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MC 

SECTION I 1-.1,1 (APRIL 1974) PAGE 1 

JN8TJTUTE1 MATHEMATICAL CENTRE, 

• 

RJCEIVEDa 730715 1 

BRJEF DESCRlPTION1 

THIS SfCTlON CONTAINS FIVE PROCEDURES, 
lNlVEt INITIALIZES A C PART OF A) V!CTOR WITH A CONSTANT, 
lNlMAT INITIALIZES A C PART OF Al MATRIX WXTH A CONSTANT, 
lNIMATD INITIALIZES ELEMENTS ACI, I+SHIFTl, I• LR(l)UR o, A MATRIX, 
IN?SYMO INITIALIZES A (PART OF Al CODIAGONA~· OF A SYMMETRIC MATRIX, 
W~OSE UPPERTRIANGLE IS STORED COLUMNWISE IN A ON!wOIMENSIONA~ 
ARRAY, 
lN!SYMROW INITIALIZES A (PART 0~ A) ROW OF A SYMMETRIC MATRlX,WH0SE 
UPPERTRIANGLE IS STORED COLUMNWISE IN A ONf•DIMENSIONAL ARRAV 1 

Ke:YWOROSt 

ELEMENTARY PROCtDURE, 
VECTOR OPERATIONS, 
INIT.lALIZATION• 

9U98ECTION1 INIVEC, -

CA~LING S!QUENCE1 

HEADINGS 
•PROCEDURE" INIVEC(L, u, A, x,, 1 VAL.UE" L,u,x, 
"lNT!GER" L,Ut "REAL" XJ "ARRAY• Al 

FORMAL 
L,U1 

Al 

x, 

• 

LANGUAGEt 

PARAMETERS1 
~ARITHMETIC EXPRESSJON~J 
LOWER AND UPPER INDEX 
4ARAAV IDENTIFIER>J 
A ONE OJMENSIONAL ARRAY 
<ARITHMETIC EXPAESSJON>J 
INITIALIZATION CONSTANT, 

ALGOL 60 1 

OF THE 

A [P t QJ 

VECTOR A, RE8PECTIVE~YJ 

WITH Pc~ LAND Q •• Uf 



MC 

8ECTlON I 1,1,1 PAGE 2 .... 

8~8S£CTION1 INIMAT, 

t4L~ING SEQUENCES 

HEAOlNG1 
•PROCEDURE" INIMAT(~R, UR, LC, UC, A, x,, •VA~UE" LR,UR,LC,Uc,x, 
"INTEGER" LR,UR,LC,UCJ q~EAL" x, "ARRAY" Af 

FORMAL PARAMETERS& 
LR,UR,LC,UC1 <ARITHMETIC EXPRESSION>1 

LOWER ANO UPPER ROW•INOEX, AND ~OWER 4NO UPPER COLUMN•tNOEX 
OF THE MATRI~ A, RESPECTlVELVJ 

A; <ARRAY IDENTIFIER>, 
A TwO•DlMENSIONAL ARR4Y AtP IQ, RI SJ WHOSE BOUNDS P, Q, 
RANDS SHOULD SATI$FY1 P cc LR, Q >• UR, R c• LC, S ~• UC1 

Xe <ARITHMETIC EXPRESSION► J 
INITIALIZATION CONSTANT, 

L,ANGUAGt:i ALGOL 60 1 

l~ISECTION1 INIMATO, 

CAL~INQ SEQUENCE1 

HEAOING1 
"PROCEDURE" INIMATO(LR, UR, SHtfT, A, X)a "VALUE" LR,UA,SHIFT,x, 
"INTEGER" LR,UR,SHIFTJ "REAL 9 XJ "ARRAY" At 

FORMAL PARAMETERSi . 
LR,UR1 <ARITHMETJC EXPRESSION>J 

LOWER AND UPPER ROW•INOEX OF THE C0DlAG0NAL TO Sf 
INITIALlZEOp 

SHI~Ta ◄ ARITM~ETlC EXPRESSION>J 
DISTANCE BETWEEN DIAGONAL AND COD?AGONALJ 

Al ~ARRAY IDENTIFIER•, 
A TWO•DIMENSIONAL ARRAY AtP IQ, RI SJ r 
THE SUBSCRIPTS ABOVE ANO THE VALUE$ OF LA ( + 8HlFT) AND 
UR (+SHIFT l SHOULD NOT CONTRADICT EACM OTH!R f 

X1 cARlTHMETIC EXPRESSlON>J 
INITIALlZATlON CONSTANT, 

AL.GOL bO, 



1-st REVISION, 197 5 

SUBSlCTIONI INI5YMD. 

GALLING S~QUENCEI 

HE. AD I NG: 

(DECEMBE~ 1975) 

• 

MC 
' 

PAGE 3 

••PRO C EDU RC: •• I NI S Y HO < L R, U R t SH I FT , A , X ) ; •• VALUE •• LR , U R, S HI F T , X ; 
··rNTEGER 0

• LR.,UR,SHIFT; ··REAL 111 x; ··AR~Av·· A; 
• 

FOkMAL PARAMETERS& 
LR,u~: <ARITHMETIC EXPRESSION>; 

LOW~R ANO UPPER ROW=»INDEX OF A COOIAGONAL ( JF A SYMMETRIC 
' 

MATkIX OF ORDER N ) TO BE INITIALIZED; 
LR AND UR SHOULD SATISFY IL~>= 19 UR<= N; 

SHIFT: <ARITHMETIC ~XPRESSION>; 
DISTANCE BETWEEN DIAGONAL AND CDDIAGONAL, (-N < SHIFT < N); 

Al <ARRAY IDENTIFIER>; 
A ONE-DIMENSIONAL ARRAY A(1 ! N • (N+1)//21 CONTAINING THE 
COLUMNWIS£ STORED UPPERTRIANGLE OF A SYMMETRIC MATRIX, 
SUCH THAT THE <I,J) - TH ELEMENT OF THE MATRIX IS 
A [ { J - 1) • N + I l ; J = 1, • • , N; I - MAX C 1, J-N) , •. J; 

XI <ARITHMETIC EXPRESSION>; 
INITIALIZATION CONSTANT. 

SUBSECTIJNZ INISYMROW. 

CALLING SEQUENCES 

HE Aul f~G I 
•• PRO C ED U RE • • I NI S Y MR O W ( L t U , I , A , X ) ; •• V AL U E •• L , U , I , X ; 
•• I t·J T E Gt.. R. •• L , u f I ; .• RE AL ea X ; 84 ARR A y .• A ; 

Al 

XI 

LA ~JG U A Gt. I 

PARAMETERS I 
<ARITHMETIC 
LOWER ANO 
<ARl THME.TIC 
ROW INDEX; 

EXPRESSION>; 
UPPER ROW-ELEMENT 

EXPRESSION>; 

<ARRAY IDENTIFIER>; 

TO BE 

A ONE-DIMENSIONAL ARRAY A[1 I N • (N+1)//2J; 

INITIALIZED; 

AkRAY A SHOULD CONTAIN A COLUMNWISE STORED UPPERTRIANGLE OF 
A SYMMETRIC MATRIX OF ORDER N, 
SUCH THAT THE (I,J) - TH ELEMENT OF THE MATRIX IS 
AC ( J - 1 > • N + I l ; J = 1, • • , N; I - MAX ( 1, J-N} 1 •. J. 
FOR FIXED ORDER N, THE PA~AMETERS L, U AND I SHOULD 
SATISFY THE CONDITIONS I 1 <=L<= N, 1 <=J<= N, 1 <=I<- N ; 
<ARITHMETIC EXPRESSION>; 
INITIALIZATION CONSTANT. 

ALGOL 60. 
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1-st REVISION, 1975 

SECTION I 1.1 .. 1 CDECEM8E~ 1975) 

SOURCE TEXT(S): 

··cooE·· 31010; 
• • PF .. 0 C i O J RE •• I NI \/ E C < L , U , A , X) ; •• i AL U E •• L , U , X ; 
··rNTEGt.R·· L,u; 1111 REAL 111 x; 111 ARRAY 11

• A; 
•• FOR... L: = L •• s TE p 1111 1 •• u NT IL 1111 u ··o D •• A ( L ] I = X; 

•• EOP •• 
• 

··cooE •• 31011; 

MC 

PAGE 

I 

··PROCt:.OURE 1
• INIMAT(LR, UR, LC, UC, A, X); ··vALUE·· LR,UR,Lc.uc,x; 

··rt~TEGE~·- LR,UR,LC,uc; ··REAL'" x; ··ARRAv·· A; 
•• B E G I N.. • • I t~ T E GE R. II J ; 

•• F O ~ •• L R I = L R •• S TEP •• 1 •• UN T I L •• U ~ •• 0 0 •• 
•• FOR •• J I = L C •• S T E P •• 1 •• U NT I L •• UC •• 0 0 •• A ( LR 1t J l I = X 

••EtiO'• INIMA T; 
••EQP •• 

••c O OE•• 31012 ; 
'

0 PROC£DURE 11 INIHATO(LR., UR, SHIFT, A, X); ··vALUE 1
• LR,UR,SHIFT,x; 

··1t~TEGE.R 1
• LR,UR,SHIFT; ··REAL'· x; ··AR~Av·· A; 

··FoR·· LR a- LR ··srEP 10 1 ' 11 UNTIL10 UR ··oo·· A( LR, LR + SHIFT] &- x; 
··E.op•• 

··coo:.·· 31o13 ; 
••p~~OCEDURE 110 INISYfiO (LR, UR, SHIFT, A, X); ··vALUE·· LR,UR,SHIFT,x; 
•• I t~ T E GER•• LR , UR , SH I F T ; ••RE A L •• X ; .. AR< A Y •• A ; 
14 BEGIN•• SHIFT&= ABS(SHIFT); UR&- UR+ SHIFT t- 1; SHIFTl=LR + SHIFT; 

LR:= (SHIFT - 3) •SHIFT// 2 + LR; 
••FOR•• LR z = SH I FT + LR 11111 WHILE•• S HI FT < UR ••Do•• 
•• BE G I N •• A ( L R l I = X ; S H I F T I = SH I F T + 1 •• E ND•• 

•• E. t~ L •• IN IS ¥MD ; 
•• E OP•• 

··coc::·· 31011+; 
110 PROCEDURE 1

• INISYMROW(L, u, I, A, X); ··vALUE'· L,U~I,x; 
••rt-~ TE Gt.~•• L, U , I ; ••RE AL•• X ; ,. ARR A Y •• A ; 
••aEGI N•• ••1 NTEGER•• K; 

••IF•• L < = 1 •• r HEN 11111 

111 BE..GIN'° Kl= CI - 1) • I//2; L I= K + L; 
K I= (••IF •• . U < 1 •• T HEN•• U ••EL.SE•• I ) + K; 
'

4 FOR•• L I = L ••STEP•• 1 ••UNTIL•• K •• 0 0 •• A ( L 1 I= X ; 
L I= I+ 1 

•• f:.N D ••; 
'• I F •• U > 1 •• T HE N •• • • F O R • • K I = ( L - 1 ) • L / / 2 + I , K + L - 1 •• W H I L E •• L < = U •• D O " 
·• 8 E G I N • • A C K l 1 = X ; L a = L + 1 •• E ND •• 

··lr~o·· INISYMROw; 
•• Eop•• . 



MC 

(APRIL 1974) PAGE 1 , 

INSTlTUTE1 MATHEMATICAL CENTRE, 

RECflVE01 730715 1 

IRIEP OESCRIPTION1 - , 

THIS SECTION CONTAINS SIX PROCEDURES, 
DUPVEC COPIES TME VECTOR GIVEN IN ARRAY BtL+SHIFT I U+SHI,TJ TO THE 
VECTOR GIVEN IN ARRAY AtL1Ul 
DUPVECROW COPIES THE ROW VEC OR GIVEN IN ARRAY Btl1I, L1UJ TO THE 
VECTOR GIVEN IN ARRAY AtLaLll, 
DUPROWVEC COPIES TME VECTOR GIVEN IN ARRAY B[L1UJ TO THE ROW VECTOR 
GIVEN IN ARRAY A[l1I, LtUJ 1 

DUPVECCO~ COPIES THE COLUMN VECTOR GIVEN IN ARRAY BtL1U, J1Jl TO 
THE VECTOR GIVEN IN ARRAY At~1Ul, 
DUPCOLVEC COPIES THE VECTOR GIVEN IN 4RRAY B[LaUJ TO THE COLUMN 
VECTOR GIVEN IN ARRAY ACL1U, J1JJ 1 
OUPMAT COPIES THE MAT~lX GlVEN IN ARRAY 8[L1U, I1Jl TO TME MATRIX 
GIVEN IN ARRAY AtLtU, ItJJ, 

KJYWOROSS 
-

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS, 
OUP~ICATION 1 

IUBSECTION1 OUPVEC. ..... .., 

CALLING SEQUENCEa 

HEADINGS 
HPROCEDURE•' OUPVECCL, U, SHIFT, A, B)J "VALUE" L,U,SHIFTJ 
nJNTEGER" L,U,SHIFT1 "ARRAY" A,SJ 

FORMAL 
L,U1 

SHIFT1 

A,Ba 

LANGUAGES 
, . 

PARAMETERS1 
<ARITHMETIC EXPRESSION>J 
LOWER ANO UPPER VECTOR.INDEX, ~ESPECTIVELYf 
<ARITHMETIC EXPRESSION>J 
INDEX~SHIFTING PARAMETER1 
~ARRAY IOENTIFIER>r . 
"ARRAY" AtI11I2J, 8tI3al4lJ 
THE SUBSCRIPTS ABOVE ANO THE VALUES OF L ( 
U(+SHIFT) SHOULD NOT CONTRADICT EACH OTHER, 

AL.GOL bO, 

+ SHlFT) AND 



8UBSECTION1 OUPVECROw, .... 

CAL~ING SEQUENCEI 

HEADINGa 

(APRIL 1974) 

"PROCEDURE•• OUPVECROWCL, u, l, A, a,, -VALUE" L,u,1, 
"INTEGER" L,u,r, "ARRAY~ A,e, 

FORMAL P~RAMETERS1 

MC 

PAGE 2 

L,Us <ARITHMETIC EXPRESSION>J 
LOWER A~O UPPER VECTOR ( COLU~N )wINDEX, RESPECTIVELYJ 

X1 <ARlTHMETIC EXPRESSION>J 
~O~•INDEX OF THE ROW VECTOR BJ 

A,Bt <ARRAY lDE~TlFIER>J 
"ARRAY" AtI11I2l, BtI31I4, J11J2l I 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U ANO I SHOULD 
~OT CONTRADICT EACH OTHER, 

~ANGUAGE1 ALGOL &O, 

l~88ECTION1 OUPROWVEC, 

CA~LlNG SEQUENCE& 

HEADING1 
nPROCEDURE» OUPROWVEC(L, U, I, A, B)J "YALUEn L,U,IJ 
'INTEGER" L,U,IJ "ARRAY 11 A,BJ 

FORMAL P.ARAMETERS1 

, 

L,Us <ARITHMETIC EXPRESSION>J 
LOWER ANO UPPER YfCTOR C COLU~N l•lNOEX, RESPECTIVELYJ 

11 ◄ ARITHMETIC EXPRESSION>, 
ROWwINDEX OF THE ROW VECTOR A1 

A,B1 cARRAV IDENTIFIER>p 
•ARRAY" All1112, J1aJ2J, 8til114l J 
THE SUBSCRIPTS A80VE ANO THE VALUES OF L, U AND l SHOULD 
NOT CONTRADICT EACH OTMER 1 

~ANGUAGEt ALGOL 60, 
,, 



IECTION I 1, 1,2 .. (APRIL 1C174) 

l~8SECTION1 DUPVECCOL, 

CALLlNG SEQUENCES 

HEAOlNGI 
'PROCEDURE•' OUPVECCOLCL, U, J, A, 8Jt ''VALUE" L,U,J1 
"INTEGER" L,U,JJ "ARRAY'' A,BJ 

FOR~AL 
L,U1 

J, 

PARAMETERS a 
cARITH~ETIC EXPRESSION>J 
~OWER ANO UPPER VECTOR CROW )•INDEX, 
~ARITHMETIC EXPRESSION► J 
COLUM~•INDEX OF THE COLUMN VECTOR BJ 
<ARRAY IDENTIFIER•t 

' 

"ARRAY" A tI11121, B tI31 I4, Jt sJal I 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U 
NOT CONTRADICT E•CH OTHER, 

1.ANGUAGEi ALGOL f>O, 

IU88£CTION1 OUPCOLVEC, ,. 

CAL~lNG SEQUENCES 

Mf:AOINGs 

' 

"PROCEDURE" OUPCOLVECCL, U, J, A, 8)1 "VlLUE• L,U,JJ 
WJNTEGER" ~,u,J, "ARRAY'' A,e, 

FORMAL 
L,UJ 

J1 
• 

PARAMETERS: 
cARlTHMETIC EXPRESSION~J 
LOWER ANO UPPER V~CTOR ( ROW )•lNOEX, 
cARITHMETIC EXPRESSION ► J 
COLUMN~INDEX or THE COLUMN VECTOR., 
<ARRAY IOENTIFIER>p 
HARRAV 8 AtillIZ, J1aJZJ, BtI3tI41J 
THE SUBSCRIPTS ABOVE AND TME V4~UES OF L, U 
NOT CONTRADICT EACH OTHER, 

f.ANGUAGE& 

• 

MC 

PAGE l 

ANO J SHOUL,0 

ANO J S~OULD 



CALLING SEQUENCES 

HEAOING1 

(APRIL t974l 

•PROCEDURE• DUPMATCL, u, 1, J, A, 8)1 •v&LUE• L,U,I,Jr 
•INTEGER~ L,U,t,Jr 1 ARRAV• A,a, 

,oRMAL PARAMETERS1 
L,U1 <ARITHMETIC EXPRESSION>J 

LO~ER AND UPPER AO~•INDEX, AESPECTIVELV1 
l,Jt <ARITHMETIC EXPRESSION>t 

LOWER ANO UPPER COLUMN.INDEX, RESPECTIVELY, 
A,B1 cARRAY lDENTIFIER>J 

MC 

PAGf 4 

•ARRAY" A[I11I2, JSJJ2J, Btl31I4, J]1J1J, 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U, l ANO J SHOULD 
NOT CONTRADICT EACH OTHER 1 

LANGUA$fl ALGOL oO, 



(APRIL. 1974) 

IOURCE TEXTCS)I 

"C00E 11 3l030J 
. "PROCEDURE" OUPVECCL, U, SHIFT, A, B)J "VALUE" L,U,SHJFT, 

"INTEGER• L,U,SHifTJ "ARR•Y" A,Bt 
•FOR" L-1• L •STEP" 1 "UNTIL" U "DOn A[Ll 1• StL+SHIFTJJ 

"EOP" 

•COOE• 310311 
"PROCEDURE•• DUPVECROWCL, U, I, A, 8)1 •VALUE" L,U,IJ 
"INTEGER" L,U,tr "ARRAY" A,BJ 
ttfOR" La• L "STEP" 1 ~uNTIL 6 u "00" AtLl 1• Btl,Llr 

"EOP" 

"PROCEDURE 1 OUPROWVECCL, U, I, A, B)t "VALUft L,U,I, 
"INTEGER" L,U,IJ "ARRAY" A,B1 
"FDA" LI• L "STEP" 1 "UNTIL" U •oo• Atl,Ll ,. etLlJ 

"f0P" .• 

"C00E" 310311 
.. "PROCEOURE" OUPVECCOL(L, U, J, A, B)J ~VALUE• L,U,J1 

"lNTEGERfl L,U,J, "ARRAY'' A,BJ 
"FOR•~-~ L "STEP" 1 "UNTIL• U "00 8 AtLl 1• Bt~,Jlt 

"EOP" 

"CODE" 310341 
"PROCEDURE" OUPCOLYECCL, U, J, A, B>, "VALUE• L,U,J, 
"INTEGER• L,U,J1 "ARRAY'' A,BJ 
"FOR• Ls• L "STEP• 1 "UNTlL" U "00" ACL,Jlt• BtLJ, 

"EOP" 

•COOEtt 310351 
"PROCEDURE" OUPMATCL, U, I, J, A, B)J •VALUffl L,U,I,JJ 
"INTEGER" L,U,I,JJ "ARRAY" A,B, 
•BEQIN" "INTEGER" KJ 

•FOR" LI• L "STEP" 1 MUNTIL" U "00" 
"FOR• K1•- I "STEP" 1 ffUNTIL• J 1 00" AtL,Klt• B[L,KJ 

"END" OUPMATJ 
"EOP" 

MC 

PAGE 5 



MC 

(APRIL 1974) PAGE l 

JNSTITUTE1 MATHEMATICAL CENTRE, 

BRIEF DESCRlPTIONJ 

THIS SECTION CONTAINS FlVE PROCEDURES, 
MULVEC STORES X TIMES THE VECTOR GIVEN IN ARRAY B[L+SMIFTtU ♦ SHIFTl 
lNTO THE VECTOR GIVEN IN ARRAY A[~IUJ, 
MULROW STORES X TIMES THE ROW VECTOR GIVEN IN ARRAY BtJ1J,L1Ul INTO 

• 

THE ROW VECTOR GIVEN IN ARRAY ACI1I,L1UJ 1 
MULCO~ STORES X TlMES THE COLUMN VECTOR GlVEN IN ARRAY BEL,U,JtJl 
INTO TME CO~UMN VECTOR GIVEN IN ARRAY AtLsU,I1ll, 
COLCST MULTIPLIES THE COLUMN VECTOR GIVEN IN ARRAY AtL1U,JtJl ev x. 
ROWCST ~ULTl~LtES THE ROW VECTOR GIVEN IN ARRAY ACI1I, ~1Ul BV X, 

KfVWOROSI 

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS, 
MULTIPLlCATlON. 

CAL~lNG SEQUENCEI 

HEADINGS 
"PROCEDURE•• MULVECCL, u, SHIFT, A, 8, X)r "VALUE" L,U,SHlFT,XJ 
"lNTEGER~ L,U,SHIFTJ "REAL" XJ "ARRAY~ A,61 

FORMAL 
L,Ua 

8HIFT; 

A,BI 

LANGUAGE& 

PARAMETERS a 
<ARITMETIC EXPRESSION>J 
LOWER ANO UPPER VECTOR•lNDEX, RfSPECTtVELY1 
<ARITHMETlC EXPRES910N>J 
SUSSCRIPT•SHIFTING PARAMETER, 
<ARRAY IOENTIFIER>J 

• 

•ARRAY" Atl11I2J, Btl31l4l, 
THE SUB$CRIPTS ABOVE ANO THE VALUES 0~ L ( 
U (+SHIFT) SHOU~D NOT CONTRADICT EACH OTHERJ 
<ARXTHMETlC EXPRESSION~, 
MULTIPLICATION FACTOR• 

ALGOL bO, 

♦ SHIFT) AND 



SICTION I 1,1,3 

SUBSECTIONI ~ULROW, 

CALLING SEQUENCE& 

HEADING& 

(APRIL 197'i) 

"PROCEDURE" MULROWCL, U, I, J, A, B, X)J "V4L_UEn L,U,I,J,XJ 
"INTEGER" L,U,I,J; "REAL" Xr "ARRAY" A,Br 

FORMAL ?ARAMETERSs 
L,Ua <ARITMETIC EXPRESSION>J 

LOWER ANO UPPER COLUMN.INDEX, RESPECTIVELYt 
1,JJ <ARITHMETIC EXPRESStON>J 

ROW•INDICES OF THE ROW VECTORS~ ANO e, 
A1 8g <ARRAY IDENTIFIER>, 

"ARRAY" A tll S 12, Jt aJ2J, B tI31I4, J31J4J J 

MC 

PAGE 2 

THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U, I ANO J SHOULD 
~OT CONTRADICT EACH OTHERJ 

X1 <ARITHMETIC EXPRESSION>J 
MULTIPLICATION FACTOR, 

LANGUAGES ALGOL 60. 

8UBSECTlON1 MULCOL. ,., 

CA~~ING SEQUENCE, 

MEADINGI 
"PROCEDURE" MULCOL(L, u, I, J, A, a, x,, •VALUE~ L,U,lfJ,x, 
" I N T E GE R " L , U , I , J f 1• RE A L " X J '' A RR 4 Y •• A , B r 

FORMA~ PARAMETERS1 
~,Us <ARITMETIC EXPRESSION>, 

LOWER ANO UPPER ROW.INDEX, RESPECTIVELYJ 
I,J1 •ARlTHMETIC EXPRESSION>J 

COLUMN•lNOlCfS OF THE COLUMN VECTO~S A AND s, 
A,BJ •ARRAY ZOENTIFIER>J 

•ARRAY" Atl11Il, J11J2l, BtI31I4, J31J4J 1 
THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U, I ANO J SHOULD 
NOT CONTRADICT EACH OTHERJ 

X1 <ARlTHMETlC EXPRESSION>J 
MULTIPLlCATIO~ FACTOR, 

LANGUAliEI 



8U8SECTION1 COLCST, 
' 

CAL~ING SEQUENCEa 

HE:AOINGa 

(APRIL 1974) 

1 PROCE0URE" CDLCSTCL, U, J, A, X)J "VALUE• L,U,J,Xt 
"INTEGER" L,U,JJ "REA~" x, "ARRAV" AJ 

FORMAL PARAMETERS1 
L,U1 <•RITHMETlC EXPRESSION>J 

LOWER ANO UPPER RO~MINDEX, RES~ECTIVELYJ 
J1 ◄ ARITHMETlC EXPRESSION>, 

COLUMN•lNDEX, 
At <ARRAY IDENTIFIER>J 

uARRAY" Atl11I2, J1aJ2J, 
THE SUBSCRlPTS ABOVE AND THE VALUES OF L, U AND J 
NOT CONTRAOICT EACH OTHERJ 

X1 <ARITHMETIC EXPRESSION>J 
~U~TIPLICATION FACTOR, 

' 

1.ANGUAGEI ALGOL t,O I 

CALLING SEQUENCE1 

HEADING1 
"PROCfOU~E" RO~CSTCL, u, I, A, X)J "VALUE• L,U,I,XJ 
"INTEGER" L,U,lJ "REAL" XJ "ARRAY" AJ 

FORMAL PARAMETERS1 
L,U1 ~ARITHMETIC EXPRESSION~, 

LOWER AND UPPER CO~UMNeINDEX, RESPECTIVELYr 
la <ARlTHMETIC EXPRESSION~, 

RO"'•lNDEX1 
At <ARRAY lOENTlFIER>1 

~ARRAY•• A tl 1 I 12, J11J2], 

MC 

. PAGE 3 

SMOULD 
• 

THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U ANO l SHOU~D 
NOT CONTRADICT EACH OTMERJ 

X1 ~ARtTMMETlC EXPRESSION>, 
• 

MULTIPLICATION rACTOR, 

ALGOL 60, 
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SECTlON I 1,1,3 PAGE 

SOURCE TEXTCSll 

•tOOE• 31020, 
•. "PROCEDURE" MU~VECCL, U, SHIFT, A, 8, X)J "VALUE" L,U,SHlFT,XJ 

"lNTEGERtt L,U,SHIFTJ "REAL" x, •ARRAY'' A,81 

•• 

"FOR• LI~ L ''STEP• 1 "UNTIL" U ft00P A(Ll a• 8[L ♦ SHIFTl•XJ 
"EOP" 

"PROCEDUREa MULROW(L, U, I, J, A, 8, X)J "VALUE•• L,U,I,J,X, 
"XNTEGER" L,U,I,J1 ~REAL'' XJ '1 ARRAY 11 A,BJ 
•FOR" LI• L "STEP" 1 ~UNTIL" U "00" AtI,Ll 1• BtJ,Ll•XJ 

"EOP" 

IICQDE• 31022, • 

"PROCEDURt" MULCO~(L, U, l, J, A, e, X), "VALUE• L,U,l,J,Xp 
"lNTEGERn ~,U,I,J, "REAL" XJ "ARRAV 11 A,BJ 
"'OR" ~I• L "STEP" 1 "UNTIL" U "00" AtL,?l I• BtL,Jl•XJ 

"EOP" 

•COO[" 31111f 
., " PR 0 CE D URE • C O L C ST ( L , U , J , A , X ) J " \I A 1., U E " L , U , J , X J 

... 

