMANN. 
ALGOL 60 PROCIOURES IN NUMERICAL ALGEBRA, PART 2e 
MC TRACT 2~, 1968, MATH ■ CENTR., AMSTERDAM. 

EXAMPLE OF use, 
THE PROCEDURE COHSCL IS USED IN COMEIGl• SECTION 3e3ele2 ■ '-• 



(DECEMBER 1975) 

SUBSECTION r SCLCOMe 

CALLING SEOUENCE1 

T~E HEADING OF THE PROCEDURE READSt 
"PROCEOURE"SCLCOM(AR,AI,N,Nl,N2)1 
"VALUE"N•Nl,N?l"INTEGER"N•Nl,N21"ARRAY"AR,AII 
"CODE" 341601 

THE MEANING OF THE FORMAL PARAMETERS IS1 
AR,AII <ARRAY IDENTIFIER>s 

"ARRAY" AR,AI[l1N,NlaH2lJ 
ENTRYI 

PAGE 3 

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,R&SPECTIVELYI 
EXITt 
THE REAL PART ANO THE IMAGINARY PART OF THE MATRIX WITH 
SCALED COLUMNS ARE DELIVERED IN THE ARRAYS AR AND AI, 
RESPECTIVELYJ 

N,N1,N21<ARITHMETIC EXPRESSION>; 
N I ORDER OF THE MATRIXJ 
Nl,N2t THE Nl-TH TO N2-TH COLUMN VECTORS ARE TO BE 
SCALED. 

PROCEDURES USEDt COMCOLCST • CP34352• 

RUNNING TIMEt PROPORTIONAL TO N*(N2•Nl). 

LANGUAGEt ALGOL 60e 

EXAMPLE OF use, SEE EIGCOM (SECTION 3.3.2.2.2,. 



SOIIRCE TEXT(S) 1 

11cnoe 11 :!41931 

(DECEMBER 19751 

"COMMENT" MCA ?4231 
11 PROCEDURE 11 COMSCL<A• N• Nl• N2• IM)a 11 VALUE" N, Nl, NZ; 
"INTEGER" N• Nl, N21 "ARRAY" A• IM; 
"BEGIN" "INTEGER" I, J, Kl 

11 REAL 11 S, U• V• WJ 

HFOR 11 JI• Nl "STEP" l 11UNTIL 11 N2 11 00 11 

"BEGIN" SI• 01 11 IF 11 IM[~] A• 0 11THEN 11 

"BEGIN" ffFOR 11 I•• 1 11STEP 11 1 11UNTIL 11 N noon 
"BEGIN" U1• ACI,Jl •• 2 + ACI•J + ll •• 21 

11 IF" U > S "THEN" "BEGIN" SI• UJ Kl• I "ENO" 
"eND11 1 
11 IF" SA. 0 "THEN" 
11 9EGIN" VI• A[K.JJ / SI WI• - ACK•J + 11 / SJ 

"FOR 11 It• 1 11 STEP" 1 "UNTIL" N noon 
11 BEGIN 11 U1• AtI.JJI SI• ACI,J + l]J 

A[I.Jll• U • V S • WI 
ACI,J + 111• U * W + S • V 

11 EN0 11 

"END 11 a 
JI• J + 1 

11END" 
"ELSE" 
HREGIN 11 11 FOR 11 11• 1 11 STEP" 1 "UNTIL" N "00 11 

11 1F" ABS(AtI.Jl) > ABS(SJ 11THEN" SI• ACI•Jll 
"IF" SA. 0 "THEN" 
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"FOR" II• l "STEP" 1 "UNTIL" N "DO" ACI,Jlt• ACI,Jl / S 
"END" 

11END 11 

"END" COMSCLI 
11EOP 11 

ncnoe11 343601 
11 PROCEDURE 11 SCLCOMCAR, AI• N• Nl, N2JJ "VALUE" N, Nl• NZ; 
11 INTEGER 11 N, Nl• N2a "ARRAY" AR, AIi 
"BEGIN" 11 INTEGER 11 I, J, Kl 

"REAL" S, RI 
"PROCEDURE" COHCOLCST(L•U•J,AR.AI.XR,XI); 11CODE 11 343521 
11 FOR 11 JI• Nl "STEP" l "UNTIL" N2 11DO" 
"BEGIN" SI• 01 

11 FOR 11 II• 1 "STEP" l 11UNTIL" N "DO" 
11 BEGIN 11 Rt• AR[I,JJ •• 2 + AI[I,Jl •• 21 11 IF" R > S "THEN" 

"BEGIN" SI• RI Kt• I 11END" 
11END1t1 
11 IF" S A• 0 11 THEN" COMCOLCST<l, N, J, AR, AI, AR[K,Jl / 
S• - AHK.Jl / S) 

"END" 
11 END 11 SCLCOM: 

"EOP" 



SECTION 1 1.3.l (MAY 1974) 

AUTHORI C.G. VANDERLAAN. 

INSTITUTES MATHEMATICAL CENTRE• 

RECEIVF.DI 730A15. 

RRIEF DESCRIPTIONS 

THIS SECTION CONTAINS THREE PROECEDURESt 
COMABS CALCULATES THE MODULUS,OF A CO~PLEX NUMBER. 
COMSQRT CALCULATES THE SQUARE ROOT OF A COMPLEX NUMBER 

PAGE 1 

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

KEYWORD~, 

COMPLEX NUMBER. 
MODULUS. 
SQUARE ROOT. 
TRANSFORMATION. 
CARTESIAN COORDINATES. 
POLAR COORDINATES. 

SUBSECTION• COHABS. 

CALLING SEQUENCE• 

THE HEADING OF THE PROCEDURE READSs 
"REAL""PROCF.DURE"COMABS(XR,XI)I 
"VALUE"XR,Xll"REAL"XR,Xll 

COMABS DELIVF.RS THE MODULUS OF THE COMPLEX NUMBER XR +I• XII 

THE MEANING OF THE FORMAL PARAMETERS IS1 
XR,XIl<ARITHHETIC EXPRESSION>J 

F.NTRYtXR,XI ARE THE REAL PART AND THE IMAGINARY PART 
OF THE COMPLEX NUMBER,RESPECTIVELY. 

PROCEDURES USEDI NONE. 

LANGUAGES ALGOL 60. 



SECTION 1 1. 3.1 (HAY 1974) 

EXAMPLE OF llSEa 

"BEGIN" 
"REAL"11 PROCEDURE 11COMABS(XR•XI)J 
"C□ DEH34340; 

_OUTPUT(61,"( 11 "("THE MODULUS OF .3+.4•I EOUALS">"•-D.DD")", 
COMABS(.~ •• 4)) 

"END" 

THE MODULUS nF .3+.4•I EQUALS o.50 

SUBSECTION I CONSORT. 

CALLING SEOUENCE1 

THE HEADING OF THE PROCEDURE REAOS1 
"PROCEOURE"COMSORT(AR.AI.PR.PI)J 
11 VALUE"AR.Ail"REAL 11AR.AI.PR.PII 

THE MEANING OF THE FORMAL PARAMETERS ISI 
AR.AI1<ARITHMETIC EXPRESSION>1 

ENTRYIAR.Al ARE THE REAL PART AND THE IMAGINARY PART 
OF THE COMPLEX NUMBER.RESPECTIVELYJ 

PR.PI;<VARIABLE>; 
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EXITITHE REAL PART AND THE IMAGINARY PART OF THE SQUARE ROOT 
ARE DELIVERED IN PR ANO PI,RESPECTIVELYe 

PROCEDURES USED• NONE. 

LANGUAGEI ALGOL 60. 

METHOD AND PERFORMANCE• 

THE REPRESENTATION OF THE RESULTING COMPLEX NUMBER IS CHOSEN SUCH 
THAT ITS REAL PART IS NONNEGATIVEJTHE PROCEDURE IS PROTECTED 
AGAINST INTERMEDIATE OVERFLOW. 

EXAMPLE OF USE1 

11 8EGIN 1111 REAL 0 R,II 
"PROCEDURE 11COMSORT(AR.AI,PR,PI); 
11CODE 11 343431 
COMSORT(•3•4•R•I>; 
OUTPUTf61, 11 ( 11 H( 11 T~E SOUARE ROOT OF •3+4•I IS")"••D.DO,+D.DD, 11 ("*1 11 ) 11 

11 t 11.R.I>I 

THE SOUARE ROOT OF •3+4•I IS 1.00+2.oo•I 



SECTION 1 1.;i.1 (MAY l<n4) 

SURSECTION I CARPOL. 

CALLING SEOUENCEt 

TH~ HEADING OF THE PROCEDURE READS• 
"PROCEOURE"CARPOL(AR,AI,R,C,S); 
"VALUE"AR,AI1"REALHAR,AI,R,C,SI 

THE MEANING nF THE FORMAL PARAHfTERS ISt 
AR,Ait<ARITHMETIC EXPRESSION>; 
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ENTRY1AR,AI ARE THE REAL PART AND THE IMAGINARY PART OF THE 
COMPLEX NUMBER ,RESPECTIVELYI 

R,C,S1<VARIABLE>1 
EXITtTHE MODULUS OF THE COMPLEX NUMBER IS DELIVERED IN R 

ANO THE COSINE ANO THE SINE OF THE ARGUMENT ARE 
DELIVERED INC AND S,RESPECTIVELYJ 
WHEN AR•AI•O THEN Ct•l ANO Rl•St•O• 

PROC£DURES USED& NONE. 

LANGUAGES ALGOL 60. 

EXAMPLE OF use, 
"8EGIN""REAL"R,C,S; 
"PROCEDURE"CARPOLCAR,AI,R,C,S)I 

"COOEH343441 
CARPOL(.3,.4,R,C,S); 
OUTPUTf61,"(""("THE POLAR COORDINATES OF e3+e4*1 ARE•">",/, 

"l"MOOULUSt"l",-DeDD,/, 

"END" 

"("COSINE OF ARGUMENTt")",-DeDD,/, 
"("SINE OF ARGUMENT•">",-0.DD">",R,C,S> 

THE POLAR COORDINATES OF e3+e4*I AREi 
HODU LIJS I IQ• 51() 
COSINE OF ARGUMENTI Oe60 
SINE OF ARGUMENT• o.ao 



Sf!CTION t 1.3.l 

SOURCE TEXT(S)I 

IICODE"343401 

(IUY 1974) 

"REAL" "PROCEDURE" COHA8S(XR,XI)l"VALUE 11 XR,XIJ 11REAL" XR,XIJ 
"BEGIN" XRI• ABS(XR)J XII• ABSCXI)I 
CONABSI• 11 IF 11 XI > XR "THEN" SQRT((XR/XI>••2+l)*XI 
11ELSE 11 11 IF" XI• 0 11 THEN" XR "ELSE 11 SQRT((XI/XR>••Z+l)*XR 
"END 11 CONABSI 

11EOP 11 

11CODE"343431 
11 PROCEDURE 11 COMSORT(AR,AI,PR,PI)I 
11VALUE 11 AR,AIJ "REAL" AR,Al,PR,Pii 
11 IF 11 AR•O £ AI• 0 11THEN" PRI• Pil•O "ELSE" 
"BEGIN" "REAL" BR,BI,HI 
BRI• ABS(AR)S BII• ABS(AI)J 
Ht• 11 IF" BI< BR "THEN" 
(HJFN BR<l ttTHEN11 SORT((SQRT(CBI/BR)**2+1)*•5+e5)•BR) 
"ELSE 11 SQRT((SORT((Bl/BR>**2+1>••12S+.125)*BR)+2) 
11fLSE" 11 IF 11 BI<l 11THEN 11 SORT((SORT((BR/BI>••Z+l)*BI+BR)+Z)+o5 
"ELSE" ttif" BR+l• 1 "THEN" SORT(BI+.5) 
11ELSE 11 SQRT(SORT((RR/BI>++2+l)+BI+.125+BR•.125)+2J 
11 IF 11 AR> ■ 0 ~THEN 11 

118EGIN 11 PRI• H; PII• AI/H+.5 11ENDtt 
11ELSE 11 "BEGIN" PI•• 11 IF" AI>■~ "THEN" H "ELSE" -HI 
PRI• BI/H+.5 
11END 11 

"END 11 COMSQRT; 
11 EOP 11 

"C0DEH343441 
11 PROCEOURE"CARPOLCARAAI,R,C,S); 
"VALUE" AR,AII "REAL" AR,AI,R,c,s, 
"If 11 AR•O&AI•O "THEN 11 

11 8EGIN 11 Ct ■ l;Rt•S••~ 11 END 11 
11ELSE 11 "BEGIN" 

R1 ■ nzfn ABSCAR)>ABS(AI) 11THEN 11 

ABS(AR)*SORT(l+CAI/AR)++Z) 
11ELSE 11 ABSCAI)* SORTfl+(AR/AI)++2)J 
Ct•AR/R1S1•AI/R 

HENDHCARPOL; 
11 EOPII 

PAGE 4 



SECTION I 1.1.l (MAY 1Q74) 

AUTHORI C.G. VANDERLAAN. 

INSTITUTE• MATHF.HATICAL CENTRE. 

RECEIVEDt 73~815. 

BRIEF DESCRIPTIONI 

THIS SECTION CONTAINS TWO PROCEDURES I 
COMMUL CALCULATES THE PRODUCTiOF TWO COMPLEX NUMBERS. 
CO~DIV CALCULATES THE QUOTIENT OF TWO COMPLEX NUMBERS. 

KEYWORDS I 

COMPLEX MULTIPLICATION. 
COMPLEX DIVISION. 

SUBSECTION CDMHUL. 

CALLING SEOUENCEt 

THE HEADING OF T~E PROCEDURE READSt 
"PROCEDURE"COMMUL(AR,AI,BR,BI,RR,RI)I 
"VALUE"AR1AI,BR,BI1"REAL"AR,AI,BR,BI,RR,RII 

THE MEANING OF THE FORMAL PARAMETERS ISt 
AR,AI,BR.Bit<ARITHHETIC EXPRESSION>J 

PAGE l 

ENTRYtAR,SR ARE THE REAL PARTS OF THE COMPLEX 
NUMBERS AND AI,Bl ARE THE IMAGINARY PARTS OF 
THE COMPLEX NUMBERS; 

RR,Rlt <VARIABLE>1 
EXITITHE REAL PART AND THE IMAGINARY PART OF THE 

RESULTING COMPLEX NUMBER ARE DELIVERED IN RR ANO 
RI,RESPECTIVELY. 

PROCEDURES USEDI NONE. 

LANGUAGEt ALGOL 60. 



SECTION t 1.3.2 

EXAl'IPLE OF USEt 

"BEGIN""REAL"R•II 

<DECEMBER 1975) 

"PROCEOURE"COHHUL (AR.AI.BR.BI.RR.RI); 
11CODE"3434U 
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COMHUL(el,e2,.3 •• 4.R,I)J 
OIJTPUT(61,"(""f"(•l+.2•I>•<•3+.4•I>•">"••DeDD,+DeDD•"<"•I")"">",R,I 
"ENO" 

SURSF.CTION I COMOIV. 

CALLING SEQUENCE• 

THE HEADING OF THE PROCEDURE READS• 
~PROCEDURE"COMOIV(XR,XI,YR•YI.zR.ZI); 
"VALUE"XR,XI,YR,Yil"REAL"XR•XI•YR•YI,ZR,ZII 

THE MEANING OF THE FORMAL PARAMETERS ISt 
XR,XI.VR0YI1<ARITHMETIC EXPRESSION>J 

ENTRYtXR.YR ARE THE REAL PARTS OF THE NUMERATOR 
ANO THE DENOMINATOR.RESPECTIVELY ANO XI•YI ARE 
THE CORRESPONDING IMAGINARY PARTS; 

ZR,1I1 <VARIABLE>; 

RUNNING TIME 1 

EXITtTHE REAL PART ANO THE IMAGINARY PART OF THE 
RESULTING COMPLEX NUMBER ARE DELIVERED IN RR 
ANO RI,RESPECTIVELY. 

AT MOST SIX MULTIPLICATIONS ANO/OR DIVISIONS ARE USED. 

LANGUAGE• ALGOL 60. 

METHOD AND PERFORMANCE• 

THE PROCEDURE IS NOT PROTECTED AGAINST DIVISION BY ZERO. 



~FCTI □N I le3e? (MAY 1974) 

EXAMPLE OF use, 

"BEGIN""REAL"R•II 
"PROCEDURE"COHDIV(XR.XI.YR,YI,ZR,ZI); 
"CODE"34l421 
COMDIV(-.os,.1 •• 1,.2.R.I); 
OUTPUT(61,"(""("(•a05+.1•IJ/(el+a2*I>•">",•DaDO,+D.DD,"("*I">"")" 

,R,I) 
11ENO" 

SOURCE TEXT(S)I 

"CODE"343411 
"PROC!OURE" COHMUL(AR.AI•BR•BI•RR,RI)J 
"VALUE" AR,AI.BR,BII "REAL" AR,AI,BR,BI,RR,RII 
"BEGIN" RRI• AR• BR - AI* BIS 
RII• AR* BI+ AI* BR 
"ENO" COHl"ULI 

11EOP" 

11CODE"343421 
"PROCEDURE" COMOIV(XR.XI,YR,YI,ZR,ZIJI 
"VALUE" XR,XI,YR,Yll"REAL" XR.XI,YR,YI,ZR,ZIJ 
"BEGIN" "REAL" H,DI 
"IF" ABS(VI) < ABS(VR) "THEN" 
11BEGIN" "IF" YI• 0 "THEN" 
"BEGIN" ZRt• XR/YRI Zit• XI/YR "END" "ELSE" 
"BEGIN" Ha ■ YI/YR; Ot• H+YI + YR; 
lRI• (XR + H * XI)/0~ ZI•• (XI•H•XR)/D 
"END" 
"END" "ELSE" 
11 BEGIN" HI• YR/YII DI• H+YR + YII 
ZRa ■ (XR*H + XI)/01 Zit• (XI•H • XR)/0 
"END" 
"END" COHDIV1 

"EOP" 
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SECTION I l ■ 4 (OCTOBER 1974) 

AUTHOR& HeJeJ• TE RieLEe 

INSTITllTEa MATHEMATICAL CENTRE. 

RECEIVEOt 7401251 REVISEDt 7405141 

BRIEF DESCRIPTION& 

THIS SECTION CONTAINS A SET OF FIVE PROCEDURES FOR 
THE BASIC ARITHMETIC OPERATIONS WITH LONG INTEGERSt 

PAGE 1 

LNG INT ADD EXACTLY COMPUTES THE SUM OF TWO NONNEGATIVE INTEGERSe 
LNG INT SUBTRACT EXACTLY COMPUTES THE DIFFERENCE OF TWO NONNEGATIVE 
INTEGERS. 
LNG INT HULT EXACTLY COMPUTES THE PRODUCT OF TWO NONNEGATIVE 
INTEGERS ■ 
LNG INT DIVIDE EXACTLY COMPUTES THE QUOTIENT WITH REMAINDER OF TWO 
NONNEGATIVE INTEGERS. 
LN~ INT POWER EXACTLY COMPUTES U••POWER, 
WHERE UIS A NONNEGATIVE LONG INTEGER ANO POWER IS THE 
POSITIVE (SINGLE•LENGTH) EXPONENT. 

KEYWORDS a 

LONG INTEGER ARITHMETIC, 
ADDITION• 
SUR TRACTION, 
KUL TIPLICATION, 
DIVISION WITH RE~AINDER, 
EXPONENTIATION. 



SECTION 1 1.4 (OCTOBER 1974) 

SUBSECTION I LNG INT ADDe 

CALLING SEQUENCE I 

THE HEADING OF TH! PROCEDURE READS1 
"PROCEDURE" LNG INT ADD(U,V,SUM); 
"INTEGER" "ARRAY" U,V,SUNI 

THE MEANING OF THE FORMAL PARAMETERS ISI 
U,V,SUMt <ARRAY IDENTIFIER>J 

"INTEGER" "ARRAY" UCOIU[Oll, V[OIV[Oll, 
SUN(Ol"AX(U[Ol,V[OJ)+l]I 

BEFORE THE CALL OF LNG INT ADD, U AND V MUST 
CONTAIN THE LONG INTEGERS TO BE ADDED; 
AFTER THE CALL, SUH CONTAINS THE MULTI-LENGTH 
SUH OF U AND V, WHILE U AND V REMAIN UNCHANGED. 

PROCEDURES USED I NONE. 

RF.0UIRF.D CENTRAL MEMORY I 

EXECUTION FIELD LENGTH I 7. 

RUNNING TINE I 
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WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE 
CD CYBER 73-28 COHPUTERI THE RELATIVE PRECISION OF THE 
COEFFICIENTS IS AT HOST ONE OR TWO DIGITS• 
.1o•HAX(U[Ol,V[oj) + .o6•HIN(U[Ol,V[0]) + .,6. 

LANGUAGE a ALGOL 60. 

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

EXAMPLE OF USE I SEE LNG INT POWER (THIS SECTION). 



SECTION 1 1.4 (OCTOBER 1974) 

SU8SECTIDN t LNG INT SUBTRACT. 

CALLING SEQUENCE t 

THE HEADING OF THE PROCEDURE READS 1 
"PROCEDURE" LNG INT SUBTRACT cu.v,DIFFERENCE)J 
"INTEGER" "ARRAY" u.v,OIFFERENCEJ 

THE MEANING OF THE FORMAL PARAMETERS ISI 
o.v.oIFFERENCEI <ARRAY IDENTIFIER>J 
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"INTEGER" "ARRAY" U[OIU[Oll•V[OIV[Oll.OIFFERENCECOtU[011; 
BEFORE THE CALL OF LNG INT SUBTRACT, U ANO V MUST 
CONTAIN THE LONG INTEGERS TO BE SUBTRACTEOCV FROM U); 
AFTER THc CALL, DIFFERENCE CONTAINS THE MULTI•LENGTH 
DIFFERENCE u-v, IF u<v THEN OIFFERENCE[Ol•O 
IS OF.LlVEREDI U AND V REMAIN UNCHANGED. 

PROCEDURES USED I NONE. 

REQUIRED CENTRAL HEMORYt 

EXeCUTION FIELD LENGTH I 7. 

RUNNING TIME I 

WE GIVF. A FORMULA FOR THE RUNNING TIME IN MILLISECONDS 0111 THE 
CO CYBER 73-28 COMPUTERI THE RELATIVE PRECISION OF THE 
COEFFICIENTS IS AT MOST ONi OR TWO DIGITS• 
.1o•uco1 + .~6•vcc1 + .64. 

LANGUAGE I ALGOL 60e 

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

EXAMPLE OF USE t SEE LNG INT POWER (THIS SECTION>. 



SfCTION t 1.4 <OCTOBER 197.ft I 

SUBSECTION a LNG INT MULTe ' 

CALLING SEQUENCE t 

THE HEADING OF THE PROCEDURE READS: 
"PROCEDURE" LNG INT MULT(U,V,PRODUCT)J 
"INTEGER" "ARRAY" U,V,PROOUCTI 

T~E MEANING OF THE FORMAL PARAMETERS ISt 
U,V,PROOUCTI <ARRAY IDENTIFIER>r 

"INTEGER" "ARRAY" UCOIU[Oll, V[OIV[OJl, 
PRODUCT[01U[Ol+V[Ol]J 

BEFORE THE CALL OF LNG INT HULT, U ANO V MUST 
CONTAIN THE LONG INTEGERS TO BE MULTIPLIEDI 
AFTER THE CALL, PRODUCT CONTAINS THE MULTI-LENGTH 
PROOIICT OF U ANO V, WHILE U ANO V REMAIN UNCHANGED. 

PROCEDURES USED I NONE. 

REQUIRED CENTRAL MEMORY I 

~XECUTION FIELD LENGTH a 7e 

RUNNING TIME 1 

PAf.E 4 

WE GIVE A FORMULA FOR THE RUNNING TINE IN MILLISECONDS ON THE 
CO CYBER 73-28 COMPUTERJ THE RELATIVE PRECISION OF THE 
COEFFICIENTS IS AT MOST ONE OR TWO DIGITS• 
.1s•uco1•vco1 + .15•uco1 + .06•vco1 + .46. 

LANGUAGE I ALGOL 60. 

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

EXAMPLE OF USE I SEE LNG INT POWER (THIS SECTION). 



SFCTION 1 1.4 (MARCH 1977) 

SUBSECTION I LNG INT DIVIDE. 

CALLING SEOUENCE 1 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNG INT OIVIDE(u.v.ouoTIENT.REMAINDER)J "VALUE" u, 
"INTEGER" "ARRAY" u.v.oUOTIENT.REHAINDERJ 

THF. MEANING OF THE FORMAL PARA~ETERS !SI 
t,.v.ouoTIENT.REHAINDERI <ARRAY IDENTIFIER>J 

"INTEGER" "ARRAY" U[OIU[Oll, V[OtV[Oll• 
0UOTIENT[OIU[O]-V[O]+ll• REMAINDER[OIV[OllJ 
BEFORE THE CALL OF LNG INT DIVIDE, ll MUST CONTAIN THE 
DIVIDEND, V THE DIVISOR(V A• 0)1 
AFTER THE CALL, THE RESULTS OF THE LONG DIVISION 
OF IJ BY V <I.E. U//V ANO U-U//V> ARE STORED INTO 
OUOTIENT AND R~MAINDERt U AND V REMAIN UNCHANGED. 

PROCEDURES USED I NONE. 

REOUIRED CENTRAL MEMORY a 

11 +UCO]+ (IF VCOJ•l OR UCO]<V[Ol THEN O ELSE VCOl+l>, 

RUNNING TIME I 

WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE 
CO CVBER 73-28 COHPUTERJ THE RELATIVE PRECISION OF THE 
cnEFFICIFNTS IS AT MOST ONE OR TWO DIGITSI 
IF VdOl•l THEN le34*UCO] + ■ 67) ELSE IF Vtll > ■ 5 000 000 THEN 

(.26*DIFF•VtO] + .57•DIFF + .1o•vco1 + 1.ij) 
ELSE < ■ 27*DIFF*VCOl + e66*DIFF + e66*VCOl + 2 ■ 0> 

CHERE DIFF•UCOl•VCOl+l, I ■ E• THE NUMBER OF EXECUTIONS 
OF THE STATEMENT• IN WHICH DIVISION OF A (VCO]+l)•PLACE 
NUMBER BY A V[Ol-PLACE NUMBER IS PERFORMED). 

LANGUAGE I ALGOL 60. 

METHOD ANO PERFORMANCE I SEE LNG INT POWER (THIS SECTION). 

EXAMPLE OF USE a SEE LNG INT POWER (THIS SECTION). 



SECTION 1 1e4 (OCTOBER 1974) 

SUBSECTION I LNG INT POWER. 

CALLING SEQUENCE a 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNG INT POWER(U,EXPONENT,RESULT)I 
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"VALUE" EXPONENTJ "INTEGER" EXPONENT; "INTEGER" "ARRAY" U,RESULTJ 

THE MEANING OF THE FORMAL PARAMETERS IS• 
EXPONENTt <ARITHMETIC EXPRESSION>f 

THE fPOSITIVE) POWER TO WHICH THE LONG INTEGER U 
WILL BE RAISED; 

U,RESULTI <ARRAY IDENTIFIER>; 
"INTEGER" "ARRAY" U[OIU[Oll, RESULTC01UCOl•EXPONENTl1 
BEFORE THE CALL OF LNG INT POWER, 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••EXPONENTJ U REMAINS UNCHANGED. 

PROCEDURES USED 1 

lNG INT MULT • CP31202e 

REOUIRED CENTRAL MEMORY 1 

EXECUTION FIELD LENGTH 1 4 + 3 • (UC~l •EXPONENT+ 1>. 

RUNNING TINE I 

FOR THIS PROCEDURE THE TIME FORMULA IS A COMPLICATED FUNCTION OF 
U[Ol, EXPONENT AND THE NUMBER OF ONES IN THE BINARY REPRESENTATION 
OF EXPONENT, 8UT ROUGHLY THE TIME IS OF THE ORDER I 
CUfO>•EXPONENT>••z>. 
TWO TESTCASES 1 
EXPONENT TIHE(IN sec., FORI 

U[0l•l U[Ol•2 
20 .04 .10 
40 .13 .34 

100 .68 1.94 
300 5.48 16.6 
5!00 16.8 ,1.,0 



SECTION I le4 

LANGUAGE t ALGOL 60. 

METHOD ANO PERFORMANCE• 

DEFINITION I 

<OCTOBER 1974> 

A LONG INTEGER OF LENGTH N, OR ANN-PLACE INTEGER 
(N>O) IS ANY NONNEGATIVE INTEGER LESS THAN BASE••N, 
ANO GREATER THAN OR EQUAL TO BASE••<N-1>, WHERE BASE 
IS THE (POSITIVE) RADIX OF THF. POSITIONAL NOTATION, IN 
WHICH THE INTEGERS ARE EXPRESSED. 
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ALL FIVE PROCEDURES USE THE BASE 10 000 ooor THIS IS THE LARGEST 
POWER OF 10, THE SQUARE OF WHICH CAN BE REPRESENTED EXACTLY 
ON THE CD CYBER 73-28 COMPUTER. IF o~e WANTS TO USE THE 
PROCEDURES WITH ANOTHER VALUE OF THE BASE, SAY R (NOT 
NECESSARILY A POWER OF 10>, THEN IN THE SOURCE TEXTS OF THE 
PROCEDURES THE NllNBER lliJ 00'0 i(i()IO HAS TO BE REPLACED BY R 
(8 TINES IN LNG INT ADO, 

2 TIMES IN LNG INT SUBTRACT, 
2 TIMES IN LNG INT HULT AND 

16 TIMES IN LNG INT DIVIDE). 
MOREOVER• IN LNG INT DIVIDE THE NUMBER 9 999 999 HAS TO BE 
REPLACED BY THE NUMBER R - le 

IF A[ll, ACZl, •••• A[Nl ARE THEN "DIGITS" OF THE LONG 
INTEGER HOF LENGTH N (ACll A• 01, THEN 

ACCORDINGLY, A LONG INTEGER M OF LENGTH N ALWAYS WILL 
BE STORED INTO A CORRESPONDING "INTEGER" "ARRAY" A, 
THE LENGTH N WILL BE STORED INTO THE ARRAY ELEMENT AC~]. 