"INTEGER" L,U,JJ "REAL" X1 "ARRAY" AJ 
"FOR" L..1• L "STEP" 1 t!U"'TlL" \J "00" A tt.,Jl 1 ■ A EL,Jl ,r )(J 

11 EOP 19 

"PROCEDUREfl ROWCSTCL, U, l, A, X)J "YA~UE" L,U,I,Xt 
'INTEGER" L,U,I9 "REAL" XJ ~ARRAY" Ar 
•trOR• L..1• L "STEP" 1 "UNTIL• U •00" A [I,Ll I• A tt,LJ * Xt 

"EOP" 
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AUTHORS1 
• • 

CONTRI8UTOR1 

fNSTITUTEJ ~ATHEMATICAL CENTRE, 

REC~IVEOI 730715, ., 

8RIEP OESCRIPTIONa 
•• 

THIS SECTION CONTAINS NINE PROCEDURES, 
YECVECa• SCALAR PRODUCT o, THE VECTOR GIVEN IN ARRAY A(~1UJ AND 
ARRAV BCSHIFT +LI SHIFT ♦ UJ, 
MATVEC1• SCALAR PRODUCT OF THE ROW VECTOR GIVEN IN ARR~Y Attal,LtUl 
AND TH~ VECTOR GIVEN IN ARRAY BtL1Ul, 
TAMVECt• SCALAR P~OOUCT OF THE COLUMN VECTOR G?VEN IN ARRAY 
AtL1U, IaIJ AND THE VECTOR GIVEN IN ARRAY 8tL1UJ 1 . 

MATMAT1a SCALAR PRODUCT OF THE ROW VECTOR GIVEN IN ARRAY AtI1t,L1UJ 
AND THE COLU~N VECTOR IN ARRAY BtL,U, J1Jl 1 
TAMMATts SCALAR PRODUCT OF THE COLUMN VECTORS GIVEN IN ARRAY 
AEL1u, I1IJ ANO ARRAY BtL,u, J1Jl, 
MATTAM s• SCALAR PRODUCT OF THE RO~ VECTORS GIVEN IN ARRAY 
AtI1I,L1Ul AND ARRAY BCJ1J, L•Ul, 
S[QVEC ;: SCALAR PROOUCT OF THE VECTORS GIVEN IN ARRAY 
AtIL I IL+ CU+L•ll*(U•~)//21 AND ARRAY 8[S~IFT +LI SHIFT+ UJ, 
WHERE THE ELEMENTS OF THE FIRST VECTO~ ARE AEJL+(J ♦Ln1>•CJ•Ll//l) 
FOR J • ~, •••' U, 
5CAPRD11• SCALAR PRODUCT OF THE VECTORS GIVEN IN ARRAY 
AtMIN(LA, LA+ (N • 1) * SA) I MAXCLA,~A + (N • 1) • SA)J AND ARRAV 
8£MlNCL8, LB+ (N w 1) * SB) I MAX(LB,~8 + (N • 1) ~ 88)) WHERE T~E 
ELEMENTS Of TME VECTORS ARE A[LA+CJ•ll•SAJ AND BtLB+(Jel)•SBJ 
FOR J • 1, ,, 9 , N, 
SYMMATVEC CALCULATES THE INNERPRODUCT OF (APART OF) A VECTOR lNO 
(APART OF) A ROW Or A SYMMETRIC MATRJX, WHOSE UPPERTRlANG~E IS 
GIVEN COLUMNWISE IN A ONE•DIMENSIONAL ARRAY, 

KIYWORDSI 
•• 

£LE.MENTARV PROCEDURE, 
VECTOR OPERATIONS, 
SCALAR PRODUCTS, 



MC 

SECTION I 1,1,4 PAGE Z 

S~B8ECTlON1 VECVEC, 

CALLING SEQUENCE1 

HEAOlNG1 
"R[AL• "PROCEDURE" VECYECCL, U, SHIFT, A, B)f "VA~UE" L,U,SH!FT1 
"INTEGER" L,U,SHIFTJ "ARRAY'' A,BJ 

FORMAL PARAMETERS& 
L,U1 <ARITH~ETIC EXPRESSION ► J 

LOWER AND UPPER BOUND OF THE RU~NING SUBSCRIPT, 
SHIFT1 <ARITHMETIC EXPRESSION~, 

lNDEX-SHif.TING PARAMETER OF THE VECTOR a, 
A,81 <ARRAY lOENTIFIER>J 

flARRAYff A[I1sI2l, BtlltI4l I 
THE SUBSCRIPTS ABOVf ANO THE V4LUES OF L ( ♦ SHIFT l AND 
U(+SHIFT) SHOULO NOT CONTRADICT EAC~ OTHER, 

COMPASS!, 

METHOD ANO PERFORMANCE1 
•• 

SEE REFERENCE [1l, 

IUBSECTIONI MATVEC~ -

CA~LING SEQUENCE1 

HEAOING1 

• 

~REA~• ffPROCEOURE" MATVEC(L, U, I, A, 8)t "VALUE" L,U,lJ 
"INTEGER" L,U,IJ "ARRAY" A,BJ 

FORMAL PARAMETERSI 
L,U1 <ARITHMETIC EXPRESSION>, 

~OWER AND UPPER BOUNO OF TH[ RUNNING SUBSCRIPT, 
It cARITHMETlt EXPRESSION>J 

ROW•INDEX OF THE ROW VECTOR AJ 
A1 8g cARRAV IDENTIFIER•1 

• 

tARRAV" AtI11I2, Jt1J2l, BtllJ14lJ 
TH.E SUBSCRIPTS ABOVE ANO THE VALUES OF L, U ANO I $MOULD 
~OT CONTRADICT EACH OTHER, 

L~NGUAGE1 COMPASS 3, 

METHOD ANO PERFORMANCE1 
' . 

SEE REFERENCE t1J, 
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SECTION I 1,1,Ll 

8U8SECTJONa TAMVEC, 

CA~LING SEQUENCE1 

HEAD!NGI 

(APRIL 1974) 

"R!AL• "PROCEDURE" TAMVECCL, U, I, A, B)J "VALUEfl L,U,IJ 
"INTEGER" L,u,1, ~ARRAY•• A,e, 

FORMAL PARAMETERSs 
L,U1 <ARITHMETIC EXPRESSION-, 

~OWER ANO UPPER BOUND OF THE RUNNING SUBSCRIPT, 
Ia <ARITHMETIC EXPRESSION>f 

COLUMNwINOEX OF THE COLUMN VECTOR AJ 
A,BI <ARRAY IOENTIFIER>J 

"ARRAY'' A [11112, Ji aJ2l, B [l3JI4J J 

PAGE 3 

THE SUBSCRIPTS ABOVE AND THE VA~UES OF L, U ANO t 8HOU~D 
NOT CONTRADICT EACH OTHER, 

< 

LANGU~GEI CO~PASS 3, 

MiTHOO ANO PERFORMANCES 

SEE REFERENCE [ 1 l 1 

8U88ECTIONI MATMAT 1 
• 

CAL~ING SEQUENCE! 

HEADING& 
•REAL" 8 PROCEDURE" MATMAT(L, U, I, J, A, 8)J "VALUE" L,U,I,JJ 
"INTEGER" L,U,I,J1 ~ARRAY" A,B, 

FORMAL 
L,u, 

l,Ja 

PARAMETERS a 
<ARITHMETIC EXPRESSION>, 
LOWER ANO UPPER BOUND OF TME RUNNING SUBSCRIPT, 
<ARITHMETIC EXPRESSION>J 
RO~~INDEX OF THE ROW VECTOR A AND 
COL.UMN VECTOR BJ 
<ARRAY IDENTtFIER>J 

• 

"ARRAY" A tI11I2, J11Jcl, B tll1ILJ, J31J4J J 

OF THE 

THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U, t AND J S"OULO 
NOT CONTRADICT EACH OTHER, 

COMPASS 3 1 

METHOD AND PERFORMANCE; 
• 

• 

SEE REFERENCE t 1 l , 



MC 

SECTION I 1,1,4 

CAL~ING SEQUENCE1 

HEADING& 

(APRIL 1914) 

"REAL" "PROCEDURE" TAMMATCL, u, I, J, A, 8)1 "VALUE" L,U,l,JJ 
"INTEGER" L,U,I,JJ ''ARRAY" A,B, 

FORMAL PARAMETERS 1· 
L,Ua <ARITHMETIC EXPRESSION>p 

PAGE 4 

LOWER ANO UPPER BOUND OF THE RUNNING SUSSCRlPTJ 
I,Jt ◄ ARlTHMETIC EXPRESSION~, 

COLUMN•INOICES OF THE CO~UMN VECTORS A AND B, RESPECTlVELYt 
A,8i <ARRAY lOENTIFIER>J 

•ARRAY" A tI1 I I2, Jl 1J2], B [Ill 114, J31J4J J 
THE SUBSCRIPTS ABOVE ANO THE VALUES OF~, U, I ANO J SHOU~D 
NOT CONTRADlCT EACH OTHER, 

LANGUAGE& COMPASS 3, 

M£TH00 ANO PERFORMANCEI 

SEE REF"ERE NCE t 1 l , 

IU8$ECTlON1 MATTAM, -

CALLING SEQUENCE1 

HEADINGS 
"REAL" "PROCEDURE" MATTAM(L, U, I, J, 4, 8)1 nVALUfff L,U,I,JJ 
1 lNTEGER" L,U,I,JJ "ARRAY" A,Br 

FORM•L 
L,Ui 

I,Jt 

,,e, 

LANGUAGE a 

• 
PARAMETERS I 

<ARITHMETIC EXPRESSION>J 
LOWER A.NO UPPER BOUND OF THE RUNNING SUBSCRIPT, 
<ARITHMETIC EXPRESSlON>J 
ROW•INDICES OF THE ROW VECTORS A ANO 
<ARRAY IOENTIFIER>J 

' 

•ARRAY" AtI11Iz, J11J2J, Btl31I4, J31J4lJ 
THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U, I AND J SHOULD 
NOT CONTRADICT EACH OTHER, 

COMPASS 3._ 

MfTMOD AND PERFORMANCE1 

SEE REFERENCE [ll • 



SUBSECTION& SeQVEC 9 

CAL~lNG SEQUENCE& 

HEADING1 

(APRIL 1974) 

"REAL" ttPROCEOURE" SEQVECCL, U, IL, SHIFT, A, B)J 
"VALUE" L,U,IL,SHIFTJ "INTEGER•• L,U,t~,SHlFTs "ARRAV" A,BJ 

FORMAL P4RAMETERS1 
L,U1 <ARITHMETIC EXPRESSION>r 

LOWER AND UPPER BOUND OF THE RUNNING suascRIPTJ 
l~I <ARITHMETIC EXPRESSION>J 

LOWER SOUNO Of THE VECTOR As 
8HIFT1 <ARITHMETIC EXPRESSION>r 

INOEX~SHIFTING PARA~ETER OF THE VECTOR a, 
A,81 <ARRAY IDENTIFIER~, 

"ARRAYP ACI1a121, Btllat4JJ 

MC 

PAGE 5 

THE SUBSCRIPTS ABOVE ANO THE VALUES OF L(+SHIFT), U(+SHIFT) 
AND ILC+(U+L~l)*CU~L)//2) SHOU~O NOT CONTRADICT EACH OTHER, 

LANGUAGfl COMPASS 3 1 ' 

MlTHOD AND PERFORMANCEI 
' 

SEE REFERENCE Cll, 

IUB$ECTION1 SCAPROl, . ' 

' 

CALLlNG SEQUENCE& 

HfAOlNG1 
•REAL• n.PROCEOURE" 5CAPRD1(LA, SA, LB, SB, ~, A, 8)1 
•VALUE•• ~A,SA,LB,SB,N, "INTEGER• LA,SA,LB,Ss,N, "ARRAY" A,e, 

FO~MAL PARAMETERS; 
Na <ARITHMETIC EXPRESSION ► J 

UPPER BOUNO OF THE RUNNING SUBSCRIPT, 
LA,~81 cARITHMETlC EXPRESSION>J 

LOWER BOUNDS OF THE VECTORS A ANO e, RESPECTIVELV1 
SA,SBi cARlTH~ETIC EXPRESSlON>J 

INDEX.SHIFTING PARAMETERS OF THE VECTORS A AND 8, 
HESPECTIVELYJ 

A,B1 <ARRAY IOENTIF?ER>J 

' 

"ARRAY" AtI11I2J, BtI3114l I 
THE SUBSCRIPTS ABOVE AND THE VALUE$ OF LAC +(J91l•SA J AND 
LB( +CJ~t>•SB l,J • 1Cl)N SHOULD NOT CONTRADICT EACH OTH!A, 

LANGUAiEI COMPASS 3, 

MfTHOD ANO PERFORMANCEt 
• 

SEE REFERENCE tll, 
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CAL~JNG SEQUENCES 

HEADING& 
•REAL" PROCEDURE" SYMMATVEC(L, u, I, A, BlJ "VALUE" L,U,IJ 
"INTEGERQ L,U,IJ "ARRAY'' A,Bp 

FORMAL PARAMETERS1 
L,U1 <ARITHMETIC EXPRESSION>J 

It 
LOWER ANO UPPER BOUND OF THE VECTOR B, RESPECT?V!LY1 L >•11 
cARlTHMETIC EXPRESSION>J 
RO~ INDEX OF THE MATRIX AJ I>• 1J 
cARRAY IOENTIFIER>J 
A ONE•DIMENStONAL ARRAY A[P I Ql 
P•Cl•l>•I//2 + L E~SE Pa(Lw1)tL//l 
Q•(I•l)~I//2 + U ELSE Qm(U"l)•Ul/2 
<ARRAY IDENTIFIER>t 
A ONE•DIMENSIONAL ARRAY BtL1UJ J 

WITi-11 IF 
+ l ANO IF 
♦ ?J 

I > L 
I > U 

THfN 
THEN 

SVMMATVEC1 <PROCEDURE IOENTIFIER>J 
EXIT1 THE VALUE OF THE SCALAR PRODUCTS OF THE VECTORS GtVEN 

IN ARRAY AtP1QJ AND ARRAY 8tL1.UJ , WHERE THE ELEMENTS 
OF THE F"IRST VECTOFt AREi IP L<I THEN AtCI•l)•I//2 + Jl, 
J•L,,,., MINCU, I•1) ANO AtCJ•l)•J//2 + IJ, J~I,,,,, U, 
RESPECTIVE~Y, OTHERWISE •t(JM1)•J//Z + IJ, J•L, 1 ,,, U, 

Pf'OCEPURES USEDI 

VECVEC • CP340l0, 
SEQVEC • CP340lb, 

AL.GOL 60A? 

MfTHOO ANO PERFORMANCE1 . ' 

SEE REFERENCE CZJ • 

R[,ERENCESI 
' ' 

• 

t1J,T,J,DEKKER 1 
ALGOL 60 PROCEDURES IN NU~ERICAL ALGE5RA, PART1, 
MATHtMATICA~ CENTRE TAACT 2Z, AMSTERDAM (1970) 1 

[2J .,J,C,P,BUS, 
MINIMALJSERING VAN FUNKTIES VAN MEEROERE VAR!ABE~EN, 
MATHEMATlCAL CENTRE, NR 2,112 1 AMSTERDAM (1972), 
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SECTION I 1,1.4 PAGE 7 
' 

SOURCE TEXT(S)I 

THf FOLLOWING PROCEDURES, EXCEPT SYMMATVEC, ARE wRITTEN IN COMPASS l, 
THE ALGOL TEXT OF THE COMPASS ROUTINES IS GIVEN, 

"CODE" 340101 
"REAL~ "PROCEDURE" VECVECCL, u, SHIP'T, A, a,, "VALUE" L,U,SHJFTr 
"lNTEGER" L,U,SHIFTJ "ARRAY" A,BJ 
"BEGIN•• "INTEGER" KJ "REAL'' SJ 

s,. o, 
"FOR" K1•L "STEP" l nUNTIL" U "00 11 Ste AtKl * BtSHJFT ♦ Kl ♦ SJ 
VECYEC1• S 

"ENO" VECVECJ 
"EOP" 

MC.ODE" 34011, 
NA!AL• "PROCEDURE" MATVECCL, U, I, A, B)1 "VALUE" L,U,11 
"INTEGER~ L,U,IJ "ARRAY~ A,81 
ff8EGIN" "INTEGER" KJ "REALff Sp 

Sa• OJ 
"FOR" KJ•L ••STEP" 1 "UNTIL" U "00" Sa• Atl,Kl * BtKl + SJ 
MATVEC1• S 

"ENO" MATVECJ 
"EOP" 

•COOf" 3'401ZJ 
' 

"RfALff nPROCEOURE" TAHVECCL, U, I, A, 8)1 '1VALU! 1' L,U,%1 
~INTEGER" ~,U,lJ "ARRAY" A,SJ 
"BEGIN" 'INTEGER" KJ "REAL'' SJ 

SC• OJ 
"f0R" K1•L ••STEP" 1 "UNTIL" U "00'' S1• AtK,ll * BtKl + Sr 
TAMVEC1• S 

"ENO" TAtt1VECJ 
8 EOP" 

ttC00E 19 340131 
"REAL" ttPROCEOURE" MATMAT(L, U, I, J, A, B)t •VALUE" L.U,1,Jr 
"INTEGER" L,U,I,J, ••ARRAY" 4,B, 
"BEGIN" "INTEGER" KJ "REAL" S1 

s,= 01 . 
wFOR" K1•L "STEP" 1 "UNTIL" U ''00" Sa~ Atl,KJ * B[K,Jl + s, 
MATMATt• S 

"ENO" MATMATJ 
"[OP" 



MC 

(APRIL 1974) 

"CODE" 340141 
"REALff "PROCEDURE" TA~MAT(L, U, I, J, A, B)r "VALUE•• L,U,I,J, 
"INTEGER" L,U,I,JJ "AR~AY" A,BJ 
"BEGIN" "l~TEGER" KJ ''REAL" SJ 

Sas OJ 

P4Gf 8 

"F0RH KJ~L ttSTEP" 1 "UNTIL" U "00" Se• AtK,Il * Btk,Jl + s, 
TAMMATI• S 

•END" TA~MATJ 
"EOP" 

"CODE" 3qo1s, 
. •REAL" nPROCEDURE" MATTAM(L, U, 1, J, A, B)J "VALUE 1 L,U,I,Jr 

0 INTEGER" L,U,I,JJ "ARRAY" A,Br 
"BEGIN" "INTEGER" KJ "REAL" SJ 

s,= o, 
"FOR" Kt•L "STEP« 1 "UNTILn U "00" St• A[l,KJ • BtJ,Kl + SJ 
MATTAM1• S 

"END" MATTAMJ 
''EOP" 

1 C00E 1 3UOl&J 
"REAL" "PROCEDURE" SEQVECCL, U. IL, SHIFT, A, B)J 
"VALUE" ~,U,IL,SHIFTt "l~TEGER~ L,U,I~,SHl~Tt "ARRAY' A,Bp 
"B!GIN" "INTEGER" Kr ,,qEAL'' Sf 

S1• Or 
"FOR" Lt•L "STEP" 1 "UNTIL" U "DO• 
"BEGIN" S1• AtILJ • Bt~ + SHIFT] + SJ ILi~ IL+~ "END"1 
SEQVECsa s 

*ENO" SEQVECI 
"EOP~ 

"CODE~ 34017P 
"REAL" ••PROCEDURE" SCAPRD1CLA, SA, LB, S8, N, A, B)J 
"VALUE" LA,SA,LB,SB,NJ "INTEGER" LA,SA,LB,SB,N, ''ARRAY" A,81 
"BEGIN" "REALn Sr"INTEGER" KJ 

Saa OJ 
"FOR~ Ks• 1 •STEP" 1 "UNTIL" N ''00" 
"BfGJNn S1•At~AJ * StLBJ + s, LA1• LA+ SA1 LB1• LB ♦ SB "ENO"r 
SCAPRDt•• S 

"fN0° SCAPRDlJ 
"EOP" 

•CODE" 3~o,s, 
•- "REAL" "PROCEDURE" SVMMATVECCL, U, I, A, B)t ~VALUE" L,U,IJ 

"INTEGER" ~,U,IJ nARRAV" A,BJ 
"8EGINfl "INTEGER" K, M1 ~ 

"REAL~ "PROCEDURE" VECVECCL, U, SHIFT, A, 8)1 "CODE" 34010, 
"REAL" "PROCEDURE" SEQVECCL, U, I~, SHIFT, A, B)I "CODE~ 340l•J 
Ma• ~x,•• L > 1 "THEN" L "ELSE" z, K1-- M • c~. 1, 11 2, 
SYMMATYEC1m VECVEC(L, ••IF• X <• U •THEN" l•l "E~SE" U, K, B, A) 

+ SEQVECCM, U, K + I, O, A, B) 
"END" SYHMATVECJ 

"EOP" 
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1-st REVISION, 1975 MC 

SECT IO t.J : 1 • 1 • 4. 1 (0ECEMB£~ 1975) PAGE 1 

T.J.OcKKER, J.C.P.BUS, J.WOLLESWINKEL. 

INSTITUT::: MATHEMATICAL :~NTRE. 

Re. C ~- I V E G : 7 41215 • 

BRIEF DESCklPTION: 

THIS $LCTION CONTAINS NINE PROCEDURES. 
VECVEC1= SCALAR PRODUCT OF TH£ V~CTJ< GIVEN IN ARRAY A[LIUJ ANO 
ARkAY BCSrlIFT +LI SHIFT+ Ul. 
MATVEC&= SCALAR PRODUCT OF THE ROM V~CTOR GIVEN IN ARRAY ACI:I,LXUJ 
AND THl VECTOR GIVEN IN ARRAY B[LIUJ. 
TAMvEC:= SCALAR PRODUCT OF THE COLUMN VECTOR GIVEN IN ARRAY 
ACL&U, 1111 ANO THE VECTOR GIVEN IN ARRAY 8CL1Ul. 
MATMAT:= SCALAR PRODUCT OF THE ROW VECTOR GIVEN IN AR~AY ACIII,L!UJ 
ANO THE COLUMN VECTOR IN ARRAY B(LSU, JJJJ • 

• 

TAHHATl= SCALAR PRODUCT OF THE CDLUMN VECTORS GIVEN IN ARRAY 
ACL:U, 1111 AND ARRAY B[LIU, J&Jl. 
HATTAM := SCALAR PRODUCT OF THE ~OH V~CTORS GIVEN IN ARRAY 
Pt [ I I I , l I U 1 A N O AR RA Y B C J I J , L t U 1 • 
SlQVEC := ~CALAR PRODUCT OF THE VECTORS GIVEN IN ARRAY 
A(IL a IL+ (U+L-1)~(U-L)//2l ANJ A~RAY B[SHIFT +Lt SHIFT+ Ul, 
WHERE T~E ELEMENTS OF THE FIRST VECTOR ARE ACIL+(J+L-i)•(J-L)//21 
FOk. J - L, •• ., U. 
SCAPR01t= SCALAR PRODUCT OF TiE VECTORS GI~EN IN ARRAY 
A[HIN(LA, LA+ (N - 1) • SA) I MAX(LA,LA • (N 1) • SA)J AND ARRAY 
B(HIN {Lt), LB + <N - 1) • SB) s MAX (LB,LB t- (N - 1) • SB) J WHERE THE 
ELEMENTS OF THE vECTORS ARE ACLA+(J-i)•SAJ ANO B(LB+(J-i)•SBJ 
FOR J = 1, • • ., N. 
SYMMATVEC J: THE SGALARPRODJCT OF ( A PART OF) A VECTOR ANJ 
( A PAKT OF) A ROW OF A SYMMETRIC MATRIX, WHOSE UPPERTRIANGLE IS 
GIV~N CULUMNWISE IN AN ONE-DIMENSIONAL ARRAY. 

Kt.. Y W O F-: iJ S t 

~LEMENTAkY PROCEDURE, 
VECTOk JPERATIONS, 
SCALAR. P~ooucrs. 
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1-st REVISION, 197 5 MC 

(DECEMBE~ 1975) PA~E 2 

SUBSC:CTIOt~: VE.CVEC. 

GALLING SEQU~NClZ 

READS I THl HEADING OF THE PROCEDURE 
•• R L µ L •• •• P R. 0 C E DU RE•• \I EC VE C ( L , U, SHIFT, A, 8); ••vALUE'• L,U,SHIFT; 
• • I t J T E G E f<. • • L , U , S H I F T ; • • A RR A Y •• 
··couE·· 34,010; 

• 

THl MEANING OF THE FORMAL PARAMETERS ISi 
L,U: <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE ~UNNING SUBSCRIPT; 
SHIFTI <ARITHMETIC EXPRESSION>; 

INDEX SHIFTING PARAMETER JF THE VECTJR a; 
A,8: <ARRAY IDENTIFIER>; 

L A t·l G U A G t. I 

•• A ~KA y•• A ( I 11 I 2 l , B ( I 3 114 l ; 
THc SUBSCRIPTBOUNDS ABOVE AND THE VALUES OF L(+SHIFT) ANO 
U(+SHIFT) SHOULO NOT CONTRADICT EACH OTHER. 

COMPASS 3. 

METHOD AND ?ERFURMANCEt SEE REFERENCE (11. 

SUBS~CTION: HATVEC. 

CMLLlNG S[QJENCEl 

TH£ HEADING OF THE PROCEDURE READSI 
•• R E A L •• •• PR O C l D UR E •• M A T VE C ( L , U , I , A , B) ; •• V A L.. U E •• L , U , I ; 
111 INTEG£=<.·· L,u,1; ··ARRAY'" A,B; 
··couE·· 34011; 

THE MEANING OF THE FORMAL PAR~MET~RS ISi 
L,U& <ARITHMETIC EXPRESSION>; 

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

ROW-INDEX OF THE ROW VECTOR A; 
A,B: <ARKAY IDENTIFIER>; 

LA~!GUAGC:.I 

••ARRAv•• ACI11I2, J11J2l, Btl31lL+l; 
THE SUBSCRIPTBOUNDS ABOVE ANJ THE VALUES OF L, U AND I 
SHOULD NOT CONTRADI:T EAC~ OTHER. 

COMPASS 3,, 

METHOD AND PERFORMANCES SEE REFERENCE C1J. 