FOR THE METHOD OF THE PROCEDURES LNG INT ADO, LNG INT SUBTRACT, 
LNG INT HULT ANO LNG INT DIVIDE, SEE [11 PPe229-248lJ 
PROCEDURE LNG INT POWER USES THE BINARY METHOD FOR 
EXPONENTIATION (SEE Cl; PPe398-'ilOll). 

REFERENCES I 

[lle DONALD E. KNUTHe 
THE ART OF COMPUTER PROGRAMMING, VOLUME 2/ 
SEMINUMERICAL ALGORITHMS. 
ADDISON-WESLEY PUBLISHING COMPANY, 1969. 
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EXAMPLE OF USEI 

"RF.GIN" 
"PROCEDURE" LNG INT ADD(U,V,SUM)J "CODE" 31200J 
"PROCEDURE" LNG INT SUBTRACT(U,V,DIFFERENCE)I "CODE" 312011 
"PROCEDURE" LNG INT NULTCU,V,PRODUCT)I "CODE" 312021 
"PROCEDURE" LNG INT DIVIDECU,V,QUOTIENT,REMAINDER)l"CODE" 31203; 
"PROCEDURE" LNG INT POWER W,EXPONENT,RESUL T> I 11CODE 11 312O.ftl 

"PROCEDURE" OUT(A)J "INTEGER" "ARRAY" AJ 
11 BEGIN" "INTEGER" I,L; Li ■ ACOll 

OUTPUT(61, 11 ("86ZD,(B7D) 11 )",(A[I],II• 11L))I 
OUTPUT(61,"("I")"> 

"END" OUTI 
11 INTEGER" 11 ARRAY" IJ,- V, Rl, R2CIO lllOIOll 

U[Olt•51 ll[lll•~33; UC2l1•UC3]1 ■UC1t]1 ■U[5]1 ■7 000 OOfH OIJT(U)I 
VCO]l ■ Z; VC1l••4 444; VC2]1 ■ 4 444 444; OUT(V); 

LNG INT ~0D(U,V,Rl)I OUT(Rl)I 
LNG INT SUBTRACT(U,V,Rl)I OUT(Rl)I 
LNG INT HULT(U,V,Rl); OUT(Rl); 
LNG INT DIVIDECU.V,Rl,R2)1 OUT(Rl)I OUT(R2)1 
LNG INT POWER(V,5,Rl)I OUT(Rl) 

"END" 

DELIVERS a 
333 7000000 7000000 7000~~0 7IO~i0!000 

.ft44lt 44lt4444 
333 7000000 700000~ 7004445 14441t44 
333 7000000 7000000 6995556 2555556 

llt8~111 111.ft073 9114221 9114221 9111110 8000000 
750825 0001650 0826575 

734 0700700 
17341 5299149 6553709 6327185 8964586 9972395 8069589 6628224 



SECTION I 1.4 

SOURCE TEXT(S)a 

11CO0E 11 31200 I 

(OCTOBER 1974) 

11 PROCE0URE 11 LNG INT AD0CU,V,SUM); "INTEGER""ARRAY" U,V,SUM; 
11 BEGIN" 11 INTEGER 11 LU,LV,DIFF,CARRY,I,T,MAXI 

LUl•U[0ll LVl•V[0]I 
IIIFII LU>• LV "THEN" 
11 BEGIN 11 MAXl•LUt 0IFFl•LU - LV + 1; CARRYs ■OJ 

11 FOR" It•LU 11STEP 11 -1 "UNTIL" DIFF "0011 
11 BEGIN" Tl•Util + VCI-DIFF+ll + CARRY; 

CARRYl• 11IF 11 T<14 00~ i0()4 11 THEN 11 0 11ELSE 11 11 
SUM[Ilt•T •CARRY• 10 000 000 

11f!N0 11 J : 

HF0R" Ia•DIFF - 1 "STEP 11 •1 "UNTIL 11 1 11 00 11 
11REGIN 11 Tl•U[Il + CARRYI 

CARRYl•11 IF" T<lo 000 000 11 THEN 11 0 11ELSE" 11 
SUMCilt•T - CARRY• 10 O~Q ~~~ 

"END 11 

IIF.ND" 111:LSE" 
11 8EGIN 11 MAXl•LV; 0IFFt•LV - LU+ 11 CARRYt•OI 

11 F0R 11 It•LV 11STEP" -1 11UNTIL 11 DIFF 110011 

11BEGIN11 Tl•VCI] + UCI-DIFF+ll + CARRYI 
CARRYt• 11 IF 11 T<l~ 00!0 COO "THEN 11 ~ 11 ELSE 11 11 
SUH[Ilt•T - CARRY• 10 000 000 

11 END"I . 
IIF0R 11 Is•0IFF - 1 HSTEP 11 -1 11 UNTIL" 1 110011 
"REGIN 11 Tt•VCil + CARRYI 

CARRYt• 11 IF" T<l0 000 000 "THEN 11 0 11 ELSE 11 lJ 
SUMCilt•T - CARRY• l~ ieroO ~~0 

11EN0 11 

"EN0IIJ 
"lF 11 CARRV ■l 11 THEN 11 

11 Bf.GIN 11 11 F0R 11 It•HAX 11STEP" -1 11UNTIL 11 l 11 D011 

SUMCI+lll•SUMCIJ; SUMCll••lJ MAXl•MAX + l 
11END"; 
SUM[0ll•MAX 

11END 11 LNG INT A00J 
11 EOP 11 
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SECTION t le4 (OCTOBER 1974) 

11 CODE 11 312011 
"PROCEDURE" LNG INT SUBTRACT(U,V,DIFFERENCE)I 
"INTEGER""ARRAY" u.v,DIFFERENCEJ 
"BEGIN""INTEGER 11 LU,LV,DIFF,I,T,J,CARRY; 

LUl•UCOJI LVa•VCO]I 

PAGE 10 

"Iftt LU<LV "OR" LU•LV "AND" UCll<VCll HTHEN" DIFFcRENCE[OJ••O "ELSE" 
11 Bf.GIN" DIFFt•LU - LV + 11 CARRYl•O; 

8 FOR" ll•LU "STEP" -1 "UNTIL" DIFF "DO" 
"BEGIN" Tt•UCil - VCI-DIFF+ll + CARRYI 

CAPRY1 •"IF" T<IO "THEN" -1 "ELSE 11 'O: 
DIFFERENCE[IJl•T - CARRY• 10 000 000 

ttfNOHt 
11 FOR 11 I1•0IFF - l 11STEP" -li"UNTIL 11 l "0011 

8 BfGIN" Tt•UCI] + CARRYJ CARRYl•"If" T<O "THEN" -1 "ELSE" 01 
DIFFERENCECI]l•T - CARRY• 10 000 000 

11 END"; 
"IF" CARRY•-1 "THEN" 
"BEGIN" OIFFERENCECOJt•OJ "GOTO" READY "ENO"; 
It•lll Jr•LU; 
"FOR" Ia•I+l "WHILE" DIFFERENCECIJ•O "AND" J>l "DO" Jl•J•lJ 
DIFFERENCE[Oll•JJ 
"IF 11 J<LU "THEN" 
"FOR" I1•l "STEP" 1 "UNTIL" J "00 11 

DIFFF.RENCE[Ilt•DIFFERENCECLU+I-Jl 
11£NDH; 
REAOYI 

"fND 11 LNG INT SUBTRACTJ 
"EDP" 

"CODE" 31ZI02; 
"PROCEDURE" LNG INT MULT(U,V,PROOUCT)I 
"INTEGER""ARRAY" U,V,PRODUCTJ 
"BF.GIN""INTEGER" LU,LV,LUV,I,J,CARRY,T; 

LUt•UCOJI LVl•VCO]I LUVt•LU + LVI 
"FOR" Il•LU + 1 "STEP" 1 "UNTIL" LUV noon PRODUCTCI]a ■O; 
"FOR" Jt•LU 11STEP 11 -1 "UNTIL" 1 "0011 

"BEGIN" CARRYt•01 
"FOR" I••LV "STEP" •l "UNTIL" 1 "00" 
11 BEGIN" Tt•UtJJ • VCil + PROOUCTCJ+Il + CARRYJ 

CARRYl•T//10 000 0001 PRODUCT[J+I11•T - CARRY• 10 000 000 
11eNOt11 PROOUCT[Jlt•CARRY 

"ENOII; 
"IF" PRODUCT[ll•O "THEN" 
"BEGIN" "FOR" I1•2 "STEP" 1 "UNTIL" LUV 11 DO" 

PRODUCT[I-lla•PRODUCTCil; LUVt•LUV - 1 
"END"I PROOUCT[Oll•LUV 

"END" LNG INT MULT; 
"EDP" 
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"CODE 11 ~12031 
"PROCEDURE" LNG INT OIVIOE(U,V,OUOTIENT,REMAINOER)S "VALUE" Ut 
"INTEGF.R""ARRAY" U,V,0UOTIENT,REHAINDER; 
"BEGIN" 11 INTEGER 11 LU,LV.Vl,DIFF,I,T.SCALE.O,ol.J,CARRYt 

LU1•U[Ola LVl•VCO]B Vlt•V[l]J OIFFt•LU - LVJ 

"IF" LV•l "THEN" 
"BEGIN 11 CARRYl•IO; 

"FOR" It•l "STEP" 1 "UNTIL" LU noon 
"BEGIN" Tl•CARRY * 10 000 000 + U[I]J OUOTIENT[I]l ■ T//Vl; 

CARRYl•T - QUOTIENT[IJ • Vl 
"END 11 3 REMAINDERCO]l•ll REMAINDER[l]l•CARRYI 
"IF" QUOTIENTCll•O "THEN" 
"REGIN" "F0R 11 I1 ■2 "STEP" 1 "UNTIL" LU 110011 

0UOTIENTCI-1Ja•OUOTIENT[Ill 
QUOTIENT[Oll•LU - ("IF" LU•l "THEN" 0 "ELSE" lJ 

"~ND" "ELSE" 0UOTIENTC~ll•LU 
11END" LV•l 
"ElSf 11 

"IF" LU<LV 11 THEN" 
"BEGIN" QUOTIENT[Oll•lJ OUOTIENT[l]l•OJ 

"FOR" I1•0 "STEP" 1 "UNTIL" LU noon REHAINDERCIJ1•U[Il 
11 END 11 LIJ<LV 
11ELSE" 

"BEGIN""INTEGF.R 11 "ARRAY" ACOtLVJ; 
SCALE••ro ~00 000//(Vl+l)J 
"IF" SCALE>l "THEN" 
"BEGIN""COHHENT" NORMALl7E U; CARRYl•OJ 

"FOR 11 I1•LU "STEP" -1 HIJNTIL 11 1 "00" 
"8EGIN 11 Tt•~CALE * U[IJ + CARRYI CARRYl•T//10 000 000; 

UCill•T - CARRY* 10 000 000 
"END"; UC-Oll•CARRY; 
11COHHENT" NORMALIZE VJ CARRYt•OI 
ttFOR" Is•LV "STEP" -1 "UNTIL" 1 noon 
"REGIN" Ti•SCALE * VCil + CARRYt CARRYt•T//110 40!0 OOOJ 

Vtllt•T - CARRY* 10 000 000 
"END"t Vll •VCll 

11 END" NORMALIZATION 

PAGE 11 

"ELSE" U[Ola•OI "COMMENT" 
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"COMMENT" COMPUTE QUOTIENT AND REMAINDER; 
HFOR" II•~ "STEP" l "UNTIL" DIFF noon 
"BEGIN" Dt•UCil • 10 000 000 + U(I+lll 

0ll•"IF" U[Il•Vl "THEN" 9 999 999 "ELSE" D//Vll 
"IF" V[2] * 01 > co-01•v1, * 10 IOiO:O 000 + U[I+2] "THEN" 
"BEGIN" 011•01 - 11 
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"IF" vr21•0l>(D-01•v1>•10 000 OOO+U[I+Zl "THEN" 011 ■01-1 
"END"; 

"CO~MENT" U[IIT+LV]l•U[I1I+LV1 - 01 • vr11LVl1 
CARRYt•OI 
"FOR" Jl•LV "STEP" -1 "UNTIL" 1 noon 
"BEGIN" Tl•01 * VCJl + CARRYJ CARRYl•T//10 000 0001 

A[J]l ■ T •CARRY* 10 000 000 
"ENOH; A[~]l•CARRY; 
CARRYt•OI 
"FOR" Jl•LV "STEP" -1 HUNTIL" 0 noon 
"REGIN" Tt•UCI+Jl - ACJl + CARRY; CARRYt•"IF" T<!O "THEN" -1 

"ELSE" 01 U[I+Jlt•T - CARRY• 10 000 ObO 
"END"; 

"COMMENT" IF CARRY•-1 THEN 01 IS ONE TOO LARGE• 
AND V MUST BE ADDED BACK TO UCitI+LVll 
"IF" CARRY-1 "THEN" 
"BEGIN" 011•01 - 11 CARRYl ■O; 

"FOR" Jt•LV "STEP" •l "UNTIL" 1 "DO" 
"BEGIN" Tt•UCI+Jl + VCJ] + CARRYI CARRYt•"IF" T<lO 000 000 

"THEN" 0 "ELSE" 11 UCI+Jll•T - CARRY* 10 000 000 
"END" 

"ENO"I OUOTIENT[Ilt•Ol 
"END" II 

"COMMENT" CORRECT STORAGE OF QUOTIENTS 
"IF" OUOTIENT[O] A. 0 "THEN" 
"BEGIN" "FOR" I••DIFF "STEP" •1 "UNTIL" 0 noon 

OUOTIENT[I+llt•OUOTIENTCIJ; OUOTIENTCOJl•DIFF + 1 
"END" "ELSE" 
"IF" 0UOTIENT[ll A• 0 "THEN" OUOTIENT[Olt•OIFF "ELSE" 
"8EGIN" "FOR" 11•1 "STEP" 1 "UNTIL" DIFF - 1 "DO" 

OUOTIENT[Ilt•OUOTIENTCI+llJ QUOTIENT[Olt•DIFF - l 
Hf!NOH; 
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HCOMMENT 11 REMAINDER I• UCDIFF+l1LUl//SCALE; 
"IF 11 SCALE>l "THEN" 
"BEGIN" CARRYt•OI 

"FOR" It•l "STEP" 1 "UNTIL" LV "DO" 
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; 

11 BEGIN 11 Tt•CARRY * liO I0,04 i()!QIO + UCDIFF+IJ; 
REMAINOER[Ilt•T//SCALEI CARRYl•T - REMAINDER[!]* SCALE 

"ENDtt 
11 EN0 11 "ELSE" 
"FOR" It•l "STEP" l "UNTIL" LV "DO" REMAINOER[Ila•U[OIFF+Il; 

"COMMENT" CORRECT STORAGE OF REMAINDER; 
It ■!O; Jl•LVt 
"FOR" Il•I+l "WHILE" REMAIN~ERCil•O HAND" J>l "DO" Jt•J-lJ 
REMAINDER [OJ a •JI 
HIF 11 J<LV "THEN" 
"FOR" Il•l "STEP" l "UNTIL" J "DO" 
REMAINDER[Ill•REMAINDERCLV + I - Jll 

"COMMENT" UNNORMALIZE THE DIVISOR VI 
"IF" SCALE>l "THEN" 
NBfGIN" CARRY••OI 

"FOR" I••l "STEP" l "UNTIL" LV noon 
"BEGlN" Tt•CARRY • 10 000 000 + VCilJ 

VCI]l ■T//SCALEI CARRYt•T - V[Il * SCALE 
"END" 

11FND" 
"END" 

"EN0 11 LNG INT DIVIDE; 
"EDP" 

11COOE" 312041 
"PROCEDURE" LNG INT ~OWER(U,EXPONENT,RESULT)J 
"VALUE" EXPONENTS "INTEGER" EXPONENTI "INTEGER""ARRAY" U,RESULT; 
IIBF.GINHHINTEGER" MAX,I,N; 

"PROCEDURE" LNG INT MULT(U.,V,PRODUCT>: 11CODE 11 312i02t 
MAX1 ■U[Ol • EXPONENTI 
"BEGIN""INTEGER""ARRAY" Y,?,H[OIMAX]; 

11COMMENT" Yt•l• Zt ■U; 
Y[Oll •YCll a •11 
"FOR" Ia ■UCOl "STEP" -1 "UNTIL" 0 noon ZCilt•UCill 

HALVE& Nr ■ EXPONENT//2; "IF" N+N•fXPONENT "THEN" "GOTO" SQUARE ZI 
LNG INT MULT<v.z.H)I 
"FOR" I1•HCOl "STEP" -1 "UNTIL"~ noon YCilt•HCil1 
"IF" N•O "THEN" "GOTO" READY; 

SOUARE Zt LNG INT NULT(Z,Z,H)I 
"FOR" I1•HCOl "STEP" •l "UNTIL" 0 noon ZCill•HCilJ 
EXPONENTt•N; "GOTO"HALVE; 

READYI "FOR" It•YC01 "STEP" -1 "U~TIL" 0 "00" RESULT[Ilt•Y[Il 
"END" 

11EN0 11 LNG INT POWER; 
"EOP" 
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AUTHORSt D.T.WINTER(A-D•F-IJ, TeJeDEKKER(E,J) 

CONTRIBUTOR• J.KOOPMAN(E,JJ 

INSTITUTES• MATHEMATICAL CcNTRE,UNIVERSITY OF AMSTERDAM. 

RECEIVEOt 770328 

R~IEF DESCRIPTIONS 

THIS SECTION CONTAINS PROCEDURES FOR THE ELEMENTARY OPERATIONS IN 
DOUBLE PRECISION ARITHMETIC. 

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

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

c. DPHUL MULTIPLIES TWO SINGLE PRECISION NUMBERS TO A 
DOUBLE PRECISION PRODUCT. 

D. DPDIV DIVIDES TWO SINGLE PRECISION NUMBERS TO A DOUBLE 
PRFCISION QUOTIENT. 

Ee DPPOW COMPUTES A•+EXPON IN DOUBLE PRECISION,WHERE 
A IS A SINGLE PRECISION REAL NUMBER AND EXPON THE 
INTEGER EXPONENT. 

F. LNGADD ADDS TWO DOUBLE PRECISION NUMBERS. 
G. LNGSUB SUBTRACTS TWO DOUBLE PRECISION NUMBERS. 
He LNGHUL MULTIPLIES TWO DOUBLE PRECISION NUMBERS. 
I. LNGDIV DIVIDES TWO DOUBLE PRECISION NUMBERS. 
J. LNGPOW COMPUTES CA,AA>••EXPON IN DOUBLE PRECISION,WHERE 

(A,AA) IS A DOUBLE PRECISION REAL NUMBER AND EXPON 
THE INTEGER EXPONENT. 

KF.YWORDSI 

DOUBLE PRECISION ARITHMETIC 
EXPONENTIATION. 

LANGUAGFt COHPASS(A•D,F•IJ,ALGOL 60(E,J) 
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METHOD ANO PERFORMANCE& 

THE PROCEDURES A-D,F-I USE THE HARDWARE FUNCTIONS FOR DOUBLE 
PRECISION THAT ARE AVAILIBLE ON THE CYBF.Re 
THE PROCrDURES LNG ADD, LNG SUB, LNG HULAND LNG DIV 
INPUT PARAMETERS <A,AA> AND (8,88) FOR CORRECTNESS. A 
PAIR IS A CORRECT DOUBLE PRECISION PARAMETER IN THE 
CASESI 
A) THE TAIL IS ZERO; 

CHECK THE 
HEAD/TAIL 
FOLLOWING 

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

AN OUTPUT PAR~METER OF T~ESE PROCEDURES ALWAYS IS A CORRECT DOUBLE 
PRECISION NUMBER. IF AN INPUT PARAMETER IS NOT CORRECT, THE ERROR 
MESSAGE "DP PARAMETER TAIL ERROR" WILL Be ISSUED. 

BOTH PROCEDURES E AND J MAKE USE OF THE BINARY REPRESENTATION OF 
THe INTEGER EXPON&NTe IF X DENOTES THE NUMBER THAT IS TO BE 
EXPONENTIATED, THE PROCEDURES E ANO J RU~ AS FOLLOWSt 
THE SEOUENCF. x,x••2,x••4,x••a, ••• IS FORMED WHILE 
SIMULTANEOUSLY THE BINARY REPRESENTATION OF THE EXPONENT 
IS CHECKED; WHEN THE I-TH DIGIT EOUALS ONE,THE FACTOR 
X••<2••<I•l)) IS TAKEN INTO ACCOUNT. 

EXAMPLE OF USEa 

SEE THE PROCEDURE LNGREATOOECI (SECTION le5e3)e 

\ 
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SUBSECTIONS DP ADD 

CALLING SEQUENCE• 

(MARCH 1977> PAGE 3 

TI-IE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
"PROCEDURE" DP ADD(A, B, C, CC); 
"VALUE" A, BI "REAL" A, 8, C, CCI 
"CODE" 311011 

THF MEANING OF THE FORMAL PARAMETERS ISt 
A,B1 <ARITHMETIC EXPRESSIONS>J 

THE OPERANDSJ 
C,CCt <REAL VARIABLES>J 

THE HEAD AND TAIL OF THE DOUBLE PRECISION RESULT OF A+Be 

SUBSECTION I DP SllB 

CALLING SEQUENCE& 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS• 
"PROCEDURE" OP SUB(A, B, C, CC)I 
"VALUE" A, BI "REAL" A, B, C, CCI 
"CODE" 311021 

THE MEANING OF THE FORMAL PARAMETERS Isa 
A,81 <ARITHMETIC EXPRESSIONS>J 

TI-IE OPERANOSJ 
C,CCS <REAL VARIABLES>; 

THE HEAD AND TAIL OF THE DOUBLc PRECISION RESULT OF A-B. 

SUBSECTIONI DP MUL 

CALLING SEQUENCES 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
"PROCEDURE" DP MULfA, 81 C, CC)I 
"VALUE" A, Ba "REAL" A, B, C, CCI 
"CODE" 31103: 

THE MEANING OF THE FORMAL PARAMETERS ISa 
A,Ba <ARITHMETIC EXPRESSIONS>J 

THE OPERANDS1 
C,CCt <REAL VARIABLES>; 

THE HEAD AND TAIL OF THE DOUBLE PRECISION RESULT Of A*B• 
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SUBSECTION1 DP DIV 

CALLING SE0UENCEI 

(MARCH 1977) PAGE 4 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSi 
"PROCEDURE" DP DIV(A, B, C, CCII 
HVALUEH A. B; "REAL" A, B, c. ccr 
"CODE" 311041 

THE MEANING OF THE FORMAL PARAMETERS ISI 
A.01 <ARITHMETIC EXPRESSIONS>1 

THE OPERANDSI 
C,CCI <REAL VARIABLES>; 

THE HF.AO ANO TAIL OF THE DOUBLE PRECISION RESULT OF A/Be 

SUBSECTION• DP POW. 

CALLING SEOUENCEt 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
"PROCEDURE"DP POW(A ,EXPON ,C .cc JI 
"VALUE"A,EXPnN1"INTEGER"EXPONl"REAL"A,c.cc1 
ncoDF."311091 

THE MEANING OF THE FORMAL PARAMETERS ISt 
A I <ARITHMETIC EXPRESSION>r 

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

THE (INTEGER) POWER TO WHICH A WILL BE RAISEDI 
C, CC I <REAL VARIABLES>1 

EXITt T.He HEAD (C) AND TAIL (CC) OF THE DOUBLE 
PRECISION RESULT A**EXPON. 

PROCEDURES USEDt 

L~G POW• CP31110e 

RUNNING TIMEt 

ROUGHLY PROPORTIONAL TO LN(EXPONJ. 
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CALLING SEOUF.NCfr 

(11ARCH 1977) PAGE 5 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOSt 
IIPRnCEDURE" LNG AOO(A, AA, B, BB, C, CC); 
11VALUE 11 A,, AA. B, 88; 11 REAL 11 A• AA,, B, BB, C, CC I 
11CODE 11 UlO~a 

THf MEANING OF THE FORMAL PARAMETERS ISt 
A,AA,B,881 <ARITHMFTIC EXPRESSIONS>1 

THE HEADS (A AND B) AND THE TAILS (AA AND 88) OF THE OPERANOSI 
C,CCI <RF.Al VARIABLES>; 

THE HF.AD ANO TAIL OF THE RESULT (A,AA)+(B,BB). 

SUBSECTION• LNG SUB 

CALLING S!OUENCF1 

THE DECLARATION OF THE PROCEn!IRE IN THE CALLING PROGRAM REAOS1 
11 PROCEDURF. 11 LNG SUB(A, AA, B, BB, C, CC)I 
"VALUE 11 A~ AA, B, BBi 11 REAL 11 A, AA, B, BB, C, CC; 
11COOF. 11 31106: 

THE MEANING OF THE FORMAL PARAMETERS ISa 
A,AA,B,BB1 <ARITHMETIC EXPRESSIONS>s 

THE HEADS (A ANO B) ANO THE TAILS (AA AND BBi OF THE OPERANDSJ 
C,CCI <REAL VARIABLES>; 

THE HF.AO AND TAIL OF THE RESULT (A,AA)-(B.BBla 

SUBSECTION& LNG MUL 

CALLING SEOUENCF1 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
11 PROCEDURF. 11 LNG MUL<A, AA, B, BB, C, CC)J 
11VALUE 11 A, AA, B, BBJ 11 REAL 11 A, AA, B, B~, C, CCI 
91 CtJDE 91 311071 

THE 11EANING OF THE FORMAL PARAMETERS IS1 
A,AA,B,BBa <ARITHMETIC EXPRESSIONS>J 

TMF. HEADS (A AND 8) AND THE TAILS (AA AND BB) OF THE OPERANDSJ 
C,CCI <REAL VARIABLES>; 

THE HEAD ANO TAIL OF THE RESULT (A,AA)*(B,88). 
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SUBSECTIONS LNG DIV 

CALLING SEOUENCF.t 

(MARCH 1977) PAGE 6 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
"PROCEDURE• LNG DIV(A, AA, B, BB, C, CC); 
"VALUE" A, AA• B, BBJ "REAL" A, AA, B, 88, C, CCI 
ncnDE" 311081 

THE MEANING OF THE FORMAL PARAMETERS ISt 
A,AA,R,RBt <ARITHMETIC EXPRESSIONS>1 

THE HEADS (A AND B) AND THE TAILS (AA AND 88) OF THE OPERANDSt 
C,CCt <REAL VARIABLES>; 

THE HEAD AND TAIL OF THE RESULT CA,AA)/(8,BB). 

SURSECTIONI LNG POW. 

CALLING SEOUENCPt 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
"PROCEOURE"LNG POW(A ,AA ,&XPON ,C ,CC )I · 

"VALUE•A,AA,EXPON1"INTEGER"EXPDN1"REAL"A,AA,C,CC1 
nc0De•11110, 

THE MEANING OF THE FORMAL PARAMETERS IS1 
A,AA 1 <ARITHMETIC EXPRESSIONS>J 

THE HEAD CA) AND TAIL (AA) OF THE NU~BER THAT 
IS TO BE EXPONENTIATEOI 

EXPON 1 <ARITHMETIC EXPRESSION>; 
THE <INTEGER) POWER TO WHICH (A,AA) WILL BE RAISEDI 

C,CC 1 <REAL VARIABLES>J 
EXIT1 THE HEAD CC) ANO TAIL CCC) OF THE DOUBLE 

PRECISION RESULT (A,AA>••EXPON. 

PROCEDURES USEDa 

LNG MUL • CP31107. 
LNG DIV • CP31108. 

PUNNING TIME1 

ROUGHLY PROPORTIONAL TO LNCEXPON). 



SECTION I 1.s.1 <DECEMBER 1979) PAGE 7 

SOURCE TEXT(S)I 

ALL P~OCEDURES, EXCEPT POW AND LNG POW, 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 POW. 

"C0Df"311091 
"PROCEDURE"DP POW(A.EXPON,C,CC)I 
"VALUE"A,EXPONt"INTEGER"EXPONl"REAL"A,C,CCt 
"BEG IN""PROCEOIJRE"LNG POW <A, AA, EX PON,C ,CC) r "CODE "3111(! r 

l~G POW(A.O,EXPON,C,CC) 
"END" DP POWI 

HEQPN 

"CODl:"311101 
"PROCEDURE"LNG POW(A,AA,EXPON,C,CC)J 
"VALU£ttA,AA,EXPONJNINTEGER"EXPONr"REAL"A,AA,C,CCJ 
"BEGIN""INTEGER"OLOEX,NEWEX;"REAL"D,DD; 

"PROCEDURE"LNG MUL(A,AA,B,BB,C,CC)J"CODE"311071 
"PROCEnURE"LNG DIVCA,AA,B,BB,C,CC);"CODE"311U8; 
Dt•A1DDt•AA;C1•l1CCt•OINEWEXt•ABSCEXPON)1 
"FOR"OLDEXt•NEWEX"WHILE"NEWEXA•O"DO" 
"REGIN"NEWEXt•OLDEX//2J 

"IF"NEWEX+NEWEXA•OLDEX 
"THEN"LNG HUL(C,CC,D,DD,C,CC)r 
NIF"NEWEXA•O 
"THEN"LNG HUL(D,DD,D,DD,D,DD) 

"END"I 
"IFHEXPON<OHTHEN"LNG DIV(l,O,C,CC,C,CC) 

"END" LNG POW: . 
"EflP" 
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AUTHORSI J. WOLLESWINKEL AND D. WINTER. 

CONTRIRUTORI J. c. P. eus. 

INSTITUTES MATHEMATICAL CENTRE. 

RECEIVED• 750501 ■ 

BRIEF DESCRIPTIONI 

THIS SECTION CONTAINS FOURTEEN PROCEDURES FOR CALCULATING, WITH 
DUOBLE LENGTH ARITHMETIC, THE (SCALAR) PRODUCTS OF SINGLE LENGTH 
VECTORS AND MATRICES. 