1-st REVISION, 1975 

St..CTIOt~ I 1.1. 4. 1 (DECEMBER 1975) 

SUBSECTIONS TAMVECo 

CALLING S~UJENCEI 

THl H~ADING OF THE PROCEDURE REAOSI 
0 •P..Et-l.L 1111 ••p~QCEOURE•• TAMVE..C(L, U, I, A, 
••It~ TE GER •• L , U , I ; •• A RR A Y •• A , B ; 
••c OUE •• 340 12; -

THt MEANING OF THE FORMAL PAR~MET~RS rs, 
L,U: <ARITHMETIC EXPRESSION>; 

, 

' 

LDWtR AND UPPER BOUND OF THE ~UNNING SUBSCRIPT; 
II <A~ITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN V~CT~R A; 
A,Ba <ARRAY IDENTIFIER>; 

•• A RR A Y ae A C I 1 t I 2 , J 1 I J 2 l , 9 C I 3 I I '+ l ; 

MC 
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THt SUBSCRIPTBOUNOS ABOVE AND THE VALUES OF L, U AND I 
SHOULD NOT CONTRADICT EACH OTHER. 

LANGUAGE.I COMPASS 3. 

METHOD AND PERFORMANC£1 SEE REFERENCE [11. 

SUBSECTlONI HATHAT. 

CALLING SEQUENCEI 

• 

THL HEADING OF THE PROCEDURE REAOSI 
•• RE AL •• ea Pr< 0 CED URE.. MAT MA T ( L , U , I , J , A , B > ; "" VAL U E •• L , U , I, J ; 
•• I t~ T E GE ~ 1141 L ' u , I , J ; ill A RR A y •• A , 8 ; 
•• G O OE •• 3 ~ 0 13 ; 

THL HiANING OF THE FORMAL PARAMET~RS ISi 
L,U: <ARITHMETIC ~XPRESSION>; 

LOWER ANO UPPER BOUND OF TH~ ~UNNING SUBSCRIPT; 
I,J& <ARITHMETIC EXPRESSION>; 

ROW INDEX OF THE ROH VECTO~ A ANO COLUMN-INDEX OF THE 
COLUMN VECTOR a; 

A,B& <ARRAY IDENTIFIER>; 
••ARRAY"• ACI11I2, J11J2l, BCI31I4, J31J4J; 
THE SUBSCRIPTBOUNDS ABOVE AND THE VALUES OF L, U ANO I 
SHOULD NOT CONTRAOICT EACH OTHE~. 

LANGUAGt.1 COMPASS 3. 

METHOD AND PERFORMANCE& SEE REFERENCE [1J. 



1-st REVISION, 197 5 

SUB~lCTIONz TAMHAT. 

CALLING SEQJENC~a 

THE HEADING OF THE 
••p,f:.~L•• 10 PROCEOURE 1111 

••INTEGER•• L , U , I 11 J ; 
•• C O D E •• 3 4 0 1 '+ ; 

(OECEHBE~ 1975) 

• 

PROCEDURE REAOSI 
TAMMAT(L, U, I, J, 
•• A k.R A Y •• A , 8 ; 

-

THE M~ANING OF THE FORMAL PAR~METERS IS: 
L,UI <ARITHMETIC EXPRESSION>; 

• 

, 

LOWlR AND UPPER BOUND OF THE ~UNNING SUBSCRIPT; 
I,J: <ARITHMETIC EXPRESSION>; 

MC 
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COLUMN-INDICES OF THE COLUMN VECTORS A ANO B, RESPECTIVELY; 
A,B: <ARRAY IDENTIFIER>; 

••ARR.A y•• AC I 1 a I 2, J1 I J2 l , BC I 3 I I'+, J 3 I J 4 l ; 
THE SUBSCRIPTBOUNDS ABOVE AND THE VALUES OF L, U AND I 
SHOULD NOT CONTRADICT EAC~ OTHER. 

LAtJGUAGES COMPASS 3. 

M~THOO ANO PE~FORMANCEt SEE REFERENCE Cl). 

SUBS~CTION& MATTAM. 

GALLING SEQJENCEI 

• 

THE HEADING OF THE PROClDURE READS& 
••Rt-_ A L •• •• PR O C £ 0 UR E •• M A TT A H ( L , U , I , J , A , 8 J ; •• VAL U E •• L , U ~ I , J ; 
••1 N TE GER•• L, U 9 I , J; ••ARRAY•• A , B; 
··cooE·· J401s; 

THE M~A~ING OF THE FORMAL PARAMET~RS ISi 
L,U: <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE ~UNNING SUBSCRIPT; 
I,J& <A~ITHMETIC EXPRESSION>; 

ROW-INDICES OF THE ROW VECTORS A ANO B, RESPECTIVELY; 
A,8, <ARRAY IDENTIFIER>; 

••ARRAY•• ACI11I2, J11J2l, BCI31I4, J31J4li 
THE SUBSCRIPTBOUNOS ABOVE AN) THE VALUES OF L, U ANO I 
SHOULD NOT CONTRADICT EACH OTHER. 

LANGUAG::.I COMPASS 3. 

METHOD A~D PERFORMANCE& SEE REFERENCE C1l. 



2-nd REVISION, 1977 

• 

SECTION t t.t,4.1 

SU8SECT10{J; SEQVEC. 

CALLING SEQUENCEI 

THE HEADING Of THE PROCEDURE READ$i 
••RElL" "PROCEDURE" SEQVEC(L, U, IL, SHI,T, A, B)J 
''VALUE'' L,U,IL,SHIFTt "INTEGER" L,U,1~,$HlFT, "ARRAY" A,BJ 
''C00E" 3Q01~J . 

L,U& 

ILi 

SHIFT& 

cARlTHMETlC EXPRESSION•J 
LOWER AND UPPE~ BOUND OF THE RUNNING SUBSCRlPT1 
cARITHMETlC EXPRESSION>J 
LOWER BOUND OF THE VECTOR AJ 
◄ ARITHMETlC EXPRESSION~J 
INDEX•SHIFTING PARAMETER OF TH! VECTOR BJ 
<ARRAY IDENTIFtER>t 
"ARRAY" Atl1~!Zl, 8tt31lGJ1 

MC 
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THE SUBSCRIPT80UNDS ABOVE ANO TH! VALUES OF LC+SHlFT) 
U(tSHIFTJ A~D ILC+CU♦L•l)•CU•~)//Z) SHOULD NOT CONTRADICT 

EACH OTHER, 

COMPASS l, 
• 

~ETHOD ANO P!RFORMA~CEI SEE RErtRENCE t1l. 

SU8SECTIONI SCAPRD1, 

C A L L, I ~ J G S E Q U E f1 C E I 

TbtE HEAOING Or Ti·1E rROCEOURE REAOSI 
'' R E A L •• ~ P R O C ED U R E 94 SC A J' RO l ( L Ai , S A , ~ B , SB I N , A , B ) J 
'' V A L. t_J E ., L. A , S A , L. B , S 8 , N I '' I i'1 T E GER " I. A , $ A , L 8 , S S , N J " ARR A V " A , S J 
"CODE•• 3Li01 7 I 

T ~ 4 E \1 E 4 i--4 I N G Or T H E: P OR •-1 A. L ~AR AME TE RS l S I 
tJ1 cARlTH"1ET1C EXPRESSION>J 

UPPER BOUNO OF THE HUNNING SUBSCRlPTt 
LA,t.6: cARITri~f;TIC EXP~ESSIOt-t:a; 

LO~ER OR UPP~R SU6SCRIPT 50UNOS OF THE VECTORS A ANO B, 
KESPECTIVELVr 

S A , SB : <AR I T t~ ~~ET l C E X PRESS IO t.J > ; 

• 

INDEX•S~1IFTlNG PARA~ETERS JF THE VECTORS A ANO B, 
~ES~ECTIVELVr 

A,B: <ARRAY IDENTIF'IER>J 
"•RRAY" A tl 11121, B tlll llll f 
THE s u Rs C R I r TR O l, 01 ~JD s A 6 0 VE 4 r-J ~ Tri E V AL l,j E 5 0 F L A , L. A + C ~,. 1 ) * s A , 
LB, LB t (~~ • 1 l tc 56 S~iOULD 'lOT CO\JlRAOICT EACrl OTHER• 

CO~PAS~ 3. 



2-nd REVISION, 1977 

SUBSECTIONS SYM~1ATVEC. 

CAL~ING SEQUENCE& 

THE HEADING OF THE PROCEDU~E READS& 
'' R E A L " P ct O C E 0 U ~ E " S V M ~ A T V E C C L , U , l , 
"INTEGER" L,U,ts "ARRAV" A,e, 
''C00E" 340181 

MC 

• 

SYMMATVECi= THE VA~UE OF THE SCALAR PRODUCT OF THE VECTORS GIVEN 
Ir~ AR~AY AtP;Ql AND ARRAY BtL~Ul , WHERE THE ELEMENTS 
OF THE FIRST VECTOR ARE& IF L<l THEN At(l•ll•ll/2 ♦ Jl, 
J:L, ••• , MINCU, I•t) ~NO At(J•l)•J//2 + Il, J"I,,.,, U, 
RESPECTIVEL.Y, OTt1ER~ISE At(J•1)tJ//2 + Il, J;;;L, ••• , u. 

Tt◄ E MEANING OF THE roRMAL PARAMETERS IS1 
L,U& <ARITH~ETIC EXPRESSION>J 

LO~ER ANO UPPER BOUND OF THE VECTOR B, R!SPECTIVELYJ L ~=1t 
< A R I T t~ ~i1 E T I C E X r, RES 5 I O ~·J > J 

81 

RO~ t~DEX OF THE f~ATRIX AJ l >• 11 
<ARRAY lDE~TiflER ► J 
A ONE•Dl~1Et·JSIONAl. ARRAV A tP i Ql 
~=CI•ll•I//2 t L ELS~ P,(L~ll•Ll/2 
J=Cl•l'-•I//2 + U ELSE Qa(U•l)tU//2 
<ARRAY !DENTIFIER>J 
A O~E•OIMENSIONAL ARRAY BCL1UJ1 

l-+JlTH; IF 
+ I ANO IF" 
+ I J 

PROCEr>JRE"S USED& 

LANGU/iGE.: 

[ t l 

= CP34010 1 
a CP3401&,, 

t 2 l J • C • P • 9 .. J S • 

I r ' : l tJ i, 1 f: t{ I C A L. A L G E 8 R A , r'1 A R T 1 , 
TRACT 22,A~STER,Ar•1 (1970) 

I > L 
I > U 

· 11 t.j I ~- 1 AL 15 t RI~ t G -J A;! r· l~J ~JC T IE s ij A ~J , 4 E [RD ERE VAR I A a EL EN, 
,#1 ~ T ~ f E' "4 A T I C A l, C E f,.: T R E 1 ;·J R 2 9 / 7 2 , A 1•1 S T E R t1 A ~ ( 1 q 7 2 ) 

TMEN 
THEN 



1-st REVISION, 1975 • MC 

' 

SECTION I 1.1.4.1 (OECEMBE~ 1375) PAGE 7 

SOURCE TEXT(S) .a 

THE FOLLOWING PROCEDURES, EXCEPT FOR SYM~ATVEC, FULSYMMAT~EC AND 
SYMKESVEC ARE WRITTEN IN COMPASS 3; AN EQUIVALENT ALGOL TEXT OF THESE 
COMPASS ROUTINES IS GIVEN. 

••LOuE•• 3401.0; 
•• R. E. AL •• ••PRO CE O URE•• VE CV EC ( L , U, SH I FT , A , B > ; ••VA LUE•• 1.. , U , SH I F T ; 

• 

• • I ~J T E. G £ R tG L ' u , s H I F T ; 1111 A RR A V •• A , B ; 
··sEGJ.N·· ··rNTEGER 11

• K; ··REAL·· s; 
SI = 0; 
··FoR·· Kl =L ··STEP·· 1 ··uNT I L11

• U •• D0 19 SI= A( K] • BC SHI FT + Kl + S; 
VECVc.CI= S 

••:.No•• V£CVEC; 
•• E op•• 

•• c o o E. •• 3 4 o 11 ; 
••Rt. AL 1111 ••PRO CEO URE•• MAT VE C ( L , U, I, A, B ) ; ••VALUE•• L , U t I ; 
•• l N T E:. G ER•• L , U , I ; ••ARR A Y •• A , B ; 
•• BE GI ~ •• •• I N TE G ER•• K ; •• RE A L •• S ; 

SI -= 0; 
••FOR•• KI = L ••ST£ P •• 1 ••UN T I L •• U •• 0 0 •• SI = AC I , Kl • BC K l + S ; 
MATVECI= S 

··E op•• 

•• C OD t: •• 3 4 0 .1 2 ; 
11111 RE A L •• •• PRO C £ 0 URE•• T A M V E C ( L , U , I , A , B ) ; •• V A LUE•• L , U , I ; 
··rNTt.Gi:..R'· L,U,I; 01 ARRAY 1

• A,B; 
··st.GlN 6

" ··rNTEGER 01 K; ··REAL'' s; 
SI - 0; 
••FOR•• K I = l ••STEP•• 1 ,. UN T I L •• U • 0 0 •• S a = A { K t I l • 8 [ K l + S ; 
TAMVE.C&= S 

··E op•• 

••c O LJ E •• 3 4 0 13 ; 
111 REAL 111 ••pRoc::ouRE·· MATMAT(L, u, I, J, A, 8); 111 \/ALUE·· L,U,I,J; 
I. l ~~ T E. G E. R GIii L , u ' I ' J ; •• A RR A y •• A ' B ; 
··sEGIN 1111 ··INTEGER·· K; ··R.E.AL'· s; 

SI - 0; 
··FOR.' 111 Kl=L ··srEP 111 1 ··uNTIL· 111 U ··oo·· SI= A[I.Kl • B[K,Jl + s; 
MATHATI= S 

•• f:. NO•• MAT MAT ; 
•• £op•• 

• 

' ' 



1-st REVISION, 1975 MC 

(OECEMBE~ 1975) PAGE 8 

··cooE.·· 34014; 
•• Rl AL•• ••PR~ Ct. 0 URE•• TAMMA T ( L., U, l , J, A , B) ; ••VALUE•• L , U, I , J ; 
••INTEGER•• L , U, I, J; ••ARRAY•• A , 8; 

C:.. I - 0 • - - ' 
•• F Of;:_.. K : = L ,. ST r P •• 1 •• u NT I L •• U •• 0 0 •'8 S I = A ( K , I J • B L K , J l + S ; 
TAM~1AT£= S 

••ENO•• TAM HAT ; 
•• E op•• 

··cooE·· 34015; 
••RE A L •• ••PRO C E D URE •• M A TT A M ( L ,, U , I , J , A , B ) ; •• \I A L U E. •• L , U , I , J ; 
•• I N T E G ER•• L , U , I , J ; •• A R RA Y •• A , B ; 
''BE.GI~·· ··rNTEGER·· K; ··REAL·· s; 

'I - 0 • ..... - ' 
•• F O ~- •• K & = L •• S T E P •• 1 •• U NT I L •• U •• 0 0 •• S : = A [ I , K J • B L J , K l + S ; 
MATTAH&- S 

••ENO•• MATTAM; 
••Eop•• 

··cooE·· 34010; 
•• f<. E A L •• •• P RO C i:. 0 UR £ •• S E Q" E C ( L , U , IL , S H I F T , A , B > ; 
''VALUE•• L,U,lL,SHIFT; 111 INTEGER11

• L,U,IL,SHIFT; 11 ARRAY•• A,a; 
•• B E. G I N •• •• Rt: A L •• S ; 

SI = 0; 
··FoR·· Ll=L ··sTEP'0 1 ··uNTIL·· U ··oo·· 
··aEGIN 1

• $1- A(ILl • 8[l +SHIFT]+ s; ILi= IL+ L •1 EN0··; 
~EQV:.Ci- S 

··cooE. •• 34017; 
••REAL•• 1 *PROCEDURE' 11 SCAPRD1(LA, SA, LB, SB, N9 A9 8); 
•• V A L U E •• L A , S A , L B , S B 9 N ; •• I NT E G ER•• L A , S A , L B , S B , N ; •• A RR A Y .. A , B ; 
• • BEGIN•• •• R c. AL •• S ; ••INT£ GER•• K ; 

SI = 0; 
•• F O ~~ •• K a = 1 •• S TE P •• 1 llfl UN T I L •• N •• D O •• 
''BEGIN'• Sl=ACLAl • B(LBJ + s; LAI= LA + SA; LB:- LB + SB ' 11 ENO ... ; 
5CAPRD11= S 

••EN O •• SC A PRO 1 ; 
11 'E op•• 

••c O LJ E •• 3 Lt O 1 B ; 
••REAL'• •1 FROCEDURE" SYMMATVEC<L• U, I, A, B>; ••vALUE 1

• L,U,I; 
•• I t'-1 T E:. G ER•• L , U • I ; ••ARRAY•• A , 8 ; 
•• BE GI N •• •• I N T E. G ER•• K , H ; 

11·REAL'· ··PROCEDURE·· VECvEC<L, u, SHIFT, A, a>; ··cooc:·· 34010; 
''RE.AL'• ••PROCEOURE 0

• SEQVEC(L, U, IL, SHIFT, At B); NIICOOE'• 34016; 
Ml- ··rF·· L > I ··rHEN·· L ··ELSE" I; Kl= H • (H - 1) // 2; 
S Y H M A T V ~ C I - V E CV E C ( L , •• I F •• I < = U •• T H E N •• I -1 •• E LS E •• U , K , B , A > 

+ SEQVEC<M, U, K + I, 0, A, 8) 
•• E. NO•• SY li MAT VE C; 

•• E op•• 

' . . - . ~ - . - • 

• 



1-st REVISION, 1975 MC 

(DECEMBER 1975) PAGE 1 

AUTHOR: u.WINTER. 

INSTITUTE : MATHEMATICAL CENTRE. 

REC~IVELl i 74121S. 

• 

B~I~F DESCRIPTION z 

THIS SECTION CONTAINS FIVE PROCEDURES I 
FULMATVEC CALCULATES THE VECTOR A• B, WHERE A IS A GIVEN MATRIX 
ANO BIS A VECTOR. 
FULTAMVEC CALCULATES THE VECTOR A' 4 B, WHERE A' IS THE TRANSPOSED 
OF THE MATRIX A ANO BIS A vE:toi. 
FULSYMMATVEC CALCULATES THE VECTO~ A• B, WHERE A IS A SYMMETRIC 
MAT~IX WHOSE UPPERTRIANGLE IS STORED COLUHNWISE IN AN •• 
ONE-DIMENSIONAL ARRAY ANO 8 IS A VECTOR. 
RESV~C :ALCULATES THE RESIDUAL VE~TO~ A• 8 + X • C, ~HERE A IS A 
GIVEN MAT~IX, B ANO CARE VECTORS ANO XIS A SCALAR. 
SYMRESVEC CALCULATES THE RESIDUAL VE~TOR A• B + X • C, WHERE A IS 
A SYMMETRIC MATRIX WHOSE UPPERTRIANGLE IS STORED IN A 
ONE-DIMENSIONAL ARRAY, 8 AND CA~£ VECTJRS AND XIS A SCALAR. 

K~YWOROS; 

~LEMENTARY PROCEDURE, 
VECTOR OPERATION. 



1-st REVISION, 1975 

<DECEMBER 1375) 

SUBSECTION: FULMATVEC. 

CALLING SEQUENCEI 

THE HEADING OF THE PROCEDURE REAOSI 
11•PROC£DURE 11

• FULMATVEC(LR, UR, LC, UC, A, 
•• v AL u E •• LR, u R, L c , u c, B; 0

• IN r E G::. R •• LR, 
··ARRAv·· A, B, c; 
•• C O D E •• 3 1 5 0 0 ; 

' 

THE MEANING OF THE FORMAL PARAMETERS ISi 
LR, UR: <A~ITHMETIC EXPRESSION>; 

B 9 C > ; 
UR, LC, uc; 

LOWER ANO UPPER BOUND OF THE ~OW-INDEX; 
LC, ~Ci <ARITHMETIC EXPRESSION>; 

LJWER ANO UPPER BOJND OF THE COlU~N-INOEX; 
Al <ARRAY IDENTIFIER>; 

••ARRAv•• ACLRIUR,LCI UCl; THE '1ATRIX; 
81 <ARRAY IDENTIFIER>; 

••ARRAY•• BCLCIUCJ; THE VECTOR; 
Cl <A~RAY IDENTIFIER>; 

•• A RR A V •• C C L R a U R l ; 
THE RESULT A 4 BIS DELIVERED INC. 

LA t-4 (, U A G E l COMPASS 3. 

METHOD ANO PERFORMANCE& SEE REFERENCE [11. 

SUBS£CT10Na FULTAHVEC. 

CALLING SEQUENCEI 

THE HLAJING OF THE PROCtDURE READ51 
111 PROCEDURE 1

• FUL TAMVEC (LR, UR, LC, UC, A, B, C); 
··vALuE·· L~, UR, LC, UC, s; ··INTEGER'· LR9 UR, LC, uc; 
··ARRAv·· A, 8, c; 
•• C O D E •• 3 1 5 0 1 ; 

TH~ MEANING OF THE FORMAL PARAMETERS ISi 
LR, URI <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF TH~ ~OW-INDEX; 
LC, UCJ <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOU~O OF THE COLUMN-INDSX; 
Al <ARRAY IDENTIFIER>; 

••ARRAY•• A{LRIUR,LCIUCJ; THE ~ATRIX; 
Ba <ARRAY IDENTIFIER>; 

•• A R i< A Y •• B C LR I UR l ; T H E \I E CT OR ; 
Ci <ARRAY IOENTIFIER>; 

•• A RR A Y •• C C L C I UC l ; 

MC 
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THE RESULT A'• BIS DELIVERED INC; HERE A' DENOTES THE 
TRANSPOSED OF THE MATRIX l. 



1-st REVISION, 197 5 

<DECE.MBE~ 1975) 

COMPASS 3. 

HlTHOO ANO PERFORMANCE: ELEMENTARY. 

SUBSECTION: FULSYMMATVEC. 

CALLING SEQUENCES 
• 

THE HEADING OF THE PROCEDURE READS& 
''PROCEDURE•• FULSYMMATVEC(LR., UR, LC, UC, A, B, CJ; 
•• V A L U E. •• L R , U R, L C , UC , 8 ; •• I N T E G E R •• L R , U R , L C , U C ; 
••ARRAY•• A, B, C; 
•• c ODE•• 315 0 2 ; 

THE MEANING OF THE FORMAL PARAMETERS ISi 
LR, UR: <ARITHMETIC EXPRESSION>; 

LOW£R ANO UPPER BOUND OF THE ~ow INDEX; LR>= 1; 
LC, UCJ <ARITHMETIC EXPRESSION>; 

lOW~R AND UPPER BOUND OF THE COLU~N-I~DEX; LC>= 1; 
Al <ARRAY IDENTIFIER>; 

•• A RR A Y •• A [ L & U l , W H E R E a 

MC 
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L = MIN(LR • (LR - 1) // 2 + LC, LC• (LC - 1) // 2 + LR), 
U = MAX(UR • (UR - 1) // 2 + UC, UC• (UC - 1) // 2 + UR) 
ANO THE (I,J)-TH EL~M~NT OF THE SYMMETRIC MAT~IX SH~ULO BE 
GIVEN IN ACJ • (J - 1) // 2 t- IJ; 

81 <ARRAY IDENTIFIER>; 
•• A RR A Y •• B ( L C I UC l ; T H E V ~ C T OR ; 

Cl <ARRAY IDENTIFIER>; 
111 ARRAv•• C(LRIURJ; 
THE RESULT A¥ BIS DELIVERED INC. 



1-st REVISION, 1975 

SECTION I 1.1.4.2 (DECEMBER 1975) 

Pt<OCEOURES USED: 

SYHHATVEC = CP34018. 

ALGOL 60. 

H~THOD ANO PERFORMANCEI 

ELEMEt"TARY. 

5UBSECTION4 RESVEC. 

CALLING SEQUENCEI 

• 

THE HEADING OF THE PROCEDURE REAOSI 
00 PRO:EDURE'• RESVEC(LR, UR, LC, UC, A, B, C, X); 
··vALUE·· LR, UR, LC, UC, B, x; ··rNTEGER·· LR, UR, LC, uc; 
• • R £ A L •• X ; •• A R RA Y •• A , B , C ; 
··cooE·· 31503; 

THE MEANING OF THE FORMAL PAR~HETERS ISi 
LR, URI <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE ~OW-INDEX; 
L:, UCa <A~ITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND OF THE COLUMN-INDEX; 
Al <A~KAY IDENTIFIER>; 

••ARRAY•• ACLRIUR,LC&UCJ; THE MAT~IX; 
Bl <ARRAY IDENTIFIER>; 

••ARRAY•• BCLCIUCJ; THE VECTOR; 
XI <ARITHMETIC EXPRESSION>; 

TH~ VALUE OF TH~ MULTIPLYING SCALAR; 
Cl <AR~AY IDENTIFIER>; 

•• A RR A Y •• C C L R I UR J ; 
THE RESULT A• B + X • C IS JVERW~ITTEN ON C. 

LANGUAGE.I COMPASS 3. 

METHOD AND PERFORMANCEI 

ELEMENT~RY. 

MC 
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SECTION I 1.1.4.2 (OECEHBE~ 1375), 

• 

SUB5(CTION: SYMRESVEC. 

CALLING S~QUENCEI 

THE H~ADING OF THE PROC[DURE REAOSI 
••pf~OCEDURE'• SYMRESVEC (LR, UR, LC, UC, A, B, C, X); 
••VALUE:.•• L ~, UR, LC, UC , 8, X ; ••INT E G ER•• L-< , UR, LC, U: ; 
'*Rl AL•• X; ••AR RAY•• A, 8, C ; ' 

··cooE·· 31504; 

THE MEANING OF THE FORHAL PAR~MET~RS ISi 
LR, URt <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOJND OF THE ~OM•INOEX; LR>= 1; 
LC, UCJ <ARITHMETIC EXPRESSION>; 

LOW~R ANO UPPER BOUND OF THE CJLUMN-INDEX; LC>= 1; 
As <ARRAY IDENTIFIER>; 

•• A RR A Y •• A ( L I U l , W H E RE I 

MC 
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L = MIN(LR ~ (LR - 1) // 2 + LC, LC• (LC - 1) // 2 + LR)y 
U = MAX(UR • (UR - 1) // 2 + UC, UC • CUC - 1) // 2 + UR) 
AND THE <I,J)-TH EL~MENT OF THE SYMMETRIC MATRIX SHOULD BE 
GIVEN IN A(J • <J • 1) II 2 • IJ; 

81 <ARRAY IDENTIFIER>; 
••ARRAv•• BCLCIUCJ; THE VECTOR; 

XI <ARITHMETIC EXPRESSION>; 
THE VALUE OF THE MULTIPLYING SCALAR; 

Cl <ARRAY IDENTIFIER>; 
•• A RR A Y •• C [ L R l U R l ; 
THE RESULT A~ B + X • C IS DELIVERED INC. 

PROCEDURES U SEO l 

SYHMATVEC = CP34018. 

ALGOL 60. 

METHOD ANO PERFORMANCES 

ELEMENTARY. 