LNGVECVECr CALCULATES THE SCALAR PRODUCT OF TWO VECTORS GIVEN IN 
□NE•DIMENSIONAL ARRAVSI 

LNGMATVECI CALCULATES THE SCALAR PRODUCT OF A VECTOR GIVEN IN A 
ONE•DIMENSIONAL ARRAY AND A ROW Of A MATRIX GIVEN IN A 
TWO DIMENSIONAL ARRAY; 

LNGTAMVECr CALCULATES THE SCALAR PRODUCT OF A VECTOR GIVEN IN A 
ONE•DIMENSIONAL ARRAY AND A COLUMN OF A MATRIX GIVEN IN 
A TWO-DIMENSIONAL ARRAYS 

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

LNGTAMMATI CALCULATES THE SCALAR PRODUCT OF COLU~NS OF MATRICES, 
WHICH ARE BOTH GIVEN IN TWO•DIMENSIONAL ARRAYSI 

LNGMATTAMI CALCULATES THE SCALAR PRODUCT OF ROWS OF MATRICES, 
WHICH ARE BOTH GIVEN IN TWO-DIMENSIONAL ARRAYS; 

LNGSEOVEC1 CALCULATES THE SCALAR PRODUCT OF TWO VECTORS GIVEN IN 
ONE-DIMENSIONAL ARRAYS, WHERE THE MUTUAL SPACINGS 
BETWEEN THE INDICES OF THE FIRST VECTOR CHANGE 
LINEARLY; 

LNGSCAPRDlt CALCULATES THE SCALAR PRODUCT OF TWO VECTORS GIVEN IN 
ONE•OIMENSIONAL ARRAYS, WHERE THe SPACINGS OF BOTH 
VECTORS ARE CONSTANTI 

LNGSYHMATVECt CALCULATES THE SCALAR PRODUCT 
ONE•DIMENSIONAL ARRAY ANO A ROW 
WHOSE UPPiR TRIANGLE IS STORED 
DIMENSIONAL ARRAYI 

OF A VECTOR GIVEN IN A 
OF A SYMMETRIC MATRIX• 

COLUMN-WISE IN A ONE-

THE ABOVE PROCEDURES HAVE THE POSSIBILITY OF ADDING A DOUBLE LENGTH 
SCALAR TO TMF. CALCULATED SCALAR PRODUCTS 
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LNGFULHATVEC1 CALCULATES THE VECTOR A• 8, WHERE A IS A GIVEN 
"ATRIX AND 8 IS A VECTOR;. 

LNGFULTAHVECI CALCULATES THE VECTOR A'• B, WHERE A' IS THE 
TRANSPOSED OF THE MATRIX A AND BIS A VECTORI 

LNGFULSYHMATVEC1 CALCULATES THE VECTOR A• B, WHERE A IS A 
SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS STORED 
COLUMNWISE IN A ONE-DIMENSIONAL ARRAY• AND BIS A 
VECTORI 

PAr.E 2 

LNGRESVEC1 CALCULATES THE RESIDUAL VECTOR A• B + X • C, WHERE A 
IS A GIVEN MATRIX, 8 AND CARE VECTORS AND X IS A 
SCALARJ 

LNGSYMRESVECI CALCULATES THE RESIDUAL VECTOR A• 8 + X • C, WHERE A 
IS A SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS STORED 
COLUHNWISE IN A ONE•DIMENSIONAL ARRAY, 8 AND CARE 
VECTOR~ AND, X IS A SCALAR. 

IN THIS SECTION (X, XX) DENOTES A DOUBLE•LENGTH NUMBER WITH HEAD X 
ANO TAIL XX lSEE METHOD AND PERFORMANCE). 

KFYWORDSI 

ELEMENTARY OPERATIONS, 
VECTOR OPERATIONS, 
SCALAR PRODUCTS, 
OOUBLE•LENGTH ARITHMETIC. 
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SUBSECTION! LNGVECVECo 

CALLING SEQUENCE• 

THF. HEADING OF THE PROCEDURE READSI 
"PROCEDURc" LNGVECVEC(L, U, SHIFT, A, B, C, CC, D, DO); 
"VALUE" L., U, SHIFT, C, CCJ "INTEGER" b U, SHIFTS 
"REAL" C, CC, D, DDS "ARRAY" A, 81 
"CODE" 344101 

THE MEANING OF THE FORMAL PARAMETERS ISt 
Lt <ARITHMETIC EXPRESSION>1 

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

THE UPPER ROUND OF THE RUNNING SUBSCRIPT& 
SHIFTt <ARITHMETIC EXPRESSION>r 

PAGe 3 

THE INDEX-SHIFTING PARAMETER OF THE VECTOR GIVEN IN B; 
At <ARRAY IDENTIFIER>; 

ONE OF THE VECTORS SHOULD BE GIVEN IN ARRAY A[LIU]J 
Bt <ARRAY IDENTIFIER>J 

THE OTHER VECTOR SHOULD BE GIVEN IN ARRAY 
BCL + SHIFT t U + SHIFT]; 

C, CCt <ARITHMETIC EXPRESSION>J 
THE HEAD ANO TAIL OF THE DOUBLE-LENGTH SCALAR THAT HAS TO 
BE ADD~O TO TH~ CALCULATED SCALAR PRODUCT; IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD 
AND PERFORMANCE); 

D, DOI <REAL VARIABLE>J 
EXITt THE HEAD ANO TAIL OF THE CALCULATED DOUBLE-LENGTH 

RESULT. 

DATA AND RESULTSt 

(D, 00)1 ■ (C, CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS A[LtU] AND BtL + SHIFT t U + SHIFTle 

LANGUAGE t COMPASS. 
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SUBSECTIONI LNGMATVEC. 

CALLING SEOUF.NCel 

THE HFAOING OF THE PROCEDURE REAOSt 
"PROCEDURE" LNGMATVEC(l, u, I, A, B, c, cc, o. oot; 
"VALUE" L, U, I, c. CCI "INTEGER" L, U, II 
"REAL" C» CC, D, 001 "ARRAY" A, BI 
"CODE" ~44111 

THF. MEANING OF THE FORMAL PARAMETERS ISI 
LI <ARITHMETIC EXPRESSIDN>I 

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

THE UPPER BOUND OF THE RUNNING SUBSCRIPTS 
II <ARITHMETIC EXPRESSION>1 

THE INDEX OF THE ROW-VECTOR GIVEN IN ARRAY AJ 
Al <ARRAY IDENTIFIER>; 

THE ROW-VECTOR SHOULD BE GIVEN IN ARRAY AtI1I, LIU]I 
81 <ARRAY IOeNTIFIER>1 

THE VECTOR SHOULD BE GIVEN IN ARRAY B[LIU]I 
C, CCt <ARITHMETIC EXPRESSION>; 
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THE HEAD AND TAIL OF THE DOUBLE-LENGTH SCALAR THAT HAS TO 
BE ADDED TO THE CALCULATED SCALAR PRODUCTI IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE MET~no 
AND PERFORMANCE); 

D, ODs <REAL VARIABLE>; 
EXIT1 THE HEAD AND TAIL OF THE CALCULATED DOUBLE•LENGTH 

RESULT. 

DATA AND RESULTS: 

(0, 00)1 ■ (C, CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS A[I1I, LIU] AND B[LIUle 

LANGUAGF.1 COMPASS. 



SECTION I lo5o2 (JANUARY 1976) 

SUBSECTION& LNGTAMVECa 

CALLING SEOUENCE1 

THE HEADING OF THE PROCEDURE READS• 
"PROCEDURE" LNGTAMVEC(L, U, I, A, B, C, CC, D, DO); 
"VALUE" L, U, I, C, CC; "INTEGER" L, U, II 
"REAL" C, CC, D, DOI "ARRAY" A, BI 
"CODE" 344121 

THE MEANING OF THE FORMAL PARAMETERS ISI 
LI <ARITHMETIC EXPRESSION>1 

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

THE UPPER BOUND OF THE RUNNING SUBSCRIPTS 
II <ARITHMETIC EXPRESSION>1 

THE INDEX OF THE COLUMN-VECTOR GIVEN IN ARRAY Al 
Al <ARRAY IDENTIFIER>; 
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THE COLUMN-VECTOR SHOULD BE GIVEN IN ARRAY A[LaU, I1Ilr 
81 <ARRAY IDENTIFIER>1 

THE VECTOR SHOULD BE GIVEN IN ARRAY BCLIU)J 
C, CCI <ARITHMETIC EXPRESSION>; 

THE HEAD AND TAIL OF THE DOUBLE•LENGTH SCALAR THAT HAS TO 
BE ADDEO TO THE CALCULATED SCALAR PROOUCTI IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED <SEE MET~OO 
AND PERFORMANCE); 

D, 001 <REAL VARIABLE>; 
EXITt THE HEAD AND TAIL OF THE CALCULATED DOUBLE•lENGT~ 

RESULT. 

DATA AND RESULTS• 

(D, DOit• CC, CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS ArLaU, IaI] AND B[LIU]. 

LANGUAGE I COMPASS. 



SECTION t 1.5.2 (JANUARY 1976) 

SUBSECTIONS LNGMATMATe 

CALLING SEOUENCEI 

THE HEADING OF THE PROCEDURE READS• 
"PROCEDURE" LNGMATMAT(L, U, I, J, A, 8, C, CC, D, OD); 
"VALUE" L, u. I, J, C, cc; "INTEGER" L, U, I, JJ 
"REAL" C, CC, D, DDt "ARRAY" A, BI 
"CODE" 3'9413.1 

THE MEANING OF THE FORMAL PARAMETERS IS• 
LI <ARITHMETIC EXPRESSIO~>I 

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

THE UPPER BOUND OF THE RUNNING SUBSCRIPTJ 
It <ARITHMETIC EXPRESSION>1 

THE INDEX OF THE ROW•VECTOR GIVEN IN ARRAY Al 
J1 <ARITHMETIC EXPRESSION>; 

THE INDEX OF THE COLUMN-VECTOR GIVEN IN ARRAY 81 
At <ARRAY IDENTIFIER>J 

THE ROW-VECTOR SHOULD BE GIVEN IN ARRAY A[llI, L1U]J 
81 <.ARRAY IDENTIFIER> J 
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THE COLUMN-VECTOR SHOULD BE GIVEN IN ARRAY B[LtU, JtJlJ 
C, CCt <ARITHMETIC EXPRESSION>1 

THE HEAD ANO TAIL OF THE DOUBLE•LENGTH SCALAR THAT HAS TO 
8~ ADDEO TO THE CALCULATED SCALAR PRODUCT; IF CC IS NOT A 
TAIL JO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD 
ANO PERFORMANCE)I 

D, DOs <REAL VARIABLE>; 
EXITs THE HEAD AND TAIL OF THE CALCULATED OOUBLE•LENGTH 

RESULT. 

DATA ANO RESULTSt 

(D, DO)I• re. CC) ♦ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS A[III• LIU] ANO BCL1U, J1Jle 

LANGUAGE I COMPASS. 



SECTION I le'3.2 (JANUARY lq76) 

SUBSECTIONt LNGTAHHAT. 

CALLING SEOUENCEt 

THE HEADING OF THE PROCEDURE READSt 
"PROCEDURE" LNGTAHMAT(L, U, I, J, A, B, C1 CC, D1 0D)J 
"VALUE" L, U, I, J, C, CCI "INTEGER" L, U, I, J; 
"RF.AL" C, CC, D, OD; "ARRAY" A, B; 
"CODE" 344141 

THE MEANING nF THE FORMAL PARAMETERS ISt 
LI <ARITHMETIC EXPRESSION>; 

UI 

I1 

THE LOWER BOUND OF THE RUNNING SUBSCRIPTI 
<ARITHMETIC EXPRESSION>J 
TH£ UPPER BOUND OF THE RUNNING SUBSCRIPTt 
<ARITHMETIC EXPRESSION>; 

JI 
THE INnex OF THE COLUMN-VECTOR GIVEN IN ARRAY Al 
<ARITHMETIC EXPRESSION>J 
THF. INDcX OF THe COLUMN•VECTOR GIVEN IN ARRAY BJ 

Al 

BI 

<ARRAY IDENTIFIER>; 
ONE OF THE COLUMN•VECTORS 
AfLHJ, ran, 
<ARRAY IDENTIFIER>; 
THE OTHER COLUMN-VECTOR 
B[Lllh JIJ]I 

C, CCI <ARITHMETIC EXPRESSION>J 

SHOULD BE GIVEN 

SHOULD BE GIVEN 
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IN ARRAY 

IN ARRAY 

THE HEAD AND TAIL OF THE DOUBLE•LENGTH SCALAR THAT HAS TO 
BE AODF.D TO THE CALCULATED SCALAR PRODUCT; IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD 
ANO PERFORHANCE)I 

D, DOI <REAL VARIABLE>J 
EXIT• THE HEAD ANO TAIL OF THE CALCULATED DOUBLE-LENGTH 

RESULT. 

DATA ANO RESULTSt 

<D, DO>•• (C, CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS A[LtU, III] ANO B[LtU, JIJle 

LANGUAGE I COMPASS. 



SF.CTION I 1.5.2 (JANUARY 1976) 

SUBSECTION• LNGMATTAMa 

CALLING SEOUENCF.1 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNGMATTAM(L, U, I, J, A, B, C, CC, D, DD)I 
"VALUE" L, U, I, J, C, CCI "INTEGER" L, U, I, J; 
"REAL" C, CC, D, DOI "ARRAY" A, B; 
"CODE" 344151 

THE MEANING OF THE FORMAL PARAMETERS ISa 
LI <ARITHMETIC EXPRESSION>; 

THE LOWER BOUND OF THE RUNNING SUBSCRIPTJ 
UI <ARITHMETIC EXPRESSION>1 

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

THE INDEX OF THE ROW-VECTOR GIVEN IN ARRAY AJ 
JI <ARITHMETIC EXPRESSION>1 

THE INDEX OF THE ROW-VECTOR GIVEN IN ARRAY BJ 
Al <ARRAY IDENTIFIER>J 
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ONE OF THE ROW-VECTORS SHOULD BE GIVEN IN ARRAY ACI1I,L1U]1 
81 <ARRAY IDENTIFIER>J 

THE OTHER ROW-VECTOR SHOULD BE GIVEN IN ARRAY B[J1J, L1U11 
C, CCI <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 TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD 
AND PERFORMANCEJJ 

D, DDI <REAL VARIABLE>; 
EXITt THE HEAD AND TAIL OF THE CALCULATED DOUBLE-LENGTH 

~ESULT. 

DATA AND RESULTS• 

(D, 00)1 ■ <C, CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS A[I1I, LIU] AND B[JtJ, LIU]e 

LANGUAGE I COMPASS. 



SECTION I 1.5.2 (JANUARY 1976) 

SUBSF.CTION1 LNGSEOVEC. 

CALLING SEOUENCEt 

THE HEADING OF THE PROCEDURE REAOS1 
"PROCEDURE" LNGSEOVEC(L, U, IL, SHIFT, A, B, C, CC, D, DO); 
"VALUE" L, U, IL, SHIFT, C, CCI "INTEGER" L, U, IL, SHIFTI 
"REAL" C, CC, D, DOI "ARRAY" A, BJ 
"CODE" 34416; 

THE MEANING OF THE FORMAL PAPAMETERS ISt 
LI <ARITHMETIC EXPRESSION>J 

Ut 

Ill 

THE LOWER BOUND OF THE RUNNING SUBSCRIPT; 
<ARITHMETIC EXPRESSION>; 
THE UPPER BOUND OF THE RUNNING SUBSCRIPTI 
<ARITHMETIC EXPRESSION>J 
THE FIRST INDEX OF THE VECTOR GIVEN IN ARRAY Al 

SHIFT• <ARITHMETIC EXPRESSION>; 
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THE INDEX-SHIFTING PARAMETER OF THE VECTOR GIVEN IN BI 
Al <ARRAY IDENTIFIER>J 

ONE OF THE VECTORS SHOULD ee GIVEN IN 
P • MIN(IL + (J + L • 1) • (J • ll // 
0 • MAX(IL + (J + L - l) • (J - ll // 

BI <ARRAY IDENTIFIER>J 
THE OTHER VECTOR SHOULD BE 
B[l + SHIFT I U + SHIFTJJ 

ARRAY A[PIQ], 
21 J • L, •••' 
2J J • L, •••• 

GIVEN IN 

W~ERE 
UI ANO 
U)S 

ARRAY 

C, CCt <ARITHMETIC EXPRESSION>J 
THE HEAD AND TAIL OF THE DOUBLE-LENGTH SCALAR THAT HAS TO 
BE ADDEO TO THE CALCULATED SCALAR PRODUCT; IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD 
AND PERFORMANCE); 

O, DOI <REAL VARIABLE>J 
EXIT•· THE HEAD ANO TAIL OF THE CALCULATED DOUBLE-LENGTH 

RESULT. 

OATA AND PESULTSs 

(0, ODlt• (C, CCI+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS ACPtOl (SEE THE MEANING OF PARAMETER A> AND 
BCL + SHIFTt U + SHIFT], WHERE THi ELEMENTS OF THE FIRST VECTOR ARE 
ACIL + (J + L - 1) • (J - l) // 21, J • L, •••' Ue 

LANGUAGE I COMPASS. 



SECTION t l.5.2 (JANUARY 1976) PAGE 10 

SUBSECTIONt LNGSCAPRDle 

CALLING SEOUENCEI 

THF HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNGSCAPRDl(LA, SA, LB, SB, N, A, B, C, CC, D, DO); 
"VALUE" LA, SA, LB, SB, N, C, CC; "INTEGER" LA, SA, LB, SB, ~; 
"REAL" C, CC, O, DOI "ARRAY" A, BJ 
"CODE" 34417' 

THE MEANING OF THE FORMAL PARAMETERS ISt 
LAt <ARITHMETIC EXPRESSION>1 

THE FIRST INDEX OF THE VECTOR GIVEN IN ARRAY A; 
SAs <ARITHMETIC EXPRESSION>J 

THE SPACING OF THE VECTOR GIVEN IN ARRAY Al 
LBI <ARITHMETIC EXPRESSION>J 

THE FIRST INDEX OF THE VECTOR GIVEN IN ARRAY BJ 
SBt <ARITHMETIC EXPRESSION>I 

THE SPACING OF THE VECTOR GIVEN IN ARRAY BJ 
Nt <ARITHMETIC EXPRESSION>1 

THE UPPER BOUND OF THE RUNNING SUBSCRIPT; IF N < 1, THEN ON 
EXIT THE RESULT CD, OD) WILL SATISFYt (D, 00) • (C, CCI; 

At <ARRAY IDENTIFIER>J 
ONE OF THE VECTORS SHOULD BE GIVEN IN ARRAY 
A[MIN(LA, LA+ (N - 11 * SA) t MAX(LA, LA+ (N - 1) * SA)]; 

BI <ARRAY IDENTIFIER>; 
THt OTHER VECTOR SHOULD BE GIVEN IN ARRAY 
BCHIN(LB, LB+ CN - l) * SB) t ~AX(LR, LB+ (N - 11 * SB)ll 

C, CCt <ARITHMETIC EXPRESSION>; 
THE HEAD AND TAIL OF THE DOUBLE-LENGTH SCALAR THAT HAS TO 
BE ADDED.TO THE CALCULATED SCALAR PRODUCTI IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SEE METHOD 
AND PERFORMANCE)J 

D• DOt <REAL VARIABLi>J 
EXITt THE HEAD ANO TAIL OF THE CALCULATED DOU~LE-LENGT~ 

RESULT. 

DATA AND RESULTS• 

co. DD)t ■ re. CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS ACHIN(LA• LA+ (N - l) * SA)tHAXCLA, LA+ CN - 1) * SA)] 
AND RCMIN(LR, LB+ (N - 1) * SB) I MAX(LB, LB+ (N - 1) • SB)], 
WHERE THE ELEMENTS OF THE VECTORS ARE ACLA + (J - 1) * SAl AND 
BCLB + (J - 1) • SRJ, FOR J • 1, ••• N. 

l.ANGlJAGF.t COMPASS. 



SECTION I le5e2 

SUBSECTION• LNGSYMMATVEC. 

CALLING SEQUENCE• 

THE HEADING OF THE PROCEDURE READS1 
"PROCEDURE" LNGSYMMATVEC(L, U, I, A, B. C• CC, D, 00)1 
"VALUE" L, U, I, C, CCI "INTEGER" L, U, II 
"REAL" C, CC, D, DOI "ARRAY" A, BJ 
"CODE" 34418; 

THE MEANING OF THE FORMAL PARAMETERS ISs 
LI <ARITHMETIC EXPRESSIOM>; 

u, 

II 

THE LOWER BOUND OF THE RUNNING SUBSCRIPTI 
<ARITHMETIC EXPRESSION>1 
THE UPPER BOUND OF THE RUNNING SUBSCRIPTJ 
<ARITHMETIC EXPRESSION>; 
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THE INDEX OF THE ROW OF THE SYMMETRIC MATRIX• WHOSE UPPER 

Al 

BI 

TRIANGLE IS STORED COLUMN-WISE IN THE ONE-DIMENSIONAL ARRAY 
Al 
<ARRAY IDENTIFIER>; 
THE ROW OF THE SYMMETRIC MATRIX 
AtP10l, WHERE, IF I> L THEN P • 
P • (L - 1) + L // 2 + I, 
0 • (I - l> * I // 2 + U ELSE 
<ARRAY IDENTIFIER>; 

SHOULD BE GIVEN IN ARRAY 
(I• l) • I II Z + L ELSE 

AND IF I> U THEN 
0 • CU - 1) * U // 2 + I; 

THE VECTOR SHOULD BE GIVEN IN ARRAY B[LIU]J 
C, CCI <ARITHMETIC EXPRESSION>J 

THE HEAD AND TAIL OF THF DOUBLE-LENGTH SCALAR THAT HAS TO 
BE ADDED TO THE CALCULATED SCALAR PRODUCTI IF CC IS NOT A 
TAIL TO C THEN AN ERROR MESSAGE WILL BE PRINTED (SE! METHOD 
AND PERFORMANCE); 

D, DOt <REAL VARIABLE>; 
EXIT• THE HEAD AND TAIL OF THE CALCULATED DOUBLE-LENGTH 

RESULT. 

PROCEDURES USED• 
DPMUL • CP31103; 
LNGADD • CP31105e 

DATA AND RESULTS• 

CD, OD>•• CC, CC)+ THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
THE ARRAYS A[PIQ] (SEE THE MEANING OF PARAMETER A) AND B[L1Ul, 
W4ERE THE ELEMENTS OF THE FIRST VECTOR AREt IF L < I THEN 
ACCI - 1> • I // 2 + Jl, J • L, •••• MIN(U, I - 1) ANO 
At(J - 1) • J II 2 + Il, J •I,•••• u. RESPECTIVELY, OTHERWISE 
AC(J - 1> * J // 2 + Il, J • L, •••• U& THE VALUES OF L, U, I 
SHOULD BE POSITIVE. 

LANGUAGE I ALGOL 60. 



Si:CTION I 1e5e2 (JANUARY 19761 

SUBSECTIONI LNGFULMATVECe 

CALLIN~ SE0UeNCE1 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNGFULMATVEC(LR, UR, LC, UC, A, B, CIJ 
"VALUE" LR, UR, LC, UC, BI "INTEGER" lR, UR, LC, UCJ 
"ARRAY" A, B, C: 
11 COOE" 3151415; 

THE MEANING OF THE FORMAL PARAMETERS ISt 
LR, URI <ARITHMETIC EXPRESSION~1 

LOWER AND UPPER BOUND OF THE ROW•INDEXJ 
LC, UCI <ARITHMETIC EXPRESSION>1 

LOWER AND UPPER BOUND OF THE COLUMN•INDEXI 
Al <ARRAY IDENTIFIER> I 

"ARRAY" A[LRIUR,LCIUC]J THE MATRIXI 
81 <ARRAY IDENTIFIER>I 

"ARRAY" B[LCrUC]J THE VECTORI 
Cl <ARRAY IDENTIFIER>; 

"ARRAY" C[LRIUR]I 
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THE RESULT A• B, CALCULATED WITH DOUBLE LENGTH ARIT~METIC, 
IS DELIVERED IN c. 

LANGUAGE I COMPASS. 

METHOD AND PERFORMANCE• 

ELEMENTARY. 



SFCTION I 1.5.Z (JANUARY 1976) 

SUBSECTIONt LNGFULTAMVECe 

CALLING SEOUENCf.t 

THE HEADING OF THE PROCEDURE REAOSt 
"PROCEDURE" LNGFULTAMVEC(LR, UR, LC, UC, A, B, C)I 
"VALUE" LR, UR, LC, UC, BI "INTEGER" LR, UR, LC, ucr 
"ARRAY" A11 B, Cl 
"CODE 11 3151.16; 

THE MEANING OF THE FORMAL PARAMETERS ISt 
LR, URI <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE ROW•INDEXI 
LC, UCI <ARITHMETIC EXPRESSION>1 

LOWER ANO UPPER SOUND OF THE COLUMN-INDEX; 
Al <ARRAY IDENTIFIER>; 

"ARRAY" A[LRtUR,LCIUC]; THE MATRIXI 
Bt <ARRAY IDENTIFIER>1 

"ARRAY" B[LRIUR]J THE VECTOR; 
Cl <ARRAY IDENTIFIER>; 

"ARRAY" C[LCIUC]J 
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THE RESULT A•• B, CALCULATED WITH DOUBLE LENGTH ARITHMETIC, 
IS DELIVERED INC; HERE At DENOTES THE TRANSPOSED OF THE 
MATRIX A. 

LANGUAGE I COMPASS. 

METHOD ANO PERFORMANCE• 

ELEMENTARY. 



'iiFCTION I 1.r;.2 (JANUARY 1976) 

SU~SECTION I LNGFIJL S YMMATVEC • 

CALLING SEOUENCE1 

THE HEADING OF THE PROCEDURE REAOSI 
"PROCEDURE" LNGFULSYMHATVECCLR, UR, LC, UC, A, B, C)J 
"VALUE" LR, UR, LC, UC, BJ "INTEGER" LR, UR, LC, UC; 
"ARRAY" A, 8, C; 
"CIJOF" 3),'5071 

THE MEANING OF THE FORMAL PARAMETERS IS1 
LR, URI <ARITHMETIC EXPRESSION>& 

LOWER AND UPPER BOUND OF THE ROW-IIIIDEXI LR > ■ lJ 
LC, llCI <ARITHMF.TIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE COLUMN-INDEXI LC > ■ 11 
Al <ARRAY IDENTIFieR>J 

"ARRAY" A[LtUl, WHERE• 
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L • MINCLR * CLR - l) // 2 + LC, LC * CLC - l> // 2 + LR), 
U • MAXCUR • CUR• 1) // 2 + UC, UC• ~UC• 1) // 2 + UR) 
AND THE CI,Jl-TH ELEMENT OF THE SYM~ETRIC MATRIX SHOULD BE 
GIVEN IN A[J • CJ - l> // 2 + Ilt 

81 <ARRAY IDENTIFIER>; 
11ARRAY 11 B[LCIUC]J THE VECTORI 

Cl <ARRAY IDENTIFIER>s 
ttARRAYtt CflRIUR]J 
THE RESULT A * B, CALCULATED WITH oot•BLE LENGTH ARITHMETIC, 
IS DELIVERED IN C. 

PROCEDIJRES useoa 

LNG~YMMATVEC • CPf4418e 

LANGUAGE• ALGOL 60e 

MfTHOO AND PFRFORMANCEt 

HEMi=NTARY. 



SFCTION I le5o2 (JANUARY 1976) 

SUBSECTIONI LNGRESVEC. 

CALLINr. SEOUENCE1 

THE HEADING OF THE PROCEDURE READS1 
"PROCEDURE" LNGRESVEC(LR, UR, LC, UC, A, B, C, X)I 
"VALUE" LR, UR, LC, UC, B, XI "INTEGER" LR, UR, LC, UC; 
"REAL" XI "ARRAY• A, B, C; 
11 CODE" 31510flr 

THE MEANING OF THE FORMAL PARANETERS IS1 
LR, URI <ARITHMETIC EXPRESSION~I 

LOWER ANO UPPER BOUND OF THE ROW-INDEXJ 
LC, UCI <ARITHMETIC EXPRESSION>r 

LOWER AND UPPER BOUND OF THE COLUMN-INDEX; 
Al <ARRAY IDENTIFIER>; 

"ARRAY• A[LR1UR,LC1UC]S THE MATRIXt 
81 <ARRAY IDENTIFIER>1 

•ARRAY" B[LClUCll THE VECTOR; 
X1 <ARITHMETIC EXPRESSION>1 

THE VALUE OF THE MULTIPLYING SCALARS 
Cs <ARRAY IDENTIFIER>1 

•ARRAY" CCLRIUR]; 
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THE RESULT A• B + X • C, CALCULATED WITH DOUBLE LENGTH 
ARITHMETIC, IS OVERWRITTEN ON C. 

LANGUAGE I COMPASS• 

MFTHOO AND PFRFORMANCE1 



SFCTION I 1.5.2 (JANUARY 1976) 

SUBSECTION• LNGSYMRESVEC. 

CALLING SEOllENCE 1 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNGSYMRESVEC(LR, UR, LC, UC, A, B, C, X); 
"VAlUE" LR, UR, LC, UC, B, XJ "INTEGER" LR, UR, LC, UC; 
"REAL" Ya "ARRAY" A, B, C; 
"CODE" 315091 

THE MEANING OF TH~ FORMAL PARAMETERS !SI 
LR, URI <ARITHMETIC EXPRESSION>I 

LOWER ANO UPPER BOUND OF THE ROW-INDEXS LR >• 11 
LC, UC1 <ARITHMETIC EXPRESSION>J 

LOWER ANO UPPER BOUND OF THE COLUMN-INDEXJ LC > ■ U 
Al <ARRAY IDENTIFIER>1 

"ARRAY" A[LIU], WHEREI 
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L • MINCLR • CLR • 1) // 2 + LC, LC • CLC • 1) // 2 + lR), 
U • MAX(UR • (UR• 1) II 2 + UC, UC• (UC - 1) // 2 + UR) 
ANO THE (I,J)-TH ELEMENT OF THE SYMMETRIC MATRIX SHOULD BE 
GIVEN IN ACJ • (J • 1> II 2 + Ill 

BI <ARRAY IDENTIFIER>; 
"ARRAY" B[LCIUCll THE VECTORI 

XI <ARITHMETIC EXPRESSION>I 
THE VAlUE OF THc MULTIPLYING SCALARI 

Cs <ARRAY IDENTIFIER>; 
"ARRAY" C[lRIUR]J 
THE RESULT A• B + X • C, CALCULATED WITH DOUBLE LENGTH 
ARITHMETIC, IS OVERWRITTEN ON c. 