REFt. RE NCES, 

c11.r.J.Oc.KKER. 
ALGOL 60 PROCEDURES IN NUMERICAL ALGEBRA, PART1, 
MATHEMATICAL CENTRE TRACT 22, AMSTERDAM (1970). 

[21.J.C.P.BUS. 
HINIMALISERING VAN FUNKTIES VAN ~EERDERE VARIABELEN, 
~ATHEMATICAL CENTRE, NR 29/72, A~STEROAM (1972). 



1-st REVISION, 1975 MC 
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SOU~GE TEXT(S)a 

THE FOLLOWING PROCEDURES, EXCEPT FOR FULSYHMATVEC AND SYM~ESVEC ARE 
WkITTEt~ IN :OMPASS 3, AN EQUIVALENT Ai.GOL TEXT OF THESE COMPASS 
ROUTINES IS GlV~N. 

··co u E. •• 315 o o ; 
••PROCEDURE•• FULMATVEC(LR, UR, LC, UC, A~ B, C>; 

' 

··vALUE 00 -..R, UR, LC, u~, s; 111 INTE.GE~·· LR., UR, LC, JC; 
••ARRAY•• A , 8, C; 
··aE.GlN·· ··REAL·· ··PROCEDURE 11

• MATVEC(L, J, I, A, 8); ··cooE·· 34011; 
... FOR•• L R i - LR •• s TE p•• 1 •• UNTIL•• UR •• 0 O .. 
CCLRll= MATVEC(LC, UC, LR, A, B); 

1 "END 1
• FUL HAT VEC; 
••EoP •• 

··cooE·· 31501; 
••PROCEDURE'• FULTAHVEC(LR, UR, LC, UC, A, 8, C); 
··vALUE·· LR, UR, LC, UC, a; ··rNTEGER"· LR, UR, LC, uc; 
··ARk.Av·· A, 8, c; 
··sEGlN 11

• ··REAL·· ··PROCEDURE 0
• TAMVEC(L, u, I, A, 8); ··coDE'· 34012; 

•• F OR.. L C J = L C •• S T E P •• 1 Iii U NT I L •• UC •• 0 0 •• 
C[LC]a= TAMVEC(LR, UR, LC, A, a); 

••ENO'• FUL TAHVEC; 
··c:.op•• 

··cooE. •• 31502; 
••pR.QC.,EDURE 1

• FULSYMMATVEC<LR, UR, LC, UC, A, B, C); 
··vALuE·· LR, UR, LC, UC' s; ··INTEGER·· LR,, UR., LC, uc; 
••ARRAY•• A , B , C; 
11 BEGIN 11

• 
111 REAL•• '"PROCEDURE'• SYHHATVEC<L, U, I, A, 8); 

•• C OD E •• 3 4 0 18 ; 
•• F o R •• L F<. , = L R •• s r E P •• 1 "' u N r I L •• u R •• o o" 
G[L~lt= SYMMATVECCLC, UC, LR, A, B) 

••ENO'• FULSYMMATVEC; 
•• EOP •• 

••(, OU E •• 315 0 3 ; 
••PROCEOURC: 1

• RESVEC(LR, UR, LC, UC, A, 89 C, X); 
··vALUE·· LR, UR, LC, UC9 x; ' 111 INTEG£P(. 11

• LR, UR, LC, uc; 
• • RE A L •• X ; •• A K R A Y • • A , 8 , C ; 
··sEGlN·· ··Rt_AL·· ··PROCEOURE 10 MATVEC{L, u, I, A, 8); ··cooE·· 34011; 

•• F OR_•• L RI = LR •• s TEP•• 1 ••UN TI L •• UR ••DO•• 
CCL~lJ= MATVEC<LC, UC, LR, A, 8) + CCLRJ • X 

111 £0P •• 

•• c O OE 111 31 5 0 4 ; 
••PROCEDURE'• SYHRESVEC<LR, UR, LC, UC, A, B, C, X); 
··vALUE'· LR, UR, LC, UC, x; ··1NTEGER·· LR, UR, LC, uc; 
•• RE A L •• X ; •• ARR A Y •• A , B , C ; 
••aEGIN 1

• ••REAL•• ••PROCEDURE'• SYHMATVEC(L, U, I, A, 8); 
••c ODE•• 34016 • . . , 
•• F OR.. L R 1 - L R •• S TEP... 1 •• UN TI L •• UR .. 0 0 •• 

CCLRJ&= SYMHATVEC(LC, UC, LR, A, 8) + C(LRl • X 
••ENO•• SY~R£SVEC; 
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MC 

• 

SEC TI L) 1'' I 1 , 1 • 4 • 3 

I N S T I T ·_J T E I '1 A T ~-i E '-1 A T I C: A L C E ~J T R E • 

-
RECEIVEDI 751208. 

B R l E F. D E S C R I P T I O ~-J I 

T r·i I S S E C T l O '. J C O !· J TA I ; ~ S P R O C E D UR f S T t➔ A T ~ lJ L T I "L Y A G I VE N M A TR I X B Y A 
C G E NE R l L. ! Z E D ) M D l,J SE t t n L O E ~ M A T R l X , 1 • E • A ~ A T R I X M • I ♦ X * U • t J • , 
WHERE I IS THE U~IT ~4TRIX, X A REAL CONSTA~T ANO U A VECTOR 
tCA~LEO TrlE HOLJSEHOLDER CONSTANT AND ~➔ OUSEHOLDER VECTOR, 
RESPECTlVe:LY) 

PREMULTIPLIES A MATRIX BY A HOUSEHOLDER MATRIX, THE 
~OUSE~iOL.DER VECTOR HAS BEE'l STORED 
l "J Ai O ~J E • 0 I ~ E ._JS ION AL A R ~ A Y • 
PRE\AIJL TI?LIES A I·1•TRIX BY A HOiJSEHOLDER ~1ATR1X, 
T f--i E ~ t O !J SE '1 O L.. D ER 'v' EC T O R H A S B EE i'! S T O RE O A S A C O LU ~1 N 
I q J A T rl o. o I '-1 E >J s I CJ NA L A RR A Y , 
P Q E ,.~ :J L T I PL 1 E S A t-1 A TR I X B V A ~i O USE HO L DE R \1 A TR l X , 
T ' ➔ E i. ➔ 0 lJ SE -4 0 L. t1 ER VECTOR .,_, 1' S 8 EE~, ST QR E O AS A RO~, 
I~' A TwO.oI~EfJSIO~AL AR~AV. 
?0$TMULTI 0 LIES A ~ATRIX BV A HOlJSEHOLOER MATRIX, 

' 

T 4 E ~-t a u s t ~~ a L D E R \' e: C T O R H A s B E E :·J s T O R E D 
I ~J A a~~E-o l 'iE~JS I QNAL ARR AV. 
Posr~~ULTIPLIES A MATRIX av A HOUSEHOLDER MATRIX, 
THE ~OUSEYOLD!R V[CT~~ HAS 3EEN STORED 
AS l COLUM~ IiJ A TWO•DI~'tNSIONAL ARRAY, 
P~ST 1~U~TIPLIES A ~ATRIX ev A ~OlJSEHOLOER MATRIX, 
THE ~iOUSt:~·lOL!'.lER VECTOR HAS BEEN STORED 
A s A R O ~, I 'J A T w O • 0 I ~ 4 ~ r~J s I a ~~ A L A R q A y • 

~➔ 0 · t S E rl J 1. D E R ~,A A T R ! X 
0 R l ~1 0 G :) ~--.J A L 1· R A ~ J S F C ~ f ! A T I t) f : 
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(JANLJAPV 197b) 

C A L L I ~,1 G S E: Q J E NC E I 
i t1 E ~; E A O I t·~ G rt F T ► ➔ E PRO C ED Li RC RE A D S I 
" P R O C E D J R E " µ S t· ➔ V E C i'-1 A T ( Li, ~ , ll R , L C , U C , X , U , A ) J 
"VALUE" LR, UR, LC, UC, X; ''INTEGEQ•1 L~, UR, LC, UCJ 
"REAL" XJ "AqRAY" U1 AJ 
'' C O D E tt 3 1 O 1 O J 

T H E t 1 E A N I :,J G OF TH f: F O R .L1 A l PA ~ A M E T ER S I S I 
LR,Ugg <4RIT 4 ~ETIC EX~~ESS!ONS~J 

TttE LOWE~ At-Jr" UPPE~ ~ow tr40 ICES J 
LC,UC1 C4RlT~t~ETIC EXPRESSIONS~J 

T H E L O W E q A t;J O !..JP P E ~ C O L l,J M r l I N O I C E S 1 
~I cARlTH~ETIC EX 0 RESSlON~J 

' 
T r·i E HO f"I SE Ha LOE~ Ca 'J s TANT J 

Us <AqRAY IDE~'TIFIER>J "ARRAY" UtLR1J~]t 
T~iE ~OUSEHOLDER VECTOR1 

Al cARRAY IDE~TIFIER•1 "ARRAY« AtLRtUR,LC1UCJ J 
T ti E ;\,1 A T R I X T O B E r' R E M U L T I P L. I E D O Y T H E H O U 5 E ~, 0 L D E R M A T R I X 11 

PROCEDURES JSED: 
TA~4VEC • CP3Q012 
EL~1co~VEC • CP3Q022 

C A L L. I r l G S E Q J E t~ C E J 
' 

THE ~·~EA DI \,JG or T ~ ◄ E PPOCEDUQE RE AD s I 

• 

"PROCEDJREff MS~COLMATCLR, UR, LC, UC, I, X, U, A)J 
1' V A Lr i.,J E '' L R , iJ R , L C , U C , I , X J " I ~J T E G E R " L R , U R , L C , UC , I J 
''REAL" x, "AQRAYh 0, ,, 
'' C O v E '' 3 1 0 7 1 J 

T~E ~EANING ~F THE rnR~Al PARAMETERS IS: 
L~,JO; <A~lTHMETIC EXPQESS!ONS»; 

T ri E L O w E R a :·J D ,J F' PE ~ RO w I ~ J. 0 I C ES J 
LC,JC; c.~RIT4~~ETIC CXPqESSIONS~; 

T ti E L. ~ ~ E ~ A , J C: \~' ~ ~ E q C O L 1 . .I M ~~ I N :> I C E S 1 
I I < A q I T } i ~ E: T I C E' X ~ R E S S I O t•J > J 

f ri E C O L '.J ~ 1 ;, ! I ~,; D E X n F T I ! E H O U S E ~➔ n L D E ~ V E C T O R J 
Xa CARlTH~ETIC EXPRESS!l);!,.; · 

T '.·i E ~i O 1~1 S E H ~J L ') E q C O 'J S T A :- J T J 
LJ : < A R ~ A Y I f:': E · J T I F' l E R > J '' A r:? ~ A. Y " f._l t L f:~ : 'J ~ , I I I l J 

r rl E ·--t o 1J s E : ! o ~ o E i=( v E c r n R 1 
A i 4' A ~ R A 'f I D E t, i T I F ! t P > J " A R R .4. Y " A t L :'~ I J q I L C : J C l S 

T ti E 1 AT;= I X T n BE. ? ~ t. r-·t t.J LT 1 r LIED :3 Y T r1 E ,~1 :J J .. ~t Sf-:}~ 0 L DER MATRIX • 

.,._I -5 E ("> ; 

: Cr' 3 ~ 114 
= cr3a()2·3 

MC 

PAGE 2 

• 
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SUBSECTlO'JI · ➔ s~oow~·~AT 

CAL.Ll"JG SEJJENCEI 
T H E i--t E A O I ~ G (1 F T ti E P q O C E O tJ ~ E: R e A D S I 
'' P ~ 0 C E D U ~ E '' J..i S 'i R O ,41 •~ A T ( t. R , U R , L C , ~J C , . I , X , LI , A ) J 
'' V A, L t~J E '' L R , LJ R , L C , 1. t C , I , X 1 " I r.J T E GE R " L R , U R , L C , U C , I a 
"RE4L" Xt ''ARRAY'' U, AJ 
••cooe:" 3101z, 

THE ~EA~tNG OF Tt➔ E FOR~AL PARAMETERS IS: 
L R , U ~ I < 1' R I T i .. t ~-1 E T T C E X P R ~ S S I O N S ,. J 

T H E L :, W E R A t·4 D i,.,J P P E R R O W I t ,J O I C ~ S J 
LC,JC; <ARITHt1e:TIC EXPetESSIOI\JSIIJ 

T rl E LO~ ER A ~JO UPPER COL UM r J I ~JD ICES r 
• 

I: <AqlT~~ETit EX 0 RESS!Ot1~J 
THE ~ow IilDEX OF T~E HOLJSE~OLDER VECTOR; 

X1 cAQlTH~1tTIC EXPRESSIO~i>J 
TrlE ~iOUSEHO~OE~ CO~STANT1 

lJ3 <AqRAY lDE~TifIER>J "ARRAY" tJtI&I,LRtUR] J 
Trif! ·~Q:ISE!-iOLDE~ VECTORJ 

A I < A ~ R l Y IO E rJ T IF I ER> s "AR f~ A Y " 4 t L ~ I UR, l C I JC l J 
THE ~ATRIX TO BE PREMULTIPLIED BV T~iE HOUSEHOLDER MATRIX • 

PROCE[ .. ,URES use:o' 
;.1 AT·.~~ T • C ►' '3 4 0 13 
EL~COLRU~ • Cf'34027 

• 

R u 1'I ~ I •t.J G r I I.~ E : P R o P o R T I o i' 1 A ~ r o c 1, 1 c • L c + 1 l * c u R • L R + 1 l 

S U B S E C T l O ~-J I ~ S rl V E C T A. ~-~ 

C A L ~ I ~-, G S E. ~ U E ·~ C E : 
T~E HEl)l~G OF THE P~OCEDURE READSI 
'' P ~ 0 C E '1 1. .. 1 R E •• ~" S r-~ V E' C T A r..4 C l.. ~ , !J P. , L C , l_J C , X , U , A ) J 
'' V ~ L. lJ E '' L ~ , LJ f'< , L C , 1 J C , X ; " I f ,J T E G E R " L ~ , U ~ , L C , UC J 
'' R E A L. '' X : ,, 4 ~ R A Y ., 1,.J , 4 I 
'' C O D E t1 3 l v 7 3 J 

T 1~1 E ·~1 E ~ '·l I ··t G {l F T •~ E F' 0 ~~AL PAR A~, ET ER S I S I 
L q , J ~ : < A f-< I T ~➔ ~ 1 t: T I C E X P R E S S I C N S > 1 

T r 1 E L ~1 ~ E. R A ; J t1 ·.J r P E ~ ~ 0 \_.. I t .J fl I C E S f 
L C , JC : < ~ R I r "·-' ~ i E T I C E X P ~ E S S I O N S > ; 

f 1.➔ E L ·J 4/ E •✓ ' ? i n .J t' p E ~ C n L J ~ t.J I \,~ D I C f s , 
x : < A q I r I-·~ t , E r I c E X P I~ r· s s I o : J > , 

r r·i E: :~i J ~ ,1 s r ; t 1 L. ~ E ~ r. 11 \J s T A • 1 T , 
U : < A ~ R A Y l C' E 1 1 T I F I C q > I '' A R n A Y '' t .,! t l_ C : '.,J C l r 

T 7·1 E . i -.J ~'SE i--i t) L, DE~ VE C T t''J R J 
4 ; < .A. ~ F~ ti. Y 1 ~ E · J T I ~ I l O > J ,. A P k! A Y '' A t l ~ I ,.l P. , l C I Jr. l ; 

,, rt E: 1 Ar :•i r ;< r r) BE P, s r f 1 '.1 Lr IPL IE r::• R v r ~·~ E --~ a Lt s EH o L.. D F. F-: 

MC 
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PRO CE[) lj ~f S J SEO I 
MATVEC = CP3~01l 
ELMROrl~EC: C0 34027 

RU t~ ~ J l t.~ G T I ~ E I ? Ii OP O R T I n : ¾ A L T O C UC • ~ C + 1 ) • ( U ~ • L R ♦ 1 ) 

SUBSECTIONI ~➔ S~COLTA~~ 

CAL~I~JG S~QUENCEI 
T ~i E ti E 4 0 I ~J G r.J F T t-1 E P R O C E I) U RE R E. A D S I 
" P R O C E. D J R E '' H S 11 C O L. T A ' 1 C L R , Lt R , L. C , U C , t , X , l~J , A l J 
" V A L. U E '1 L ~ , tJ R , L C , U C , I , X J '' I ~·1 T E GE R " L~ R , lJ R , L C , UC , I ; 
"REAL" X1 "ARRAY" 1J, AJ 
'' C O OE: '' 3 1 o 7 q J 

THE ~EAiI~tG OF T~iE FOR~AL PARAMETE~S IS1 
LR,JR; C~RtTH~ETtC EXPq!SSIO~S>J 

T H E L O vl E R ~ ~J O 1 ~'PP E q R O W l t4 D I C g $ J 
LC,UC1 <ARITH~ETIC EXP~ESSIONS>; 

THE l OWE R A ~JD 1J F' PER COL.UM t-J t f\J DICES s 
I: cA~lT~iMETIC EX°F?ESSION>J 

T 1-1 E C O L J t~ ;\➔ 1 ~JD E X O F THE HO U 5 E r i O Lr, E ~ \/ EC TO P J 
X; <ARITH~ETIC EXPRESSIO~J>J 

T H E }1 0 u S E H O L. D E !!?. C D \I S T A N T J . 
U; cARRAV IDE~TIFIE~>J "ARRAY" UtLC1UC,l1Ilt 

Tt·iE HOUSE~iOLDER VECTORs 
A: <AR~lY !DENTIFIE~>, ''ARRAY" AtLR1U~,LC1UCl I 

MC 

PAGE 

• 

TttE ·\<\ATRIX TO BE: POST~ULTIPLIEO av TYE HOUSE.HOLDER MATRIX, 

P R O C E t1 LJ R e" S J S E D I 
• C P "l It O 13 II' . . .;J.., 

• 

: CP31"028 

• 

" 
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' 

• 

· CALL. I~ JG SE 1 J t ~i CE I 
TtiE ~EAOirJG OF THE PROCEDURE READSI 
" P R O C E :, J R E it t ·~ S · ➔ R O W T A ~ C I. R , U R , L. C , U C , t , X , U , A ) J 
'' v • L. 1._J E '1 L R , 1_1 R , L c , u c , I , x r ., I !·J T E GE " " L R , u R , L c , u C , I , 
'' R E A L '' X 1 '' 4; R R A Y tt tJ , A. s 
'' C ODE '' 3 1 0 7 S I 

T ~t E ~EA ~-JI ~JG Or THE r OR •"1 AL PAR A ME TE RS I S g 
L R , U R J < A R I T ~1 t-~ E T I C E X P RE S S ! 0 NS > J 

TtfE LO~ER ~t4D UPPER ROW It~DICES1 
LC,JCa <ARIT~METIC EXP~ESSIONS>J 

THE LO~ER AND UPPE~ COLUMr4 I~OJC!Sr 
lg cARITH~ETlC EXPRESSION>; 

T t·t E ROW It JD EX OF' THE r 1 O lJ SE rt □ LOE R VECTOR J 
X1 cARITHYETIC EX~RESSION>J 

T rt e: H O U SE ti O L D ER C r, ~~ S T A t~ T 1 
' 

Ug cAqRAY IDE~JTIFIER>J "ARRAY" UtI1I,~C1UCJ t 
T ti E •·➔ 0 USE HO L. 0 E R V E C T O R J . 

Al CARRAY IDENTIFJE~>J "ARRAY" AtLRtU~,LCIUCJ S 

MC 
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• 

' 

T}iE ~ATRIX TO BE POSTMULTIPLitO av THE ~OUSEHOLDER MAT~IX. 

JSEDI 
;: CP3/J015 
= CP3ij02lJ 

• 

• 

P U iJ ~;J I ~-" G T l ~ E I P R fJ P O R T I O r J A L. T O C ~.J C • L C + 1 l * C J ~ • L R + 1 ) 

SOlJt~CE TEXTSt 

''CODE'' 31v70J 
" P R O C E D u R E '' ri S H V E C },1 A T C L R , JR , I. C , UC , X , J , A. l J 
'' V A Li. U f ... '' L R , J R , L C , ~ .. 1 C , X f '' I t J T t G E R •• I. R , U ~ , L. C , UC J 
tt R E A l ,. X t '' A R R A y ,, lj , A J 
" 8 £ G I t· l '' •• R E A L ., '' P R a C E D lJ RE " T A M VE C C L , lJ , t , A , B l J " C O D E t• 3 Ll O 1 2 t 

'' ~ R O C E L) J ~ E '1 E L ' • C O L V E C ( L. , u , I , A , a , X ) J ,, C a O E ,, 3 4 0 z 2 ; 
'' f O R •• L C 1 :: L C •• S T E: P 99 1 '' U .,~ T I L. •• u C '' D O '1 

E L ~ C a L V E C C L. R , i 1 R , L C , A , . U , T A t--<1 V E C C L. R , U R , L, C , A , U ) * X l 

t• E J p ,, 

'' C O D E tt 3 1 t) 7 1 I 
,, p RD Ce: D V RE ., t1 st·~ CO~ ,,,1 A T C L R , lJ R ' LC , I .. J C , I , X , tJ, A ) ; 
,, v A 1. 1J E ., L. R , , 1 R , L r; , t._.1 c , r , x , '' 1 1'-' r E G r R ,, L .. R , t._J R , L c , u c , 1 ; 
•• R E A l '' X f ,t A "? R 1' ·f n ~ I , A J 
'' 9 t G I ; l •• '' r~ E ~ L ~ •• P R 1 C E C1 lJ R E ,. T 4 ---~ ~ 1 A T C l. , U , I , J , A , 8 ) I '' C O O E " 3 ~ 0 1 4 J 

•• ~ ~ 0 C E ') J ~ E ,, E l ~ A C O L ( L. , I_J , I , J , A. , B , X ) J " C O D E " l U O 2 ! 1 
'' F Jr'! •• L. c t :; L. c " s T f: P " t ••Lt, it I L. '' ~Jc '' D fJ ,. 
f: L~ "1 C. 0 L ( L q I . j R , L c. , I , A. , :.,! , T A~ ·,J AT ( L Q , u R , L. C , I , • , u) * X ) 
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CJANUARY 1q7b) 
' 

''CODEt' 310121 
'' P ~ 0 C Et O JP E 1• 

1·1 S H R O ~ M A T C L R , :J R , LC , t JC , I , X , U , A l J 
ttVA~UE" LR, UR, LC, UC, I, XJ ''INTEGER" LR, tJR, LC, UC, I; 
" R E A L t! X r •• " q R 4 Y ft !J , 4 J 

MC 

"BEGI~I'' "REAL" ~PROCEDURE" MATMATCL, U, !, J, A, 8)1 "CODE" 3401lJ 
,, P R O e E D J R E " t L ~1 C C1 L Q tJ ~I C L. , U , I , J , A , ,a , X ) s " C O [) E ,, 3 a O 2 9 f 
'' F O R " I. C t ;; I. C '' S T E.: P tt 1 " U ~J T I L '' UC '' D O " 
E L ~ C n L ~ 0 r41 ( L R , !J R , L C , I , A , LJ , ~~ A T M 4 T ( L. R , l.J ~ , I , LC , U , A ) * X l 

"~NO"; 

·•cooE•· 31 o 13, 
'' P. R O C E D URE ., r1 S ri VE C T A M C L R , JR , LC , UC , X , LJ , A ) t 
''VALUE'' LR, UR, LC, UC, Xr ''INTEGER" ~R, UR, ~C, UCJ 
'' RE A L " X 1 " A q R A. Y " U , A, s 
,, e f. G I r-~ ·• ., R E A. L " " P R o c e: o u R E •• ll1 A T v E c c L , u , I , 4 , e l , " c o o E " 3 4 o 11 , 

''PROCEOJRE'' EL~ROWVECC~, u, 1, A, a, X)J 11 CODE" 34027J 
,. F O R tt I.. R I = L ~ ,, S T E P " 1 1• lJ ~ ~ T I L " J R " D O ,. 
EL~RO~VECCLC, tJC, LR, A, U, MATVECCLC, UC, LR, A, UJ * X) 

II E~D tt, 

•tCODE" 31~)7QJ 
'' P R O C E D J R f, •• ~➔ S H C O L T A ~1 ( L R , 1 

•. J R , L C , t .. J C , ! , X , U , A ) J 
,. V A L u E ., L R ' lj R , L c; , LJ C , I , )( J ., I N T E GE ~ ., L R , LJ R , L. C , u C , I ' 
'' RE A L t! X I '' A ~ R A V " U , A t , 
'' B E G l t 1 '' '' RE A L '' " PR O C E O URE '' ~~ A T r~ A T ( L. , U , l , J , A , 8 ) J " C O OE " :S 4 0 11 J 

••PRQCEDJ~E'' EL~~O~COLC~, U, I, J, A, ~. X)J "CODE" 340281 
''FOR" LRI# LR "STE~" 1 "UNTIL" UR ''DO~ 
E L '1 R n 1•! C O L. C L C , t.-i t C , I_ K , I , A , U , , ~ A T M A T C I. C , lJ C , L R , I , A , U ) * X ) 

'' C O D E. '1 3 l O 7 5 J 
!t P R UC E D J R l '' H S H R O W T A ~~ ( L R , U R , LC , Li C , I , X , U , A ) J 
'' V A L f,J E ,. L R , u R II L C , " I C , t , X ' " I ~J T E GE R ,, L R , u R ' L C , lf C , I J 
''REAL~' Xt ''ARRAY"~, AJ 
'' B E G I :,1 '' '' R E A L " •1 P R 1 C E D tJ ~~ E " \,1 A T T A M ( L , U , I , J , A , B l J ,. C ODE '' 3 4 0 1 5 r 

., f' ~ Cr E :) J Q E ,, E" L l-4 ~ t1 'fl C L.. , ·~J , I , J , A. , 8 , X l 1 " C O O E ,, 3 4 O 2 a J 
,. F o q ,, L R 1 ~ 1., R " s r E P " 1 •• 1J r~ r I L. ,, ~-JR ,. n o ,. 
E. L '4 r~ n "' ( L. C 1 .. J C , L R , l , 4 , U , ~ A T T 4. \;1 ( L C , UC , L. R , l , A , U ) * )( ) 

''END'' ; 
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AUTHORS1 . . 

CONTRIBUTOR: 

INSTITUTE, MATHEMATICAL CENTRE, 

RECEIVED I 

8RliF OESCRIPTION1 

THIS SECTION CONTAINS TEN PROCEDURES, 
ELMVEC ADDS X TIMES THE VECTOR GIVEN IN ARRAY BCSHIFT+L I SHIFT+UJ 
TO TME VECTOR GIVEN IN ARRAY AtL1UJ, 
ELMCOL 40D5 X TIMES THE COLUMN VECTOR GIVEN IN ARRAY BCLtU, J1JJ TO 
THE COLU~N VECTOR GIVEN IN ARRAY ACL1U, I1IJ, 
ELMROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY etJsJ, LeUJ TO 
THE ROW VECTOR GIVEN IN ARRAY A£I1I, L1Ul-. 
E~MVECCOL ADOS X TIMES THE COLUMN VECTOR GIVEN IN ARRAY StL:U, I1Il 
TO THE VECTOR GIVEN IN ARRAY A[L1Ul, 
ELMCOLVEC ADOS X TIMES T~E VECTOR GIVEN IN ARRAY BtLaUJ TO THE 
CO~UMN VECTOR GIVEN IN ARRAY ACLIU, I1IJ, 
fLMVECROW ADDS X TIMES THE ROW VECTOR GIVEN IN ARRAY 8[I1l, L1UJ TO 
TME VECTOR GIVEN IN ARRAY AtLaUl 1 

ELMROWVEC ADOS X TIMES THE VECTOR GIVEN IN ARRAY BtL1UJ TO THf 
ROW VECTOR GIVEN I~ ARRAY AtlaI, LaUl. 
ELMCOLRO~ ADOS X TIMES THE ROW VECTOR GIVEN IN ARRAY BtJtJ, L1UJ TO 
THE C0LU~N VECTOR GIVEN IN ARRAY AC~1U, I1Il, 
ELMROWCOL ADOS X TIMES T~E COLUMN VECTOR GIVEN IN ARRAY BtL1U, J1Jl 
TO THE RO~ VECTOR GIVEN IN ARRAY AtI1l, L1UJ, 
MAXELMRO~ ADOS X TIMES THE ROW VECTOR GIVEN lN ARRAY 8CJ1J, L1Ul TO 
THE ROW VECTOR GIVEN IN ARRAY A[Iet, ~tUJ 1 
MOREOVER, MAXE~MROW1• THE VA~UE OP THE SECOND SUBSCRIPT OF AN 
ELEMENT OF THE NEW ROW VECTOR IN ARRAY A WHICH IS OF MAXIMUM 
ABSOLUTE V•LU£, 
I,, HOWEVER, L > U, THEN MAXELMAOW1a ~§ 

KtYWOROSa 
. ' 

•• 

ELEMENTARY PROCEOU~E, 
VECTOR OPERATIONS, 
E~IMINATION, 



• 

SfCTlON I l,1,5 

l~88ECTION1 ELMVfC, 

CA~~ING SEQUENCE1 

HEAOINGa 

(APRIL 1974) 
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•PROCEDURE" ELMVEC(L, U, SHIFT, A, B, X)p "VALUE" L,U,SMIFT,Xp 
"INTEGER" ~,U,SHIFTt "REAL" XJ "ARRAV 1' A,BJ 

FOR~AL PARAMETEHS1 
L1U1 <ARITHMETIC E~PRESSION>, 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRXPTJ 
SHIFTS <ARITHMETIC EXPRESSION>J 

INDEX~SHIFTING PARAMETER OF THE VECTOR Bl 
A,81 <ARRAY IDENTIFIER>J 

"ARRAY" A tll 1I2J, 8 tI31I4l r 
THE SUBSCRIPTS ABOVE AND THE V~LUES OF L (+SHIFT ) AND 
U( ♦ SHlFT) SHOU~D NOT CONTRADICT EACH OTHER, 

X1 cARlTHMETIC EX?RESSION>J 
ELIMINATION FACTOR, 

LANGUAGE a C0"1PASS 3 1 

METHOD AND PERFORMANCE1 
• 

SEE REFERENCE t 1 l , 

8~8$ECT?ON1 ELMCOL, 

CA~~lNG SEQUENCE1 

HEAOING1 
"PROCEDURE" ELMCOLCL, u, I, J, A, e, X>, "VALUEff ~,U,I,J,x, 
" I N TE GER " L, , u , I ' J , ,. RE A L " X ' H A RR A y It A , B J 

FORMAL PARAMETERS1 
L,U1 ~ARITHMETIC EXPRESSION>J 

~OWER ANO UPPER BOUND Of THE RUNNIN; suescRIPT1 
ls •ARITHMETIC EXPRESSION>J 

COLUMN.INDEX OF THE CO~UMN VECTOR AJ 
Ji <ARITHMETIC EXP~ESSION>J 

COLUMN~INDEX OF THE COLUMN VECTOR 81 
A,81 cARRAV IDENTIFIER>, 

91 ARRAV" A [I11Ia, J11J2], B(I3tl'4,J3sJ4J J 
THE SUBSCRIPTS ABOVE ANO THE V4LUES OF L, U1 l AND J SHOULD 
NOT CONTRADICT EACH OTHERJ 

X1 <ARITHMETIC EXPRfSSJON>1 
ELIMINATION FACTOM, 

LANwUAGEt COMPASS 31 

METHOD AND PERFORMANCE1 
SEE REFERENCE [11. 



• 

(APRIL 1974) 

S~BSECTION1 ELMROW, 

CAL~lNG SEQUENCE1 

HEAOING1 
•PROCEDU~E" ELMROW(L, u, I, J, A, B, X)J "VALUE•• L,U,t,J,XJ 
"INTEGER" L,U,I,JJ "REAL" XJ ~ARRAVu A,Bt 

FORMAL 
~,U1 

II 

J1 

P•RAMETERS1 
cARITH~ETIC EXPRESSION>J 
LOWER ANO UPPER BOUND OF THE RUNNING SUSSCRIPTJ 

. <ARITHMETIC EXPRESSION>J 
ROW•INDEX Of THE ROW VECTOR A; 
<ARITHMETIC EXPRESSION>J 
~Ow"INDEX OF THE ROw VECTOR Br 
<ARRAY IDENTIFIER~, 

' 

1 ARRAV" A[I1SI2, Jt1J2J, B[I3aiq,J11J4l J 

MC 
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THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U, I ANO J $MOULD 
~OT CONTRADICT EACM OTHERJ 
<ARITHMETIC EXPRESSION>J 
ELIMINATION FACTOR, 

COMPASS 3, 

METHOD ANO PERFORMANCES 
• 

SEE REFERENCE [1l, 

8~83ECTIONI E~MYECCOL, 

CAL~lNG SEQUENCES 

MfAOJNG1 
"PROCEOUREU ELMVECCOLCL, u, l, A, e, x,, "VALUE" L,U,I,x, 
•?NTEGERn L,U,IJ "REAL" XJ "4RRAV" A,BJ 

FOR~AL P~RAMETERS1 
L,U1 cARITHMETIC EXP~ESSION>J 

LOWER ANO UPPER BOUND OF THE RUNNING SUBSCRIPT, 
lt <ARlTH~ETlC EXPRESSION>J 

COLUMN.INDEX OF TMe COLUMN VECTOR e, 
A,81 <•RRAY IDENTIFIER>, 

"ARRAY" AtI11I2l, B(l31I4, Jt1JZJ1 
THE SUSSCRIPTS ABOVE AND THE VALUES OF L, U AND I SHOULD 
NOT CONTRADICT EACH OTHER, 

X1 ~ARITH~ETIC EXPRESSION>J 
E~IMINATION FACTOR, 



(APRIL 197ij) 

• 

LANGUAGE I CO~PASS 3, 

Mf.THOO ANO PERFORMANCE1 

SEE REFERENCE tll, 

SUBSECTIONS ELMCOLVEC, 
. ,. . . 

C4LLING SEQUENCES 

HEADINGS 

• 

• 

0 PROCEDURE" E~MCOLVtCCL, U, I, A, B, X)1 "VALUE~ L,U,I,XJ 
"INTEGER" L,U,IJ "REAL" XJ "ARRAY" A,Bf 

FORMAL PARAMETERS1 
L,Uc ~ARITHMETIC fXPRESSION>.J 

LOwER AND UPPER BOUND OF THE RUN~ING SUBSCRIPTJ 
It cARITHMETIC EXPRESSION>J 

COLUMNwINDEX OF THE COLUMN VECTO~ AJ 
A,B1 cARRAY IDENTlFIEA>J 

"ARRAY" ACilaI2, J11J2l, BCI3SI4l I 

MC 

PAGE 4 

THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U ANO I SHOULD 
NOT CONTRADICT EACH OTHERJ 

Xs cARITHMETIC EXPRESSION>, 
ELIMINATION FACTOR. 

LANGUAGE I COMPASS 3 1 

MfTHOD ANO PERFORMANCE1 

SEE REFERENCE [ll, 



1-st REVISION, 1975 

SE:. CT IO r~ : 1 • 1 • 5 (APRIL 1971.f.) 

SUB~ECTlONt ELHVECROW. 

CALLING S~QJENCE& 

HE.ALiINGJ 
,. PRO C £ [1 J R E:. •• E L M VE C RO W ( L , U , I , A , 8 , X > ; •• \I AL U E •• L , U , I , X ; 
11 

• I t~ T E GE ~ a 
II L , U t I ; • • R E A L 1 

• X ; 110 ARR A Y •• A t B ; 
• 

f Of--~ t-1 A L PA KA ME TE RS I 

L,U: <ARITHMETIC EXPRESSION>; 
LOWER ANO UPPER BOUND OF THE RUNNING SUBSCRIPT; 

II <A~ITHMETIC EXPRESSION>; 
ROW-INDEX OF THE ROW VEGTJR a; 

A,81 <ARKAY IDENTIFIER>; 
ee A RR A y 841 A [ I 1 I I 2 l t B ( I 3 ' I 4 , J 11 J 2 ] ; 

MC 
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THt SUBSCRIPTS ABOVE AND THE VALUES OF L~ U AND I SHOULD 
NJT CONTRADICT EACH OTHER; 

Xt <ARITHMETIC EXPRESSION>; 
ELIMINATION FACTOR. 

LANGUAGEI ALGOL 60. 

SUBSECTION: ELMROWVEC. 

CALLlNG StQJiNCEI 

HEAOI NGJ 
1 "PRuGc.DuRE'0 ELMROWVEC<L, u, I, A, B, x>; ··vALuE·· L,u,r,x; 
1111 INTEGER 1

• L,U,I; 111 REAL 11
• x; 111 ARRAv•• A,a; 

FOkMAL PAkAMETERSI 
L,U: <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE RUNNING SUBSCRIPT; 
I& <ARITHMETIC EXPRESSION>; 

ROW-INDEX OF THE ROH ~ECTlR A; 
A,81 <ARRAY IDENTIFIER>; 

'*AR.RAY•• A(I11I2, J1:J2l, BCI31It+J; 
THE SUBSCRIPTS ABOV~ AND THE VALUES OF L, U ANO I SHOULD 
NOT CONTRADICT EACH OTHER; 

XI <ARITHMETIC EXPRESSION>; 
ELIMINATION FACTOR. 

ALGOL 60 •. 



1-st REVISION, 197 5 MC 

SECTION I 1.1.S <DECEMBE~ 1975) PAGE 6 

SUBSECTIONS ELMCOLROW. 

CALLING SEQUENCE& 

HEAuING: 
•• p RO CED u Rt:.. IIG E LM COL RO w ( L ' u, I , J, A ' B ' X ) ; •• VAL u E •• L t u 9 I , J' X; 
8 11 I N T E Gt,_ ~ •• L t u t I 9 J ; 8 8 RE A L 1148 X ; •• A ~ R A y.. A t B ; 

FOkMAL 
L,U: 

A, Bl 

XI 

LANGUAGE.I 

PARAMETERS I 
<ARITHMETIC EXPRESSION>; 
LOW~R ANO UPPER BOUND OF THE RUNNING SUBSCRIPT; 
<A~ITHHETIC EXPRESSION>; 
COLUMN-INDEX OF THE COLUM~ VECTJR A; 
<AKITHMETIC EXPRESSION>; 
ROW-INDEX OF THE ROW VECTOR B; 
<ARRAY IDENTIFIER>; 
••ARRAv•• ACI11I2, J11J2J, BCI3&I4,J31J4l; 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U, I AND J SHOULD 
NOT CONTRADICT EACH OTHER, WHEN A - B THEN CORRECT 
ELIMINATION IS GUARANTEED ONLY WHEN THE ROW AND COLUMN ARE 
DISJUNCT; 
<ARITHMETIC EXPRESSION>; 
ELIMINATION FACTOR. 

ALGOL oO. 

SUBSECTION& ELMROWCOL. 

CALLING SEQJENCEI 

HEADING& 
1"PROCC::UURE 10 ELMROWCOL(L, u, I, J, A, B, X); ·vALUE 11

• L,U,I,J,x; 
··rtJTEGER 0

• L,U,I,J; ··REAL·· x; ··ARRAv·· A,B; 

FOkHAL PARAMETERS& 
L,U1 <ARITHMETIC EXPRESSION>; 

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

ROW INDEX OF THE ~ow VECTOR A; 
JI <ARITHMETIC EXPRESSION>; 

COLUMN INDEX OF THE COLUMN VECTOR B; 
A,Ba <ARRAY IDENTIFIER>; 

••ARR.Av•• A[I11I2, J1&J2l, BCI31I4,J31Jt+l; 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U, I AND J SHOULD 
NOT CONTRADICT EACH OTHER, WHEN A= 8 THEN CORRECT 
ELIMINATION IS GUARANTEED ONLY WHEN THE ROW ANO COLUMN ARE 
OI SJUNCT; 

XI <ARITHMETIC EXPRESSION>; 
~LIHINATION FACTOR. 

LA~JGUAGEI ALGOL c O. 



SECTION I 1,1,.5 . , (APRIL 1974) 

SUBSECTION# MAXELMRO~, . ' 

CALLING SEQUENCE1 

HEADING1 
"lNTEGER" "PROCEDUREQ MAXELMROW(L, U, I, J, A, B, X)f 
"VALUE" L,U,I,J,XJ "INTEGER" L,U,I,Jr "REALff XJ "ARRAY" A,Bp 

FORMAL PARAMETERS1 
L,U1 <ARlTH~ETIC EXPRESSION>J 

LOWER AND UPPER BOUND OF THE RUNNING SUBSCRIPTs 
Ia <ARITHMETIC EXPRESSION>J 

ROW•lNOEX OF THE ROW VECTOR Ar 
Ja <ARITHMETIC EXPRESSlON>J 

Ro~~INOEX OF THE ROW VECTOR a, 
A,BI <ARRAY lDENTIFIER>J 

MC 
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"ARRAY" Atl11I2, J1aJ2J, 8[I31I4,J31J4J, 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U, t ANO J SHOULD 
NOT CONTRAOICT EACH OTHERJ 

X1 <ARITHMETIC EXPRESSION>t 
ELI~INATION FACTOR, 

LANwUAGEt co~PASS 5, 

M£THOO ANO PERFORM.ANCEi 

SEE REFERENCE tll, 

REFERENCES I 

t 1 J , T, J I OE K KER, 
ALGOL bO PROCEDURES IN NUMER?CAL A~GEBR4, PART1, 
MATHEM4TlC•L CENTRE TRACT 2Z, AMSl£ROAM (1970) 1 

• 
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SECTION 1 1,1,S (APRIL 1974) PAGE 8 

SOURCE TEXT(S)a 

JN THIS SECTION 
ELMVEC 
ELMROW 
fLMVECCOL 
ELMCOLVEC 

THE FOLLOWING PROCEDURES ARE WRITTEN IN COMPASS 3, 

THE 
' . 

• 

MAXELMROW 
ALGOL SOURCE TEXT OF THE COMPASS ROUTINES IS GlVEN, 

11 CODE" 34020, 
PPROCEOURE" ELMVECCL, U, SHIFT, A, 8, X)s "VALLI~" L,U,SHIFT,XJ 
"INTEGER" L,U,SHIFTs "REAL" x, ~AR.RAY~ A,.e, 
"FOR• Lt• L "STEP" 1 "UNTIL" U "00'' AtLl1• A[Ll + 6tL + SHIFTJ * XJ 

"EOP" 

•PROCEDURE" ELMCOLCL, U, I, J, •• 8, X)J •VALUE" L,U,l,J,X1 
"INTEGER'' L,U,I,J1 u~EAL" XJ "ARRAY" A,Bt 
"FOR" Ls• L "STEP" 1 •UNTlL" U •oo•• A tL,f ll , •. A [L, Il + B [L,JJ * x, 

UfOP" 

•CODE" 3402'1, 
' ', 

"PROCEDURE" ELMROW(L, u, I, J, A, e, x,, "VALUE" L,U,I,J,x, 
"INTEGER" L,U,I,J1 "~EA~~ XJ "ARRAY" A,BJ 
"FOR" LI• L "STEP" 1 •UNTXL" U •oou AtI,Lla• AtI,Ll + BtJ,LJ • XJ 

"EOP" 

"CODE• 34021r 
"PROCEDURE" ELMVECCOL(L, u, I, A, a, x,, "VALUE" L,U,I.,x, 
"INTEGER" L,U,I, "REAL" x, "ARRAY" A,B, 
"FOR" ~I~~ "STEP" 1 "UNTIL" U "00" At~la• ACLJ + BCL,IJ * x, 

"EOP" 

tC00E" 340221 
" 

MPROCEOUREP ELMCOLVEC(L. u, I, A, a, X)t "VALUE" L,U,I,x, 
"INTEGER~ L,U,IJ "REAL" XJ •ARRAY" A,BJ 
"f'0R" L, s• L 11 STEP• 1 11 UNTIL" U "00" A ti., Il t• A CL, Il + B CLJ * Xf 

"EOP" 

,,ooE" 3402&, 
NPROCEOUREH ELMVECROWCL, u, I, A. 8, x,, nVALUf" L,U,I,x, 
"lNTEGERq L,u,1, "REAL• x, "A~RAY" ,,e, 
qFOR" La• L "STEP" 1 "UNTIL• u •oo•• A[Ll1• AtLJ • Btl,Ll * x, 

"EOP" 



SECTION I 1,.1.s 

•tOOE• 34027J 
•PROCEOWRE• ELMROWYEC(L, u, I, ,, a, x,, •VALUE" L,U,t,x, 
"INTEGER" L,U,IJ "REAL' XJ •ARRAY" A,81 

MC 
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1 F0R" LI• L ttSTEP• 1 MUNT IL" U "00 1 A [t,L.l ta A[t,Ll + BtLl * XJ 
dfOP• 

•CODE• 340291 
•PROCEOUREfi ELMCOLROw(~, U, I, J, A, B, X)1 •VALUE" L,U,I,J,X1 
'INTEGER" L,U,I,JJ "REAL" x, "ARRAY" A,Bt 
"FOR" LI• L "STEP" 1 "UNTIL fl U •00 1 A tL, Il ,. A [L, Il + 8 tJ,LJ • x, 

•EQP• 

ICOOE• 34028f 
•PROCEDURE" ELMROWCOL(L, tJ, I, J, A, 8, X)J •VALUE" L,U,l,J,Xt 
"INTEGER" L,U,I,J1 "REAL" Xs "ARRAY" A,Bp 
•FOR• LI• L •STEP• 1 "UNTIL" U "00" ACI,LJ1• A[I,Ll ♦ BtL,JJ • XJ 

"EOP" 

•cooe:• 3402s, 
'INTEGER" •PROCEOURE 1 MAXELMROW(L, U, I, J, A, 8, X)J 
•VALUE• L,U,I,J,X; "INTEGER~ L,U,I,JJ ~REAL• x, "ARRAY• A,Bt 
•BEGIN" "INTEGER" KJ "REAL• R, St 

s,. o, 
•FOR• Kl• L •STEP" 1 "UNTIL• U •DOM 
"8 E GIN" RI m A [ I , Kl 1 • A [I, K J + S [ J, Kl * X J • l F • A 8 S ( R) > 8 "THEN" 

"BEGIN• Saa ABS(R)J LI• K "END" 
"END"t 
MAXELMROW1• L 

•e:ND" ~AXEL~Row, 
11 EOP" 
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AUTHOR1 

CONTRIBUTOR• 
• 

INITITUTEI MATHEMATICAL CENTRE, 

R~CflVE01 
' 

BRIEF DESCRIPTION& 
• 

THIS SECTION CONTAINS SIX PROCEDURES, 
lCHVEC INTERCHANGES THE ELEMENTS OF THE VECTOR GIVfN IN ARRAY 
AEL1Ul AND ARRAY A[SHIFT +LI SHIFT+ UJ, 
ICHCO~ INTERCHANGES THE E~EMENTS OF TME COLUMN VECTORS GIVEN IN 
ARRAY AtLsU, 1,11 ANO ARRAY AtLtU, JaJl, 
lCHROW INTERCHANGES THE ELEMENTS OF THE ROW VECTORS GIVEN IN 4RRAY 
AtiiI, L1UJ AND ARRAY AtJ1J, L~UJ 1 
lCHROWCOL JNTERCHANGES THE ELEMENT$ OF THE ROW VECTOR GIV!N IN 

• 

ARRAY AtI1I, LaUJ AND THE COLUMN VECTOR GIVEN IN ARRAY AtL1U, JaJJ, 
ICHSEQYEC INTERCHANGES THE ELEMENTS Of THE VECTORS GJVEN IN ARRAY 
AtlL I IL+ CU+~ - l>•CU • L)//ll ANO AARAY AtSHlFT+L I 8MlFT ♦ Ul, 
WHERE THE E~EMENTS OF THE FIRST VECTOR ARE AtlL+CJ+L•1)•(J•L)//2J 
,oR J • L,,,,, U, 
lCMSEQ INTERCHANGES THE ELEMENTS 
IN ARRAY AtIL I I~+ CU+~• 1) * 
AESHIFT ♦ 1~ I SHIFT+ IL+ CU+~• 1) 

• 

ELEMENTS OF THE VECTORS ARE AtIL + CJ+ 
A[SHIFT ♦ IL+ CJ+ L • l) •CJ•~) II 

OF THE VECTORS GIVEN 
CU• L) // 2l AND ARRAY 
* CU~ LJ // 2l WHERE THE 
L • 1) •CJ• Ll // ll AND 
!l FOR J • L ,, 11 , U , 

KfVWORDSI 
• 

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS, 
INTERCHANGING, 



SUS~ECTlON1 ICHVEC, 

CAL~lNG SEQUENCES 

HEADING; 
"PROCEDURE" ICHVEC(L, U, SHIFT, A)J QVALUE~ L,U,SHIFT1 
"INTEGER" L,U,SHlFTs "ARRAY" AJ 

FORMAL PARAMETERSs 
L,Ut <ARITHMETIC EXPRESSION>J 

~O~ER ANO UPPER SOUND or THE RUNNING SUBSCRIPT, 
SMIFT1 <ARITHMETIC EXPRESSION>J 

INOEXwSHIFTING PARAMETERJ 
A; cARRAY lOENTIFIER>J 

"ARRAY 1• A[l11l2l, 

MC 
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THE SUBSCRIPTS ABOVE ANO THE VALUES OF L (+SHIFT) AND 
U(+SHIFT) SHOULD NOT CONTRADICT EACH OTHER, 

~ANGUAGEI 

MiTHOD AND PERFORMANCE1 

SEE REFERENCE t1l, 

IUBSfCTIONI ICHCOL. 
• • 

CALLING SEQUENCES 

HfAOINGa 
••PROCEDURE• tCHCOL(L, U, l, J, All "VA~UE" L,U,I,Jr 
"INTEGER" L,u,r,J, »ARRAY" A, 

FORMAL 
L,U1 

I,Ja 

As 
• 

P4RAMETERS1 
<ARITHMETIC EXPRES$10N ► J 
LOWER AND UPPER BOUND OF THE RUNNING SUBSCRlPTJ 
<ARITHMETIC EXPRESSXON>J 
COLUMN•lNOICES OF THE COLUMN VECTORS OF ARRAY Al 
<ARRAY IDENTIFXER>J 
~ARRAY" A[l11IZ, J1tJ2JJ 
THE SUBSCRIPTS ABOVE ANO THE VALUES. OF~, U, 1 ANO J SHOULD 
~OT CONTRADICT EACH OTHER• 

LAN&UAGEa 
, 

• 

MlTHOD ANO PERFORMANCES 

SEE REFERENCE [11, 



1-st REVISION, 1975 

SECTION I 1.1.6 (DECEMBE~ 1975) 

SUBSECTION: ICHROW. 

CALLING SEQUENC~X 

HEAUINGJ 
•• p f-: D s t. 0 u R l:. II. I C H RO w ( L ' u ' I ' J t A ) ; 1141 V A L u E ,. L , u , I , J ; 
1111 I t'-1 T E GE~•• L , U , I , J ; •• A RR A Y •• A ; 

• 

FORMAL PARAMETERS: 
L,Ua <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF TH[ RUNNING SUBSCRIPT; 
I,J: <ARITHMETIC EXPRESSION>; 

ROW-INOICtS OF THE ROW VECTo,s OF ARRAY A; 
Al <ARRAY IDENTIFIER>; 

••ARRAY'• A(I11I2, J1:tJ2J; 

MC 
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THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U9 I AND J SHOULD 
NOT CONTRADICT EACH OTHER. 

LANGUAG~I ALGOL 60. 

H~THOO ANO PERFORMANCES SEE REFERENCE (11. 

SUBSECTIONS ICHROWCOL. 

GALLING SEQJENC~I 

HE. ADI NGI 
••PROCEDURt.. 1

• ICHROWCOL<L, U, I, J, A); •111 VALUE 0
• L,U,I,J; 

••It~ IE GER•• L, U • I , J ; ••ARRAY•• A ; 

FORMAL PARAHETERSS 
L,Ua <ARITHMETIC EXPRESSION>; 

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

ROW-INDEX OF THE ROW VECT)R o~ ARRAY A; 
J: <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF T~E COLU~~ V~CT)R JF ARRAY A; 
Al <ARRAY IDENTIFIER>; 

••ARRAY 11
• A(I1112, J11J2l; 

LANGUAGt:.I 

THE SUBSCRIPTS ABOVE AND THE VALUES OF L, U, I ANO J SHOULD 
NOT CONTRADICT EACH OTHER, FURTHERMORE THE ROW AND COLUMN 
TO BE INTERCHANGED SHOULD BE DISJUNCT; 

ALGOL 60. 

HlTHOO ANO PERFORMANCEI SEE REFERENCE (1J. 



1-st REVISION, 197 5 

SECTION I 1.1.6 

SUBSECTIONI ICHSEQVEC. 

CALLING SEQUENCES 

Ht. ADI NG& 

MC 

(APRIL 197Lt) PAGE 

•• PF: .. 0 : ED URE •• I CHS E Q V E C ( L , U , IL , S H IF T , A ) ; •• v ALU E •• L , U , I L , S H I F T ; 
•• I t~ TE Gt.. R •• L , U , I L , SH I FT ; •• A RR A Y •• A ; 

FOkMAL PARAHETERSI 
L,U: <ARITHMETIC EXPRESSION>; 

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

LOWER BOUND OF THE ~ECTO~ A; 
SHIFT, <Ai<.ITHMETIC EXPRESSION>; 

INDEX-SHIFTING PARAHETE~; 
Al <ARRAY IDENTIFIER>; 

••ARR.A y•• A CI 1 a I 2 l ; 
THE SUBSCRIPTS ABOVE AND THE VALUES OF L(+SHIFT>, U(+SHIFT) 
ANO ll(+CU+L-1)•(U-L)//2) SHJULD NOT CONTRADICT EACH OTHER. 

LANGUAGEI ALGOL 60. 

METHOD ANO PERFORMANCES 

SEE REFERENCE 111. 



1-st REVISION, 1975 

St.CT IO t~ I 1 • 1 • 6 

5UBSECTION: ICHSEQ. 