PROCEDURES USED1 

OPMUL • CP31103J 
LNGSYMMATVEC • CP14418. 

LANGUAGE a ALGOl 60. 

METHOD AND PERFORMANCEI 

ELEMENTARY• 



SECTION I 1.5.2 (JANUARY 1976) PAGF. 17 

METHOD AND PERFORMANCE• 

ALL PROCEDURES GIVEN IN THIS SECTION MAKE USE OF THE DOUBLE-LENGTH 
ARITHMETIC OPERATIONS AVAILABLE IN HARDWARE ON THE CY~ER 73. 
LET (X, XX) OF.NOTE A DOUBLE•LENGTH NUMBER, THEN WE WILL SAY THAT XX 
IS A TAIL TO X, WHEN THE FOLLOWING CONDITIONS HOLDI 

X • FLl(X + XXJ, 
fX, XX) • FL2CX + XX), 

WHERE FLl(. + .) AND FLZ(e + •> 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 IND ANO DO, THEN 
THESE RESULTS ARE SUCH THAT OD IS A TAIL TO DJ WHEN ONE SHOULD 
PROVIDE AN INITIALIZING DOUBLE LENGTH SCALAR INC ANO CC, THEN CC 
SHOULD BE A TAIL TO C, OTHERWISE THE FOLLOWING ERROR MESSAGE WILL 
BE PRINTF.01 

DP PARAMETER TAIL ERROR 
AND EXECUTION OF THE PROGRAM WILL TERMINATE IN THE USUAL WAY. 
NOTE THAT CC• 0 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, HOWEVER, IN THE COMPASS ROUTINE THE 
DUPLICATION OF THIS ARRAY IS ONLY DONE IF NECESSARY, I.E. IF THE 
ACTUAL PARAMETERS B ANO CARE THE SAME. 

SOURCE TEXTSI 

THE PROCEDURES IN THIS SECTION ARE WRITTEN IN COMPASS, EXCEPT FOR 
lNGSYNMATVEC, LNGFULSYHNATVEC AND LNGSYMRESVECe 
WE GIVE EQUIVALENT ALGOL 60 TEXTS OF THE COMPASS ROUTINES. FOR THE 
COMPASS TEXT SEE APPENDIX C, SECTION 1.5.Ze 

"CODE" 3lt4101 
"PROCEOURF" LNGVECVEC(L, U, SHIFT, A, B, C, CC, D, DOI; 
HVALUE" L, U, SHIFT, C, CC; "INTEGER" L.~,SHIFTJ 
"REAL" Ce CC, D, DOI "ARRAY" A, BS 
"BEGIN" "REAL" E, EEi 

11 PROCEDURE II DPMUL< A, B, C, CC); "CODE 11 311031 
"PROCEDURE" LNGAOD(A, AA, B, BB, C, CC)I "CODE" 311051 
"FOR" La• L "STEP" 1 "UNTIL" U "DO" 
11 9EGIN" OPMUL(A[Ll, BCL + SHIFTl, E, EE); 

LNGAOO(C, CC, E, EE, c. CC) 
"END"I 
01• C; 001• CC 

"END" LNGVECVEC I 
"EDP" 



SECTION t 1.5.Z IJ4NUARY 1976) 

11CODE 11 344111 
"PROCEDURE" LNGMATVEC(L, U, I, A, B, C, CC, D, DO); 
11VALUE 11 L, U, I, C, CC; "INTEGER" L, U, I; 
11REAL 11 C, CC, D, DDI "ARRAY" A, BI 
11 BF.r.IN11 11 REAL 11 E, EEi 

"PROCEDURE" OPMUL(A, B, C, CC); 11C00E" 311~31 
"PROCEDURE" LNGAOO(A, AA, B, BB, C, CC)I "CODE" 311051 
11 F0R" Lt• L "STEP" 1 "UNTIL" U "00 11 

PAGE 18 

"BEGIN" OPMUL(ACI,Ll, B[Il, E, EE)I LNGAOD(C, cc. e. EE, c, CC) 
11FN0 11 1 
Ot• C; DO&• CC 

"ENO" LNG1'!ATVFC; 
11EOP 11 

IICODF. 11 34412; 
"PROCEDURE" LNGTAHVEC(L, U, I, A, B, C, CC, D, OD)I 
"VALUE" L, U, I, C, CCI 11 INTEGER 11 L, U, II 
"REAL" C, CC, D, DOI "ARRAY" A, BJ 
"BEGIN" 11 REAL" E, EE; 

11PROCEDURE 11 DPHUL(A, B, C, CC)I 11COOE 11 311031 
11 PROCEDURE 11 LNGAOD(A, AA, 8, BB, C, CC)I 11CODE 11 31105; 
"FOR" Lt• l 11 STEP 11 1 "UNTIL" U "DO" 
11REGIN 11 DPMUL(A[L,Il, B[Il, E, EE)I LNGAOO(C, CC, E, EE, C, CC) 
"FNOn; 
01 ■ C; OOt• CC 

11END" LNGTAHVEC s 
11EOP" 

ncooen 344131 
"PROCEDURE" LNGMATMATCL, U, I, J, A, B, C, CC, D, DO)J 
11 VALUE 11 L, U, I, J, C, CCJ 11 INTEGER 11 L, U, I, J; 
"REAL" C, CC, D, OD; 11 ARRAY 11 A, BJ 
11 BEGIN 11 "REAL" E, EEi 

11PROCEDURE 11 DPMULIA, B, C, CC)I "CODE" 311031 
11 PROCEOURE 11 LNGAOD<A, AA, B, BB, C, CC); "CODE 11 3111(151 
11 FOR" Lt• L "STEP" 1 "UNTIL" U noon 
11 BEGIN 11 DPMUL(A[I,Ll, BCL,Jl, E, EE)I LNGAOOIC, CC, E, EE, C, CC) 
11 F.ND 11 ; 

DI• Cl 001• CC 
11END 11 LNGMATMAT; 

11 EOP 11 
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"CODE" 34414 I 
"PROCEDURE" LNGTAMMAT(L, U, I, J, A, B, C, CC, D, OO)J 
"VALUE" La U, I, J, C, CCJ 11INTEGER" L, U, I, J; 
"REAL" Ca CC, D, DOI 11 ARRAY 11 A, BJ 
11BEGIN 11 11REAL" E, EEi 

"PROCEDURE" DPHUL<A, B, C, CC)J "CODE" 311031 
"PROCEDURE" LNGADD(A, AA, a, BB, C, CC); 11CODE" 311451 
11 FOR" Lt• L "STEP" 1 "UNTIL" U noon 
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"BEGIN" DPMUL(ACL,Il, BCL,Jl, E, EE); LNGADD(C, CC, E, EE, C, CC) 
HF.ND": 
01• Cl ODI• CC 

"END" LNGTAl1MATJ 
"EOP" 

"CODE" 344151 
11 PROCF.OUREH LNGMATTAM(L, U, I, J, A, B, C, CC, D, 00); 
"VALUE" Latta I, Ja C, CC; "INTEGER" La U, Ia JI 
"REAL 11 Ca CCa Da DOI 11 ARRAY" Aa BI 
"BEGIN" "REAL" E, EEi 

"PROCEDURE" DPHUL<A, Ba C, CC); 11CODE 11 311~3J 
11PROCEDURE 11 LNGADD(A, AA, B, BB, C, CC)I 11CODE" 311051 
IIFOR" Ll• L "STEP" l "UNTIL" U "0 □" 
11 BEGIN" DPMUL(ACI,Lla BCJ,Ll, E, EE)l LNGADD<C, CC, E, EE, C, CC) 
11E N.0 11 I 
Di ■ Cl OD•• CC 

11END 11 LNGMATTAMI 
neopn 

11CODE 11 344161 
11 PROCEDUREH LNGSE0VEC(L, Ua IL, SHIFT, A, Ba C, CC, D, 00)1 
11 VALUE 11 L, U, IL, SHIFT, C, CCS "INTEGER" L, U, IL, SHIFTJ 
"REAL" C• CCa D, DDJ 11ARRAY 11 A, BJ 
11 8EGIN 11 "REAL" E, EEi 

11 PROCEDURE 11 DPMULIA, 8, C, CC)I "CODE" 311031 
HPROCEDURE 11 LNGADD<A, AA, 81 BB, C, CC)I 11CODE" 311051 
11FOR" Li• L 11STEP 11 l 11UNTIL 11 U 11 0011 

11 BEGIN" DPMUL(ACILl, B[L + SHIFT], E, EE)I IL•• IL + LI 
LNGADDfC, CC, E, EE, C, CC) 

11END 11 1 
01• Cl 0D1• CC 

11END 11 LNGSE0VF.C; 
11 F.OP 11 
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"CODE" 3't4171 
11 PROCEDURF" LNGSCAPRDlfLA, SA, LB, SB, N, A, B, C, CC, D, 00)1 
11 VALUE" LA, SA, LB, SB, N, C, CC, D, 001 "INTEGER" LA, SA, LB, SB,N; 
"REAL" C, CC, 0• OD; "ARRAY" A, B; 
"BEGIN" "REAL" E, EF.1 "INTEGER" Kl 

11 PROCEDURE" DPMULfA, B, C, CC)J "CODE" 311031 
"PROCEOURF. 11 LNGADD(A, AA, B, BB, C, CC); "CODE" 311!051 
"FOR" Kt• 1 "STEP" 1 "UNTIL" N "00" 
"BEGIN" DPMUL(A[LAl, BCLBl, E, EE); LAI• LA ♦ SAi LBI• LB ♦ SB; 

LNGAODfC, CC, E, EE, C, CC) 
11 ENO"I 
DI• Cs 001• CC 

"END"J 
"EOP" 

"CODE" 344181 
"PROCEDURE" LNGSYMMATVECfL, U, I, A, B, C, CC, D, OD); 
"VALUE" L• U, I• C, CC; 
"INTEGER" L, U, II "REAL" C, CC, D, OOJ "ARRAY" A, BJ 
"BEGIN" "INTEGER" K, MJ 

"PROCEDURE" LNGVECVEC(L, U, S, A, B, C, T, D, R)J "CODE" 144101 
11PROCEOURE 11 LNGSEOVECCL, U, IL, S, A, B, C, T, D, R)J 
ncooe11 344161 
Mt• 11 JFtt L > I 11THEN" L "ELSF. 11 I; Kt• M * (M - l) // 2J 
LNGVECVECfL, "IF" I<• U "THEN" I - 1 "ELSE" U, 
K, B, A, C, CC, C, CC)J 
LNGSEQVEC(M, U, K ♦ I, O, A, B, C, CC, D, DO) 

"ENO" LNGSYMMATVECI 
"EOP 11 

11COOE" 315051 
"PROCEDURE" LNGFULMATVEC(LR, UR, LC, UC, A, B, C)J 
11 VALUE" LR, UR• LC, UC, BI "INTEGER" LR, UR, LC, UCJ 
"ARRAY" A, B, Cl 
11 BEGIN" "REAL" D, DO; 

"PROCEDURE" LNGHATVEC(L, U, I, A, B, C, CC, D, OD); "CODE" 344111 
"FOR" LRI• LR "STEP 11 1 "UNTIL" UR "DO" 
11 BEGIN" LNGMATVEC<LC, UC, LR, A, B, ~. O, D, OD)J C[LRlt• D + DO 
"ENO" 

tt[NO" LNGFULNATVECt 
"EDP" 

"CODE" 315061 
"PROCEDURE" LNGFULTAHVEC(LR, UR, LC, UC, A, B, C)I 
11 VALUE 11 LR, UR• LC, UC, BI "INTEGER" LR, UR, LC, UCJ 
"ARRAY" A• B, Cl 
"BEGIN" 11 REAL" D, 001 

"PROCEDURE" LNGTAMVEC(l, U, I, A, B, C, CC, D, DD)J 11CODE 11 144121 
"FOR" LCI• LC "STEP" 1 "UNTIL" UC 8 00" 
11 BEGlN" LNGTAMVEC(LR, UR, LC, A, B, O, O, D, DO)J C[LCll• D ♦ OD 
11 FND" 

8 fND" LNGFULTAMVECJ 
"EOP" 
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"CODE" 315071 
"PROCEDURE" LNGFULSYMMATVEC(LR, UR, LC• UC, A, B. C)t 
•VALUE" LR• UR, LC, UC• BI "INTEGER" LR, UR, LC, UCI 
"ARRAY" A• B, C; 
"BEGIN" "REAL" D, DO: 

"PROCEDURE" LNGSYMMATVECCL, U, I, A, B, C, CC, D, OO)t 
"CODE" 344181 
"FOR" LRI• LR ttSTEP" l "UNTIL" UR "00" 
"BEGIN" LNGSYMMATVEC(LC, UC, LR, A, R, O, O, D, DD)I 

C[LR]a ■ 0 + OD 
"END" 

"END" LNGFULSYMMATVECI 
"EDP" 

ncooen U5081 
"PROCEDURE" LNGRESVECCLR, UR, LC, UC, A, 9, C, X)I 
"VALUE" LR, UR, LC, UC, X; "INTEGER" LR, UR, LC, UC; 
"REAL" Xt "ARRAY" A• B• C; 
"BEGIN" "REAL" D, OD• E, EEi 

"PROCEDURE" DPMUL(X, Y• E, EE)J "CODE" 311031 
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"PROCEDURE" LNGMATVEC(L, U, I, A, B, C, CC, D, DD)J "CODE" 344111 
"FOR" LRI• LR "STEP" 1 "UNTIL" UR "DO" 
"BEGIN" OPMUL(C[LRl, x, E, ee,, 

LNGMATVEC(LC, UC, LR, A• 8, E, EE, O, OD)J CCLR]I• D + OD 
"END" 

"END" LNGRESVECs 
"EDP" 

11 CODE 11 315091 
"PROCEDURE" LNGSYMRESVEC(LR, UR, LC, UC, A, B, C, X); 
"VALUE" LR, UR, LC, UC, B, X; "INTEGER" LR, UR, LC, UC; 
"REAL" Xs "ARRAY" A, 8, C; 
"BEGIN" "REAL" D, OD, E, EEi 

"PROCEDURE" DPMULf X, Y, E, EE) J "CODE"· 31103; 
"PROCEDURE" LNGSYMMATVEC(L, U, I• A, B, C, CC, D, OO)t 
"CODE" 344181 
ttfOR" LRI• LR ttSTEP" l "UNTIL" UR noon 
"BEGIN" OPMUL(CCLRl• X, E, EE); 

LNGSYHHATVEC(LC, UC, LR, A, B, E, EE, D, DD)I C[LRll• 0 + DO 
"END" 

"END" LNGSVHRESVEC; 
"EOP" 
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AUTHORSI T.J.DEKKER £ JeKOOPMANe 

CONTRIBUTORS JeKOOPMAN. 

INSTITUTE& UNIVERSITY OF AMSTERDAM. 

RECIEVEDI 7703?.8 

BRIEF DF.SCRIPTIONI 

LNGREATODECI CONVERTS A DOUBLE-LENGTH NUMBER TO A 
NUMBER IN DECIMAL FLOATING-POINT ~EPRESENTATION. 
THE RESULT CONSISTS OF A MANTISSA MANT OF MAGNITUDE<l 
(AND > ■ .l) ANO A DECIMAL EXPONENT EXPO. 

l<EYWORDSt 

DOUBLE PRECISION ARITHMETIC, 
CONVERSION, 
DECI~AL REPRESENTATION. 

CALLING SEOUENCEt 

PAGE 1 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 

"PROCEDURE" LNGREATODECI(X, XX• S• MANT• EXPO)J 
"VALUE"X,XX,Sr"INTEGER"S,EXPOJ"REAL"X,XXJ"INTEGER""ARRAY"MANT; 
"CODE" 311001 

THE MEANING OF THE FORMAL PARAMETERS ISt 
X,XX I <ARITHMETIC EXPRESSIONS>; 

ENTRYt THE HEAD (X) ANO TAIL <X·X) OF THE NUMBER 
THAT IS TO BE CONVERTEDI 

S I <ARITHMETIC EXPRESSION>J 
ENTRYI THE DESIRED NUMBER OF SIGNIFICANT DIGITS 

OF THE CONVERTED VARIABLE. 
ONE SHOULD NOT CHOOSES LARGER THAN THE NUMBER 
OF DIGITS CORRESPONDING TO THE DOUBLE LENGTH 
MACHINE PRECISION (FOR CDCt S<29 le OTHERWISE, 
THE LAST DIGITS ARE USELESS, AS All OPERATIONS 
IN LNGREATODECI ARE PERFORMED IN DOUBLE-LENGTH A
RITHMETICJ IFS IS CHOSEN NONPOSITIVE,ONLY THE SIGN 
AND THE DECIMAL EXPONENT OF THE CONVERTED NUMBER 
ARE DeLIVEREDJ 
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MANT a <ARRAY IDENTIFieR>; 
"INTEGER""ARRAY"NANTC01S]; 
EXITI MANTCO]I THE SIGN OF THE DECIMAL NUMBERS 

MANTCI] CIA•O)I THE I-TH SIGNIFICANT 
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DIGIT OF THE MANTISSA OF THE CONVERTED NUMBER; 
I.E. THE VALUE OF THE MANTISSA EQUALS 
HANTCOl*IMANTCll/10+MANTC21/li0!0+ ••• HANTCSl/10**S>1 

EXPO I <INTEGER VARIABLE>1 
EXITS THE DECIMAL EXPONENT OF THE CONVERTED NUMBER, 

PROCEDURES USEOI 

I.E. TH~ DOUBLE-LENGTH NUMBER CX,XX) APPROXIMATELY 
EQUALS MANTISSA•ln••EXPO WITH THE VALUE OF 
MANTISSA GIVEN IN HANT. 

LNG SUB• CP31106. 
LNG MUL • CP31ll08o 
DP POW • CP~1109. 

RUNNING TIME t 

ROUGHLY PROPORTIONAL TO LN(LN(X))+S. 

LANGUAGE& ALGOL 600 

METHOD ANO PF.RFORMANCfl 

LNGREATODECI DETERMINES THE DECIMAL EXPONENT EXPO. AFTER 
THAT, THe LONG REAL NUMBER (X,XX) IS DIVIDED BY 1o••EXPO 
IN DOUBLE PRECISION. BY TRUNCATING THE RESULT, THE 
FIRST MOST SIGNIFICANT DIGIT Of THE MANTISSA IS OB• 
TAINEDo SUBTRACTING THIS DIGIT FROM CX,XX)/lO••EXPO, 
MULTIPLYING THE RESULT WITH 10, THE NEXT MOST SIGNI• 
FICANT DIGIT CAN BE OBTAINED BY TRUNCATION. THIS PR □-
CF.SS OF SUBTRACTION, MULTIPLICATION AND TRUNCATION WILL 
BE REPEATED UNTIL S DIGITS ARE OBTAINED. FINALLY, 
THE MANTISSA THUS OBTAINED IS PROPERLY ROUNDEDo 



SECTION I 1.5.3 (MARCH 1977) 

EXAMPLE OF USE I 

"BEGIN""COMMENT"EXAMPLE OF use OF LNGREATOOF.CI ANO OP P□WI 
"INTEGER 11S,EXPOI 
"REAL"OP,OPLI 
"PROCeDURE"DP P□W(A,EXPON,C,CC)l"C0DE"31109J 
"PROCEOIJRE 11 LNGREATODECI<X,XX,S,HANT,EXPOlJ"CODE"3lllOJ 
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"PROCEOURE"PRINT<S,HANT,EXPONENT); 
NVALUENS,F.XPONENTJ"INTEGfR"S1EXP □NENT1"INTEG£RttNARRAY"MANTJ 
"BEGlN""INTEGER"KJ 

"END" 

OUTCHARACTER(6l,"("•++"l"1HANT[Ol+2)1 
NFOR"Kl•l"STEP"l"UNTll"S"00" 
"0EGIN""lF"K•l"THEN"OUTPUT(61,"(" 11 ( 11 e"l""l"ll 

OUTPUT(61,"("D"l",NANT[Kl) 
"END"IOUTPUT(6l,"(""("""l"1+3D">"•EXPONENT) 

11END"PRINT: 

DP POW(2,4810P,OPL)I 
ttFORttS&•O"STEP"4 UNTIL"ZS"DO" 
"BEGIN""INTEGER""ARRAY"MANT[01SlJ 

"END" 

LNGREATOOECI(OP,OPL,S,HANT1EXPO)I 
PRINT(S,MANT,EXPO)J 
OUTPUT(6l1ff(tt/tt)tt) 

DELIVERS 1 

+"+015 
+.2815"+015 
+e2fl147498ff+015 
+.281474976711"+C15 
+.2814749767106560"+015 
+.28147497671065600000"+015 
+.2814749767106560000000®"+015 
+.2814749767106560000000000000"+015 
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SOURCE TEXT(S)I 

"CODE"31100; 
· "PROCEOURE"LNGREATDOECI<X,XX,S,MANT,EXPO)S 

"VALUE"X,XX,Sr"INTEGER"S,EXPOl"REAL"X,XXr"INTEGER""ARRAY"MANTI 
"BEr.IN""lNTEGER"l,KJ 

t1REAL"P,PP; 
"PROCEOURE"LNG SUB(A,AA,B,BB,C,CC)l"CnOE"31106S 
"PROCEOURE"LNG MUL(A,AA,B,BB,C,CC);nc □OE"31107t 
11 PROCEOlJRE"OP POW(A,EXPQN·,C,CC) ;ncoDE"31109; 
MANT[Oll•SIGN(X)tHJFHX<O"THfN""BEGIN"X••-X1XX1•-XX"END"; 
HIF"X•O"THEN"EXPOl•O 

11 ELSF"EXPOl•ENTIER(LN(X)/lN(lD))+l; 
DP POW(lO,-EXPO,P,PP)I 
LNG MUl(X,XX,P,PP,X,XX)I 
HFQRHit•O"WHILf"ENTIER(X)•O & XA•O noon 
HBEGIN"LNG MUL<X,XX,10,0,X,XX)JEXPOl•EXPO•l"END"t 
"FOR"ll•l"STEP"l"UNTIL"S"DO" 
"8fGIN"Kl•ENTIER(X)J"lF"K>9HTHENHKt•9JMANT[Ilt•KI 

LNG SUB(X,XX,K,G,P,PP);LNG MUL(P,PP,1~,~.x,xx, 
"EN0 11 t 
"1F"ENTIER(X)>•5 
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HTH~N""BEGINHHFOR "l I •S ttS TE P"-1 "UNTIL "l "D0 11 

"8EGIN 11 Kt•MANT[ll+l; 
"IF"K<lO"THEN""BEGIN"MANTCill•KJ"GOTO"READY 

"END"I 
MANTC!lt•O 

"END"J 
EXPOl•EXPO+l; 
"!FIIS>OHTHEN 11 MANT[llt•l; 

READ,YI 
11END"I 

FXP □ t•EXPO+l 
11 EN0 11 LNGREATODECII 

"EOP" 

**"'**"'***** ••••••••••• 
Ml0502V Ill/ END OF LIST II/I 
Mlt>'il02V I/If END OF LIST Ill/ 
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AUTHORI C.G. VAN DFR LAAN. 

INSTITUTFI REKENCENTRUM RIJKSUNIVERSITEIT GRONINGENe 

RECEIVF.01 741114. 

BRIEF OFSCRIPTIONI 

THIS SECTION CONTAINS THE PROCEDURES POL, TAYPOL, NOROERPOL AND 
DHPOL. 

POL EVALUATES A POLYNOMIAL; 

OERPOL EVALUATES THE FIRST K DERIVATIVES aF A POLYNOHIALJ 

NORDERPOL EVALUATES THE FIRST K NORHALilFD DERIVATIVES OF A 
POLYNOMIAL fieEe J-TH DERIVATIVE/IJ FACTORIALl,J•C,l, ••• ,K<•DEGREE; 

TAYPOL EVALUATES X**J*CJ-TH DERIVATIVE)/(J FACTORIAL>• 
J•O,l, ••• ,K<•OEGREE. 

KEYWORDS I 

POLYNOMIAL EVALUATION, 
(NORMALIZED) DFRIVATIVES, 
DERIVATIVES OF A POLYNOMIAL. 

SUBSECTIONS POL. 

CALLING SEOUENCE1 

THE HEADING OF THE PROCEDURE READS• 
"REAL""PROCEDURE" POLCN,X,A); 
"VALUE"N,X;HINTEGER"NJ"REAL"XJ"ARRAY"A; 

THF MEANING OF THE FORMAL PARAMETERS ISI 
NI <ARITHMETIC FXPRESSION>; 

ENTRYs THE DEGREE OF THE POLYNOMIALS 
XI <ARITHMETIC EXPRESSION>a 

ENTRYI THE ARGUMENT OF THE POLYNOHIALJ 
Al <ARRAY IDENTIFIER>; 

"ARRAY"A[O 1Nll 
ENTRYt THE COEFFICIENTS OF THE POLYNOMIAL 

A[dl+A[ll*X+eee+A[Nl*X**N• 

PROCEDURES USEDI NONE. 
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RUNNING TIHEt PROPORTIONAL TON 
(N MULTIPLICATIONS ANO ADDITIONS>. 

LANGUAGE• ALGOL 60. 

METHOD AND PERFORMANCE& 
THE METHOD USED FOR EVALUATION IS HORNER•S RULE (SYNTHETIC 
DIVISION). THE ERROR GROWTH IS GIVEN BY A LINEAR FUNCTION OF THE 
DEGREE OF THE POLYNOMIAL (Si~ VANDERLAAN• STOER(l97ZI Pe 2Q <EXe 
11) OR WILKINSON(1Q63) Pe 36,37). 

SURSECTIONI DERPOL. 

CALLING SEOUENCEt 

THE HEADING OF THE PROCEDURE READSt 
"PROCEDURE" DERPOL(N.K,X,AII 
"VALUE"N•K,Xt"INTEGER"N,Kl"REAL"XJ"ARRAY"AI 

THE MEANING OF THE FORMAL PARAMETERS ISt 
Nt <ARITHMFTIC EXPRESSION>t 

ENTRYI THE DEGREE OF THE POLYNOMIALS 
Ka <ARITHMFTIC EXPRESSION>; 

ENTRYa THE FIRST K DERIVATIVES ARE TO BE CALCULATED; 
Xs <ARITHMETIC EXPRESSION>I 

ENTRYI THE ARGUMENT OF THE POLYNOMIALI 
Al <ARRAY IDENT.IFIER>J 

HARRAY"A[OIN]I 
ENTRYI THE COEFFICIENTS OF THE POLYNOMIAL 

A[01+A[ll•X+ ••• +A[Nl•X••N1 
EXIT& THE J-T4 DERIVATIVE IS DELIVERED IN ACJl, J•O,l, ••• ,K<• 

DEGREE: THE OTHER ELEMENTS ARE GENERALLY ALTERED. 

PROCEDURES USED • 

NORDERPOL • CP3124Z 

RUNNING TIMes THE NUMBER OF ADDITIONS IS (K+l>•<N•K/Z) AND 
THF NUMBER OF MULTIPLICATIONS IS N, IN FIRST ORDER. 

I 

LANGUAGFI ALGOL 60e 

METHOD AND PFRFORMANCEa SEE TAYPOL(THIS SECTION>. 
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SUBSECTIONI NORDERPOL. 

CALLING SEOUENCEI 

THE HEADINt, OF THE PROCEDURE READS• 

"PROCEDURE" NORDERPOLCN,K,X,A)I 
"VALUF"N,K,Xl"INTEGER"N,Kl"REAL"Xt"ARRAY"AI 

THE MEANING OF THE FORMAL PARAMETERS ISI 

NI <ARITHMETIC EXPRESSION>I . 
ENTRYI THE DEGREE OF THE POLYNOMIAL; 

Ka <ARITHMETIC EXPRESSION>; 
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THE FIRST K NORMALIZED DERIVATIVES ARE TO BE CALCULATED 
CI.E. CJ•TH DERIVATIVE)/CJ FACTORIAL), J•O•l•••••K<•DEGREE>a 

XI <ARITHMETIC EXPRESSION>; 
ENTRY1 THE ARGUMENT OF THE POLYNOMIAL; 

At <ARRAY IDENTIFIER>I 
"ARRAY"A[OIN]I 
ENTRY• THE COEFFICIENTS OF THE POL YNO"IIAL 

A[Ol+A[ll*X+eea+A[Nl•X••N; 
EXIT• THE J-TH NORMALIZED DERIVATIVE IS DELIVERED IN A[Jl 

J•0,1, ••• ,K<•OEGREEI THE OTHER ELEMENTS ARE GENERALLY 
AL TE RE De 

PROCEDURES USED• NONE. 

REQUIRED CENTRAL MEMORYI AN AUXILIARY ARRAY OF ORDER N + 1 IS DECLARED. 

RUNNING TIMEs THE NUMBER OF ADDITIONS IS (K+l)*(N•K/2) AND 
THE NUMBER OF MULTIPLICATIONS/DIVISIONS IS 2 * N + Ke 

LANGUAGE• ALGOL 60. 

METHOD ANO PF.RFORMANCEa SEE TAYPOL(THIS SECTION). 
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SUBSECTION! TAVPOL. 

CALLING SEQUENCE& 

THE HEADING OF THE PROCEDURE READSI 

"PROCEDURE" TAVPOLCN,K,X,A); 
"VALUE"N,K,X1"INTEGER"N,KS"REAL"Xl"ARRAV"A1 

THE MEANING OF THE FORMAL PARAMETERS IS1 

NI <ARITHMETIC EXPRESSION>s 
ENTRVI THE DEGREE OF THE POLYNnMIAL; 

Kl <ARITHMETIC EXPRESSION>; 
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ENTRYI THE FIRST K TERMS X••J*(J-TH OERIVATIVE)/(J FACTORIAL), 
J•O,l, ••• ,K<•DEGREE, ARE TO BE CALCULATEDI 

Xt <ARITHMETIC EXPRESSION>a 
ENTRYI THE ARGUMENT OF THE POLYNOMIAL; 

Al <ARRAY IDENTIFIER>; 
"ARRAV"A[OIN]I 
ENTRYI THE COEFFICIENTS OF THE POLYNOMIAL 

ACfil+A[ll•X+ ••• +A[Nl*X**N; 
EXIT• THE J-TH TERM x+•J+(J-TH DERIVATIV£l/(J FACTORIAL), rs 

DELIVERED IN A[J1, J•0,1, ••• ,K<•DEGREEI THE OTHER 
ELEMENTS ARE GENERALLY ALTERED. 