CALLING SEQJENCEa 

HE.ALI NG: 
•• PR D C t: 0 U Rt.•• I CHS E Q ( L , U , I L , 5 H l F T , A > ; •• V AL U E •• L , U , IL , S HI FT ; 
10 I~-! 1· E Gt~•• L, U , IL, SH IF T; ••ARRAY•• A; 

FOKMAL PARAMETERS! 
L,Ui <A~ITHMETIC EXPRESSION>; 

lOHER AND UPPER BOUND OF THE RUNNING SUBSCRIPT; 
!La <ARITHMETIC EXPRESSION>; 

LOWER BOUND OF THE VECTOR A; 
SHIFTi <ARITH~ETIC EXPRESSION>; 

IND~X·•rSHIFTING PARAMETER; 
Ai <ARRAY IDENTIFIE~>; 

HARRAYH ACI11I2]; 

MC 
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THE SUBSCRIPTS ABOVE AND THE VALUES OF Il+(J+L-1>•<J-L)//2 
{ +SHIFT >,J = L(1)U, SHOULD NOT CONTRADICT EACH OTHER. 

LANGUAG~I ALGOL 60. 

M~THOCi ANO PERFORHANCEI 

SEE REFERENCE C1lo 

REFt:RENCES: 

{1].T,.J.OEKKER. 
ALGOL 60 PROCEDURES IN NU~ERICAL ALGEBRA, PART1. 
MATHiMATICAL CENTRE TRACT 22• AMSTE~OAM (1970>. 



1-st REVISION, 1975 

SECTION I 1.1.6 (APRIL 19 74) 

SOUkGE TEXT(S)I 

•• C O D :: •• 3 f+ 0 3 0 ; 
•• PR. 0 C E O U RE •• I CH VE C C L , U , SH I FT , A ) ; •• VA L U E •• L , U , S H I F T ; 
··rNTEGi:.R'" L,U,SHIFT; ··ARRAv·· A; 
••BE.GI N"0 ••RE AL•• R; . 

••FOR•• L J - L •• ST E P •• 1 ••UN TI L •• U •• 0 0 •• 
' 

MC 

PAGE 

••BEGIN'* RI= A[LJ; ACLJ&- ACL + SHIFT]; A[L + SHIFT JI= R ••ENO" 
••ENu•• ICH\/EC; 

••Eop•• 

•• C OU E •• 3 t+ 0 31 ; 
••PROCEDURE•• ICHCOLCL, U, I, J, At; ••vALUE•• L,U,I,J; 
•• I NT EGER•• L , U , I , J ; •• A RR A Y"' A ; 
10 BEGIN 11

• ••REAL•• R; 
••FOR•• L I = L ••STEP•• 1 ••UN TI L •• U •• 0 o •• 
••BEG IN•• R 1 = A C L , I J ; A C L , I l a = A C L , J J ; A c L, J J 1 = R "E No•• 

••EN □•• ICHCOL; 
••Eop•• 

•• t., 0 D:. •• 3 4 0 3 2 ; 
10 PROCEOURE•• ICHROW(L, U, I, J, A); ••vALUE'0 L,U,I,J; 
··rNTEGE~·· L,U,I,J; ··ARRAv·· A; 
•• B E G I N •• •• RE A L •• R ; 

•• F O ~ •• L a = L ••STEP•• 1 ••UN TI L •• U •• D O •• 
•• BEG I N •• R I = A C I , L l ; A C l , L J I = A ( J , L l ; A [ J , L J I - R •• E NO •• 

111 E ND 1
• ICH ROW; 
··£op•• 

• 



' 

8ftTION I 1, 1,b 

"CODE" 34033r 
"PROCEDURE" ICHROWCOLCL, U, I, J, A)J "VALUE" L,U,l,Jr 
"lNTEGER" ~,U,I,J; "ARRAY" A, 
"BEGIN~ "REAL'' RJ 

~FOR" Laa L "STEP'' 1 "UNTILM U "00" 
"BEGIN" Ra: A tI,t.l I A Cl ,Ll a• A tL,Jl 1 4 CL,Jl 1• R "ENO" 

''END" tCHROWCOL J 
"EOP" 

•CODE• 3403'-'r 

MC 
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-- "PROCEDURE•• ICHSEQVECCL, U, IL, SHIFT, A)J "VALUE" L,U,IL,SHIFTJ 
"INTEGER" L,U,IL,SHIFTr "ARRAV 0 Al 
"BEGIN" "REAL" R1 

•FORq LI• L "STEP" 1 "UNTIL" U "DO" 
1t8EGIN'' Ra• AttLJJ AC!Ll1• AtL + SHlFTlJ A[L + SHIFTJaa RJ 

IL.1• tL. + L 
"ENO" 

"END" ICHSEGJVECJ 
"f0P" 

"COOE" 34035t 
. "PROCEDURE" ICHSEQ(L, U, IL, SHIFT, A)J nVALUE" L,U,IL,SHIFTJ 

"INTEGER" L,U,IL,SHIFTJ ''ARRAY" AJ -
" BE G I N JI • RE A L ,, R , 

"F0Rff Lt= L "STEP" 1 "UNTILM U noon 
N8EGINP R1a AEILlJ AtILJJ: AtIL + SHIFTlJ AtIL + SMlFTl 1• AJ 

ILt• IL+ L. 
"ENO'' 

"ENO" ICHSEQJ 
"EOP" 
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AUTHOR1 

CONTRIBUTOR& P 1 A,BEENTJES, 

MATHEMATICAL CENTRE, 

Re:tEIVE01 730715, 

8Rlf' DESCRIPTION1 

THIS SECTION CO~TAINS TWO PROCEDURES, 
ROTCOL REPLACES THE COLUMN VECTOR X GIVE~ IN ARRAY ACL1U, I1Il ANO 
TME tO~UM~ VECTOR V GIVEN IN ARRAY AtLIU, J1JJ BV THE VECTORS 
ex. SY ANO CY. sx. 
ROTRO~ REPLACES THE ROW VECTOR X GIVEN ?N ARRAY Atlal, LtUl ANO THE 
ROW VECTOR Y GIVEN IN ARRAY AtJ1J, L1Ul BY THE VECTORS ex+ sv ANO 
CY• SX, 

t<EYWORDS1 
• • 

ELEMENTARY PROCEDURE, 
VECTOR OPERATIONS, 
ROTATION, 

IU8SECTION1 ROTCOL, -· 

CALLING SEQUENCE& 

HE.ADING1 
"PROCEDURE" ROTCOL(L, u, I, J, A, c, s,, "VALUE" L,U,l,J,c,s, 
"INTEGER" L,U,I,JJ »REAL" C,SJ •ARRAY" AJ 

FORMAL PARA~ETERS3 
L,UJ <ARITHMETIC EX~RESSION>t 

LOWER ANO UPPER BOijND OF THE RUNNING suascRJPT, 
X,Js <ARITHMETIC EXPRESSION>J 

COLUMNaINOICES OF THE COLUMN VECTORS OF ARRAY AJ 
Al cARRAY IDENTIFIER>, 

"ARRAY" AtI11I2, J11J2J I 
THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U, l AND J SHOULD 
NOT CONTRADICT EACH OTHERJ 

C1 Sa <ARITHMETIC EXPRESSION>J 
ROTATION FACTORS. 

LANGUAGE1 COMPASS l, 

MlTHOD ANO PERFORMANCE1 
. ' 

SEE REFERENCE t1l, 



MC 

IU88ECTION1 ROTRD~. 

CALLING SEQUENCES 

HfADINGt 

(APRIL 1974) 

-PROCEDURE• ROTROW(L, u, l, J, A, c, s,, "VALUE" L,U,I,J,c,s, 
•INTEGER" L,U,I,JJ "REAL 5 C,SJ "ARRAV" AJ 

FORMAL PARAMETERS$ 
L,Ut ~ARITHMETIC EXPRESSION>J 

LO~ER ANO UPPER BOUND OF TME RU~~ING SUBSCRIPTf 
I,J1 ~ARITHMETIC EXPRESSlON>J 

RO~~INOICES OF THE ROWwVECTORS OF ARRAY AJ 
At <ARRAY lDENTlFIER>J 

"A~RAV• AEI1112, J11J2]J 

PAGf 2 

THE SUBSCRIPTS ABOVE ANO THE VALUES OF L, U, I ANO J SHOULD 
NOT CONTRADICT EACH OTMERJ 

c,sa cARITHMETIC EXPAESSION>s 
ROTATION FACTORS. 

LANGUAQfl CO~PASS 3, 

MJTHOD ANO PERFORMANCE1 

SEE REFERENCE t1l, 

Rf FERENCE Sa 

ttl.T 1 J,OEKKER 1 

ALGOL oO P~OCEDURES IN NUMERICAL A~GEBRA, PART!, 
MATHEMATICAL CENTRE TRACT ZZ, AMSTERDAM (l,10) 1 



MC 

SECTION I t,1 1 7 (APRIL t97Q) 

IOURCE TEXT(Sll 

TH£ FOLLOWING PROCEDURES ARE ~RITTEN IN CO~PASS 3, 
TH£ ALGOL SOURCE TEXT OF THE COMPASS ROUTI~ES IS GIY!N 1 

"CODE• 140401 
"PROCEDURE" ROTCOLCL, u, I, J, A, c, S)J •VALUE• L,u.I,J,c,s, 
•INTEGER• L,U,I,J1 "REAL" C,SJ •ARRAY" As 
•&[GIN• NREAL" x, v, 

•FOR• LI• L •STEP" 1 "UNTIL" U "DO" 
•BEGlNM x, ■ AtL,Ilr V1a AtL,Jlt AtL,Ilt• x • C + V • s, 

AIL,JJ1a V * C • X * S 
•END• 

1£ND• ROTCOLJ 
•EOP• 

•CODE• 340411 
"PROCEDURE• ROTROW(L, u, I, J, ., c, s,, "VALUE" L,U,I,J,c,s, 
"lNTfGER" L,U,I,JJ ~REAL" C,Sp "ARRAV" At 
"BEGIN" "REAL~ X, YJ 

•FOR•~·· L "STEP• 1 NUNTlLM U "00-
•BEQIN• X1a AtI,LJ1 V1m AtJ,Ll s 4tI,Lll• X * C + Y • s, 

AtJ,LJI• V •Cw X • S 
"END 1 

•£ND" ROTROWJ 
"fOP" 

PiGf 3 



J. -st REVISION, 197 5 

(OCTOBER 1975) 

AUTHORS: C.G. VANDERLAAN AND J.C.P. BUS. 

I N S T I T U T E t '1 A T r1 t. ~, AT I CAL C EN T R E • 

· ~ C · - V [ r· ' 7 1 0 "") ,... ➔ f( L . :_ J. I u : -+ ·;; c::. .L • 

BRI~F DESCRlPTIONI 

INFN~MVEC CALCULATES THE INFINITY-NO~M OF A VECTOR; 
INFt'i?..MROW CALCULATES THE INFINITV-NO~M OF A ROW VECTO<.; 
INFNRMCOL CALCULATES THE I~FINITY-NO~H OF A COLUMN VECTOR; 
INFN~MMAT CALCULATES THE INFINITY-NO~M JF A MATRIX; 
ONtN~MVEC CALCULATES THE ONE-NORM OF A vE:ToR; 
ONENRHROH CALCULATES THE ONE-NORM OF A ~ow VECTOR; 
ONENRMCOL CALCULATES THE ONE·NORH OF A COLUMN VECTOR; 
ONlNRMMAT CALCULATES THE ONE NORM OF A ~ATRIX; 

MC 

PAGE 1 

ABSMAXHAT CALCULATES FOR A GIVEN MAT~IX THE MODULUS OF AN ELEMENT 
WHICH IS QF MAXIMUM ABSOLUTE VALUE; 

KE:. YWDROSI 

V t. C W;• 0 k. N O ~ M S , 
t1 A T ~~ I X N O :~ M S • 



1-st REVISION, 197 5 

SE:.CTION I 1.1. 8 (OCTOBER 1975) 

SUBSECTION& INFt~RMVEC. 

CALLING SEQUE~CEI 

THE HEAJING OF THE PROCEDURE REAOSI 
••REAL•• '0 PROCEDURE•• INFNRMVSC (L, U, K, A>; 
•• v ALU E•• L , U; ••IN TE GER"" L, U, K; ••AR~ A Y •• A; 

• 

INFNRHVEC I= MAX( ABS(A[IJ>, I- L, ••• , U ); 

THE MEANING OF THE FORMAL PARAMETERS ISi 
L, UI <A~ITHMETIC EXPRESSION>; 

MC 
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ENTRYITHE LOWER BOUND ANO UPPER BOUND OF THE INDICES OF THE 
VECTOR A RESPECTIVELY; 

Kl <VARI ABLE>; 
EXITITHE FIRST INDEX FOR ~HICH ABSCACil>, I= L, ••• , U, 

IS MAXIMAL; 
Al <ARRAY IDENTIFIER>; 

10 ARRAY"' A[LtUJ. 

PROCEDURES USED& NONE. 

SUBSECTIONI INFNRMROW. 

CALLING SEQJENCEI 

THE HEADING OF THE PROCEDURE REAOSI 
••RE A L •• ... P =l O C E OU RE •• I N F N RM RO W ( L t U , I , K , A ) ; 
··v AL u E'· L, u, r ; ··1 NT EGE. R •• L, u, I , <; •• A =t RA v.. A; 

INFNRMROW a= HAX( ABS(AtI,Jl), J= L, 

THE MEANING OF THE FORMAL PARAHET~RS ISi 
L, UI <ARITHMETIC EXPRESSION>; 

• 

ENT~YITHE LOWER BOUND AND UPPER BOUND OF THE INDICES OF THE 
ROH VECTOR A RESPECTIVELY; 

II <ARITHMETIC EXPRESSION>; 
ENTRYITHE ROW INDEX; 

Kl <VARIABLE>; 
EXITITHE FIRST INDEX FOR ~HICH ABS(ACI,Jl>, J - L, ••• , U, 

IS MA)(IHAL; 
Al <ARRAY IDENTIFIER>; 

•• A RR A Y •• A C I l I , L I U l • 

PROCEDURES USEDI NONE. 

.. 



1-st REVISION, 197 5 MC 

(OCTOBER 1975) PAGE 3 

SUBSECTION& INFNRMCOL. 

CALLING SEQUENCEI 

THE HEADING OF THE PROCEDURE READSI 
••R.E.AL 11

' "'P~OCEOURE'" INFNRMCOL(L, U, J, K, A); 
··vALUE'· L, u, J; 811INTEGER 110 L, u, J, K; ··A~RAY 1111 A; 

• 

l NF t~ ~ MC O L .l = MA X ( A 8 S ( A ( I , J l ) , I = L , • • • , U t ; 

THE MEANING OF THE FORMAL PARAMETERS ISi 
L, Ut <ARITHMETIC EXPRESSION>; 

ENTRYITHE LOWER BOUND AND UPPER BOUND OF THE INDICES OF THE 
COLUMN VECTOR A RESPECTIVELY; 

JI <ARITHMETIC EXPRESSION>; 
ENTRYITHE COLUMN INJEX; 

Kl <VARIABLE>; 
EXITITHE FIRST INDEX FOR ~HIGH ABS(ACI,Jl), I= L, ••• , U9 

IS MAXIMAL; 
~z <A~RAY IDENTIFIER>; 

••ARR A y•• A C l i U , J a J l • 

PkOCEDUKSS USED: NONE~ 

SUBSECTION• INFN~MMAT. 

CALLING SEQUENCE! 

THE HEADING OF THE PROCEDURE READS& 
10 REALa• 1111 PROCEOURE 1

• INFNRHMAT (LR, LJR, L.C, UC, KR, A); 
110 VALUE·· LR, UR, LC, uc; ··INTEGER'· LR, u~. LC, UC, KR; 111 ARRAY 11 A; 

INFNRMMAT I= MAX( ONENRMROW(LC, UC, I, A), I=LR, •••t UR); 

THE MEA~ING OF THE FORMAL PARAMETERS ISi 
LR, URI <ARITHMETIC EXPRESSION>; 

ENTRYITHE LOWER BOUND AND UP~ER BOUND OF THE ~ow INO~X, 
RESPECTIWELY; 

LC, UC: <ARITHMETIC EXPRESSION>; 

KRI 

ENTRYITHE LOWER BOUND ANO UP?ER BOUND OF THE COLUMN INDEX, 
RESPECTIWELY; 

<VARIABLE>; 
EXITITHE FIRST ROW INDEX FOR WHICH THE ONE-NORM IS MAXIMAL; 
<ARRAY IDENTIFIER>; 
••ARRAY•• ACLRIUR,LCI UC]. 

PROC£DURES JSEDI ONENRMROW. 



1-st REVISION, 197 5 

(OCTOBER 1975) 

SUBSECTION: ONE~RHVEC. 

CALLitlG SEQUENCE: 

TH£ HEADING OF THE PROCEDURE REAOSI 
••REAL•• ••PROCEDURE•• ONENRMVEC (L, U, A); 
•• V A 1... U E:. •• L ~ U ; ... l N TE G ER•• L , U ; •• A R < A Y •• A ; 

' 

' 

ONENRHVEC l= SUH( ABS(A(Il>, I= L, •••t U ); 

THE MEA~ING OF THE FORHAL PARAMETERS ISi 
L, UI <ARITHMETIC EXPRESSION>; 

MC 
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ENT~YITHE LOWER BOUND AND UPPER BOUND OF THE INDICES OF THE 
VECTOR A RESPECTIVELY; 

Al <A~RAV IDENTIFIER.>; 
•• A RR A Y •• A C L I U l • 

PROCEDURES USEOI NONE. 

SUBSECTIONI ONENRH~ow. 

CALLING SEQUENCEI 

THE HEADING OF THE PROCEDURE READSI 
••RE A L •• ••PR O C E OUR E •• 0 N EN RM RO W ( L , U , I , A ) ; 
•• VAL U E·· L 9 U 9 l ; •• I NT E G £ R_ M L t U t I ; ,. AR<. A Y •• A ; 

ONENRMROW 1= SUM( ABS(A{I~Jl), J= L, •••• U ); 

THE MEANING OF THE FORHAL PARAMETERS ISi 
L, UI <ARITHHETIC EXPRESSION>; 

ENTRYITHE LOWER BOUND AND UPPER BOUND OF THE INDICES OF THE 
ROW VECTOR A RESPECTIVELY; 

II <ARITHMETIC EXPRESSION>; 
ENTRYa THE ROH INDEX; 

Al <ARRAY IDENTIFIER>; 
•• A k RA Y •• A [ I I I , L I U l • 

PROCEDURES USEOI NONE. 



1-st REVISION, 197 5 

SECTION f 1.1.8 (OCTOBER 1975) 

SUBSLCTION: ONlNRMCOL. 

THE HEADING OF TH£ PROCEDURE READS: 
••~~Et.L "• ••PROCEDURE•• ONENRMCOL <L, U, J, A); 
••VAL U E.."" L, U, J ; ••INT E G ER•• L t U, J ; ••AR~ A Y •• A ; 

• 

ONENRMCOL := SUM( ABS(ACI,Jl), I= L, •••t U ); 

THE MEANING OF THE FORMAL PARAHETERS ISi 
L, UI <ARITH1ETIC EXPRESSION>; 

MC 
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ENT~YITHE LOWER BOUND ANO UPPER BOUND OF THE INDICES OF THE 
COLUMN VECTOR A RESPECTIVELY; 

JI <A~ITHMETIC EXPRESSION>; 
ENTRYI THE COLUMN INDEX; 

Al <ARRAY IDENTIFIER>; 
•• A RR A Y •• A ( L I U , J I J l • 

PROL~OU~ES USEUt NONE. 

SUBSECTION: ONENRMMAT. 

CALLING SEQUENCES 

THt HEADING OF THE PROC[DURE REAOSI 
'

1 REAL 11
• 

11 •PROCEOURE 0
• ONENRHMAT <LR, UR, LC, UC, KC, A>; 

110 VAL..UE 111 LR, UR, LC, uc; ··INTEGER"· L~, U<, LC, UC, KC; ··ARRAv·· A; 

ONEN~MMAT I= MAX(ONENRMCOL(LR, UR, J, A>, J=LC, ••• , JC); 

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

ENTRYITHE LOWER BOUND AND UP?ER BOUND OF THE ROW INDEX, 
RESPECTIVELY; 

LC, UCI <ARITHMETIC EXPRESSION>; 
ENTRYITHE LOWER BOUND AND UPPER BOUND OF THE COLUMN INDEX, 

~ESPECTIVELY; 
KC a <VARIABLE>; 

EXITITHE FIRST COLUMN INDEX FOR WHICH THE ONE•NORH IS 
MAXIMAL; 

Al <AR~AY IDENTIFIER>; 
••AR~ A v•• A [ l Ra UR , LC I UC l • 

PRO~EOURES USED& ONENRMCOL. 



1.-st REVISION, 1975 MC 

SECTION I 1.1.8 (OCTOBER 1975> PAGE 

SUBSECTIONI AaSMAXMAT. 

CALLING SEQJENCEI 

ABSHAXHAT a: HAX( ABSCACI,JJJ, I= L~, ••• , UR, J= LC, •••,JC); 

THL MEANING OF THE FORMAL PARAHETERS IS& 
LR, URI <ARITHMETIC EXPRESSION>; 

ENTRYITHE LOWER BOUND ANO UP~ER BOUND OF THE ~ow INDEX, 
RESPECTIVELY; 

LC, UCI <ARITHMETIC EXPRESSION>; 
ENTRYITHE LOWER BOUND ANO UPPER BOUND OF TH~ ~OLUMN INDEX. 

RESPECTIVELY; 
KR, KC& <VARIABLE>; 

EXITITHE ROW ANO COLUMN INDEX OF AN ELEMENT FOR WHICH THE 
HOOULUS IS HAXIHAL; 

Al <AR.~AY IDENTIFIER.>; 
"ARRAY" ACLRIUR,LCl~CJ. 

PROCEDUkES USEOI INFNRMCOL. 

LANGUAGEI CJHPASS. 

HETHOO ANO PERFORHANCEI 

ELEH::NTAR.Y. 



1-st REVISION, 1975 

SECTIOt~ : 1.1. 8 (OCTOBER 1975) 

SOURCE TEXT(S): 

··cooE·· 31001; 
''RE.AL·· 1111 PROCEUUR£ 1

• INFNRMVEC(L, u, K, A); ··vALuE·· L, u; 
•• I t·~ TE Gt. R •• L , u ' K; •• ARR A y M A ; 
''BEGit·-4 11 ··kEAL 114 R9 MAX; 

MAX:= O; Kl= L; 
• • F O F ... •• L : = L •• ST t P •• 1 •• U NT I L •• U •• 0 J •• 
•• s E:. GI N •• R: = A 8 S C A [ L J ) ; •• I F •• R > MAX ••THEN•• 

•• BE G I N •• M A X I = R ; K I - L •• END •• 
1111 E ND' 111

; 

INFNR.MVE:C:= MAX 
•

0 EN0 111 INFNRMVEC; 
•• EOP •• 

··cooE·· 31062; 
••REAL•• ••PROCEDURE•• INFNRMROW(L, U, I, K, A); ••vALUE:" L, U., I; 
••INT EGE~•• L , U, I, K; ••ARRAY•• A ; 
••BEGIN'' ••REAL•• R, MAX; 

HA X a= 0; K 1 = L; 
•• F O R •• L a = L •• ST E P •• 1 11

" U N T I L •• U •• 0 0 •• 
•• 8 E GI N •• R I = A BS ( A C I t L J ) ; •• I F •• R > MA X •• T HE N •• 

··aEGIN 111 MAXI= R; Kl= L 111 EN0·· 
••Et-. D •• ; 
INFNR.MROWI= MAX 

··EN □•• INFNKM~ow; 
1111 EOP •• 

··co □ E·· 3106 3; 
••P..E.AL•• ••PROCEDURE•• INFNRMCOLCL, U, J, K, A); ••vALUE•• L, U, J; 
•• ! NT E G c. R •• L , U , J, K ; ••ARRAY•• A ; 
••BE.GIN'• ••R.EAL•• R, MAX; 

MAXI= O; Kt= L; 
••FOR.•• L I = L ••STEP•• 1 •• u NT IL•• U •• 0 0 •• 
•• s E Gr N •• Rs = Ass c Ac L , J 1 > ; ··IF" R > HA x •• r HEN·· 

11
• 8 E G l N •• M A X : = R ; K I - L •• EN O •• 

••END 110
; 

INFNRHCOLI= MAX 
•• E ND •• I f\tF N k M C O L ; 

•• f.OP •• 

MC 
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1-st REVISION, 197 5 

SECTION a 1. 1. 8 IOCTOBER 1975) 

··cooE·· 31064; 
*ARE.AL•• ••p~OCEDURE•• INFNRHHATCLR, UR,, LC, UC, KR, A); 
1111 VALUE 1

• LR, UR, LC' UC; ··INT EGER·· LR, UR, LC' UC' KR; •• ARRA y•• A; 
•• BE CI N •• 1111 RE A L •• R • MA X ; 

•• R t. A L •• •• PR O C E DURE.. 0 NE N RH RO W ( L , U , I , A ) ; "' CO OE •• 3 1 0 6 & ; 
MAXI= O; KRI= LR; 
• • F O R " LR s = L ~ •• S T E P •• 1 •• UN T I L •• U i::t •• D J •• 
•• 8 E G I N •• R z = 0 NE N RM ROW ( L C , U C , L R, A ) ; •• I F •• R > ~ A X •• TH EN •• 

••BEGIN"• MAXI= R; KRI= LR ••ENO .. 
••END••; 
INFNRHHAT1- MAX 

••ENO•• I NF NR M HA T ; 
••£op•• 

•• c o o E •• 31 oo 5 ; 
••Rt.AL•• 1•PROCEDURE1111 ONENRMVEC (L, U, A); "VALUEu L, u; 
••INTEGER•• L , U; ••ARRAY 11111 A; 
••st.GIN•• ••REAL•• SUM; 

SU M a = 0 ; ... F OR.. l t = L y S T E P •• 1 •• UN T I L .. U •• 0 0 •• 
SUMI= SJH + ABS(ACLJ); 
ONENRMVE.CI= SUM 

••END•• ONENRH\IEC; 
... £op•• 

··co □ E·· 3106o; 
··Rt.AL*• "PROCEDURE·· ONENRMROW(L-, u, I, A); ··vALUE 1

• L, u, r; 
•• ! N T f G E R •• L , U , I ; •• ARR A Y •• A ; 
••sc. GI t, •• s 'RE.:A L •• SUM; 

s u M: = o ; •• F o R •• L , = L •• s r E P •• 1 •• u N r IL... u •• o o •• 
SUH:= SUM+ ABS<ACI.Ll); 
ONENRMROWI= SUM 

••Et-lD 111 ONE Nk.M ~OW; 
••£op•• 

MC 
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··coo E •• 31 o 6 7 ; 
··REAL •• ··PROCEDURE·· ONENRMCOL (L., u, J, A); ··vALuE·· L' u,, J; 
''INTEGER•• L, U, J; '"ARRAY'• A; 
10 BEGI N1

• ••REAL•• SUM; 
SU M I = 0 ; •• F OR •• L I = L •• S T E P •• 1 •• U N T I L M U •• D O •• 
SUMJ= SJM + ABS(A[L,JJ); 
ONEN~HCOL&= SUM 

••£OP•• 

··coo£·· 3106B; 
••RE.AL•• 10 PROCEDURE 0

• ONENRMMAT(LR, UR, LC, UC, KC, A>; 
··vALUE 1

• LR, UR, LC, uc; ··INTEGER·· LR, u~, LC, UC, KC; ··ARRAv·· A; 
••at.GIN'• ••REAL'• MAX, R; 

··REAL·· '"PROCEDURE" ONENRHCOL(L, u, J, A); ··cooE"' 31067; 
MAXI- O; KCI= LC; 
•• FOR.. L C I = L C •• S T £ P •• 1 •• U NT I L •• UC "D J •• 
··sEGIN'11 Ra- ONENRHCOL(LR, UR, LC, A); ··rF·· R > MAX ··rHEN 1

• 

•• BEG I N •• H A X I = R ; KC a - L C •• E NO •• 
••END'• ; 
ONENR.MMATI- HAX 

••E No•• ONE NRMHA T; 
••EOP •• 

··cooE·· 31069; 
••REAL 110 ••PROCEDURE"• ABSMAXMATCLR, UR, LC, UC, I, J, A); 
··vALuE·· LR, UR, LC, uc; ··INTEGER·· LR, U<, LC, uc, I, J; .. ARRAv·· A; 
•• BE GI N •• •• I N T E GE R •• I I ; ••RE A L •• M A X , R; 

··REAL·· ··PROCEDURE·· INFNRHCOL(L, u, I, K, A); ··cooE·· 31063; 
MAXI= O; 11- LR; JI= LC; 
•• F OR•• L C I = L C •• S T E P •• 1 •• U NT I L •• UC •• D O •• 
... BEGIN•• RI- INFNRHCOL(LR, UR, LC, II, A>; ••1F•• R > MAX ••THEN'• 

••BEGIN'• HAXZ= R; 11- II; JJ= LC ••END'• 
••END•• ; 
ABSHA.XMATI= MAX 

••EN □•• ABSHAXMAT; 
,. E.O p ,. 