PROCEDURES USED1 NONE. 

RUNNING TIMES THE NUMBER OF ADDITIONS IS (K+ll*(N-K/2) ANO 
THE NUMBER OF MULTIPLICATIONS IS 2 • N. 

LANGUAGF.1 ALGOL 60a 

METHOD ANO PERFORMANCE• 
THE METHOD OF EVALUATION IS GIVEN BY TRAUB AND SHAW(1972,1974). 
LET X++J+(J-TH DERIVATIVE OF THE POLYNOMIAL)/(J FACTORIAL)• 
(JOVER Jl+ACJJ+X++J+(J+l OVER Jl+ACJ+ll*X**(J+ll+ee•+<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 PERFORMS THE BUILDING UP OF 
THF. BINOMIAL COEFFICIENTS IMPLICITLY. 
WE HAVE NOT IMPLEMENTED THE MORE SOPHISTICATED ALGORITHM, BASED 
ON DIVISORS OF N+l• BECAUSE OF THE HORE 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 (N□ RDERPOL, TAYPOL> ANO 3*N <DERPOLII• 
THE ABSOLUTE ERROR IS OF ORDER MAX((N OVER Nl*ACNJ+X•+<N-K>,•••• 
(N OVER K)*A[Kl), FOR THE K•TH NORMALIZED DERIVATIVE (SEE VAN DER 
LAAN OR WOZNIAKOWSKile 
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ON THE NUMBER OF MULTIPLICATIONS FOR THE £VALUATION OF A 
POLYNOMIAL AND SOME OF ITS DERIVATIVES (21 P.). 
JOURNe ACM• 1974• VOL. 21• NO. l• P. 161-167. 

[21.STOER•J• 1 
EINFUEHRIJNG IN DIE NUMERISCHE MATHEHATIK le 
SPRINGER• 1972• 

[31.VAN DER LAAN CeGel 
ORTHOGONAL POLYNOMIALS IN:NUHERICAL ANALYSIS. 
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le ERROR ANALYSIS OF R~CURRENCE RELATIONS IN FLOATING•POtNT 
CO~PUTATION• (TO APPEAR). 

C4J.WILKINSON.JeHe 1 
ROUNDING ERRORS IN ALGEBRAIC PROCESSES. 
HSO• NOTES ON APPLIED SCIENCES NO. 32• 1963. 

C5J.WOZNIAKOWSKI.Hel 
ROUNDING ERROR ANALYSIS FOR THE EVALUATION OF A POLYNOMIAL ANO 
SOME DF ITS DERIVATIVES. 
SIAM J. OF NUM. AN. VOL ll• NO. 4• Pe 780-787. 

EXAMPLE OF use, 
AS A FORMAL TEST OF THE PROCEDURE OERPOL THE DERIVATIVES OF THE 
POLYNOMIAL 3•x••3•2•x••2+x-1 ARE CALCULATED AT X•l. 

"BEGIN""ARRAY"A[Ol311 
NPROCEDURE"DERPOL(N1K•X•A>J"CODE"31243; 
AC3l1 ■ 3;AC2ia ■-2;A[l]1 ■l;AC~]l ■-l; 
DERPOLl3•3•l•A>J OUTPUT(6l•"l" 
"("THE 0-TH UNTIL AND INCLUDING THE 3•TH DERIVATIVES•">"• 
4(8ZOB>">"•A[Ol.A[ll•AC2l•AC3]); 

"END" EXAMPLE OF USEI 

THE O•TH UNTIL AND INCLUDING THE 3•TH DERIVATIVES 1 l 6 14 lB 

SOURCE TEXT(S)r 

"CODE" 310401 
"RFAL" "PROCEDURE" POLCN•X•A>t 
"VALUE" N•Xl"INTEGER" NJ"REAL" Xl"ARRAY" Al 
"BEGIN" "REAL" RI 

RI• 01 
"FOR" N1 ■ N "STEP" •1 "UNTIL" 0 noon 
Pr•R•X + ACNJ; 
POLI• R 

"i!NO" POLI 
"EOP 11 
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"CODE" 31241; 
"PROCEDURE" TAYPOLIN,K,X,A)I 
"VALUE" N,K,X; 
"INTEGER" N,Kl"REAL" X;"ARRAY" A; 
"IF" XA• 0 "THEN" 
"BeGIN" "INTEGER" I,J,NMlJ 

8 REAL" XJ,AA.H; 
XJt•ll 
"FORH Js ■ 1 HSTEP" 1 "UNTIL" N "00" 
"BEGIN" XJ1 ■XJ•X;A[Jll•ACJl*XJ "ENO"; 
AAl•A[NltNMll•N-11 
"FOR" JI• 0 "STEP" l "UNTIL" K "D0" 
"BEGJNH IH•AA; 

"FOR" II• NMl "STEP" -1 "UNTIL" J "DO" 
HI• A[ Ill•ACI]+H 

"END" 
"ENO" "ELSE" 
"FOR" Kl• K "STEP" -1 "UNTIL" l "DO" ACK]l ■OJ 

"EDP" 

HCOOE n 31242 I 
"PROCEDURE" NOROERPOL (N,K,X,A); 
"VALUE 11 N .• K,X; 
"INTEGER" N,KS"RfAL" XJ"ARRAY" Al 

'"IF" XA• 0 11THEN" 
"BEGIN" "INTEGER" I,J,NMl; 

"REAL" XJ,AA,HI 
"ARRAY" XX[OIN]S 
XJl•ll 
"FOR" JI• 1 "STEP" 1 "UNTIL" N "00" 
"BEGIN" XJ&•XX[Jll•XJ*XJA[Jlt•ACJl•XJ "END"I 
H1•AA1•ACN13NMll•N-11 
"FOR" It• NMl "STEP" -1 "UNTIL" 0 "DO" HI• A[I]l•ACI]+Hl 
"FOR" JI• l "STEP" 1 "UNTIL" K noon 
"BEGIN" Hl•AA; 

"FOR" II• NMl "STEP" •1 "UNTIL" J "DO" 
HI• AC Ill•A[Il+HI 
ACJ]t•H/XX[Jl 

"END" 
"END" NORDERPOL 

HEOPH 

"CODE" 312431 
"PROCEDURE" DF.RPOL (N,K,X,A)I 
"VALUE 11 N,K,X; 
"INTEGER" N,KS"REAL" XS"ARRAY" Al 
"BEGIN" "INTEGER" J; "REAL" FAC; 

11 PROCEDURE"NOROERPOL(N,K,X,A)J 11CODE" 31?42J 
FAC I •11 
NORDERPOL (N,K,X,A); 
"FOR 11 Ja ■ 2 11 STEP" 1 11UNTIL 11 K 11 DO" 
"BEGIN" FACl•FAC*JIA[Jll•ACJl•FAC "END" 

"END" DERPOL I 
"EOP" 

PAGE 6 
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INSTITUTE• REKENCENTRUM RIJKSUNIVERSITEIT GRONINGEN 

RECEIVED• 7806ul 

BRIEF DFSCRIPTIONI 

THIS SECTION CONTAINS SIX PROCEDURES FOR THE EVALUATION 
OF ORTHOGONAL POLYNOMIALS• 
ORTPOL,ORTPOLSYMI EVALUATE AN ORTHOGONAL POLYNOMIAL, 

PAGE 1 

ALLORTPOL,ALLORTPOLSYMI EVALUATE ALL ORTHOGONAL POLYNOMIALS OF 
DEGREE LESS THAN A GIVEN POSITIVE INTEGER. 

SUHORTPOL,SUHORTPOLSYHI EVALUATE A SERIES OF 
ORTHOGONAL POLYNOMIALS. 

THE PROCEDURES ENDING WITH SYH ARE EFFICIENT VERSIONS FOR 
SYMMETRICAL POLYNOMIALS (I.E. ODO INDEXED POLYNO~IALS THAT ARE ODD 
FUNCTIONS ANn EVEN INDEXED POLYNOMIALS THAT ARE EVEN FUNCTIONS)s 

K~YWORDSI 

ORTHOGONAL POLYNOMIAL, 
SF.RIES OF ORTHOGONAL POLYNOMIALS, 
LINEAR THREE TERM (IN)HOHOGENEOUS RECURRENCE RELATION. 

DATA AND RESULTS• 

ORTHOGONAL POLYNOMIALS CAN BE CHARACTERIZED BY A RECURRENCE 
PELATION OF THE FOLLOWING FORM 

A1[K1 * F[K+ll(X) • (AZ[Kl + X • A3[K]) • F[K](X) 
• A4CK] • FCK•ll(X), 

WHERE AICKl ARE REAL NUMBERS. SEE FOR INSTANCE TABLE 22o7 IN 
ABRAMOWITZ AND STEGUN (1964) FOP THE CLASSICAL ORTHOGONAL 
POLYNOMIALS. BY AN ELEMENTARY TRANSFORMATION, THE COEFFICIENTS 
IN THE RECURRENCE RELATION ABOVE CAN BE MAOE SUCH THAT 
THF. RECURRENCE RELATION IS GIVEN BY 

PCK+ll(X) • CX • B[Kl) • P[Kl(X) - CCKl • P[K•ll(X>, 

PCOl(X) • 1, P[ll(X} • X • B[Ole 
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IN THIS WAY WE OBTAIN A NORMALIZATION OF THE ORTHOGONAL POLYNn~JAL 
SUCH THAT THf LEADING coeFFICIENT IN THE EXPLICIT REPRESENTATION OF 
P[Kl(X) EQUALS le 
AS A CONSEQUENCE THE FOLLOWING RELATION HOLDS BETWEEN THE VALUES 
OBTAINED BY OUR PROCEDURES (E.G. ORTPOL) AND THE VALUES FROM 
THE REPRESENTATION rw ABRAMOWITZ ANO STEGUN (1964) (I.e. f) 

N•l 
ORTPOL[Nl(X) • PROD (Al[Kl/A3[Kl) * F[Nl(X), 

K•O 

WHERE Al[Kl• A3[Kl, F[Nl ARE DETERMINED BY 22e4 ANO 22o7 IN 
ABRAMOWITZ AND STEGUN(1964). WE NOTICE THAT OVERFLOW/UNDERFLOW 
HAY OCCUR EARLIER AS A CONSEQUENCE OF OUR NORMALIZATION. 
IN ORDER TO AVOID MISTAKES WHEN OBTAINING THE RECURRENCE 
COEFFICIENTS THE FOLLOWING TABLE GIVES THE RECURRENCE COEFFI~IENTS 
FnR THE CLASSICAL ORTHOGONAL POLYNOMIALS (NOTE THAT THE FIRST ANO 
SECOND POLYNOMIAL ARE DEFINED BY THE NORMALIZATION AND 8[01)1 

POLYNOMIAL KIND 1 RECURRENCE COEFFICIENTS 

----------------~----•-------------------------------------
CHEBYSHEV 

CHEBYSHEV 

LEGENORf 

JACOBI 

LAGUERRE 

HERMITE 

n-sT KIND) 

(2•ND KIND) 

B[K] C[Kl 

,----------------------,------~-----· ----I 
I 
I 

I 

a 
I 

I 
I 
a 

0 

0 

0 

•(ALPHA**2-BETA••2>1 
CC2*K+ALPHA+BETA)* 
(2*K+ALPHA+BETA+2)) 

2*K+ALPHA+l 

0 

112, K•l 
1/tt II 1(>1 

I 1/4 
I 

I 4*(1+ALPHA)* 
I (l+BETA)/((ALP~A+ 
I BETA+2)+•2+CALPHA+ 
t BETA+3)) • K•1 

4*K*CK+ALPHA)* 
(IC+BETA>•CK+ALPHA+ 
BETA)/Cf2*K+ALPHA+ 
BETA)**2*( CZ*K+ 
ALPHA+BETA>••Z-1)) 

,, K>l 

(ALPHA,BETA > •1) 

K*(K+ALPHA) 

K/2 
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IN GENERAL THE RECURRENCE COEFFICIENTS MAY BE OBTAINED BY USE OF 
THE PROCEDURE RECCOF. THE ABOVE TABLE IS OBTAINED BY AOAPTION 
OF TABLE 22.7,ABRAHOWITZ ANO STEGUN (lQ64) P. 782, AS FnLLOWSI 
(NOTE THAT N>•lJ FOR N•O CONSULT 22.4) 

BCil••-A2Cil/A3Cil , I•0,1, ••• ,N•l 
CCill•(A4Cil*AlCI-ll)/(A3Cil*A3Cl•ll) • I•l•~•••••N-1. 

METHOD ANO PERFORMANCE• 

LET THE ORTHOGONAL POLYNOMIAL BE DEFINED BY 
PCK+ll(X>•tX•BCKl)*PCKl(X)~CCKl*PCK•ll(X) • K•l•2••••N•l 

WHERE B[OaN-1], C[llN-11 CONTAIN THE RECURRENCE COEFFICIENTS ANO 
P[ll(Xl•X•BCOl, P[Ol(X)•l (SEE STOER 1972, P• l191e 
THEN 

1 \ / 1 \ N-1 
P[N]('O • (X-B[Ol,l) • PROO 

K•l 
AND 

/ X•B[Kl 
[ 
\ •CCKl 

l C l • N•l•2•••••• 
0 I \ 0 / 

A[Ol+ACll•PCll(X)+eee+ACNl•PCNl(X)• 
N J-1 / X•B[Kl 

A[Ol + CX•BCOl,1) • SUM PROD C 
1 \ / Al'.Jl \ 

1 [ ] • 
0 I \ 0 I J•l K•l \ -CCKl 

THESE EXPRESSIONS ARE EVALUATED BY A GENERALISED HORNER RULEo 

REFERENCES a 

ABRAMOWITZ, Me£ ·1. STEGUN (1964)1 
HANDBOOK OF MATHEMATICAL FUNCTIONS, 
NATIONAL BUREAU OF STANDARDS, WASHINGTON DoCe 

LUKE, Y.L. (1969)1 
THE SPECIAL FUNCTIONS ANO THEIR APPROXIMATIONS I, 
ACADEMIC PRESS, LONDON, NEW YORK. 

STOER, J. (1972)1 
EINFUEHRUNG IN DIE NUHERISCHE MATHEMATIK I, 
SPRINGER VERLAG, BERLIN. 
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CALLING SE0UENCE1 
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THF. DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOSI 

"RF.AL" "PROCEDURE" ORTPOL(N,~,B,C); "VALUE" N,X; 
"INTEGF.R" NI "REAL" XJ "ARRAY" ~,Cl 
"CODE" U0441 

ORTPOL DELIVERS THE VALUE OF THE ORTHOGONAL POLYNOMIAL OF 
DEGREE N FnR THE ARGUMENT X AS DETERMINED 8Y THE 
RECURRENCE COEFFICIENTS. 

THF ~EANING OF THE FORMAL PARAMETERS !St 
Nt <ARITHMETIC EXPRESSION>; 

ENTRY1 THE DEGREE OF THE POLYNOMIALS 
Xt <ARITHMETIC EXPRESSION>; 

ENTRYt THE ARGUMENT OF THE ORTHOGONAL POLYNOMIAL; 
R,C1 <ARRAY IDF.NTIFIER>1 

"ARRAY" R[01N-ll, C[llN•lll 
ENTRYt TH[ RECURRENCE COEFFICIF.NTS (SEE DATA ANO RESULTS)a 

SURS~CTION1 ORTPOLSYM. 

CALLING SEOUENCEI 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSI 

11 REAL 11 "PROCF.DUR6" ORTPOLSYM(N .. x,c,; 11 VALIIE" N,X; 
"INTEGER" NI "RiAL 11 l<I 11 ARRAY 11 CS 
HCQOE" HO't!II 

ORTPOLSYM OF.LIVERS THE VALUE OF THE ORTHOGONAL POLYNO~IAL OF 
OEGRfE N FOR THE ARGUMENT X AS DETER~INED BY THE 
RECURRENCE COEFFICIENTS. 

THE MEANING OF THE FORMAL PARAM~TERS ISt 
NI <ARITHMETIC EXPRESSION>J 

ENTRYI THE DEGREE OF THE POLYNOMIALS 
X1 <ARITHM~TIC EXPRESSION>J 

ENTRYI THE ARGUMENT OF THE ORTHOGONAL POLYNOMIAL; 
Cl <ARRAY IOENTIFIER>J 

11 ARRAY 11 C[llN-l 1 I 
ENTRY• THE RECURRENCE COfFFICIENTS (StE DATA AND RESULTS). 
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SUBSf:CTIONI ALLORTPOL. 

CALLING SEQU~NCE1 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM ~EADS• 

"PROCEDURE" ALLORTPOL(N,X,B,C,P); 
"VALUE" N,X; "INTEGER" N; "REAL" X; "ARRAY" B,C,P; 
ttr.ODE" 31!0451 

THE MEANING OF THE FORMAL PARAM~TERS ISt 
N,X,B,CI S~E ORTPOL (THIS SECTION); 
Pr <ARRAY IDENTIFIER>; 

"ARRAY" P[OIN]t 
EXIT• P[Kl CONTAINS, FOR THE ARGUMENT, THE VALUE OF THF 

K-TH ORTHOGONAL POLYNOMIAL AS DEFINED BY THE 
RECURRENCE COEFFICIENTS. 

SUBSECTION• ALLORTPOLSYM. 

CALLING SEQUENCE1 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PPOGRAM READSt 

"PROCEDURE" ALLORTPOLSYM(N,X,C,PJI 
11 VALUE" N,X; "INTEGER" N; "REAL" X; "ARRAY" C,P; 
"CODE" 3Hl49; 

THE MEANING OF THE FORMAL PARAMETERS ISI 
N,X,CI SEE ORTPOLSYM (THIS SECTION)s 
PI <ARRAY IDENTIFIER>; 

"ARRAY" PriO IN H 
EXIT• P[Kl CONTAINS, FOR THE ARGUMENT, THE VALUE OF THE 

K-TH ORTHOGONAL POLYNOMIAL AS DEFINED BY THE 
RECURRENCE COEFFICIENTS. 

SUBSECTIONt SUMORTPOL. 

CALLING SEOUENCE1 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSs 

"REAL" "PROCEDURE" SUMORTPOL(N,x .. s,C,A)I 
"VALUE" N.x, "INTEGER" NJ "REAL" x; "ARRAY" B,C,A; 
"CODE" 31047: 
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SUMORTPOL I OELIVtRS THt VALUE OF THF. POLYNOMIAL 
A[0l+A[ll+P[l](X)+ ••• +A[Nl*P[Nl(X) 
WHFRE P[Kl(X) JS THE ~-TH ORTHOGONAL POLYN□"IAL. 

TH~ MEANING OF THE FORMAL PARA~ETERS ISt 
N,x,q,c1 SEE ORTPOL (THIS SECTION); 
Al <ARRAY IOENTIFIER>s 

"ARRAY" A[OHI] l 
ENTRV1 THE COEFFICIENTS OF THE SERIES fXPANSJON 

A[Q]+A[ll*P[l](Xl+ee•+ACN]*PCN](X) 
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WHERE PCK](X) IS THE K-TH ORTHOGONAL POLYNOMIAL 
AS DEFINED 8Y THE RECURRENCE COEFFICIENTS. 

SUBSFCTIONI SUMORTPOLSYM. 

CALLING SEOUFNCEI 

TH~ DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOSI 

"REAL" "PROCeDIIRf" SUMORTPOLS'fH(N,X,C,A); 
"VALUE" N,X: "INTEGER" N; "REAL" X; "ARRAY" C,A; 
"CODE" 3105fla 

SUHORTP□ LSYM a DELIVERS THE VALUE OF THE POLYNOMIAL 
A[61+A[ll*PC11(X)+eee+A[N]+P[Nl(X) 
WHF.RE P[Kl(X) IS THE K-TH ORTHOGONAL POLYNOMIAL. 

THi MEANING OF THE FORMAL PARAMETERS ISI 
N,X.Ct SEE ORTPOLSY~ (THIS SiCTION); 
Al <ARRAY IDENTIFIER>; 

"ARRAY" AU'!tNH 
ENTRYI THE COEFFICIENTS OF THE SERIES EXPANSION 

A[O1+AC11•PC11(X)+ee•+A[NJ+PfNl(X) 
WHERE P[Kl(X) IS THE K-TH ORTHOGONAL POLYNO~IAL 
AS DEFINi::D f.lY THE Ri:CIJRRENCE COEFFICifNTS. 
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HAMPLE OF use, 
THE FOLLOWING PROGRAM DELIVERS THE VALUES OF THE 
LAGUERRE POLYNOMIAL OF DiGREES 0,1,2,3,4,5 FOR X•O BY MEANS OF T~E 
PROCEDURE ALLORTPOL (B[Kl•Z•K+l, C[Kl•K••2J1 

"BEGIN" "ARRAY" 8[014], C[lt4], P[~l5]1 
"INTEGER" II 
"PROCEDURE" ALL0RTP0LCN,X,B,C,P)I "CODE" 310451 
BMlt•ll 
"FOR" It•l "STEP" 1 "UNTIL" 4 HOO" 
"BEGIN" 8[ll1•2•I+ll 

C[Il1•IO2s 
"HID" II 
ALL0RTP0LC5,0,B,C,P); 
0UTPUTC6l,"("2/,6C2B,+2ZD.Dl"J",(PCI],Is•015)); 

"END" PROGRAl41 

RESULTS (NOTE THE DIFFERENCE WITH FIGURE zz.9 IN ABRAMOWITZ ANO 
STEGUN (19641 RECAUSE OF THE N0RMALIZATI0N)I 
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SOIJRC€ TfXTS I 

ncnor" 31044 t 
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"~~AL" "PROC~OURE" ORTPOL(N.x.a.c,: 
"VALIJE 11 N11X: 11 TNTEGER" N; "REAL" Y; "ARRAY" e.c, 
"IF" N•O "THEN" nRTPOLl•l "ELSE" 

-"AEGIN" "INTEGER" K•LI "REAL" R•S11HI 
Rl•~-A[~]; Sl•l: Ll•N-1; 
"FOR" Kl•l "STEP" 1 "UNTIL" L noon 

NB!;GIN" Hl•RI 
Rl•(X•B[Kll•R-C[Kl*SI 
Sl•HI 

"~N0 11 1 
ORT PO Ls •R; 

"l:ND" ORTPOL 1 
"EOP 11 

11COOF 11 310481 
"REAL" "PROCEDURE" ORTPOLSYN(N•X•CIJ 
"VALUE" N,XI "INTEGER" N; "REAL" XI "ARRAY" C; 
"IF" N•~ "THE~" ORTPOLSYMl•leO "ELSE" 
"BEGIN" 

'"INTEGER" K11LI "REAL" R11S•HI 
Rl•X; Sl•l.~1 Ll•N-11 
"FOR" Kl•l "STEP" 1 "UNTIL" L "00" 
"BF.GIN" 

Hl ■ R; Rl•X•R-C[Kl•S; 
S t•H 

"END"I 
ORTPOLSV1'1t•R 

"END" flRTPOLSVHa 
"EOPII 

"CODE 11 "10451 
"PROCEDUREHALLORTPOL(N,x.e.c1RESULTSt(P); 
"VALUE" N,X: "INTEGER" Nl"REAL" X;"ARRAY" 811C1PI 
"IF" N•O "THEN11 P[OJl•l"ELSE" 
118EGIN" "INTEGER" K.Klf "REAL" R,S,HI 

Rl•P[lll•X-B[OlJ Sl•PCO]l•llKl•l; 
HFOR" Klt•2 11STEP" 1 "UNTIL" N "00" 

"BF.GIN" Ht•RI P[Kllt•Rt•(X-A[Kll•R-C[Kl*SI 
SI •HI K I •K 11 

"£NO": 
11ENO" ALLORTPOL 

19EOP" 

PAGE 8 
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ncnoe" 3104c11 
"PROCEDURE" ALLORTPOLSYM(N,X,C)RESULTS1(P); 
"VALUE" N,X; "INTEGER" NI "RfAL" XI "ARRAY" C,PI 
"IF" N•O "THEN" P[Oll•leO "ELSE" 
"13EGIN" 

"INTEGER" Kl "REAL" R,S,HJ 
Rl•Ptlll•XI Sl•PtOJl•leOI 
"FOR" Kl•Z "STEP" 1 "UNTIL" N noon 
"REGIN" 

Hl•RI 
PCK]l ■Rl•X•R-C[K-ll•Sr 
St•H 

11END"I 
"END" ALLORTPOLSYMI 

"EOP" 

"CODE" 31047; 
"REAL" "PROCEDURE" SUMORTPOL(N,X,B,C,A); 
"VALUE" N,Xs "INTEGER" NI "REAL" XI "ARRAY" B,C,AI 
"IF" N•O "THEN" SUMORTPOLl ■ A[Ol "ELSE" 
"BEGIN" "INTEGER" Kl "REALH H,R,S; 

Rl ■ A[Nla S1•01 
"FOR" Ks ■N•l "STEP" -1 "UNTIL" 1 noon 
"0EGIN" 

Hl•RI 
Ra•ACKl+(X•BrKl)*R+S1 
St• -crKl*H 

"END"1 
SUMORTPOLl•AC01+(X-B[Ol)*R+S 

"FNOH SIJMORTPOL; 
"EOP" 

ncaoen 310581 
"REAL" "PROCEDURE" SUMORTPOLSYM(N,X,C,A)I 
"VALUE" N,XI "INTEGER" NI "REAL" XI "ARRAY" C,AI 
HJFn N•O "THEN" SUMORTPOLSYMl ■ A[Ol "ELSE" 
8 BEGIN" 

"INTEGER" Kl "REAL" H,R,SJ 
Rl ■ A[Nll St•OI 
"FOR" Kt•N-1 "STEP" •l "UNTIL" 1 noon 
"BEGIN" 

Hl•RI 
Rl ■ A[Kl+X*R+S; 
SI• -Ctl<l*H 

ffl:NO" I 
SUMORTPOLSYMl•At~l+X*R+S 

"ENO" SUMORTPOLSYMI 
neopn 

PAGE 9 
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BRIEF DESCRIPTIONS 

THIS SECTION CONTAINS FOUR PROCEDURES ABOUT CHEBYSHEV POLYNOMIALS 
OF THE FIRST KINDi 
CHEPOLSUMt EVALUATES A (FINITE> SUM OF CHE~YSHEV POLYNOMIALS, 
ODDCHEPOLSUMI EVALUATES A (FINITE) SUM OF CHEBYSHEV POLYNOMIALS 

OF ODD DEGREE, 
CHEPOLI EVALUATES A CHEBYSHEV POLYNOMIAL, 
ALLCHEPOLt EVALUATES All CHEBYSHEV POLYNOMIALS WITH DEGREE LESS 

THAN A GIVEN POSITIVE INTEGER. 

KEYWORDS I 

(FINITE) SUM OF (SHIFTED) CHEBYSHEV POLYNOMIALS OF THE FIRST KIND, 
GOF.RTZEL,WATT,CLENSHAW,GENERALIZED HORNER ALGORITHM, 
LINFAR THREE TERM (INHOMOGENEOUS) RECURRENCE RfLATION. 
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SUASECTIONI CMfPOLSUH. 

CALLING SEQUENCES 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOSI 
"R~AL""PROCEDURE"CHEPOLSUM(N,X,A)S 
"VALUE"N•XS"INTEGER"Nt"REAL"Xa"ARRAY"AJ 
"CODEH3l046; 

CHEPOLSUMl•THE VALUE OF THE ·CHEBYSHEV SUM 
A[OJ + A[ll*TCl](X) + •••• + ACNl•TCNlCXl, 
WHERE TCll(XJ,eeee,T[Nl(X) ARE CHEBYSHEV POLYNOMIALS 
OF THE FIRST KIND, OF DEGREE 1, •••• ,N, RESPECTIVELY. 

THF MEANING OF THE FORMAL PARAMETERS IS t 
N 1 <ARITHMETIC EXPRESSION>J 

ENTRYI THE DEGREE OF THE POLYNOMIAL REPRESENTF.D BY THE 
CHEBYSHEV SUM (N>•OJ; 

X 1 ·<ARITHMETIC EXPRESSTON>a 
ENTRYI THE ARGUMENT OF THE CHEBYSHEV POLYNOMIALS, ABS(XJ<•lJ 

A I <ARRAY IDENTIFIER>; 
"ARRAY" A[I01NJ; 
ENTRY• THE COEFFICIEHTS OF THE CHEBYSHEV SUN MUST BE GIVEN IN 

ARRAY A, WHERE ACK] IS THE CO:FFICIENT OF THE CHEBYSHEV 
POLYNOMIAL OF DEGREE K, O<•K<•N• 

PROCEDURES USED• NONE. 

RUNNING TIMEI PROPORTIONAL TON. 

METHOD ANO PERFORMANCE• 

N N , 2•x 1 \ K / A[Kl \ 
SUM A[Kl*TCKl(X) • Cl, X) • SUM ,: J • [ 1 
K•O K•O \ -1. 0 I \ 0 I 

WE USF. THE CLENSHAW OR GENERALIZED HORNER ALGORITHM I 
N 

SUN ACKl*T[l<](X, • ( hX) • 
K•C:. 

I I A[!O] \ I 2•x 1 ' I I ACll \ I 20 l ' I A[N1 ' \ \ 
[ [ ] + [ 1 • r [ 1 + •• + [ ] . [ ] 1 •• 1. 
\ ' 0 I ' -1 0 I ' \ 0 I \ -1 0 I ' 0 I I I 
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T~IS PROCEDURE MAY BE USEOs 
TO EVALUATE T~E SUM OF CHEBYSHEV POLYNOMIALS OF EVEN OEGRFE 

N 
SUM A[Kl•Tt2*KlfX), 
!<•O 

BY THE CALL OF 
CHEPOLSUM(N,"IF" ABS(X)<APREB "THEN" -1 "ELSE" z•x•~-1,A) 

BECAUSE OF 
Tt2*Kl(X) • T[Kl(TC2l(X))I 

(ARREB OENOTFS THE MACHINE PRECISION) 
TO EVALUATE THE SUM OF SHIFTED CHEBYSHEV POLYNOMIALS FOR O< ■ X< ■ l 

N 
SUM A[Kl•T 1 [Kl(X> , 
K•O 

IIY THE CALL OF 
CHEPOLSUM(N,Z•X-1,A> 

BFCAlJSE OF 
T•[Kl(X) • T[Klf2*X-1). 