' 
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INSTITUTE1 MATHEMATlCAL CENTRE, 

RECElVED1 731030, 

BRIEF DESCRIPTION1 
' ' 

THE PROCEDURE REASC~ NORMA~IZES THE (NON•~UL~) COLU~NS OF A TWO• 
DIMENSIONAL ARRAY IN SUCH A WAY THAT, IN E4CM COLUMN, AN ELEMENT OF 
MAXIMUM ABSOLUTE VA~UE EQUALS 1, THE NORMA~lZEO VECTORS ARf 
DE~IVEREO IN THE CORRES~ONOING CO~UMNS OF THE ARRAY, 

KfVWORDSI 
• 

NORMALIZATION, 
VECTOR SCALING. 

CALLING SEQUENCES 

THE HEADING OF THE PROCEDURE IS1 
MPROCEDURE" REASCL(A, N, N1, N2)J "VALUEn N, Nl, N2J 
"INTEGER" N, N1, N2J "ARRAY•• At 

THE MEANING OF THE FORM4L PARAMETERS IS1 
As cARRAV lDENTIFIER>J 

A TWOwDIMENSIONAL ARRAV At1aN,NltN2J J 
ENTRYI THE N2 "Nl + t CO~UMN VECTORS MUST BE GlVtN IN AJ 
EXIT: THE NORMALIZED VECTORS CI,£ 1 IN EACH VECTOR AN 

ELEMENT OF MAXIMUM ABSOLUTE VALUE EQUALS 1) ARE 
DELIVERED IN THE CORRESPONDING COLUMNS OF Al 

Ng cARITHMETtC EXPRESSION>J 
THE NUMBER OF ROWS OF ARRAY AJ 

Nt, N21 <ARITHMETIC EXPRESSION>r 
THE LOWER ANO UPPER 80UNO OF THE COLUMN INDICES OF ARRAY A, 
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PROCEDURES ~SfOS NONE. 

RUNNING TIMEI PROPORTIONAL TON* (NZ• Nt + 1) 1 

1.ANGUAGEI 

MlTHOO 4'ND PERFORli1ANCEI SEE REF [lJ 1 

RfFERE~CES1 
tll,T,J 1 DEKKER AND W8 HOFFMANN• 

ALGOL 60 PROCEDURES IN NUMERICAL ALGEBRA- PART 2 1 

MC TRACT 23, 19b8, ~ATH 1 CENTR., AMSTERDAM, 

EXAMPLE OF USEI 

THE PROCEDURE REASCL IS USED IN REAEIG1, SECTION 3,3.1,Z,2e 

80URCE TEXT(S) I 

•t0Dftt 141831 
"CO~MENT• MCA 24131 
•PROCEDURE" REASCLCA, ~, NI, N2)J "VALUEq N, Nl, N2J 
"INTEGER• N, Nl, NZ; •ARRAY" Ar 
•BEGIN• •INTEGER" I, JJ "REAL" SJ 

•FOR" Je• ~1 "STEP" 1 ,uNTIL" N2 "00" 
"BEGIN" S1a OJ 

"FoRn Is• 1 "STEP" 1 •UNTIL"~ "DO" 
"IF" ABS(A[l,Jl) > A8S(S) "THEN- SI• All,JlJ 
•JP" 8 •• 0 1 THEN• 

MC 
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"FOR• I&• 1 "STEP" 1 "UNTlL" ,._, "00" AtI,Jlas ACI,JJ / 8 
"ENon 

"ENO" REASCLJ 
"EOP" 



MC 

SECTION s 1,1,10 PAGE 1 

INSTITUTEa ~ATHEMATICAL CENTRE, 

BRIEF DESCRIPTION1 . . . 

MAX~AT CALCULATES FOR A GIVEN MATRIX THE INDICES AND MODULUS OF AN 
EL E ~ENT , '4 HI C ti I S OF MA X l MU'◄ A 8 SOL.UTE VAL lJ E , 

KEVWDROSt 

MATRIX NORMS, 

CA~LING SEQUENCE1 

THE HEADI~G OF THIS PROCEDURE IS1 
MREAL" "PROCEDURE" MAXMAT(~R, UR, LC, UC, I, J, A)J 
"VALUE" LA, UR, LC, UCJ "INTEGER" LR, UR, LC, UC, I, Jt "ARRAY" A1 

"AXHAT1 DELIVERS FOR THE MATRIX, GIVE~ IN ARRAY A, TME MODULUS o, 
AN ELEMENT, WHICH IS OF ~AXlMU~ ASSOLUTE VALUEt IF, HOWEVER 
, LR> UR OR LC> UC, THEN MAX~ATI• Os 

THE 
LR1 

URa 

LC1 

UC1 

I I 

MEANING OF THE FOR~~L PARAMETERS ISs 
<ARITHMETIC EXPRESS10N>J 
THE LOWER SOUND OF THE FIRST SUBSCRIPT OF THE ARRAY AJ 
<ARITH~ETIC EXPRESSION>J 
THE UPPER BOUND OF THE FIRST SUBSCRIPT OF THE ARRAY Af 
<ARITHMETIC EXPRESSION>J 
THE LOWER BOUND OF THE SECOND SUBSCRIPT OF TME ARRAY AJ 
cARITHMETIC EXPRESSION•1 
THE UPPER BOUND OF THE SECOND SUBSCRIPT OF THE ARRAY AJ 
c\lARIABLE>J 
EXlT1 THE VALUE OF 

WHOSE ~OOUL.US 
LR> uq OR LC ► 

cVARIABLE>r 

THE FIRST SUBSCRIPT OF 
IS DELIVERED SY MAXMATJ 
UC, THE'.N Im LRJ 

THE SECO~O 
IS DELIVERED 
UC, THEN J • 

SUBSCRIPT OF 
BY MAXMAT, 

Le, 

EXITt THE VALUE OF 
WHOSE MODULUS 
LR> UR OR ~C > 

cARRAY IDENTIFIER~, 
A TWO• DI~ENSIONAL ARRAY AtLR I UR, LC I uc1, 
THE MATRIX MUST BE GIVEN IN 4 1 

TME 
IF, 

THE 
IF, 

ELEMENT, 
HOWEVER, 

ELEMENT, 
HOWEVER, 

PROCEDURES USEOI NONE. 



SfCTlON 
" 

REQUIRED CENTRA~ ME~ORV1 

EXECUTION FIELD LENGTH; MAXMAT DECLA~ES NO AUXI~IARY ARRAYS, 

RUNNING TIME1 

PROPORTIONAL TO CUR• LR+ 1l *(UC~ ~C + 1), 

LANGUAGE I 

EXAMPLE OF USE: 

"BEGINtt 
"REAL" "PROCEOUREn MAXMATCLR, UR, ~C, UC, !, J, A)J 
"CODE" 34230r 
''lNTEGER" I, Js "REAL" MAX1 ttARRAV" Al2a5, l~UJ J 
MAX1• lJ 
"FOR" Is• 2, 3, q "00" "FOR" J1a 31 4 "OO• 
"BEGIN" ACI, Jl1= I,_ J • MAXp MAX1= •MAX ••END''r 
A ts, 3l 1:a 1&, A ts, 4l ,. •to, Is= Ji.a o, 
MAX&: MAXMATC2, 5, l, 4, 1, J, A)J 
OUTPUTC61, "("/,+ZZD,/0,380")'•, MAX, I, J) 

"ENO_. 

OELIVE'RS1 

+lo 
4 ~ 

IOURCE TEXT(S)i 

•CODE" 3t1Z3o, 

MC 
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. "REAL" "PROCEDURE" MAXMAT(LR, UR, LC, UC, I, J, All 
"VALUE 1• LR, UR, LC, uc, "INTEGER'' LR, UR, LC, UC, I, Jr ~ARRAY" AJ 
•BEGIN" "INTEGER" P, Q1 I~, JA, "REAL'' MAX, AID, 

MAXaa OJ IAaa LRJ JAt~ LCJ 
"FOR" Pac LR "STEP" 1 "UNTIL" UR 11 00" 
naEGIN" "FOR" Qa• LC "STEP" l 11 UNTlL• UC "00" 

"BEGIN" AI01m ABS(AtP, QJ)J ••IF~ AID> MAX ffTHENtt 
••BEGIN" MA~I• AIDJ IAI• P, JAi= Q "END" 

"END'' 
"END" J 
MAXMAT1• MAXJ 11• IA1 J1~ JA 

"ENO" MAXMATJ 
"EOP'' 



1-st REVISION, 197 5 

St. CT I ON I 1. • 2 • 3 (MAY 197t+) 

AUTHOR i G.~. VANDERLAAN. 

CONT~IBUTORS : H.FIOLET, C.G. VAN DER LAA~. 

It~STITUTEl MATH~MATICAL C~NTREe 

RECcIVELll 730928. 

BRI~F LESCRIPTION I 

THIS SE~TION CONTAINS THE PROCEDURES GOHCOLCST ANO COMROWCST. 
COMCOLCST MULTIPLIES THE COMPLEX COLUMN-VEGTJR GIVEN IN ARRAY 
AR,AI[LJU,JIJJ BY XR+I•XI. 
COMROWCST MULTIPLIES TH~ COMPLEX ~OW-VECTOR GIVEN IN ARRAY 
AR,AICI&I,L&UJ BY XR+I•xr. 

KE YWOROS I 

COMPLEX VECTOR OPERATIONS, 
MULTIPLIC4TION. 

SUBSECTlON& COHCOLCST. 

CALLING SEQUENCE I 

THE H[ADING OF THE PROCEDURE READSI 
''PROCEDURE'• COHCOLCST(L,U,J,AR,AI,XR,XI); 
•• v ALU E •• L , U, J t X R, XI ; ••INTEGER•• L , U I J; ••~EAL•• X R, XI ; 
•• A RkA y•• AR, A I ; 

THE MEANING OF THE FORMAL PARAMETERS IS! 
L,Ui <ARITHMETIC EXPRESSION>; 

LOWER AND UPPER BOUND 3F THE COLUMN VECTOR; 
JJ <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE :OLUM~ VECTOR; 
AR,AII <ARRAY IDENTIFIER>; 

••ARRAY•• AR, A I C L J U t J a J l 
ENTRY! 
AR a REAL PART, 
AI I IMAGINARY PART OF THE COLUMN VECTOR 
E..XIT& 
THE TRANSFORMED COMPLEX COLUMN; 

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

PROCEDURES JSEDI COMMUL = CP34341. 

MC 
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1-st REVISION, 1975 

SECTIOt~ I 1. 2. 3 ( D ECEH BER 197 5) 

RUNNING TIH~I ROUGHLY PROPORTIONAL TO (U-L+1). 

LktlGUAGi::I ALGOL 60. 

SUBSECTION: COMROWCST. 

• 

CALLING SEQJENCE I 

THE HEAJING OF THE PROCEDURE READSI 
••PROCEDURE'• COMROWCSTCL, U, I, AR, AI, XR, XI); 
•• VA L U E •• L , U , I , X P( , XI ; •• I NT E G ER•• L , U , I ; ••RE AL •• X R, X I ; 
•• A RR A Y •• AR , A I; 

TH£ MEANING OF THE FORMAL PARAMETERS ISi 
L,Ua <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF T1E RJW VECTOR; 
Iz <ARITHMETIC EXPRESSION>; 

ROW INDEX OF THE ROH VECT)~; 
~R,AI: <ARRAY IDENTIFIER>; 

•• A RR A Y ••AR t A I { I I I , L I U 1 ; 
ENTRY I 
AR I REAL PART, 
AI I IMAGINARY PART OF THE ROH VECTOR 
EXITI 
THE TRANSFORHEO COMPLEX ROW; 

X~,Xll <ARITHMETIC EXPRESSION>; 
XRI REAL PART OF THE MULTIPLICATION FACTJR; 
XII IMAGINARY PART OF THE MULTIPLICATION FACTOR. 

PkOC~OURES USEDI COMMUL = CP34341. 

k.Ut·jt'4ING TlMC:1 ROUGHLY PROPORTIONAL TO (U-L). 

LANGUAGES ALGJL 60. 

MC 
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' 

sitTION I 1,2,,3 

SOURCE TEXT(S) I 

1 C00E" 34352J 

(MAY 1974) 

"PROCEDURE" COMCOLCSTCL,U,J,AR,AI,XR,Xl)J 
" VA 1. U E •1 L, , U , J , X R , X I , " I NT EGE R " L , U , J J '' RE A L n X R , X I J 
"ARFtAV" AR,AIJ 
''BEGIN'' 
"PROCEDURE" CO~MUL(AR,AI,BR,Bl,RR,RI)J"COOE" 34J41J 
"FOR" Ll•L ••STEP" 1 "UNTIL" U 1•00 1• • 

COMMUL(ARtL,Jl,Alt~,JJ,XR,XI,AR[L,Jl,AitL,JJ)I 
"ENO" COMCOLCSTJ 

"EOP" 

"CODE" 343s:s, 
"PROCEDURE" COMROWCST(~, U, I, AR, AI, XR, it)J 
8 YALUE" L, U, I, XR, XI, "INTEGER'' L, U, IJ "REAL" XR, XIJ 
"ARRAY" AR, Ais 
"BEGIN'' 

"PROCEDURE" COMMUL(AR,AI,8R 1 Bl,RR,Rl)J"C00E" 343411 

MC 
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" P OR " L I a L " STEP " 1 '' U ~ T I L " U " 0 0 '' C O ~ MU L. ( A R C I , L l , A I t 1 , L l , X R , 
XI, AR tl,Ll, AI tI,Ll l r 
"ENO" co~Rowcsr, 

"E OP'' 



MC 

PAG! l 

AUTHOR 

. 

?N8TlTUTE, M4THEMATlCAL CENTRE, 

RlCflVED I 731016, 
' 

BRIEF DESCRIPT!ON1 

THIS SECTION CONTAINS THREE PROCEDURES1 

CO~MATVEC CALCULATES THf SCALAR PRODUCT OF A COMPLEX ROWVECTOR 
GIVEN IN ARRAY AR,AI[III,LIUJ 4NO THE COMPLEX VECTOR GIVEN IN 
ARRAY SR,BitL&UJ, 
HSHCOMCOL TRANSFORMS A COMPLEX VECTOR INTO 4 VECTOR 
PROPORTIONA~ TO A UNIT VECTOR1 
HSHCOMPRO PREMULTIPLIES A COMPLEX MATRIX WITH A COMPLEX 
HOUSEHO~OER MATRIX, 
HSHCOMCOL AND HSHCOMPRO ARE AUXILIARY PROCEDURES FOR PREMULTIPLYING 
A COMPLEX MATRIX OR VECTOR WITH A COMPL~X ~OUSEHOLDfR M4TRIX1 

KEVWOROS1 
' 

COMPLEX SCALAR PRODUCTS• 
HOUSEHOLOER TRANSFORMATION 

SUBSECTIONJ COMMATVEC, 
' 

CA~LING SfQUENCE1 

THE HEADING OF THE PROCEDURE REA0$1 
"PROCEDURE" COMMATVECCL, U, 1, AR, AI, BR, Bl, RR, RI)J 
•VALUE"~, U, IJ "INTEGER• L, U, JJ "REAL" RR, RIJ 
"ARRAY" AR, AI, a~, ax, 

THE MEANING OF THE FOR~4L PARAMETERS ISi 
L,U I <ARITHMETIC EXPRESSION>J 

LOWER AND UPPER BOUND OF THE VECTORS, 
I I cARlTHMETIC EXPRESSlON>J 

~OW•INOEX OF THE ~O~ VECTORS AR ANO AIJ 
AR,Ait <ARRAY lOE~TlFlER>J 

"ARRAY" AR,AitltI,LaUl, 
ENTRV1 
ARI REAL PART AND 
Als IMAGINARY PART OF THE MAT~1x, 

\ 
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BR,BI I <ARRAY IDENTIFI~R>J 
"ARRAY" BR,Bl [1.IUl 1 
ENTRY1 
BR1 REAL PART AND 
BIi IHAGI~ARV PART OF THE VECTOR, 

RR,RIJ ~VARIABLE>J 
EXlT1 
RRs THE REAL PART AND 

MC 
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Rla THE IMAGINARY PART OF THE SCALAR PRODUCT, 

,R0t!OURES USED1MATVEC•CP34011, 

RUNNING TIME1 PROPORTIONAL TO UwL, 

S~BSfCTIONs HSHCOMCOL~ 

CAL~ING SEQUENCEt 

TH! HEADING OF THE PROCEDURE REAOS1 
"BOOLEAN" ~PROCEDURE" HSHCOMCOLCL, U, J, 
•VALUE••~, u, J, TOLt PINTEGERM L, u, J, 
"ARRAY'' AR, AIJ 

AR, AI, TOL, K, C, S, T)t 
. . 

"REAL" TOL, K, C, S, TJ 

HSMCOMCOL DE~IVERS THE FOLLOWING BOOLEAN VALUEI 
lF ARtL+1,Jl••2+Al[L+1,Jl•*Z+,,,+ARtU,JJ••Z+AitU,Jl••Z-TOL THEN 
A TRANSFORMATION IS PERFORMED ANO HSHCOMC0Ls•ffTRUE",0THfR~ISE 
HS~CDMCO~t~"FALSE" ANO THE VECTOR TO SE TRANSFORMED IS CONSIOE~ED 
TO BE PROPORTIONAL TO THE DESIRED UNIT VECTOR AND NO 
TRANS,ORMATION IS PERFORMED, 

THE MEANING OF THE FORMAL PARAMETERS IS1 
L,U,J1 <ARITHMETIC EXPRESSION>J 

THE COMPLEX VECTOR TO BE TRANSFORMED, MUST BE GlVEN IN 
THE J•TH COLUMN FROM ROW L UNTI~ ROW U OF A COMPLE~ 
MATRIXr 

AR,AI1 cARRAY IDENTIIER>J 
"ARRAY" AR,AI tl.1U,J1JJ J 
ENTRY1 
THE REAL PART ANO THE IM4GtNARV PART OF THE VECTOR TO BE 
TRANSFORMED MUST BE GIVEN IN TME ARRAYS AR AND AX, 
~ESPECTIVELYp 
EXlTa 
THE REAL PART AND THE I~AGtNARY PART OF THE VECTOR U, 
OF THE HOUSEHOLDER MATRIX ?eUU"/T CWHERE "DENOTE$ 
CONJUGATING ANO TRANSPOStNG)ARE DELIVERED lN THE ARRAYS 
AR AND AI,RESPECTlVELY,PROVtOEO A TRANSFORMATION 15 
PERFORMED,IF NO TRANSFORMATION IS PERF'ORMED THE ARRAYS 
AR AND AI ARE UNALTEREDJ 
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SECTION I 1.2.4 (MAY 197t+) 

TOL: <ARITHMETIC EXPRESSION>; 
ENTRY& A TOLERANCE; 

MC 
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(E.G. THE SQUARE OF THE MACHINE PRECISION TIMES A NO~M 
OF THE MATRIX IN CONSIDERATION); 

Tl <A~ITHMETIC EXPRESSION>; 
EXlTI 
INFORMATION CONCERNING THE TRANSFORMATIDN,I.E. THE SCALAR 
T OF THE HOUSEHOLDER HATRIX ,PROVIDED A TRANSFORMATION IS 
PERFORMEO.OTHERWISE,Tl=-1; • 

K,c,s, <VARIABLE>; 
EXlTI 
THE ~OOULUS , COSINE AND SIN~ OF THE ARGUMENT OF THE 
FIRST ELEMENT OF THE TRANSFORMED VECTOR ARE DELIVERED IN 
K,C AND S,RESPECTIV~LY,PRJVIOEO A TRANSFORMATION IS 
PERFORMED.OTHERWISE THE HOOULUS,COSINE AND SINE OF THE 
COMPLEX NUMBER ARCL,Jl+AICL,J]•I ARE DELIVERE~. 

PROCEOURE:S USEOI 

CARPOL=C:PJ43449 
TAHHAT-~P3t+014. 

RUNNING TIHEI PROPORTIONAL TO U-L. 

H~THOO A~O PERFORHANCEI 

SEE HILKINSON(196S,P.49,50). 

LA tJ GU A GE I AL GO L 6 0 • 

• 
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SUBSECTlONa HSHCOMPRD. 

CALLING SEQUENCES 

TH~ HE~OING OF THE PROC~OURE READSI 
••PROCEOURC: 1

• HSHCOMPRD(l, II, L, U, J, AR, AI, BR, BI, T); 
•• V A L J E • • I , I I 9 L , U ., J , T ; •• I N T E G C: R' • I , I I , L , U , J ; •• RE:. A L •• T ; 

~ 

••ARRAY 111 AR, AI, BR, BI; 

THE MEANING OF THE FORHAL PARAMETERS ISi 
I,II,L,JI <ARITHMETIC EXPRESSION>; 

ENTRYI 
THE COMPLEX MATRIX TO BE PREMULTIPLIED, HUST BE GIVEN 
IN THE L~TH TO U TH COLUMN FROH ROW I TO ROH II 
OF A COMPLEX MATRIX; 

JJ <ARITHMETIC EXPRESSION>; 
ENTRY I 
THE COMPLEX VECTOR V OF THE HOUSEHOLDER MATRIX 
1-v v·· ,r, WHERE •• OEN OT ES TRANS PO SI NG AND CONJUGATING, 
HUST BE GIVEN IN THE J-TH COLUMN FROM ROW I TO ROH 
II OF A COMPLEX MATRIX GI~E~ IN (BR,BI); 

AR,AI& <ARRAY IDENTIFIER>; 
•• ARR A Y •• A R , A I C I : I I , L I U l ; 
ENTRY& 
THE REAL PART ANO THE IMAGINARY PART OF THE ~ATRIX TO 
BE PREHULTIPLIED,HUST BE GIVEN IN THE ARRAYS AR ANO 
AI,RESPECTIVELY; 
EXIT I 
THE REAL PART ANO THE IMAGINARY PART OF THE 
RESULTING HATRIX ARE DELIVERED IN THE ARRAYS AR ANO 
AI.RESPECTIVELY; 

BR,BII <ARRAY IDENTIFIER>; 
•• ARR A Y •• BR, BI C I I I I , J I J l ; 
ENTRY s 
THE REAL PART ANO THE IMAGINARY PART OF THE COMPLEX 
VECTOR V OF THE HOUSEHOLDER HATRIX MUST BE GIVEN IN 
THE ARRAYS BR ANO BI,~ES?ECTIVELY; 
<E.G. AS DELIVERED BY HSiCOMCOL); 

Tl <ARITHMETIC EXPRESSION>; 
ENTRY I 
THE SCALAR T OF THE HOUS~HOLDER MATRIX; 
<E.G. AS DELIVERED BY HSHCOMCOLl; 
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PROCEDURES USEDI 

TAMMAT •CP3401q, 
E~MCOMCO~•CP34377, 

• 

LANGUAGEI ALGOL &O, 

Rt:,ERENCEI 
• • 

WI~KINSON,J,H(19b5)1 
THE ALGEBRAIC EIGENVALUE PROBLEM, 
CLARENDON PRESS,OXFORO, 

!XAMPLE OF USE1 

AS A FORMAL TEST OF THE PROCEDURES HSHCOMCO~ ANO MSHCOMPRD THE 
FOLLOWING MATRIXa 

' 

3 &a•I 
l.t•I 5 

JS TRANSFORMED INTO UPPER TRIANGULAR FORM, 

~8fGlN•nJNTEGER"l1"~EAL"K,C,S,TJ 
. NARRAV"AR,Aitl&2,11Zlt 

PAGES 

"800LEAN°"PR0C£0URE" MSHC0MCOLCL,U,J,AR,AI,TOL,K,C,S,T)t'C00E•l4355J 
ffPROCEOURE"HSHCOMPRO(l,1I,L,U,J,AR,AI,BR,8I,T)J"C00E"34lS~J 
lRt1,1l 1•3JARt1,.2J 1•AR[2,1l ••OJARt2,ZJ a•s, 
Al t1, ll 1•0 ,.I t1 ,cl l•AI tz, 11 ••4JAI CZ,ZJ a•o f 
1 l.F"HSHCOMCOL(t,2,1,AR,At,("•l4•5)**2,K,C,S,T)~THEN" 
H$HCOMPRDC1,2,2,2,1,AR,At,AR,Al,T)J 
OUTPUT(&1,"(P 1t("AFTER USE HSHCOMCOL,HSHCOMPR01•l",I, 

Z(ZC•OeD,+O,D,"C"~l"l",BB),/)">", 
ARt1,1J ,AI E1,1l ,ARt1,2J ,Al t1,2J ,ARt2,1l ,Al ca,11 ,ARt2,Zl ,AI tZ,Zl ,, 

OUTPUT(&l,"(""("K, C, $, T,")",l,l(•O,OB),wD0 1 D,/,•)~,K,C,S, 
T)r 

1 E.NDtt ... 

OUTPUT1 
AFTER USE HSHCOMCOL,HSHCOMPR01 
J,O ♦ O,O*l 0.0+1,o~I 
O.O ♦i,O~l ~.l+O.O•I 

k, C, S, T, 
,.o •t,o o,o ~o,o 



SOURCE TEXTCS) a 

1 ~0DE• 3435~1 

(MAY 1974) 

"PROCEDURE'' COMMATVECCL, U, I, AR, Al, BR, BI, RR, RI)J 
"VALUE" L, U, IJ ••INTEGER•• L, U, t, 0 REAL•1 RA, RlJ 
"ARRAY" AR, Al, BR, 8IJ 
"BEGIN" ••REAL•• ••PROCEDURE'' MATVEC(L,U,I,A,B)J"CODE" 340111 

''REAL n MV J 
MV1 ■ MATVEC(L, U, I, AR, BR)• MATVECCL, U, I, Al, BI>, 
RI~• MATVEC(L, U, l, AI, BR)+ MATVECCL, U, t, AR, Bl)p 
RR1•MV 

"END" COMMAT\/ECJ 
"EOP" 

•CODE." 343551 

MC 

9 BOOLEAN" "PROCEDURE" HSMCOMCOLCL, U, J, AR, AI, TOL, K, C, S, T)J 
"VA~UE" L, U, J, TOL, "lNTEGERtt L, U, JJ "REAL" TOL, K, C, S, TJ 
"ARRAY" AR, Alr 
"BEGIN" "REAL" VR, DEL, MOO, H1 ARLJ, AILJt 

"PROCEDURE" CARPOL(AR,AI,H,C,S)J''CODE~ 34344, 
•REAL" "PROCEDURE• TAM~AT(L,U,I,J,A,B)JflCOOE• 14014, 
VR&• TAM~AT(L + 1, U, J, J, AR, AR) + TAMMAT(L ♦ 1, U, 
J, J, AI, Al)J ARLJi• ARtL,Jlr AlLJ1• AitL,Jl1 
CARPOL(ARLJ, AILJ, MOO, C, S)s 0 IF" VR > TO~ "THEN" 
"BEGIN'' VR•• VR + ARLJ •• 2 + AlLJ •• 2J HI• K1• SQRT(VR)p 

Ts• VR +MOO* HJ 
"lF" ARLJ m O "AND" AILJ • 0 ••THEN• AR[L,Jl 1• H "ELSE" 
"BEGIN" AR tL,JJ 1• ARLJ + C • K1 AI CL.,Jl a• AILJ + $ • KJ 

S1• • S 
"EN0°1 
Ct•• CJ HSHCOMCOL1• "TRUE~ 

"END" 
ttfl.SE" 
"BEGIN" HSHCOMCOL1= ttFALSE~, Kt• Moo, T1• • 1 flfNO" 

"END" HSHCOMCOLJ 
"EOP" 

•CODED 34lS&J 
•PROCEDURE" HSHCOMPRD(I, II, L1 U, J, AR, AI, BR, BI, T)J 
1 VA~UE" I, 11, L, U, J, TJ "INTEGER" I, II, L, U, J1 "REA~" TJ 
"ARRAY" AR, Al, BR, Blr 
•BEGIN" 

nPROCEOUREn ELMCOMCOL(~ 1 U,I,J,AR,AI,8R,et,XR,X!)t•COOE" 34317, 
"REAL" "PROCEOURfn TAMMAT(L,U,I,J,A,B)1nco0E 0 340141 

"FOR" Laa L "STEP" 1 "UNTIL" U "00fl ELMCOMCOL(l, II, L, J, AR, Al, 
BR, Bl, ( • TAMMATCl, II, J, L, BR, AR)• TAMMAT(l, II, J, 
L, SI, All)/ T, (TAMMAT(I, II, J, L, BI, AR)• TAMMATCI, 
ll, J, ~, aR, Al))/ T)J . . 