EXAMPLE OF USE 1 

THE POLYNOMIAL I 1 + l/Z*TC11(X) + 1l4*T[2J(X) IS EVALUATED FOR 
·x • -1.0,1. WHERE Trl](X) AND T[2]tX) AR! THE CHtBYSHfV POLYNOMIALS 
OF FIRST AND SECONO DEGREE, RESPF.CTIVELYe 

"BFGIN""ARRAY"A[Ot2lt 
"REAL""PROCEOURE"CHEPOLSU~(N,X,A)I 
"VALUE"N,Xl"INTEGERttN;"REAL"Xl"APRAY"AI 
"CODE"Ukl46 I 
At21t•.251A[lll•e51A[Olt•11 
OUTPUTf61~"("1(8ZeDO)")",CHEPOLSUM(2,-l,A),CHEPOLSUM(2,0,A), 
CHEPOLSUM(Z.1,A)) 

.75 .75 1.15 

SUBSECTION! OODCHEPOLSUMe 

CALLING SEQUENCE• 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REA0S1 
"Rl:AL""PROCEOUqen ODOCHEPOLStlM(N,lC,A)I 
"VALUE"N•Xl"INTEGER"NS"REAL"Xl"ARRAY"AJ 
11CODE"310'9 C 



SECTION 1 2.2.2.2 (DECEMBER 1978) 

ODOCHEPOLSUMI• THE VALUE OF THE CHEBYSHEV SUM 
Atll*TCll(XJ + •••• ♦ A[Nl*TC2*N+ll(X), 
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WHERE TC1J(X>, •••• ,TC2*N+ll(X) ARE CHEBYSHEV POLYNOMIALS 
OF THE FIRST KIND, OF (0001 oer.Ree 1, •••• ,2•N+l. 

THE MEANING OF THE FORMAL PARAMETERS IS• 
N 1 <ARITHMETIC EXPRESSION>a 

ENTRY1 THE DEGREE OF THE POLYNOMIAL REPRESENTED BY 
THE CHEBYSHEV SUM IS 2*N+l (N>■O)s 

X I <ARITHMETIC EXPRESSION>I 
ENTRYI THE ARGUMENT OF THe CHEBYSHEV POLYNOMIALS, ABS(XJ<•ll 

A I <ARRAY IDENTIFIER>; 
"ARRAY" A[OINH 
ENTRYt THE COEFFICIENTS OF THE CHEBYSHEV SUN MUST BE GIVEN IN 

ARRAY A, WHERE ACK] IS THE COEFFICIENT OF THE CHF.RYSHEV 
PnLYNOMIAL OF DEGREE 2*K+l, o< ■K<•N. 

PROCEDURES USEDI NONE. 

RUNNING TIMEI PROPORTIONAL TO Ne 

METHOD AND PERFORMANCEt 

FROM THE REPRESENTATION, FOR ABS(XJ<•l, 
N N I 2*TC2]( X) -1 ' K /A[K] 

SUM A[Kl*TC?.*K+ll(XJ • X • U,-1) * SUM [ ] * C 
K•O K•O \ 1 0 I \ 0 
WE USE THE CLENSHAW OR GENERALIZED HORNER ALGORITHM I 

N I I AC01 \ 

\ 
l 
I 

SUM ACKl*H2*K+lHXJ • X • ( 1,-1 > . [ C 1 + 
K•:O \ ' 0 I 

I 2*TCZHXJ -1 ' I I ACl 1 \ I 2•Tr21rx, -1 \ I A[Nl \ ' ' [ 1 . [ t l+eee+t l • C ] ] •• 1. 

' 1 IO I \ \ 0 I \ 1 0 I ' 0 I I I 

THIS PROCEDURE MAY BE USED TO EVALUATE THE SUM OF SHIFTED CHEBYSHfV 
POLYNOMIALS OF ODD DEGREE FOR o<■ x< ■ l, 

N 
SUM A[Kl*T'C2•K+ll(X), 
K•O 

BY TliF CALL OF 
OOOCMEPOLSIIM(N,2*X-l,A) 

BECAUSE OF 
T•CKl(X) • TCKlf2*X•l>e 
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EXAMPLE OF USEt 

THE POLYNOMIAL ltZ•TCll(X) + 1IS•T[31(Xl IS EVALUATED FOR X•-1,0,1, 
WHERE TC1l(X) AND T£3l(X) ARE CHEBYSHEV POLYNOMIALS OF THE FIRST 
ANO THIRD OEGREF, RESPECTIVELY. 

11 BEGIN" 
11 ARRAY 11 ACOl1]1 
11REAL" 11 PROCEDURE"ODDCHEPOLSUM(N,X,A); 
HVALUf1tN,X;1tINTEGER"N;1tREAL"X;1tARRAY1tA; 
11CODF. 11 U0491 
A[lla•.21A[Ola•.51 
OIITPUT(61, 11 ( 11 /,3(B,-7.DOi 11 ) 11 .tODOCHEPOLSUM(l,-l,A), 

SURSECTIONI CHEPOL. 

CALL1NG SE0UENCF.a 

ODDCHEPOLSUMCl,O.tAJ, 
ODDCHEPOLSUMCl.tl.tA))J 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM ReAnSt 
11 REAL 11 "PROCEDURe 11CHFPOLCN.tX)I 
11 VALUE"N,X; 11 INTEGER"Nl 11 REAL"X; 
"CODE"310421 

CHFP □Lt•THE VALUE OF THE CHEBYSHEV POLYNOMIAL OF THE FIRST KIND ~F 
DEGREE N FOR THE ARGUMENT Xo 

THG MEANING OF THE FORMAL PARAMETERS ISt 
N a <ARITHMETIC EXPRESSION>; 

ENTRYI THE DeGRF.E OF THE POLYNOMIAL (N>•O)I 
X t <ARITHMETIC EXPRESSION>I 

ENTRYt THE ARGUMENT OF THE CHEBYSHEV ~OLYNOMIAL, ABS(X)<•lo 

PROCEOIIRES USEDt NONE. 

RUNNING TIME1 PROPORTIONAL TO No 

METHOD ANO PF.RFORMANCEt SEE ALLCHEPOL (NEXT SUBSECTION). 

EXAMPLE OF USE1 SEF. NEXT SUBSECTION. 
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SUBS£CTION1 ALLCHEPOL. 

CALLING SE0UENCEI 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSI 
"PROCEOURE"ALLCHEPOL(N,X,TI; 
"VALUE"N•XJ"INTEGER"Na"REAL"XJ"REAL""ARRAY"TI 
"COOE"310431 

THE MEANING OF THE FORMAL PARAMETERS IS1 
NI <ARITHMETIC EXPRESSION>J 

ENTRYI THE DEGREE OF THE LAST POLYNOMIAL (N>•O); 
X a <ARITHMETIC EXPRESSION>; 

ENTRYI THE ARGUMENT OF THE CHEBYSHEV POLYNOMIALS, ABSfX)< ■ lJ 
T 1 <ARRAY IOENTIFIER>J 

"ARRAY" T[OIN]; 
EXIT1 THE VALUES OF THE CHEBYSHEV POLYNOMIALS OF THE FIRST 

KIND OF DEGREES 0,1, ••• ,N, FOR THE ARGUMENT X, ARE 
DELIVERED IN T[Ol,T[ll, ••• ,TCNl, RESPECTIVELY. 

PROCEDURES USED& NON[. 

RUNNING TIHEI PROPORTIONAL TO Ne 

METHOD ANO PERFORHANCEI 

FOR A DESCRIPTION OF THE ALGORITHM SEE STOER,1972,Pe2le 
THE MAXIMUM <ABSOLUTE> VALUE OF THE CHEBYSHEV POLYNOMIAL 
EQUALS 1 AS A NORMALIZATION. 
AN UPPER BOUND FOR THE (ABSOLUTE) ERROR IS A QUADRATIC FUNCTION 
OF THE DEGREE OF THE CHEBYSHEV POLYNOMIAL.THIS UPPER BOUND IS A 
ROUGH OVER-ESTIMATE FOR THE SPECIAL CASE ABSfXJ<.5 (STOER,1972, 
P. 2l-Z41e 

FXAMPLE OF USE 1 

BY THE PROCEDURE (ALL)CHEPOL THE CHEBYSHEV POLYNOMIALS OF THE FIRST 
KIND OF oer.REES 0,1,2 ARE EVALUATED AT -1,0,1. 
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ttfl;::«HN" 
"ARIUY"TCIC 12]; 
"REAL""PROCEDURE"CHEPOLC~,X)t 
"VALUF"NoX1 11 INTFGER 11 N;ttREAL 11 X; 
11 COOF 11 3l{o42; 
11 PR:'.ICEDIIRE"ALLCHEPOUN,X,T> I 
"VALUE"N•Xt 11 INTEGER"~; 11 REAL 11 X1 11 REAL""ARRAY"TI 
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ncnne 11 ·nn1i:1; 
ALLCHEPnLt?,-1,T)IOUTPUT(61, 11 ( 11 /,,t-Dfl) 11 )",Tt01,Ttll,TC21); 
ALLCMtPOL(?, O,T)IOUTPUT(61,"( 11 /,3(-D8) 11 )",T[Ol,TCll,TC21)1 
ALLCHEPOL(?., l,T);OUTPUi(61,"f"l,3(-DR) 11 )",Tro1,1c11,Tr?1); 
OUTPUT ( hl, 11 f 11 /, 3 ( 1,-D) ") 11 ,CHEPOLC 2,-U ,CHE:POLC 2,0), CM(Pnl( 2, l)) 

11 t:ND" : 

1 -1 l 
1 0 -l 
1 1 1 

1 
•·l 

1 

SOIJRCE TEXT<S)I 

11CODi: 11 31U46; 
11 RF.AL 11 11 PROCEOllRF 11 Cl~FPOLSUf'4(N,X,A); 
11 VALUE 11 N,Xa"INTEGER" Nt 11 REAL 11 X1 11 ARRAY 11 Al 
"IF" N•O "THEN" CHF.POLSU'41 ■ A[Ol "ELSE" 
11 JF" N•l "THEN" CHEPOLSUMl ■ A[Q]+A[ll*X "ELSE" 
"BF.GIN" "INTF.GER" Kl"REAL" H,R,S,TXI 

TX1 ■ X+XIRl ■A[N]I 

Hl ■ ArN-ll+R•TX; 
"FnR 11 ICl•N-? "STEP" -1 11UNTIL 11 l "00 11 

11 BEGJN" S1 ■ R:R1 ■H1 

Hl ■ Utcl+R•T>C-S 
"ENO"tc I 
CHEPOLSUMl ■A[01-R+H*X 

"FN0 11 CMEPOLStJM; 
"EOP 11 
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"COOE"310591 
HREALHHPROCEDURE"OODCHEPOLSUH(N,X,A)J 
"VALUE"N•XJ"INTEGERHNJ"REAL"Xr"ARRAYHA; 
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"COMMENT" OODCHEPOLSUMl•A[O]T[ll(X)+A[llT[3l(X)+••••+A[NlTC2N+ll(X)t 
"IF" N•n "THEN" OOOCHEPOLSUMl•X*A[Ol "EL~E" 
"IF" N•l 11 THF.N" oonCHEPOLSUMl•X*(A[~]+A[ll*f4•X•X-3)) "ELSE" 
"BEGIN" 

"INTEGER" K; 
"REAL" H,.R.s.v, 
Y1•1t•ux-21 
Rl•ACN]J 
Hl•ACN-ll+R•Y; 
"FOR" Kl•N-2 "STEP" -1 "UNTILH:Q "DO" 
"BEGIN" 

St•R; 
Rl•HI 
Ht•A[K]+R•v-s, 

"ENO" Kl 
ODOCHEPOLSUMt•X•CH-R)I 

"END" ODOCHEPOLSUMt 
"EOP 11 

"CODE"310421 
"RF.AL""PROCEOURE"CHEPOlfN,X); 
11VALUE"N,Xl"INTEGER"Nt 11 REAL"XJ 
"IF" N • 0 "THEN" CHEPOL 1•1 "ELSE" 
"If" N • 1 "THF.N" CHEP□l t•X "ELSE" 
"BEGIN 11 "INTEGER"I: 11 REAL"T1,T2,H,X2: 

T2t•XsTlt•llX2t•X+XI 
HfOR"I••2"STEP"l"UNTIL 11N"00" 
"BEGIN"Hl•X2*T2-TlaTll•T2JT21•H11 EN0 11 J 
CHEPOLl•H 

"END"CI-IEPOLI 
11EOP" 

"COOl:"31043; 
11 PROCEOURE"ALLCHEPOL(N,X,T)J 
"VALUEt1N,Xl"lNTEGERttN1 11 REAL 11 XJ"REAl""ARRAY"TI 
"IF" N • 0 11 THEN" TCOl l•l "ELSE" 
HJfn N • 1 "THEN" "BEGIN" T[Ol 1 ■ 11 T[ll I• X "ENO" "ELSE" 
11 BEGIN""INTEGER 11 IJ"REAL 11 T1,T2•H•X2: 

T[Oll•Tll•l1TC111•T2••XJX2t•X+XI 
"FOR"I••2"STEP"l"UNTIL"N"OO" 
"BEGTN"TCilt•Hl•Y2*T2-T1JTll•T2:T21•H"EN0" 

"END"ALLCHEPOLI 
11E0P" 
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BRIEF DFSCRIPTIONt 

THIS SECTION CONTAINS THE PROCEDURESs 
SINSER FOR EVALUATING A SINE SERIESI 
COSSER FnR EVALUTING A COSINE SERIESt 
FOUSER,FOUSER1,FOUSER2 FOR EVALUATING A FOURIER SERIES 
(IN FOIISER THE SERIES IS RESTRICTED TO A SERIES WITH SINE 
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COEFFICIENTS F0UAL TO COSINE COEFFICIENTS)I 
COMFOUSER,COMFOUSER1,COMFOUSER2 FOR EVALUATING A COMPLEX FOURIF.R 
SERIES 
(IN COMFffllSER THE SERIES IS RESTRICTED TO A SERIES WITH REAL 
COEFFICIENTS>. 

KEYWOROSI 

FINITE FOURIER SERIES EVALUATION, 
TRIGONO~ETRIC POLYNOMIAL EVALUATION, 
GOERTZEltWATT,CLENSHAW,REIN~CH ALGORITHM, 
LINEAR TMRf.e-TERM INHOMOGENEOUS RECURRENCE RELATION. 
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SURSECTION I SINSERe 

THE HEADING OF THE PROCEDURE READS• 
"REAL""PROCEOURE"SINSERCN,THETA,B)J 
"VALUE"N,THETAl"INTEGER"NJMREAL"THETA;"ARRAV"B; 

SINSERI• THE VALUE OF THE SINE SERIES 
B[11•SIN(TMETA)+ •• ~+B[Nl•SINCN•TMETAle 

THF MEANING OF THE FORMAL PARAMETERS IS1 
NI <ARITHMETIC E~PRESSION>; 

FNTRYt THE NUMBER OF TERMS IN THE SINE SERIES; 
THETAt <ARITHMETIC EXPRESSION>J 

ENTRYt THE ARGUMENT OF THE SINE SERIESJ 
Bt <ARRAY IOF.NTIFIER>J 

"ARRAY"B[ltN]J 
ENTRYI THE COEFFICIENTS OF TME SINE SERIES. 

PROCEDURES USED• NONE. 

RUNNING TIMEt PROPORTIONAL TON 
(IN FIRST ORDERt N MULTIPLICATIONS; 3N AODITIONSJ 

3 SINE/COSINE EVALUATIONS). 

LANGUAGEI ALGOL ~O. 

METHOD ANO PERFORMANCE I SEE COMFOUSER2 (THIS SECTION). 

PAGE?. 
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SURSECTION I COSSER. 

CALLING SeOUENCEI 

THE HEADING OF THE PROCEDURE READSt 
"REAL""PROCEDURE"COSSER(N,THETA,A); 
"VALUE"N,THETAl"INTEGER"NS"REAL"THETAJ"ARRAYHAJ 

COSSERI• THE VALUE OF THE COSINE SERIES 
AC~l+ACll*COS(THETA>+ ••• +ACNl*COS(N*THETA). 

THE MEANING OF THF FORHAL PARAMETERS ISI 
NI <ARITHMETIC EXPRESSION>J 

f.NTRVt THc DEGREE OF THE TRIGONOMETRIC POLYNOMIAL. 
THETAI <ARITHMETIC EXPRESSION>J 

ENTRYt THE ARGUMENT OF THE COSINE SERIES. 
Al <ARRAY IDENTIFIER>; 

"ARRAY"A[OIN]; 
ENTRYt THE COEFFICIENTS OF THE COSINE SF.RIES. 

PROCEDURES USEDI NONE. 

RUNNING TIHF.1 PROPORTIONAL TON 
(IN FJRST ORDER1 N MULTIPLICATIONS; 3N ADDITIONSJ 
? COSINE/SINE EVALUATIONS). 

LANGUAGE• ALGOL 60. 

METHOD AND PERFORMANCE I SEE COMFOUSER2 (THIS SECTION). 
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SUASECTION I FOUSERa 

CALLING SEOUENCEI 

T4E HEADING OF THE PROCEDURE READSI 
"REAL""PROCEOURE"FOUSER (N,THETA.A)I 
"VALUE"N•THETA1"INTEGER"N1"REAL"THETA1"ARRAY"A1 

FOUSER I• TMF. VALUE OF THE FOURIER SERIES 
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AC~l+ACll*(COS(THETA)+SIN(THETA))+eee+ACNl*CCOS(N*THETll 
+SIN(N+THF.TA)). 

THE MEANING OF THE FORMAL PARAMETERS ISI 
NI <ARITHMETIC EXPRESSION>; 

ENTRY& THE DEGREE OF THE TRIGONOMETRIC POLYNOMIAL; 
THETA• <ARITHMETIC EXPRESSION>s 

ENTRYI THE ARGUMENT OF THE FOURIER SERIES: 
At <ARRAY IDENTIFIER>J 

"ARRAY"A[~IN]; 
F.NTRYI THE COEFFICIENTS OF THE (FINITE) FOURIER SERIES. 

PROCEOURtS USE01 NONE. 

RUNNING TIMES PROPORTIONAL TON 
(IN FIRST ORDERt N HULTIPLICATIONSt 3N AOOITIONSI 
3 COSINE/SINE EVALUATIONS>. 

LANGUAGFI ALGOL 60 •. 

METHOD AND PERFORMANCE I SEE COMFOUSERZ (THIS SECTION). 
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SUB~ECTI~N I FnU~ERl. 

CALLIN~ ~E0U~NCEI 

TMf HEADING OF THE PROCEDUR~ READSI 
"REAL""PROCEOURE"FOUSERl(N,THETA,A,B)J 
"VALUE"N,TH~TA1"INTEGER"Nl"REAL"THETA1"ARRAY~A,~; 

FOll!sfP.lt• TI-IF VALUF. OF THE FOURIER SERIES 
A[Ol+A[ 11•cos <THET'A )+IHl l•S IN (THETA>+.•• 
+AfN1•COS<N•THETA)+B[Nl•SIN(N*THETA)e 

TM~ MEANING OF THE FORMAL PARAMETERS ISJ 
NI <ARITHMETIC EXPRESSION>; 

ENTPYI THE DEGR!E OF THE TRIGONOMETRIC POLYNO~IALI 
THETA• <ARITHMETIC EXPRESSI~N>J 

ENTRYI THE ARGUMENT OF THE FOURIER SERIESJ 
A,R1 <ARRAY IDENTIFIER>J 

"ARRAY"A[OIN],B[llN]I 
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F.NTRYr THt COEFFICIENTS OF THE (FINITE) FOURI~R SEPIFS, 
WIT4 A[Kl COEFFICIENT OF COS<K•THETA), (K•O, ••• ,NI 
ANO B[Kl COEFFICIENT OF SIN(K•THF.TA), (K•l, ••• ,NJ. 

PROCEDURES useo, NONE. 

RUNNING TIMEI PROPORTIONAL TON 
(IN FIRST ORDER• 4N MULTIPLICATIONSJ 4N ADDITIONSI 
2 COSINe/SIN~ EVALUATIONS>. 

LANGUAGFI ALGOL 60. 

M~THOD ANO PERFORMANCE t S~E COMFOUSER2 <THIS SECTION>• 
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SUBSECTION s FOUSER2e 

CALLING SE0UENCE1 

THE HEADING nF THE PROCEDURE READS• 
"REAL""PROCEDURE"FOUSER2(N,THETA,A,B)I 
"VALUE"N.THETAl"INTEGER"N;"REAL"THETAJ"ARRAY"A,B; 

FOIJSER2t• THE VALUE OF THE FOURIER SERIES 
AtO]+A[ll•coS(THETA)+R[ll•SIN(THETA)+ ••• 
+A[Nl•COS<N•THETA)+B[Nl•SINCN•THETAI. 

THE MEANING OF THE FORMAL PARAMETERS IS• 
Na <ARITHMETIC EXPRESSION>; 

ENTRYI THE DEGREE OF THE TRIGONOMETRIC POLYNOMIALI 
THETAI <ARITHMETIC EXPRESSION>I 

ENTRYI THE ARGUMENT OF THE FOURIER SERIES; 
A,Ra <ARRAY IDENTIFIER>J 

"ARRAY"A[01Nl,B[l1Nl1 
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ENTRY• THE COEFFICIENTS OF THE (FINITE) FOURIER SERIES, 
WITH ACK] COEFFICIENT OF COSCK•THETA), (K•O, ••• ,N) 
AND B[Kl COEFFICIENT OF SIN(K*THETA), (K•l, ••• ,N>. 

PROCEDURES USEDI SINSER • CP31090, 
COSSER • C P31,091 • 

RUNNING TIMEs PROPORTIONAL TON 
(IN FIRST ORDER• 2N MULTIPLICATIONS; 6N ADDITIONS; 
6 COSINE/SINE EVALUATIONS>. 

LANGUAGE I ALGOL 60. 

MfTHOD AND PERFORMANCE s SEE COMFOUSERZ (THIS SECTION). 
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SUBSECTION t COHFOUSER. 

CALLING SEOUENCEt 

THE HEADING OF THE PROCEDURE REAOSt 
"PROCEDURE"COMFOUSER (N,THETA,A,RR,RI)I 
"VALUE"N.THETAS"INTEGER"Nl"REAL"THETA,RR,Ril"ARRAY"AJ 

THE MEANING OF THE FORMAL PARAMETERS ISt 
Nt <ARITHMETIC EXPRESSION>; 

ENTRYt THE DEGREE OF THE POLYNOMIAL IN EXPtI•THETA)J 
THETAI <ARITHMETIC EXPRESSIOH>1 

eNTRY1 THE ARGUMENT OF THE FOURIER SERIES; 
Al <ARRAY IDENTIFIER>; 

"ARRAY"A[OtN]S 
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ENTRYI THE REAL COEFFICIE~TS ACK] (K•O, ••• ,N) IN THE SERIES 
FN(THETA)•ACOl+ACll*EXPlI*THETA)+•••+A[Nl*EXPCI* 
THETA>••N, MUST BE GIVEN IN ARRAY A; 

RR.RII <VARIARLE>J 
EXIT• THE REAL PART ANO THE IMAGINARY PART OF FN(THETA> 

ARE DELIVERED IN RR AND RI, RESPECTIVELY. 

PROCEDURES IISEOt NONE. 

RUNNING TIMEI PROPORTIONAL TON 
(IN FIRST ORDERt N MULTIPLICATIONS; 3N ADDITIONS; 
3 COSINE/SINE EVALUATIONS>. 

LANGUAGE• ALGOL 60. 

METHOD ANO PERFORMANCE I SEE COMFOUSER2 <THIS SECTION>. 
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SUBSECTION I C □MFOUSERl. 

CALLING SEOUENCE1 

THF. HEADING OF THE PROCEDURE READS• 
"PROCEDUREHCOMFOUSERl(N,THETA,AR,AI,RR,RI); 
"VALUE"NeTHETAt"INTEGER"Nt"REAL"THETA,RR,RisttARRAYHAR,AII 

THE MEANING OF THE FORMAL PARAMETERS IS1 
NI <ARITHMETIC EXPRESSION>; 

ENTRYa THE DEGREE OF THE POLYNOMIAL IN EXP<I•THETA)J 
TMETAI <ARITHMETIC EXPRESSION>s 

JNTRYt THE ARGUMENT OF THE FOURIER SERIESI 
AR,AII <ARRAY IDENTIFIER>; 

"ARRAY"AR,AI[OIN]I 
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ENTRYt THE REAL PART AND THE IMAGINARY PART OF THE COMPLEX 
COEFFICIENTS C[Kl <K•O, ••• ,N> IN THE SERIES 
FN(THETA)•CCOl+C[ll•EXP<I•THETAl+eaa+CCNl•ElP(I• 

THETA>••N 
MUST BE GIVEN IN ARRAY AR ANO AI, RESPECTIVELYI 

RR,Rit <VARIABLE>s 
EXITt THE REAL PART AND THE IMAGINARY PART OF FN(THETAl 

ARf DELIVERED IN RR AND RI, RESPECTIVELY. 

PROCFDURES USEDS NnNE ■ 

RUNNING TIMEt PROPORTIONAL TON 
(IN FIRST ORDER& 4N MULTIPLICATIONSI 4N ADOITIONS1 

?. COS~NE/SINE EVALUATIONS>. 

LANGUAGF.t ALGOL bO. 

METHOD ANO PERFORMANCE I SEE COMFOUSER2 (THIS SECTION). 
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SU8SECTION I COMFOUSER2e 

CALLING SEOUENCE1 

THE HEADING OF THE PROCEDURE READSt 
"PROCfDURE"COMFOUSER2(N,THETA,AR,AI•RR.RI)t 
"VALUE"N•THETAl"INTEGER"NJ"REAL"THETA,RR,Ril"ARRAY"AR,Aif 

THE MEANING OF THE FORMAL PARAMETERS ISt 
Nt <ARITHMETIC EXPRESSfON>J 

ENTRYI THE DEGREE OF THE POLYNOMIAL IN EXP(I*THETA); 
THETAI <ARITHMETIC EXPRESSION>; 

ENTRYa THE ARGUMENT OF THE FOURIER SERIESI 
AR,AII <ARRAY IDF.NTIFIER>J 

"ARRAY"AR,AI[OIN]I 

PAGI; 9 

ENTRY• THE REAL PART ANO THE IMAGINARY PART OF THE COMPLEX 
COEFFICIENTS C[K] (K•O, ••• ,N> IN THE SERIES 
FN(THETA)•CCO]+C[ll*EXP(I*THETAJ+ ••• +C[Nl•EXP(I• 

THETA) ON 
MUST BE GIVEN IN ARRAY AR ANO AI, RESPECTIVELY; 

RR.Ria <VARIA8LE>1 
EXIT• THE REAL PART ANO THE IMAGINARY PART OF FN(THETA> 

ARE DELIVERED IN RR AND RI, RESPECTIVELY. 

PROCEDURES USEDI COMFOIJSER• CPUI095e 

RUNNING TIME• PROPORTIONAL TON 
(IN FIRST OROERt 2N MULTIPLICATIONS; 6N ADDITIONS; 
6 COSINE/SINE EVALUATIONS>. 

LANGUAGEI ALGOL 60. 

METHOD AND PFRFORANCEt 

FOR THE EVALUATION OF A FINITE FOURIER SERIES 
(•TRIGONOMETRIC POLYNOMIAL OF DEGREE N SEE POLYA AND SZEGOE, 1971, 
,. 76) 
FN(THETA>•ACOJ+A[ll*COS(THETA)+BCll*SIN(THETA>+•••• 

ACNl•COS(N*THETA)+B[Nl•SIN<N•THETA>, 
TWO ALGORITHMS ARE USEOI 
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1. HORNER SCHEME 
LET C[Kl•A[Kl+I*B[Kl, K•O•••••N 
AND 7.•EXP(-I*THETA) 
THEN 

FN(THETA)•RE(C[Ol+C[ll*Z+ ••• +CCNl*Z**N>• 
THE ALGORITHM IS GIVEN BYI 

Pl•CCNl 
Pl•P*Z+C[Kl, K•N•l•••••O 
FN(THETA)l•RE(P). 

(FOUSERl) 

PAGF. 1~ 

2. A COMBINATION OF THE CLENSHAW ALGORITHM (SEE GENTLEHAN(1969•II) 
, VANDERLAAN, LlJKE(l969, P.327•3291 OR STOER(l97Z, P.62,63)> 
AND THE MODIFICATION OF REINSCH (SEE REINSCH(1967>, VAN DER 
LAAN, STOER(l972, P.64,65)). 
<SINSEReCOSSER,FOUSER,FOUSER2) 

A MODIFICATION OF THE IDEA OF NEWBERY IS NOT IMPLEMENTED BECAUSE 
OF THE INTRODUCTION OF SIN£ (COSINE> TERMS IN A COSINE !SINE) 
SERIES ANO THE THE INEFFICIENCY OF THE ALGORITHM <SEE VAN DER 
LAAN OR NEWAERY(lQ73)). 

FOR THE FVALIJATION OF A FINITE COMPLEX FOURIER SERIES 
FNtTHETA)•AR[Ol+I*AI[O]+(AR[ll+I•AI[ll>•EXPfI*THETA>+••• 

+(AR[Nl+I•AI[Nl)*EXP<I•THETA>••N, 
TWO ALGORITHMS, IN REAL ARITHMETIC, ARE USED• 
1. HORNER SCHEME 

LET C[Kl•AR[Kl+I*AI[Kl, K•O•••••N 
ANO Z•EXP(I*THETA) 
THEN 

FN(THETA>•CC~l+C[ll*Z+eae+C[Nl*Z**N• 
THE ALGORITHM IS GIVEN BY 

P1•C[Nl 
Pl•P•Z+C[Kl, K•N-1,N-z, ••• ,o 
FN(THETA)i ■ P. 

(COHFOUSERl) 
2a A COMBINATION OF THE CLENSHAW ALGORITHM ANO THE MODIFICATION OF 

REINSCH. 
LET CAR•ARC01+ARCll+COS(THETA)+ ••• +ARCN1*COS(N*THETAl, 

SAI• AI[ll*SINCTHETA)+ ••• +AI[Nl*SINCN*THETA>, 
SAR• AR[ll*SIN(THETA)+ ••• +AR[Nl*SIN(N*THETA>, 
CAJ•AIC~l+AICll*COS(THETA>+ ••• +AICNl*COS(N*THETA) 

THEN FNCTHETAJ•CAR•SAI+I•<SAR+CAI)e 
(COMFOUSER,COMFOUSER2) 

THE HORNER SCHEME IS IMPLEMENTED BECAUSE OF THE SIMPLICITY Of 
THE ALGORITHM (ALTHOUGH THIS ALGORITHM IS LESS EFFICIENT THAN THE 
GOERTZEL/WATT/CLENSHAW/REINSCH ALGORITHM) ANO THE STABLE NATURE 
OF ORTHOGONAL TRANSFORMATIONS. 
A COMBINATION OF THE ALGORITHM OF GOERTZEL/WATT/CLENSHAW ANO THE 
MODIFICATION 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 (HOD. PI). 
AN UPPER BOUND FOR THE ERROR GROWTH IS GIVEN BY A LINEAR FUNCTION 
OF THE DEGREE FOR BOTH (IMPLEMENTED) ALGORITHMS (SEE VAN DER LAAN)e 
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RF.FE:'RENCES 1 

GENTLEMAN.WeMe(l969)1 

(OCTOBER 1974) 

AN ERROR ANALYSIS OF GOERTZELtS(WATT•S> METHOD FOR COMPUTING 
FOURIER COEFFICIENTS. 
COMPoJe,VOLel2,Pel60•165o 

LAAN,CeGeVAN DER(TO APPEAR)I 
ORTHOGONAL POLYNOMIALS IN NUMERICAL ANALYSIS le 
ERROR ANALYSIS OF LINEAR TWO-TERM AND THREE-TERM RECURRENCE 
Rf:LATIONSo 

LUKE.Y.L.(191,9) 1 
THE SPECIAL FUNCTIONS ANO THEIR APPROXIMATIONS.VOLolo 
ACADEMIC PRESS. 

NEWBERY,A.CaRofl973)1 
ERROR ANALYSIS FOR FOURIER SERIES EVALUATION. 
MATHeCOMPe,VOLe26,Pe923•924. 

POLVA,Go ANO GoSZEGOE(l971)1 
AUFGABEN UNO LEHRSAETZF. AUS DER ANALYSIS II. 
HEIDELBERGER TASCHENBUECHER 74. SPRINGER. 

REINSCH,C.(1967)1 
A NOTE ON TRIGONOMETRIC INTERPOLATION. 
RERICHT NRa 67109. 
ABT~ILUNG MATHEMATIK DER TECHNISCHEN UNIVERSITAET MUENCHE~. 

STOER, J. (1971) I 
EINFUEHRUNG IN DIE NUMERISCHE MATHEMATIK le 
HEIDELBERGER TASCHENBUECHER 105. SPRINGER. 

FilCAMPLE OF USEI 

THE FOURIFR SERIES e5+COS(THETA)+SIN(THETA) 
IS EVALUATED FOR THE ARGUMENTS O,PI/2,PI, BY MEANS OF FOUSF.R 

"BEGIN""REAL"THETA,Pil"ARRAY"A[Oll]I 
"REAL""PROCEDURE"FOUSERCN,THETA,A )l"CODE" 310921 
Pil•ARCTAN(1)*41A[O]l•e5JA[l]1 ■ 11 
HfOR"THETAl •IO, PI /2•P I"DO" 
OUTPUT(61•"f"l•B•DeDD")",FOUSER(l,THETA,A)) 

11END 11 

PAGE 11 
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CiDIIRCE TEXTS t 

"CODE" 31090s 
ffREAL""PROCEDURE 11SINSERCN,THETA,B)I 
"VALUEHN,THETA;HINTEGER"N;"REAL"THETA;"ARRAY"BI 
"BEGIN" 11 INTEGER"KS"REAL"C,CC,LA~RDA,H,OUN,UN,UN11 

Cl•COS(THETA); 
"Ift1C<-.5"THEN 11 

"BEGIN"LAMBDAI• 4•COS(THETAIZ>••ZIUNl•OUN1•01 
"f0R"Kt•N"STEP"-l"UNTIL"1"00" 
"REGIN"OUNl•LAMBOA*UN-OUN+BCK] 

UNl•OUN-UNJ 
11EN0" 

"END""ELSE 1111 IF"C> .5 11 THEN 11 

11 BEGIN 11 LAMBOAl•-4*SIN(THETA/2)•*2JUNl•OUN1•01 
nf □R"K 1 •N"S TEP "•l "UNTIL "1 "D0 11 

11 REGIN 11 DIIN1•LAMRDOUN+DllN+BCKl 
UNl•DIJN+UNS 

"END" 
"END""ELSE" 
"BEGIN"CC1•C+C1UNl•UNll•OI 

"FOR"Kt•N"STEP-l"UNTIL"l"DO" 
"8EGIN11Ht•CC*UN-UNl+BCKll UNl I• UN; UN I ■ HJ "END" 

"END"t 
SiNSERl•UN*SIN(THETA) 

"END"S INSER; 
11EOP" 

"CODE" ::1101n 1 
"REAL""PROCEDURE"COSSERCN,THETA,A): 
ffVALUE"N•THETAS"INTEGER"Nl 11 REAL"THETAJ"ARRAY"AI 
"8EGIN""INTEGER 11K1 11 R£Al"C,CC,LAMBDA,H,OUN,UN,UN1; 

C IBCOS <THETA l; 
"IFHC<-.S"THEN" 
"BEGIN 11 LAMBOAI• 4*COS(THETAIZ>**21UNt•OUN1•01 

11 F0R"Kt•N"STEP"-l"UNTIL"0"00" 
"BEGIN"UNt•OUN-UNI 

DUNl•LAMBDA*UN•OUN+A[Kl 
"EN0 11 ;COSSEPt•DUN-LAMBOA/2*UN 

"END""ELSE""IF 11C> .5"THEN" 
"BeGIN"LAMBOAl•-~•SIN(THETA/2)**21UN1 ■0UNt•OI 

"FOR 11 Kl•N"STEP"-l"UNTIL"O"DO" 
11 BEGIN"UNl•DlJN+UNS 

OUNt•LAMBDA*UN+OUN+A[Kl 
HEND"ICOSSSRl•OUN-LAMBOAl2*UN 

IIENO""ELSF" 
11 BEGIN"CCl•C+C:UNl•UN11•01 

"F0R"Kl•N 11STEP 11-1 11UNTIL 111 11 D0 11 

"BEGIN 11Hl•CC•UN-UN1+A[Kll 
UN] I •UN IUN I •H 

"EN0 11 ;COSSERt•ACOl+UN•C•UNl 
11END 11 

HEND"COSSERI 
11 EOP 11 

PAGE lZ 
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"C110l:•1 310q2; 
11PEAL 11 "PROCEOURE 11 FOUSER (N,THETA,A)I 
11 VALUF 11 N,THETA1 11 INTEGER 11Nl 11 REAL"TH~TAl"ARRAY 11 AI 
11afGIN""INTFGER 11 K1 11 REAL 11C,CC,LAMBDA,H,OUN,UN,UNl,C2,S2: 

. Cr•t: □ S(THFTA>; 
"IF 11C<-.'1 11 THFN 11 
11 BF.IHN 11C? r •COS ( THi: TA/2); LAMBDA 1 •OC 2**2; lJN r •DUN r •O: 

"F0R 11K I •N 115 TEP "-l "UNT Il •t.u "00" 
11 RfGIN 11UNl•OUN-UNJ 

DUNr•LAMBDA*UN•DUN+A[Kl 
11F N0 11 ; F OIISE R r •DIJN+2•C·2 • ($IN< THETA I :n-c 2 > *UN 

11FN0 1111ELSF 1111 IF 11C> e5 11 THEN 11 

11BEGIN"S?l~SIN(TH~TA/2)1LAMBOAt•-4•s~•s,1uNs ■ OUNl ■O; 
"F0R"Kt•N"~TEP"-1 11UNTIL 110 11 00 11 
11 8f GIN 11UN I •DIIN+UN I 

DIINt•LAMBDA*UN+DUN+A[Kl 
11 F.ND 11 ; FOIISE R 1 •DUN+2*S 2* ( S 2+CIJ~ (THETA /2)) *I.IN 

11EN0 1111 ELSE 11 

11 B&GJN 11 CC1•C+C;UN1 ■ UNl1 ■ Q; 

llf0R"Kl•N"STEP 11-l"UNTIL 11 1 11 00" 
11 BFGIN 11Hl•CC•UN•UNl+ACKl1 

1JNt1 ■UN;UNt•H 
11EN0 11 : FOIJSF. R t • A[:.J J-UNl+ ( C+S IN (THETA) l •UN 

11 fN0 11 

tta;NOttfOUSeRI 
11 EOP 11 

ncnDf II noq31 
"RIAL 11 11PROCEDURF 11 FOUSERllN,TH~TA,A,B); 
11\1 A Lllf "N, THETA; "INTEGER "N; "RE AL "THETA I "ARRAY" A, 8 I 
11 BEGIN 1111 JNTEGER"Il"REAL 11 R,S,H,CO,SII 

R1 ■ St•OICOt•COS(THETA>1SI1•SIN(THETA): 
11 FOR 11 ft ■ NIISTEP"-l"UNTIL"l"0□" 
"BEGIN" H1•CO*R+SI•S+A[Il1 

Sl•CO*S-SitR+B[I]; 
Rt•H 

"END"1FOUSERl1•CO*R+SI•S+A[Ol 
na:MOIIFOlJSF.Rl; 

"EOPII 

11 CODE" 1:110q41 
"R~AL""PROCEDURE 11 F □USER2(N,TH~TA,A,B)I 
"VALUE 11 N.THETA;t1JNTEGERHN;"REAL"TMETA;ttARRAY"A•BI 
11 0F.(;IN 11 

"REAL" 11 PROCEDUREHSINSER(N.THETA,B);ttCODE" 31090J 
"RE AL ""PROCEOIIRE 11 COSS£R ( N, THETA,A); "CODE" :,n,0q1 I 
FOUSER21•COSSER(N,THflA•A>+SINSER(N,TYETA,B)I 

t1fN0 11 FLllJSER?: 
11 EOP 11 
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°CODE 11 'H095 I 
11 PROCEDURE 11COMFOUSER(N.THETA•A,RR,RI)t 
11 VALUE 11N,THETA1"INTEGfR 8 N1"REALIITHETA,RR,RI1 8 ARRAY"AJ 
8 BEGIN 88 INTEGER 8 K; 8 REAL"C,CC,LAM80A•H,DUN,UN,UN1S 

Cl•COS(THETA)I 
"I FIIC <•. 5"THE NH 
8 BE GIN 11 L AM BOA 1 • 4*COS (THETA /2) ** 2 ;UN s •DUN I ■1.0 I 

11 FOR "K 8 •N 11S TEP"-1 "UNTIL 110"00" 
"BEGJN°UN&•OUN•UNJ 

DUN1•LAMBDA*UN-DUN+ACK1 
"END"IRR l•OUN-LAMBOA/2*UN 

"ENDHHELSE""IFHC> .~"THEN" 
"BEGTN"LAMPDA1•-4*SIN(THETA/2>••2;UNl•DUNl•Os 

11 FOR"Kt•N"STEP"-l"UNTIL"0 1100" 
"BEGINHUNl•OUN+UN; 

OUNl•LAMBDA*UN+DUN+ACKl 
"FND"IRR l•DUN-LAMBDA/Z*UN 

"END""ELSE" 
"REG IN"CC I •C+C ;UN I •UNl I •tl 1 

"FOR"Kl•N"STEP"-l"UNTll"l"DO" 
HBEGINHHJ •CC*lJN-UNl+A[K l I 

IJNll•lJN;IJNl•H 
"END"aRR l•ACO]+UN•C•UNl 

ntNDH;Rit•UN*SIN(THETA) 
"ENl' 11COMFOUSEF!; 

11EOP" 

"CODE'' ~1J961 
"PROCEDURE "COMFOIISF. Rl (N •THETA, AR, AI• RR, R I) I 
"VALUE 11N,THETA1"INTEGER"N&"REAL"THETA,RR,RI1"ARRAY"AR,AI; 
"BEGIN° 0 INTEGfR"Kl"REAL"~,HR,HI,CO,SII 

HRl•Hil•~ICOl•COS(THETA);Sis•SJN(THETA)I 
"FOR"Kt•N"STEP"•l"UNTIL"l"DO" 
HBEGTNHMl•CO*HR-SI*HI+AR[K]; 

Hil•CO*HI+SI*HR+Al[K]; 
HRl•H 

ttENOHJ 
PRl•CO*HR-SI*HI+AR[O]; 
Rit•CO•HI+SI*HR+AI[01 

"FND"COMFOUSl=Rla 
"EOP 11 

"CODE" ~10971 
"PROCEDUREHCOMFOUSERZ(N.THtTA,AR~AI,RR,RI)l 
HVALUE 11N,THF.TA;"INTEGER 0 N;"REAL"THETA,RR.RI;HARRAY"AR,AIJ 
"REGIN""REAL"CAR.CAI,SAR,SAII 

"PROCEDURF.HCOMFOUSFR(N•THETA,A,RR,Ritl"CODE" 31095: 
COMFOIJSFR(N,THETA,AR.CAR,SAR); 
CO~FOUSER(N,THETA,AI,CAI,SAI)I 
RRl•CAR-SAII 
RI l•CAI+SAR 

"i:N0 11 COl"FOUSER23 
"EOP" 
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AUTHOR I ~.FIOLET 

INSTITUTE! ~AT~tMATICAL CENTRE. 

RFCFIVtDI 731105. 

RPIEF DF~CRIPTIONI 

JFRAC CALCIJLAT~S A TERMINATING CONTINIJFD FRACTION. 

cnNTINIIED FRACTION, 
TERMINATING CONTINIIFD FRACTIIJN. 

CALLING SEQUENCF1 
THff HEADING OF THE PROCEDURE PEAOSI 
"PFAL" "PROCFDURE" JFRAC(N,A,B)I 
"VALUE" N;"TNTEGER" N;"ARRAY" A,8; 
ltCrJOE" 35tisl31 

PAGE l 

JFRAC OFLIIIERS T"'E VALUE: OF THE TERMINATING CONTINUED FRACTil'INI 
Rro1+A[l]/(B[l]+AC2l/(B[~]+A[31/(8[31+ • • • + A[N]/BfN])ll ••• ,, 

TMF. MFANING OF THE FORMAL PAPAMtT[RS IS1 
NI <ARITHMETIC ~XPRESSION>; 

THE U~PEP INDEX OF THE ARRAYS A AND Ba 
A,R1 <ARRAY IDENTIFIER>; 

"ARRAY" ACllN]; 
IIARRAY" R[OINH 
THF ELEMENTS OF THE CONTINUED FRACTIONt 
8f0l+ACll/CBCll+ACZ]/(BC2l+AC31/CBr3]+ • • • + 
+ ACN]/R[Nllll ••• )). 

PPOCEDIIPFS llSEOI NONE. 

RUNNING TIME1 PROPORTIONAL TO Ne 



SfCTIONI 1.3 

FXAMPLF OF US(I 

"BEGIN 11 

(MAY l.974) 

11 REAL 11 11 PROCEDURE 11 JFRAC(N,A,B)t 11 CODE 11 ~,083J 
"REAL" 11 ARRAY" P[lllOl,0[0110]; 
11INTEGEP 11 I; 
"FOR" It•l 11STEP 11 l "UNTIL" 10 11 00 11 

"BFGIN 11 P[I11•t;Q[Tl1•2 11 EN0 11 t 
0CCllt•lt 
11 FDR 11 I1•7 11STEP 11 l 11UNTIL 11 10 1100 11 

OUTPUT(61, 11 ( 11N/11)H,JFRAC(l,P,0)) 
11 END 11 

DELIVERS I 

+l.414215686274511 +000 
+1.41't2131Cl7QM5 11 +001(l 
+l.4l4213624894Q 11+000 
+1.414213551646111+000 

SOIJRCE TEXT 1 

11cnof" 3508 31 

• 

ffREAL" 11 PROCEDURE 11 JFRAC(N,A,8)1 
11VALUE 11 N; 11 INTEGER 11 Nt 11 ARRAY 11 A,R; 
11 BF.GIN 11 11 REAL 11 D1 11 INTEGER 11 II 

01•0: 
11 FORII Il•N IISTEP 11 -1 11UNTIL 11 l 11 D0 11 Ol•ACil/(B[I]+D)I 
JFRACl•O+B[Ol 

IIIEND"· JFRAC; 
11EOP 11 

PAGE 'l 
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AUTH□Rt 

CONTRIBUTORSt c.G. VANDERLAAN, M. VOORINTHaLT. 

INSTITUTE I REKENCENTRUM OER RIJKSUNIVERSITEIT GRONINGEN. 

RE'CF.IVEOI 7806()1. 

BRIEF OF.SCRIPTIONt 

~F CONSIDER THE RF.PRESENTATIONS 

POWER SU1'4 

CHfRYSHEV SUM 

SHIFTED CHERYSHEV SUM 

N 
I SUM A[Kl•X••K, 

K•O 
N 

I SUM A[Kl*TCK](Xl, 
K•O 

N 
SUM A[Kl*T'[Kl(Xl, 
K•1' 

N K-l. 

PAGF. 1 

NEWTON SUM SUH (ACK]• PROO (X•XtJi)). 
K•l'I J•O 

THE SHIFTED CHEBYSHEV POLYNOMIAL T1 CN1 IS 
DEFINF.D RY T•CNJ(X) • TCNl<2•X•1). 

THIS SECTION CONTAINS THE TRANSFORHATIONSt 

PROCEDURE NAME I TRANSFORMATION 

---------------·-----------~---------------...... -----------------------POLCHS 
CHSPOL 
POLSHTCHS 
SHTCHSPOL 
GRNNFW 
NEWGRN 
LINTFHPOL 

KEYWORDS t 

POWER SUN INTO CHEBYSHEV SUH 
CHEBYSHEV SUH INTO POWER SUM 
POWER SUM INTO SHIFTED CHEBYSHEV SUM 
SHIFTED CHEBYSHEV SUM INTO POWER SUM 
POWER SUM INTO NEWTON SUM 
NEWTON SUM INTO POWER SUM 
POWER SUM IN X INTO POWER SUM IN Y, X•P•Y+Q 

TRANSFORMATION OF POLYNOMIAL REPRESENTATION. 
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RUNNING TIMEa PROPORTIONAL TO THE SOUARED DSGREE OF TH~ POLYNOMIAL. 

METMQO ANO PF.RFORMANCEI 

ALTHOUGH THE TRANSFORMATION OF REPRESENTATIONS OF POLYNOMIALS 
COULO HAVE BEEN OBTAINED BY FAST EVALUATION ANO FAST INTERPOLATION 
WE IMPLEMENTED THE ALGORITHM OF HAMMING (1Q73, 474,475), BECAUSE 
OF ITS SIMPLE APPEARANCE. AN EXPLANATION OF THE HAMMING ALGO~ITHM 
T~ GIVEN fN VANDERLAAN (1977,224-229)0 

RFFERENCES1 

HAMMING, R.W. (1973)1 
NUMERICAL METHODS FOR SCIENTISTS ANO ENGINEERS. 
MCGRAW-HILL• 

LAAN, CeGe VAN DER (1977)1 
APPROXIMATIE VAN FUNCTIES EN DATA. 
INI RIELE, H.J.J. TE ,eo.); 

COLLOQUIUM NUMERIEKE PROGRAMMATUUR, DEEL Z, 
MC SYLLABUS zg.z. MATHEMATISCH CENTRUM AMSTERDAM. 

SUBSECTIONS POLCHSe 

CALLING SF.0UENCE1 

THF. DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READSt 
"PROCEDURE" POLCHS(N,A)I 
"VALUE" N3 "INTEGER" NJ "ARRAY" A; 
11 COOE 11 31.051.: 

THE MEANING OF THE FORMAL PARAMETERS IS1 
N& <ARITHMETIC EXPRESSION>1 

ENTRY1 THE DEGREE OF THE POLYNOMIALI 
Al <ARRAY IDENTIFIER>s . 

"ARRAY" A[C)IN]; 
ENTRYt THE COEFFICIENTS OF THE POWER SUM; 
EXITI THE COEFFICIENTS OF THE CHEBYSHEV SUMI 

PROCEDURES USEDs NONE. 

F.XAMPLE OF use, SEE NEXT SU8SECTION. 
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SUBSECTION& CHSPOL. 

CALLING SEOUENCEI 

THr DeCLARATION OF THE PROCEDURE IN THE CALLING PROGRAM READS• 
"PROC!:=DIIRE" CHS POL ( N, A); 
"VALUE" NI "INTEGER" NI "ARRAY" Al 
"CODE" 310521 

THE MEANING OF THE FORMAL PARAMETERS ISt 
Nr <ARITHMETIC EXPRESSION>1 

ENTRY• THE DEGREE OF :THE POLYNOMIALI 
Al <ARRAY IDENTIFIER>; 

"ARRAY" A[(ll Nl; 
ENTRYI THE COEFFICIENTS OF THE CHEBYSHEV SUMI 
EXIT• THF COEFFICIENTS OF THE POWER SUMI 

PROCEDURES USFOI NONE. 

EXAMPLF OF use, 
AS AN EXAMPLE WE TRANSFORMED 

THE P□ WeR SUMI l + 2•x + 3•x••2 
INTO 

ITS CHEBYSHEV SUM; 
AS A CHECK WE TRANSFORMED THE LATTER REPRESENTATION 
BACK INTO THE ORIGINAL POWER SUM. 

"R~GIN" 
"PROCEDURE" POLCHS(N,A); 
"VALUE" NI "INTEGER" NI "ARRAY" Al 
"CODE" 310511 
"PROCEDURE" CHSPOL(N,A); 
8 VALUE" NI "INTEGER" N; "ARRAY" Al 
"CODE" 110521 
"ARRAY" A[OI 211 
6[011•1: ACllr ■ ?; AC2l1•31 
OUTPUT(61,"("/,16B,"("A[Ol">",4B,"("A[ll")",4B,"("AC2]")"")")1 
OUTPUT(61,"("/,"(" INPUT">",,B,"("&")",3(28,+ZD.DD)">",A)I 
POLCHS(2,A); 
OUTPUT(61,"("/,tt(n POLCHStt)n,49,tt(N1ttJn,3(2B,+ZD.DD)")",A)I 
CHSPOL(2,A); 
OUTPUT(61,tt(tt/,tt(N CHSPOL">",48,"("&")",3(28,+ZD.DD)">",A); 

"F.NOH PROGRAMI 
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INPUT 
POLCHS 
CHSPOL 

A[OJ 
+l .oo 
+2.50 
+1.00 

SURSFCTIONt POLSHTCHS. 

CALLINr. SE0U;NCE1 

(DECEMBER 197R) 

A(l 1 
+2.J(i 
+2.00 
+2.00 

AC?l 
+3.00 
+i.5., 
+3.00 

PMF. 4 

THE DECLARATION OF THC PROCEDURE IN THE CALLING PROGRAM REAOSt 
"PROCSDURE" POLSHTCHS(N,A)I 
"VALUE" Ns "INTEGER" N; "ARRAY" A; 
"CODF" 31053; 

T4E MEANING OF THE FORMAL PARA~ETERS ISt 
Ns <ARITHMETIC EXPRESSION>; 

ENTRYI THF. DeGREE OF THE POLYNOMIAL; 
Al <ARRAY IDENTIFIER>; 

"ARRAY" A[OIN]; 
ENTRYr THF COEFFICIENTS OF THe POWER SUM; 
r:l1IT1 THE COHFICIENTS OF THE SHIFTED CHEBYSHEV ',l,IM; 

PROf.[OURES USED• LINTFMPOL • CP3125C, 
POLCHS • CP3l0~l. 

F~4MPLE OF use: ~EE NEXT SUBSECTION. 

SUBSfCTIONt SHTCHSPOL. 

CALLING SE0UF.NCE1 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOS1 
"PROCEDURE" SHTCHSPOL(N,A)J 
"VALUE" NI "INTEGER" N; "ARRAY" A; 
11 CODE" 31054; 

THE MEANINr. OF THE FORMAL PARAMETERS ISt 
Nt <ARITHMETIC EXPRESSION>; 

ENTRYI THE DEGREE OF THE POLYNOMIAL; 
Al <ARRAY IDENTIFIER>I 

"ARRAY" A[OtN]J 
~NTRYI THE COEFFICIENTS OF THE SHIFTED CHEBYSHEV SUM; 
E1IT1 THE COF.FFICIENT5 OF THE POWER SUM. 
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PROCEDURES USP01 LINTFMPOL • CP31250, 
CHSPOL • CP31052e 

EXAMPLE OF use, 
AS AN EXAMPLE WE TRANSFORMED 

THE POWER SUMI 1 + Z*X + 3*X**2 
INTO 

ITS SHIFTED CHEBYSHEV SUMI 
AS A CHECK WE TRANSFOR~EO THE LATTER REPRESENTATION 
BACK INTO TH~ ORIGINAL POWER SUMe 

"BFGIN 11 

11 PROCEDURE 11 POLSHTCHS(N,A)I 
"VALUfll N; "INTEGER" N; 11ARRAY" A; 
11 COOE 11 3liC 53; 
11 PROCEOURE" SHTCHSPOL(N,AJI 
"VALUi11 N; "INTEGER" NI "ARRAY" Al 
11 COOE 11 31\0 i;4; 
"ARRAY" ArOI 2] I 
A[~l••ll A[l]1 ■2; A[2Jl•3t 

PAGE 5 

OIJTPIIT ( 61, "( "' ,168," ( "A[J] ") 11 ,41h 11 ( 11 4[1 l 11 ) ",48, 11 ( HA[2]") "") 11 ) I 
OUTPUT(6l•"("/, 11 (" INPUT 11 J 11 ,5R, 11 (H1 11 ) 11 ,3(2B,+ZDe00) 11 ) 11 ,A)I 
POLSHTCHS(Z,A); 
OUTPUT(~l, 11 ( 11 /, 11 ( 11 POLSHTCHS"l 11 ,B, 11 ("t"l 11,3(28,+ZO.OD) 11 )",A); 
SHTCHSPOL ( 2, A) I 
OUTPUT(~l,"("/, 11 ( 11 SHTCHSPOL">",B, 11 ( 11 t 11 ) 11,3(2B,+ZD ■ DD> 11 > 11,A)t 

11 END 11 PROGRAM; 

TNPUT 
POLSHTCHS 1 
SHTCHSPOL I 

SURSECTIONI GRNNFW. 

CALLING SEOUENCFI 

A[Ol 
+1.oa 
+3-■ ll 
+l.,>O 

A[l J 
+i!.00 
+2.50 
+z.oo 

ACZl 
+3 ■ 00 
+0.38 
+3.00 

THf DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOS1 
11 PROCEDURF 11 GRNNEW(N,X,A)I 
11 VALUE 11 Nr 11 INTEGER 11 N; 11 ARRAY 11 X,A; 
"CODE" U(l55; 
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THE MEANING OF THE FORMAL PARAMETERS ISt 
Nt <ARITHMETIC EXPRESSION>1 

ENTRYI THE DEGREE OF THE POLYNnf'IIALI 
Xt <ARRAY IDF.NTIFIER>1 

ttARRAY" X[OtN-111 
ENTRYI THE INTERPOLATION POINTSt 

Al <ARRAY IDENTIFIER>I 
ENTRYI THF. COEFFICIENTS OF Tije POWER SUM; 
EXITI THE COEFFICIENTS OF THE NEWTON SUM; 

PROCEDURES USEDt NONE ■ 

EXAMPLE OF USEt SF.F. NFXT SUBSECTION. 

SUBSECTIONI NEWGRN. 

CALLING SEOUENCE1 

PAGE 6 

THE DECLARATION OF THE PROCE.DURE IN T~E CALLING PROGRAM REAOS1 
, "PROCEDURE" NEWGRN(N,X,A); 

"VALUE" NI "INTEGER" NJ "ARRAY" X,AI 
"CODE" 310501 

THE MEANING OF THE FORMAL PARAMETERS ISI 
NI <ARITijMETIC EXPRESSION>1 

ENTRYI THE DEGREE OF THE POLYNOMIAL; 
XI <ARRAY IDENTIFIER>; 

"ARRAY" ·xc~,N-1]1 
F.NTRYI THE INTERPOLATION POINTSI 

Al <ARRAY IDENTIFIER>; 
"ARRAY" A[!llN]; 
ENTRYt THE COEFFICIENTS OF THE NF.WTON SUMJ 
EXITI THE COEFFICIENTS OF THE POWER SUMI 

PROCEDURES USED I ELMVEC • CP34020e 

EXAMPLE OF USF.1 

AS AN EXAMPLE WE TRANSFORMED 
THE POWER SUMI 1 + 2*X + 3*X**2 

INTO 
ITS NEWTON SUM WITH 
INTERPOLATION POINTSt X[Olt•l ■ O, X[lll•Z.01 

AS A CHECK WE TRANSFORMED THE LATTER REPRESENTATION 
BACK INTO THE ORIGINAL POWER SUM. 
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"BEGIN" 
"PROCEDUR~" GRNNEW<N•X•A)I 
"VALUF" N; "INTEGER" N; "ARRAY" X,A; 
"CODE" 310551 
"PROC~DURE" NEWGRN(N,X,A); 
"VALUE" N; "INTEGER" N; "ARRAY" X,A; 
"CODE" 310501 
"ARRAY" X[Oll], A[012]; 
A[Oll•ll A[ll1•21 A[2]1 ■ 3; 
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X[Olt•ll X[llt•21 
OUTPUT(61,"("l•l68,"("Al01">",4B,"("AC1l")"•48,"("AC2l")""l"lt 
OlJTPUT(6l•"C"I,"(" INPUT"l",,B,"( 11 1 11 1",3(28,+ZD.OD)"l",A)J 
GRNNEW(2,X,A)a . 
OUTPUT(6l,"("I,"(" GRNNEW")",48,"< 11 •">",3(28,+ZDeDD)")",A)J 
NEWGRN12,X,All 
OUTPUT(61,"("I,"(" NEWGRN") 11 ,4B, 11 f"t") 11,3(28,+ZD.DD)"l",A>t 

"END" PROGRAIO 

INPUT 
f.RNNEW 
NEWGRN 

ACOl 
+1.00 
+6.00 
+1.00 

ACll 
+z.oo 

+11.00 
+z.oo 

A[2l 
+3.00 
+3.t)O 
+3.00 

SUASECTIONI LINTFMPOLe 

CALLING SEQUENCE• 

THE DECLARATION OF THE PROCEDURE IN THE CALLING PROGRAM REAOSa 
11 PROCEOURE 11 LINT-FMPOL(P,O,N,A); "VALUE" N,P,01 
"INTEGER" NI "REAL" P,01 "ARRAY" Al 
ncooen 112501 

THE MEANING OF THE FORMAL PARAMETERS ISI 
Na <ARITMMETIC EXPRESSION>r 

ENTRYI THE DEGREE OF THF. POLYNOMIAL; 
P,QI <ARITHMETIC EXPRESSION>; 

ENTRYI DEFINING THE LINEAR TRANSFORMATION OF 
THE INDEPENDENT VARIABLE X•P*Y+QS 
(P•O GIVES THE VALUE OF THE POLYNOMIAL 

WITH ARGUMENT 0.) 
At <ARRAY IDENTIFIER>; 

11 ARRAY" A[OtN]J 
F.NTRYI THE COEFFICIENTS OF THE POWER SUM IN XJ 
eXITt TH~ COEFFICIENTS OF THE POWER SUM IN YJ 

PROCfDllRES USEOt NOROERPOL • CP3124Ze 
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EXAMPLE OF USEI 

AS AN EXAMPLE WE TRANSFORMED 
THE POWER SUMI 1 + 2•x + 3•X••z 

INTO 
ITS POWF.R SUM IN Y WITH 
x • z•v + 3; 

AS A CHECK WE TRANSFORMED THE LATTER R~PRESENTATION 
BACK INTO THE ORIGINAL POWER SUM. 

"BEGIN" 
"PROCEDURF" LINTFMPOL(P,Q,N,A)I 
"VALVE" N,P.Qi "INTEGER"iNJ 
"REAL" P,OJ "ARRAY" Al 
"CODE" 31?.50; 
11 ARRAY 11 A[\O I 2H 

PAGE I!! 

A[Oll•ll A[llt•21 A[2]1•31 
OUTPUTC~l,"(tt/,16B,"("ACOl")",4B,tt(ttA[ll")",48,"("A[2l")"")"); 
OUTPUT(61,"C"/,"(" INPUT">"•'B,n(n1tt)tt,3(28,+ZDoDD)")",AlJ 
LINTFMPOLCZ,~,2,A)J 
OUTPUT(61,tt(tt/,tt(tt LINTFMPOL"> 11,B,"<"•">",3(ZB,+ZD.DD)")",A)J 
LINTFMPOL(l/2,-3/2,2,A); 
OUTPUTC6l,"("/,tt(tt LlNTFHPOL")",B,n(tt1tt)n,3(?8,+lD.DD) 11 )tt,A)t 

"END" PROGRAJoll 

INPUT 
l INTFMPOL I 
LINTFHPOL 1 

A[()l 
+1.00 

+34.00 
+1.00 

ACll 
+2.00 

+40.00 
+2.00 

AC2l 
+3.00 

+12.ao 
+3.00 

(POWER SUM IN Y) 
(POWER SUM IN X) 



SfCTION I ?.a4al 

SOURCE TEXTSt 

"CODE 11 31051; 
"PROCEDURE" POLCHS<N,A)I 

(OECt:~BER 1978) 

~VALUE 11 Nt "INTEGER" N; "ARRAY" A; 
"IF" N>l "THEN" 
11 BEGIN" 

11COMMF.NT" SCALINGI 
11 INTEGER 11 K,LeTWOPQ~; 
TWOPOWl•?I 
11 FOR 11 Kt•l 11STEP" 1 11UNTIL 11 N•2 "00" 
"BEGJNII 

Af.K]l ■ A[K]/TWOPOWI TWOPOWl•TWOPow•21 
"ENOII; 
ACN•1]1•2*ACN-ll/TWOPOW; 
A[Nlt•A[N1/TWOPOWI 
ACN-2lt•ACN-2l+A[Nl; 
11 COMMENT 11 N<•2 READY; 
11 FOR 11 Kl•N-2 11STEP 11 -1 11 UNTIL 11 1 1100 11 

"BfGINtt 
A[K-lll ■ArK-ll+A[K+llJ ACK1t•ACKl*2 + A[K+?.ll 
11 FOR 11 Lt•K+l 11STEP" l 11UNTIL" N-2 1100 11 

ACL]l ■ A[L1+ACL+2]; 
11 END 11 ; 

11F.NO" POLCHSI 
111:0P 11 

IICODF 11 310521 
11 PROCEDURE 11 CHSPOLfN,A)I 
11VALUE 11 N; 11 INTEGER" .N; ttARRAY 11 A; 
11 IF 11 N>t 11 TH!N 11 

11 BEt; IN 11 

11 INTEGER 11 K,L,TWOPOW; 
"FOR" Ks •IO HSTF.PH 1 "UNTIL" N-2 noon 
118EGIN 11 

HFOR" Ll•N-2 "STEP" -1 "UNTIL" K nodn 
Atll1•ACll-A[L+2]; A[K+lll•ACK+ll/2; 

11 END 11 1 
TWOPOW1•11 
11 FOR 11 Kl•l 11STEP 11 1 "UNTIL" N-2 11 00 11 
118EGIN 11 

A[K]l ■ A[Kl*TWOPOWJ TWOPOWl•TWOPow•21 
11EN0 11 ; 

ACN-ll••TWOPOW•AtN-llr 
ACNll•TWOPOW*ACN]; 

11 END" CI-ISPOL: 
"EOP 11 

PAGE q 
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ncnDE" ~10531 
HPROCEDURf" POLSHTCHS(N.A)I 
"VALUE" N; "JNTFGER" N; "ARRAY" A; 
"BEG IN" 

"PROCEDURE" LINTFMPOL<P•Q•N•A>; 
"VALUE" NoP,Q; "INTEGER" N; "REAL" PoQ; "APRAY" Al 
"COOE"31?501 
"PROCEOUPE" POLCHS<N•A>; 
"VALUE" NI "INTEGER" N; "ARRAY" Al 
"CODE"HO'Jll 
LINTFMPOL(.5,.~,N,A); 
POL CHS ( N, A): 

"END" POLSHTCHSI 
"EOP" 

"COOE 11 31054; 
11 PROCEDURE" SHTCHSPOL(NoA)I 
"VALUE" NI "INTEGER" NI "ARRAY" AJ 
"BEr.IN 11 

"PROCEDURE" CHSPOL<N,A)J 
"VALUE" NI "INTEGER" N; "ARRAY" A; 
"CODE"31l0 5?.; 
HPROCEOURE" LINTFMPOL(P,0,N.A)1 
"VALUE" N,P.Q; "INTEGER" NJ "REAL" P,o; "ARRAY" A; 
"C00E"3125ill& 
CHSPQL(N.A) I 
LINTFMPOL(2,-1.N,A); 

fffNOH SHTCHSPOL; 
"EDP" 

"COO£!" 310551 
"PROCEDURE" GRNNEW<N,X.A); 
"VALUE 11 ~I "INTEr.ER" NI "ARRAY" X,AI 
ns.:;GIN" 

"PPOCEOURE 11 ELMCEV<L,U.SHIFT,A,B,X); 
"VALUE" L.U,5HIFT,XI "INTEGER" L,U,SHIFTI 
HR2AL" Xl "ARRAY" A,BI 
"FOR" Ll•L "STEP" -1 11UNTIL" U "00" ACL]a ■AtLl+Btl+SHIFTl•Xr 
"INTEGER" Kl 
"FOR" l<l ■N-1 "STEP" •l "UNTIL" 0 "00" 
ELMCEV<N•l,N-1-K,l,A,A,YCN•l•Kl); 

"END" GRNNF.WS 
11 EOP" 
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ncnoE" noso 1 
"PROCEDURE" N~WGRN(N•X•A>1 
"VALUE" N; "INTEGER" N; "ARRAY" X.A; 
"BEGIN" 

"PROCEDURE" ELMVECCL.U,SHIFT•A,B,X); 
"VALUE" L.U,SHIFT,XI "INTEGER" L,U,SHIFT; 
"REAL" XI "ARRAY" A,Bs 
"CODE" :340?01 
"INTEGER" K; 
11FnR" Kt•N-1 "STEP" -1 "UNTIL" 0 "DO" 
fLMVEC(K,N-1,1,A,A,-XCK])t 

"END" NF.WGQN1 
11 FOP 11 

"CODE" 3125t'H 
"PROCEDURE" LINTFMPOL(P,O,N,Al; 
"VALUE 11 N•P•OI "INTEGER" NI "REAL" P,01 "ARRAY" Al 
"BEGIN" 

"PROCEDURE" NOROERPOL<N,K,X,A); 
"VALUE" N,K,X; "INTEGER" N,K; "REAL" XI "ARRAY" Al 
"CODE" 112421 
"INTEGER" I< I 
"REAL" PPOWER: 
NORDERPOL(N,N,o.A)t 
PPOWERt•PI 
"FOR" Kl•l "STEP" 1 "UNTIL" N noon 
HREGIN" 

A[~ll•PPDWF.R•A[Kll 
PPOWERl•P•PPOWERJ 

11END" I 
"F.ND" LINTFMPOLI 

"EDP" 
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AUTHOR r CeGe VAN DER LAANe 

INSTITUTF I RIJKSUNIVERSITEIT GRONINGEN. 

RECEIVED 1 7401~1. 

BRI~F OF.SCRIPTION 1 

INTCHS COMPUTES THE INDEFINITE INTEGRAL OF A GIVEN CHEBYSHEV 
SERIES. 

KEYWORDS I 

INDEFINITE INTEGRATION, 
CHEBYSHF.V SERIFS. 

CALLING SEQUENCE 1 

THE HEADING OF THE PROCEDURE READS I 
"PROCEDURE"INTCHS(N.A,8)1 
~VALUE"N1"INTEGERHN1"ARRAY"A1BI 

THE HEANIN~ OF THE FORMAL PARAHcTERS IS I 
N 1 <ARITHMETIC EXPRESSJON>1 

ENTRYI 

PAGE 1 

THE DEGREE OF THE POLYNOMIAL REPRESENTED BY THE CHEBYSHEV 
SERIES; 

A.a, <ARRAY IDENT,IFIER>1 
"ARRAY" A[OtNl,B[ltN+lll 
ENTRYI 
THE COEFFICIENTS OF THE CHERYSHEV SERIES,ACOl+ACll*Tl(X)+•••• 
+ACNl*TN<X>,SHOULD BE GIVEN IN ARRAY A. 
EXIT& 
THE COEFFICIENTS OF THE INTEGRAL CHEBYSHEV SERIES, 
BC1l*Tl<X>+ ••• +BCN+ll*TN+l(X), ARE DELIVERED IN ARRAY B. 
(T1fXl, ••• TN+l(Xl DENOTE CHEBYSHEV POLYNOMIALS OF THE FIRST 
KIND,OF DEGREE 1 •••• N+l,RESPECTIVELY)e 



(OCTOBER 19741 

METHOD AND PERFORMANCE 1 

FOR A DESCRIPTION OF THE ALGORITHM SEE AMONG OTHERS 1 
CLENSHAW,1962,Pall,OR FOX AND PARKtR,1968,Pa59. 

RFFERENCES 1 

BROUCKE,R.(1973)1 
TEN SUBROUTINES FOR THE MANIPULATION OF CHEBYSHEV SERIES. 
ALGORITHM 446a(FORTRANI• 
COMMeACM,VOL.16,l,P.254-256. 

CLENSHAW,C.W.(1962)1 
CHFAYSHEV SERIES FOR MATHEMATICAL FUNCTIONS. 
MATH.TAB.NAT.PHYS.LAB. 5,LONOONe 
HeM• STATIONARY OFFICE. 

FO~ole&I.BePARKER(196B)I 
CHFRYSHEV POLYNOMIALS IN NUMERICAL ANALYSIS. 
OXFORD UNIVERSITY PRESS. 

EXAMPLE OF use I 

PAGE 2 

AS A FORMAL TEST OF THE PROCErURE INTCH~ THE CHEBYSHEV SERIES 1 
1+1/2*Tl(X)+l/5*T2(X)+l/lO*T3fX) IS TRANSFORMED INTO ITS INTEGRAL. 

"BF.GIN""ARRAY"A[013l,B[l14]J 
"PROCEDURE"INTCHS(N,A,B)l"CODE"312481 
A[OJ1•11A[ll1•e51A[Zl•••~;AC3ll•"-ll 
INTCHSC3,A,B)i 
nUTPUTf61,"("/,4(BZ.4D)"l",B[Jl,Rr21,B[3],R[4])J 

MENO" 

.9000 .1000 .0333 .0125 
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SOURCE TEXT<S)I 

"CIJOE"3124~a 
"PROCEDURE"INTCHS(N,A,B)I 
"VALUE"N;"INTEGER"N;"ARRAY"A,B; 

·ncnHHENT" 

PAGE, 

INTCHS DELIVERS THE COEFFICIENTS B[Il,I•l,aaaN+l, OF THE INTEGRAL 
CHF.BVSHEV SERIES BCll•Tl(X)+aaa+BCNl•TN(X)+BCN+ll•TN+l(X>. 
THESE COF.FFICIE~TS ARE OBTAINED BY MEANS OF INDEFINITE INTF.GRATION 
OF THE CHF.BYSHEV SERIES A[OJ+A[ll•TlfX)+aoa+A[Nl•TN(X)a 
TlfX>, ••• TN+l(X) OF.NOTE CHEBYSHEV POLYNO"IALS OF THE FIRST KIND, 
OF OF.GREE 1, ••• N+l,RESPECTIVELY; 

"IF"N•O"THEN"B[lll•AC~l , 
"ELSEttttJFHN•l"THEN""BEGIN"B[2ll•A[lll418[ll1•AC01"END" 

"F.LSE""BEGIN""INTEGER"I;NREAL"H,L,DUMJ 
HraHNl; Olll'lt •ACN-ll ;BCN+l l t •HI ( fN+l) •2> I IHNl t •OUM/ CN•2) I 
"FOR"lt•N-l"STEP"-l"UNTIL"2"D□" 
"8EGIN"Lt•ACI-llJBCilt•(L-H)l(2*I)IHt•DUMJOUM&•L 
"END";B[lll•AC~l-H/2 

111:ND"INTCHSI 
"EOP" 

••••••••••• ••••••••••• 
Ml0512W //// END OF LIST /Ill 
Hl0512~ /Ill END OF LIST /Ill 





UITGAVEN IN DE SERIE MC SYLLABUS 

Onderstaande uitgaven zijn verkrijgbaar bij het Mathematisch Centrum, 
2e Boerhaavestraat 49 te l\msterdam-1005, tel. 020-947272. 

MCS 1.1 

MCS 1.2 

MCS 1.3 

MCS 1.4 

MCS 1.5 

MCS 1.6a 

MCS 1.6b 

MCS 1.7a 

MCS 1.7b 

MCS 1.7c 

MCS 1.8 

MCS 2.1 

MCS 2.2 

MCS 3.1 

MCS 3.2 

MCS 3.3 

MCS 4 

F. GoBEL & J. VAN DE LUNE, Leer-gang BesUskunde, dee?, 1: 
Wiskundige basisken:nis, 1965. ISBN 90 6196 014 2. 

J. HmIBLRIJK & J. KRIENS, Leer-gang Bes'liskunde, dee?, 2: 
Kansber-ekening, 1965. ISBN 90 6196 015 0. 

J. HEMELRIJK & J. KRIENS, Leer-gang Bes'liskunde, dee?, 3: 
Statistiek, 1966. ISBN 90 6196 016 9. 

G. DE LEVE & W. M'.)LENAAR, Leer-gang Bes'liskunde, dee?, 4: 
Ma.T'kovketens en waahttijden, 1966. ISBN 90 6196 017 7. 

J. KRIENS & G. DE LEVE, Leer-gang Bes'liskunde, dee?, 5: 
In'leiding tot de mathematisahe bes'liskunde, 1966. 
ISBN 90 6196 018 5. 

B. DoRHOUT & J. KRIENS, Leer-gang Bes'liskunde, dee?, 6a: 
Wiskundige pr-ogr-ammer-ing 1, 1968. ISBN 90 6196 032 o. 
B. DoRHOUT, J. KRIENS & J.TH. VAN LIESHOUT, Leer-gang Bes'lis
kunde, dee?, 6b: Wiskundige pr-ogr-ammer-ing 2, 1977. 
ISBN 90 6196 150 5. 

G. DE LEVE, Leer-gang BesUskunde, dee?, ?a: Dynamisahe pr-o
gr-ammeT'ing 1, 1968. ISBN 90 6196 033 9. 

G. DE LEVE & H.C. TIJMS, Leer-ga:ng Bes'liskunde, dee?, 7b: 
Dynamisahe pr-ogr-ammer-ing 2, 1970. ISBN 90 6196 055 x. 

G. DE LEVE & H.C. TIJMS, Leer-ga:ng Bes'liskunde, dee?, ?a: 
Dynamisahe pr-ogr-ammer-ing 3, 1971. ISBN 90 6196 066 5. 

J. KRIENS, F. GoBEL & W. M'.)LENAAR, Leer-gang Bes'liskunde, dee?, 8: 
Minima:x:methode, netwer-kp'la:nning, simu'latie, 1968. 
ISBN 90 6196 034 7. 

G.J.R. FORCH, P.J. VAN DER HOUWEN & R.P. VAN DE RIET, 
Colloquium Stabi'liteit va:n differ-entiesahema's, dee'l 1, 1967. 
ISBN 90 6196 023 1. 

L. DEKKER, T.J. DEKKER, P.J. VAN DER HOUWEN & M.N. SPIJKER, 
Colloquium Stabi'liteit va:n differ-entiesahema's, dee'l 2, 1968. 
ISBN 90 6196 035 5. 

H.A. LAUWERIER, RandJ,Jaa;radepr-ob'lemen, dee'l 1, 1967. 
ISBN 90 6196 024 X. 

H.A. LAUWERIER, Ra:ndwaa.T'depr-ob'lemen, dee'l 2, 1968. 
ISBN 90 6196 036 3. 

H .A. LAUWERIER, Ra:ndi,,aar-depr-ob 'lemen, dee?, 3, 1968. 
ISBN 90 6196 043 6. 

H.A. LAUWERIER, Repr-esentaties va:n gr-oepen, 1968. 
ISBN 90 6196 037 1. 



MCS 5 

MCS 6 

MCS 7.1 

MCS 7.2 

MCS 8 

MCS 9.1 

MCS 9.2 

MCS 10 

MCS 11 

MCS 12 

MCS 13 

MCS 14 

MCS 15.1 

MCS 15.2 

MCS 15.3 

MCS 16.1 

MCS 16.2 

MCS 17 .1 

MCS 17.2 

MCS 17.3 

MCS 18 

MCS 19 

J.H. VAN LINT, J.J. SEIDEL & P.C. BAAYEN, Colloquium Discrete 
wiskunde, 1968. 
ISBN 90 6196 044 4. 

K.K. KoKSMA, Cu:t>sus ALGOL 60, 1969. ISBN 90 6196 045 2. 

Colloquium Moderne rekenmachines, deel 1, 1969. ISBN 90 6196 046 O. 

Colloquium Moderne rekenmachines, deel 2, 1969. ISBN 90 6196 047 9. 

H. BAVINCK & J. GRASMAN, Relaxatietrillingen, 1969. 
ISBN 90 6196 056 8. 

T.M.T. COOLEN, G.J.R. E'ORCH, E.M. DE JAGER & H.G.J. PIJLS, Ellip
tische differentiaalvergelijkingen, deel 1, 1970. 
ISBN 90 6196 048 7. 

W.P. VAN DEN BRINK, T.M.T. COOLEN, B. DIJKHUIS, P.P.N. DE GROEN, 
P.J. VAN DER HOUWEN, E.M. DE JAGER, N.M. TEMME & R.J. DE VOGELAERE, 
Colloquium Elliptische differentiaalvergelijkingen, deel 2, 1970. 
ISBN 90 6196 049 5. 

J. FABIUS & W.R. VAN ZWET, Grondbegrippen van de waarschijn lijk
heidsrekening, 1970. ISBN 90 6196 057 6. 

H. BART, M.A. KAASHOEK, H.G.J. PIJLS, W.J. DE SCHIPPER & J. DE 
V:RIES, Colloquium Halfalgebra's en positieve operatoren, 1971. 
ISBN 90 6196 067 3. 

T.J. DEKKER, Numerieke algebra, 1971. ISBN 90 6196 068 1. 

F.E.J. KRUSEMAN ARETZ, Programmeren voor rekenautomaten; De MC 
ALGOL 60 vertaler voor de EL XB, 1971. ISBN 90 6196 069 X. 

H. BAVINCK, W. GAUTSCH! & G.M. WILLEMS, Colloquium Appro:x:imatie
theorie, 1971. ISBN 90 6196 070 3. 

T.J. DEKKER, P.W. HEMKER & P.J. VAN DER HOUWEN, Colloquium Stijve 
differentiaalvergelijkingen, deel 1, 1972. ISBN 90 6196 078 9. 

P.A. BEENTJES, K. DEKKER, H.C. HEMKER, S.P.N. VAN KAMPEN & 

G.M. WILLEMS, Colloquium Stijve differentiaalvergelijkingen, 
deel 2, 1973. ISBN 90 6196 079 7. 

P.A. BEENTJES, K. DEKKER, P.W. HEMKER & M. VAN VELDHUIZEN, 
Colloquium Stijve differentiaalvergelijkingen, deel 3, 1975. 
ISBN 90 6196 118 1. 

L. GEURTS, Cu:t>sus Programmeren, deel 1: De elementen van het 
programmeren, 1973. ISBN 90 6196 080 o. 
L. GEURTS, Cursus Programmeren, deel 2: De programmeertaal 
ALGOL 60, 1973. ISBN 90 6196 087 8. 

P.S. SToBBE, Lineaire algebra, deel 1, 1974. ISBN 90 6196 090 8. 

P.S. STOBBE, Lineaire algebra, deel 2, 1974. ISBN 90 6196 091 6. 

N.M. TEMME, Lineaire algebra, deel 3, 1976. ISBN 90 6196 123 8. 

F. VAN DER BLIJ, H. FREUDENTHAL, J.J. DE IONGH, J.J. SEIDEL & 

A. VAN WIJNGAARDEN, Een kwart eeuw wiskunde 1946-1971, Syllabus 
van de Vakantiecursus 1971, 1974. ISBN 90 6196 092 4. 

A. HORDIJK, R. POTHARST & J.Th. RUNNENBURG, Optimaal stoppen van 
Markovketens, 1974. ISBN 90 6196 093 2. 



* 

MCS 20 T.M.T. COOLEN, P.W. HEMKER, P.J. VAN DER HOUWEN & E. SLAGT, 
ALGOL 60 procedures voor begin- en randwaardeproblemen, 1976. 
ISBN 90 6196 094 0. 

MCS 21 J.W. DE BAKKER (red.), Colloquium Progra:mmacorrectheid, 1975. 
ISBN 90 6196 103 3. 

MCS 22 R. HELMERS, F.H. RUYMGAART, M.C.A. VAN ZUYLEN & J. OOSTERHOFF, 
Asyrrrptotische methoden in de toetsingstheorie; Toepassingen van 
naburigheid, 1976. ISBN 90 6196 104 1. 

MCS 23.1 J.W. DE RoEVER (red.), Colloquium Onderwel'[)en uit de biomathe
matica, deel 1, i976. ISBN 90 6196 105 x. 

MCS 23.2 J.W. DE RoEVER (red.), Colloquium Onderwel'[)en uit de biomathe-

MCS 24.1 

MCS 25 

MCS 26.1 

MCS 26.2 

MCS 27 

MCS 28 

MCS 29.1 

MCS 29.2 

MCS 30 

MCS 31 

MCS 32 

MCS 33 

MCS 34 

MCS 35 

MCS 36 

Z..CS 37 

matica, deel 2, 1976. ISBN 90 6196 115 7. 

P.J. VAN DER HOUWEN, Numerieke integratie van differentiaalver
gelijkingen, deel 1: Eenstapsmethoden, 1974. ISBN 90 6196 106 8. 

Colloquium Structuur van progra:mmeertalen, 1976. 
ISBN 90 6196 116 5. 

N.M. TEMME (ed.), Nonlinear analysis, volume 1, 1976. 
ISBN 90 6196 117 3. 

N.M. TEMME (ed.), Nonlinear analysis, volume 2, 1976. 
ISBN 90 6196 121 1. 

M. BAKKER, P.W. HEMKER, P.J. VAN DER HOUWEN, S.J. POLAK & 

M. VAN WLDHUIZEN, Colloquium Discretiseringsmethoden, 1976. 
ISBN 90 6196 124 6. 

O •. DIEKMANN, N.M. TEMME (EDS), Nonlinear Diffusion Problems, 1976. 
ISBN 90 6196 126 2. 

J.C.P. BUS (red.), Colloquium Numerieke programmatuur, 
deel 1A, deel 1B, 1976. ISBN 90 6196 128 9. 

H.J.J. TE RIELE (red.), Colloquium Numerieke programmatuur, 
deel 2, 1976. ISBN 90 6196 144 O 

P. GROENEBOOM, R. HELMERS, J. OOSTERHOFF & R. PoTHARST, Effi-
ciency begrippen in de statistiek, . ISBN 90 6196 149 1. 

J.H. VAN LINT (red.), Inleiding in de coderingstheorie, 1976. 
ISBN 90 6196 136 X. 

L. GEURTS (red.), Colloquium Bedrijfssystemen, 1976. 
ISBN 90 6196 137 8. 

P.J. VAN DER HOUWEN, Differentieschema's voor de berekening van 
waterstanden in zeeen en rivieren, 1977. ISBN 90 6196 138 6. 

J. HEMELRIJK, Orienterende aursus mathematische statistiek, 
ISBN 90 6196 139 4. 

P.J.W. TEN HAGEN (red.), Colloquium Computer Graphics, 1977. 
ISBN 90 6196 142 4. 

J.M. AARTS, J. DE VRIES, Colloquium Topolog-ische Dynamische 
Systemen, 1977. ISBN 90 6196 143 2. 

J.C. van Vliet {red.), Colloquium Capita Datastructuren, 
1978. ISBN 90 6196 159 9. 



MCS 38.1 

MCS 38.2 

MCS 39 

MCS 40 

MCS 41 

MCS 42 

MCS 43 

MCS 44 

MCS 45 

MCS 46,1 

MCS 47.1 

MCS 47.2 

MCS 47.3 

MCS 47.4 

MCS 47.5 

MCS 47.6 

MCS 47.7 

T.H. KoORNWINDER (ED.), Representations of loaally aompaat groups. 
with appliaations, 1979. ISBN 90 6196 161 o. 

T.H. KOORNWINDER (ED.), Representations of loaally aompaat groups 
with appliaations, 1979. ISBN 90 6196 181 5. 

o.J. VRIEZE & G.L.Wanroo~j, Colloquium Stoahastisahe Spelen, 1978. 
ISBN 90 6196 167 X. 

J. VAN TIEL, Convexe Analyse, 1979. ISBN 90 6196 187 4. 

H.J .J. TE RIELE (ED.) , Colloquium Numeriaal Treatment of 
Integral Equatiqns, 1979. ISBN 90 6196 189 o. 
J.C. VAN VLIET (RED.), Colloquium Capita Implementatie van 
Programmeertalen, 1980. ISBN 90 6196 191 2. 

A.M. OOHEN & H.A. WILBRINK, Eind-ige groeperi (Een inleidende 
aursus), 1980. ISBN 90 6196 203 x 

J .G. VERWER (ED.), Numeriaal solution of partial differential 
equations, 1980. ISBN 90 6196 205 6. 

P. KLINT (red.), Colloquium hogere programmeertalen en aompu
terarahiteatuur, 1980. ISBN 90 6196 206 4. 

P~M.G. APERS (RED.), Colloquium Datahankorganisatie, 1981. 
ISBN 90 6196 212 9. 

P.W. HEMKER (ED.), NUMAL numeriaal proaedures in ALGOL 60, 
Part I: General information and indiaes, 1981. ISBN 906196 217X. 

P.W. HEMKER (ED.), NUMAL numeriaal proaedures in ALGOL 60, 
P!irt II: Elementary proaedures,algebraia evaluation, 1981, 
ISBN 90 6196 217 X. 

P.W. HEMKER (ED.) , NUMAL numeriaal proaedures in ALGOL 60, 
Part III: Linear algebra, part I, 1981. ISBN 90 6196 217 X. 

P.W. HEMKER (ED.), NUMAL numeriaal proaedures in ALGOL 60, 
Part IV: Linear algebra, part II, 1981. ISBN 90 6196 211·x. 

P.W. HEMKER (ED.), NUMAL numeriaal proaedures in ALGOL 60, 
Part V: Anatytiaal evaluations, analytiaal prob1,ems, part I, 
1981. ISBN 90 6196 217 X. 

P.W. HEMKER (ED.), NUMAL numeriaal proaedures in ALGOL_ 60, 
Part VI: Analytiaal problems, part II, 1981. ISBN 90 6196 217 X. 

P.W. HEMKER (ED.), NUMAL numeriaal proaedures in ALGOL 60, 
Part VII: Speaial funations and aonstants, interpolation and 
approwimation, 1981. ISBN 90 6196 217 x. 

De net een * gemerkte uitgaven rroeten nag verschijnen. 