"ENO" HSHCOMPRDs 
"E OP It 



1-st REVISION, 197 5 MC 

SE:.CTION I 1.2.5 (MAY 1974) PAGE 1 

AUTHOR I CeGo VANDERLAAN. 

CO~JlR.IBUTORS : H.FIOLET , C.G. VAN OE~ LAAN. 

ll~STITUT::: MATHt..MATICAL CENTRE. 

RECEIVtO I 730~13. 

BRIEF DESCRIPTION I 

THIS 5ECTION CONTAINS THE PROCEJURES ELHCOMVECCOL, ELMCOHCOL ANO 
ELMCOMRDW\IEC. 
ELMCOMVECCOL ADOS XR♦ I•xr TIHES THE COMPLEX COLUHN VECTOR GIVEN 
IN ARRAY BR,BICLtU,JaJl TJ THE COMPLEX VECTJR GI~EN IN ARRAY 
AR,AI{LIUJ. 
ELHCOMCOL ADOS XR+I•XI TIMES THE COMPLEX COLUMN VECTOR GIVEN IN 
ARR~Y BR,BICLIU,JJJJ TJ THE COMPLE~ COLUMN VECTOR GIVEN IN ARRAY 
AR,AICL:U,IIIJ. 
ELHLDMKOWVEC ADOS XR+I 4 XI TIMES THE COMPLEX VECTOR GIVEN IN ARRAY 
BR,BI(LIU] TO THE COMPLEX ~ow VECTOR GIVEN IN ARRAY AR,AI(III,LJU]. 

KEYWORDS I 

COMPLEX VECTOR OPERATIONS, 
t.LIMI t~A TI ON• 

SUBSECTION i ELMCOMVECCOL. 

CALLING S~QJENCE I 

THE HEADING OF THE PROCEDURE ~EAOS I 
•• PRC C £ 0 U R ~ •• E L M C OMV E CC O L ( L , U , J , A R , A I , 8 R , B I ~ X R , X I > ; 
••vALUt::.'' L,U,J,XR,XI; 
•• I N l EGE~"' L , U , J ; ••REAL•• X R, X I ; ••ARR A Y •• AR, A I , BR, BI ; 

TH£ HcA~ING OF THE FORHAL PARAMETERS IS I 
L,U: <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF THE VECTORS; 
JI <ARITHMETIC EXPRESSION>; 

COLUMN-INDEX OF THE COLUMN VECTORS BR AND 3I; 
AR,AII <ARRAY IDENTIFIER>; 

10 ARRAY•• AR,AI[LI Ul 
ENTRY I 
AR a REAL PART OF THE ~ECTOR, 
AI I IMAGINARY PART Of THE VECTOR. 
EXITS 
THE RESULTING VECTOR (SEE ALSO BRIEF DESCRIPTION); 

- . 



1-st REVISION, 1975 

SECT rot~ t 1. 2. 5 

BR,BI: 

XR,XI& 

(Ot.CEMBE~ 1375) 

<ARRAY IDENTIFIER>; 
••ARRAY•• BR,BICL1U,JIJ]; 
ENTRY I 
BR I REAL PART OF THE COLUMN VECTOR, 
BI I IMAGINARY PART OF TH~ COLUMN VECTOR. 
<ARITHMETIC EXPRESSION>; 
ENTRYI 
XRJ REAL PART OF THE ELIMINATION FACTOR; 

• 

XII IMAGINARY PART OF THE ELIMINATION FACTJR • 

PKOLEOURES JSED I ELM~ECCOL = CP3~021 • 

RUNNING TIME a ROUGHLY PROPORTIONAL T~ (U-L> • 

LANGUAGtl ALGOL 60. 

SUBSECTION I ELMCOMCOL. 

CALLING S~QUENCE I 

THt H~AJING OF THE PROCEDURE READS I 
11 PROCi:..OURE•• ELMCOMCOL<L,U,I,J,AR,AI,BR,BI,XR,XI>; 
••VAL U E•• L , U, I , J , X R, XI ; 
··rt~TE GE~ •• L' u ,I' J ;••REAL •• XR, XI; ··ARRA v·· AR, AI t BR, BI; 

TH[ MEANING OF THE FORMAL PARAMETERS IS & 
L,U1 <ARITHMETIC EXPRESSION>; 

LOWER ANO UPPER BOUND OF T~E VECTJRS; 
I,.J: <ARITHMETIC EXPRESSION>; 

II COLUMN INDEX OF THE CO~UM~ VECTORS AR AND AI; 
JI COLUMN-INDEX OF THE COLUMN VECTORS BR A~O BI; 

AR,AI: <ARRAY IDENTIFIER>; 
•• A RR A Y •• A R , A I [ L I U , I I I l 
E.NTRYI 
AR I REAL PART OF THE :OLUMN VECTOR, 
AI a IMAGINARY PART OF THE COLUMN VECTOR. 
E.XITI 
THE RESULTING VECTOR (SEE ALSO BRIEF DESCRIPTION>; 

BR,BII <ARRAY IDENTIFIE~>; 
1111 A RR A Y •• BR, BI [ LI U, JI J l 
ENTRY I 
BR I REAL PART OF THE :oLJHN VECTOR, 

MC 
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BI I· IMAGINARY PART OF THE COLUMN VECTOR GIVEN IN THE 
XP.~XII <ARITHMETIC EXPRESSION>; 

ENTRYI 
XRI REAL PART OF THE ELIMINATION FACTOR; 
XII IMAGINARY PART OF THE ELIMINATION FACTOR• 



(MAY 1974) 

PROCEDURES USED I ELHCOL • CP3402l, 

RUNNING Tl~E I ROUGHLY PROPORTIONAL TO CU•L) , 

• 1~81£CTION I EL~COMROWVfC • 

CAL~ING SEQUENCE I 

THE HEADING OF THE PROCEDURE READS I 
•PROCEDURE 0 ELMCOMROWYEC(L,U,I,AR,AJ,BR,8I,XA,XI)J 
1 VALUE" L,U,J,XR,XI1 
"INTEGER" L,U,IJ"REAL" XR,XI1"ARRAY" AR,Al,8R,BIJ 

THE MEANING Of THE FORMAL PARAMETERS IS I 
L,U1 <ARITHMETIC EXPRESSION>t 

LOWER AND UPPER BOUND OF THE VECTORS, 
%1 <ARITHMETIC EXPRESSION>t 

ROWeINDEX OF THE ROW VECTORS AR ANO AIJ 
AR,AII <ARRAY IOENTIFIER>J 

"ARRAY" AR,Altl1I,L1Ul 
ENTRYI 
AR I REAL PART OF THE RO~ VECTOR, 
AI I IMAGINARY PART OF THE ROW VfCTOR, 
EXITI 

MC 
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THE RESULTING VECTOR (SEE ALSO BRIEF OESCRIPTION)J 
8R,BI1 <~RRAY IDENTlFlfR>, 

•ARRAY" 8R,BitL1Ul 
ENTRY, 
BR I REAL PART OF THE VECTOR, 
BI I IMAGINARY PART OF THE VECTOR 

XR,XI1 <ARITHMETIC fXPRfS8ION>J 
ENTRY1 
XR1 REAL PART OF THE ELIMINATION FACTORJ 
XIs IMAGJijARY PART OF THE ELIMINATION FACTOR, 

PROCEDURES USED I ELMROWVEC • CP34027, 



MC 

SECTION t 1,2,S (MAY 1974) 

EXAMPLE OF USE I . . 

"8EGIN 1
' 

"COMMENT" EXAMPLE OF USE ELHCOMCOLr 
"PROCEDURE" ELMCOMCOLCL,U,I,J,AR,AI,BR,BI,XR,XI)1"CODE" 341771 
"REAL* ••~RRAYff AR,Altlt2,112lJ 
''INTEGER•• I,JJ 
apROCEOU~E" OUTCK)J"INTEGER" Kr 
0 UT PU T ( 6 1 , " ( " 2 ( • D , + D , " ( '' * l " ) " ) , / " ) tt , 

AR [J<, 1l ,Al tt<, ll ,AR [K,21,At tK,2J), 
ARC1,1l 1=+1JARt1,2l s••9JAREZ,1l S••l1ARt2,2l 1=•11 
AI Cl, 1] s•+2JA1 [1,cl IJr+2JAl cz, l l 1•+2JAI t2,Zl 1=•2, 
OUTPUT(~1,"(""("INPUT MATRIXl"l",l"l'')J 
"FOR" Il•l,2 "00• OUT(I)J 
ELMCOMCOL.(1,2,2,t,AR,AI,AR,AI,t,•4lt 
OUTPUTC~l,"C"l,"(~~ATRIX AFTER ELIMINATION1tt)fl1/"l")I 
OUTPUTC&1,"("wD, ♦0,"C"•l"l",46,Z,O/••)••, 

OUT(2) 
"ENO" 

OUTPUT1 

ARC l, 1 l, Al [ 1, 1 l, AR£ l, 2] , Al [ 1, 21 ) J 

lNPUT MATRIXe 
1+cwJ -..9+2•I 

•l+l•l ~1,-2*1 

MATRIX 
1+l•I 

•1 +2•1 

AFTER ELIMlNATlONt 
0 

b+'-'•I 

• 



SOURCE TEXT (S) C 

"CODE• 3437bl 
" 

"PROCEDU~E" ELMCOMVECCOLCL,U,J,AR,AI,BR,BI,KR,XJ)1 
"VALUE" L,U,J,XR,XI; 
~INTEGER•• L,U,JJ''REAL" XR,XIt"ARRAV~ AR,At,BR,BIJ 
"BEGIN'' 
6 PROCEOURE•• ELMYfCCOLCL,U,I,A,B,X)1"C00f" 34021J 

ELMVECCOLCL,U,J,AR,BR,XR)J 
ELMVECC0LCL,U,J,AR,8I,•Xl)t 
ELMVECCOL(~,U,J,AI,BR,XIlt 
ELMVECC0L(L,U,J 1 Al,8I,XR) 

"ENO" ELMCOMVECCOLJ 
"EOP" 

"C0Df" 34377J 
"PROCEDURE" ELMCOMC0LCL,U,I,J,AR,At,BR,8I,XR,XI)J 
"VALUE" L,U,I,J,XR,XIJ 
"INTEGER" L,U,l,J1 11 REAL» XR,~1,"ARRAY" AR,AI,BR,BIJ 
"BEGIN" 
"PROCEDURE" ELMCOLCL,U,I,J,A,B,X)J"COOE" 34023J 

ELMCOLCL,U,I,J,AR,BR,XR)J 
ELMCOLCL,U,I,J,AR,Bt,•iI)J 
ELMCOLCL,U,I,J,AI,8R,XI)J 
ELMCOL(L,U,l,J,Al,8I,XR) 

"END" Ei..MCOMCOL1 
"EOP" 

•C00f" 343781 
. "PROCEDURE" ELMCOMROWVECCL,U,l,4R,AI,BR,BI,XR,XI)J 

"VALUE" L,U,l,XR,XlJ 
"INTEGER• L,u,1,••REAL•t XR,XIr"ARRAY" .~,Al,8R,Btt 
"BEGIN" 
ffPROCEDURffl ELMROWVECCL,U,I,A,B,X)t"C0DE" 3tOZ71 

ELMROWVECCL,U,I,AR,BR,XR)J 
ELMROWVEC(L,U,I,AR,BI,•XI), 
E~MRO~VECCL,U,l,Al,BR,Xl)J 
E~MROWVEC(L,U,I,AI,Bt,XR) 

"END" ELMCOMROWVEC1 
"EOP" 

MC 

PA.GE 5 
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SECTION t 1. 2. 7 (DECEMBE~ 1975) PAGE 1 

AUTHOF~ I ~.G. VANDERLAAN. 

CONTRIBUTORS : H.FIOLET, C.G. V~N DE~ LAA~. 

lNSTITUT~: MATH~MATICAL CENTRE. 

RECcIVEL I 730817. 

BRIEF D~SCRIPTION: 
THIS SEGTION CONTAINS THE P~OCEOURES ~OTCOHCOL ANO ROTCOMROWe 
ROTCOMCOL REPLACES THE COLUMN V~CTJ< VR+I 4 VI GIVEN IN THE ARRAYS 
AR,AI(LlU,Itil ANO THE COLUMN V~CTOR YR+I 4 YI GIVEN IN THE ARRAYS 
AR,AI[L:U,J&J] BY THE VECTORS (VR+I•v1>•(CR-I•CI)-(Y~+I•v11•s ANO 
(YR~I 4 YI)•(CR+I•CI}+(VR+I•vr»•s, RESPECTIVELY. 
ROTCOMROW ~EPLACES THE RJW VECTOR VR+I•VI GIVEN IN THE ARRAYS 
AK,AI{I&I,L&Ul ANO THE ROW VECTOR YR+I•YI GIVEN I~ THE ARRAYS 
AR,AI[J1J,LIUl BY THE VECTO~S (VR+I•VI)•(CR-I•CI)-(YR+I•YI)•S ANO 
(YR+I•YIJ•(CR+I•CI>-(VR+I•VI)•S, ~ESPECTIVELY. 

Kl YWORDS I 
COMPLEX VECTOR OPERATIONS, 
ROTATION. 

SUBSECTION: ~OTCOMCOL • 

C~LLING SEQUENCE I 

THE HEADING OF THE PRUCEuURE READS & 
011 PRuCEDURc:. 0

• ROTCOMCOL(L, U, I, J9 AR, AI, CR, CI, S>; 
•• v ALU E •• L, U, I , J, CR, CI, S; ••INT E :i ER•• L , U, I , J; 
••RE~ L •• CR , CI , S ; ••ARRAY•• AR, A I ; 

THE MEANING OF THE FORMAL PARAMETERS IS & 
L,U,I,Jz <ARITHMETIC EXPRESSION>; 

THE ROTATION IS PE~FO~MED ON THE COLJMN vECfORS 
AR,AI[LIU,IIIl AND AR,AICLJU,JIJ]; 

AR,AI& <ARRAY IDENTIFIER>; 
••ARRAY'• AR,AI[L&U,ISJ] 

CR,Cl,SI 

E.NTRYI 
ARITHE REAL PARTS OF THE ~OLUHN VECTORS 
AI&THE IMAGINARY PARTS OF THE COLUMN VECTOKS 
E..XIT I 
THE RESULTING VECTORS ,OF WHICH THE ~EAL ANO IMAGINARY 
PARTS ARE GIVEN IN AR AND AI RESP~CTIVELY; 
(SEE A,LSO BRIEF DESCRIPTION); 
<ARITHMETIC EXPRESSION>; 
ENTRY I 
ROTATION FACTORS; SEE ALSO BRIEF DESCRIPTION. 

• 



-st REVISION, 1975 

St: CT I O t~ I 1 • 2 • 7 <DECEMBER 1975> 

RUNt~lNG TIME : ROUGHLY PROPORTIONAL TO (U-L) • 

SUBS~CTION i ~OTCOMROW. 

CALLING SEQUENC~ i 

THE HEADING OF THE PROCEDURE READS i 
••PROCEDLJRE 111 ROTCOMROH(L, U, I, J, AR, AI, CR, CI, S); 
•• V ALU Z:: •• L , U , I , J , CR, CI ., S; •• I NT E GER•• L , U , I , J; 
••REAL•• CR, CI, s; 00 ARRAY 110 AR, AI; 

THE MEANING OF THE FORMAL PARAMETERS IS I 
L,U,I,Ji <ARITHMETIC EXPRESSION>; 

MC 
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THE ROTATION IS PERFORMED ON THE ~OH VECTORS 
AR,AICIII,LIU] ANO AR,Al(JIJ,LIUJ; 

~R,Ail <ARRAY IDENTIFIER>; 
•• A RR A Y •• A R, A l ( l J J , l I U l 
ENTRY I 
ARITHE REAL PARTS OF T~E ~ow V~CTORS 
AIITHE IMAGINARY PARTS OF TH~ ~ow VECTORS 
EXIT I 

THE RESULTING VECTORS, OF WHICH THE REAL AND IMAGINARY 
PARTS ARE GIVEN IN AR ANO AI RESPECTIVELY; 
<SEE ALSO BRIEF DESCRIPTION); 

CR,CI,Sa <ARITHMETIC EXPRESSION>; 
E.NTRYI 
~OTATION FACTORS; SEE ALSJ BRIEF DESCRIPTION. 

PkOL~OUk~S US~D I NONE. 

KUtit~ING TlMi:. & KOUGHLY PROPORTIONAL TJ (U-L) • 

LANGUAG~t ALGOL 60. 



IXAMPLE OF USE I 

"BEGIN•• 

(MAY 1974) 

"COMMENT•t EXAMPLE OF USE ROTCOMCOLJ 
•PROCEDURE" ROTCOMCOLCL,u,I,J,AR,AI,CR,CI,S)J"COOE 0 l4357J 
"REAL" "ARRAY'' AR,AIC112,l12lJ 
"INTEGER 11 I,JJ 
AR t 1 , 1 l I • + 4 J AR t 1 , 2 l I • + S J AR t 2 , 1 J I a w5 , AR [ 2., 2 l I • + 4 I 

MC 

PAGE 3 

Al t1, 1l ••+3JAI c1,2J 1• o,AI t2,1J 1• OJAI tc,21 ·•-3, 
OUTPUT(&t,"(""(~JNPUT MATRIXl")",l")~)J 
0UTPUT(61,''C"~D,+D,"("*l 11 )'',4B,•D,Z/,BB•D,Z,3B,eO,+D,•("*l"J",l"J•, 
AR t1, 11,AI t1, 11,AR [1,2l 1Al [1 ,ZJ ,AR [2, 11,AI t2, 1l ,AR t2,Zl ,AI t2,2l) t 
OUTPUT(b1,''(''//, 1 ('1 AFTER POSTMULTIPLICATION WlTHt")",/"l")J 
OUTPUT(b1,"C""('',08• 1 0&•I •,1")~,/, 

''(" ,1 ,oa+,O&•l''>",I'">">, 
ROTCOMCOL(l,2,1,2,AR,Al,,oa,,o6,•,1)J 
0 U T P U T ( b 1 , •• ( 9 ,. ( It O E L I V E R S 1 " ) ., , / " ) " ) p 
OUTPUT(&1,"C"•D,Z,2BO,Z/,BO,Z,B•D,Z"l", 
AR£1,1l ,AI t1,1l ,ARtl,2l ,AI [1,21 ,AR[2,1l ,Al t2,1l ,ARt2,Zl ,AI C2,2l )J 
"END" 

OUTPUTI 
INPUT MATRIX1 
4+3•I 5 

•5 4•3•I 

AFTER POSTMULTIPLICATION .. 

1 08•,0b•I 
II 1 

PELIVERS1 
1 0 
0 1 



8tCTION a 1,2,7 
• 

SOURCE TEXT(S) ; 

1 CODE" 343571 
·' ·-· 

~PROCEDURE•• ROTCOMCOLCL, u, I, J, AR, AI, CR, ex, s,, 
"VALUE" L, U, I, J, CR, CI, SJ "INTEGER" L, U, l, JJ 
"REAL" CR, CI, SJ ''ARRAY" AR, AIJ 
"BEGIN" flREAL 0 ARLI, AILI, ARLJ, AILJJ 

"FOR" LI• L "STEP" 1 "UNTIL" U "00'' 
"BEGIN•• ARLl a• AR CL, Il, AILI 1• AI tt., Il J ARl.J1 ■ AR tL,Jl I 

AlLJs• AI tL,Jl J 
4RtL,Ila• CR~ ARLI +CI• AI~l • S * ARLJJ 
AICL,Ila• CR* 4I~I •Cl* ARLI • S * AI~JJ 
ARt~,Jl1• CR* ARLJ •CI* AILJ ♦ S * ARLlf 
AIC~,Jlt• CR~ AI~J +CI* ARLJ + S • AILIJ 

"ENO" 
"ENO" ROTCOMCOLJ 

"EOP'' 

•COOE" 343561 
•PROCEDURE" ROTCOMRUW(L, U, I, J, AR, lI, CR, CI, 8)1 
"VAL.UE 11 L, U, I, J, CR, CI, Sa "INTEGER" L,, U, I, J1 
"REAL" CR, Cl, s, "ARRAY" AR, AI, 
"BEGIN" •REAL" ARIL, AIIL, ARJL, AIJLJ 

"FOR" LI• L "STfPN I ~UNTIL~ U "00" 
• 

"8EGINP ARILa• ARtI,L.l, AIILI~ Al[I,L]J ARJLs• ARtJ,Ll, 
AlJLt• Al tJ,Ll I 
ARtI,~l t• CR* ARIL + CI 
Al tI,L.l Jm CR 111 AllL " Cl 
ARtJ,LJ1a CR• ARJL • Cl 
Al tJ,~l 1• CR • .t.IJL + Cl 

"ENOtt 
• 

"ENO" ROTCOMRow, 
"EOP" 

* Alt"" + 
• ARlt. ♦ 
ttr AlJL. • 
• ARJL. • 

S * A"JLr 
S • AIJL., 
S • ARlLf 
S • AIIL, 

MC 
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1-st REVISION, 1975 

(U£CE.MBE~ 1975) 

.AUTHOfr: 

COtlT~IBUTOk5 I H.FIOLET, C.G. VAN DE~ LAAN. 

lN~TITUTEI 1ATH~MATICAL CENTRE. 

RlC~IVl0r 731016. 

BRlLF O~SCRIPTIONJ 

COHEUCNkM CALCULATES THE EU;LIDEAN NORM OF A COMPLEX MATRIX 
WITH LW LOWER COOIAGONALS. 

t.UCLIDEAN NORM, 
COMPLEX MATRIX. 

CALLING SEQUEN:E1 

THL HEADING OF THE PROCEDURE REAOSt 

' 

•• R l. A L •• •• P ~ 0 C E DURE •• C OM E UC N ~ M ( A R , A I , L W , N ) ; •• \I A L U E •• N , L W ; 
•• I N 1 E G E < llfl N , L H ; llilJ AR RAY •• AR , A I ; 

MC 

COMEJCN~~ DELIVERS THE EUCLIDEAN ~ORH OF A COMPLEX MATRIX WITH LW 
LOW~R COOIAGONALS; 

THE HtA~ING OF THE FORMAL PARAMETERS IS: 
NI <A~ITHMETIC EXPRESSION>; 

THE ORDER OF THE MATRIX; 
LHI <ARITH~£TIC EXPRESSION>; 

THE NUMBER OF LOWER COOIA;ONALS; 
AR,AI: <ARRAY IDENTIFIER>; 

•• A ~~A Y G@ AR, A I ( 1 : N , 1 I N l ; 
E.NTRYI 
THE REAL PART ANO THE IMAGINARY PART OF THE COMPLEX 
~ATRIX,WITH LW LOWER GOOIAGO~ALS,MUST 8~ GIVEN IN THE 
ARRAYS AR ANO AI,RESPECTIVELY. 



<OECEMBE!:( 1975) 

P~OCLDURES USEL: HATTAM = CP34015. 

SOU\"\CE TEXT(S) I 

••e, 0 D £ "" 3 '+ 3 5 3 ; 
•• R E:. A L •• •• PR O C E OU RE •• C OM E UC N R H ( A "- , A I , L W , N > ; •• V A L U E •• 'i , L W ; 
•• I t'4 T E GE. ~ •• N , L W ; •• A RR A Y •• A R , A I ; 
'"BE~I N11

• ••1 NT EGER•• I, L; 
··R£Al 111 ··PROCEDURE·· MATTAH<L,U,I,J,A,8) ;••cooc:·· 34015; 
'

11 k.E A L •• k ; 
R&= o; 
'' f. 0 ~ •• I I = 1 ,.. S T E P •• 1 •• U N T I L 1111 N ... l O $\II 

•• s £ G r N •• L z = •• I F •• 1 > L w •• r H E. N "' I - L w •• EL s E •• 1 ; 
RI= MATTAM(L, N, I, I, AR, A~) + MATTAM(L, N, I, 
I, AI, AI) + R; 

•a Et~ o ••; 
COH~UCNRMZ= SQRT(R) 

•• E t 4 (.J •• C O H E UC N R 1 ; 
AOt.O;:) IIJII 

MC 
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. 

MC 

RECEIVED I 730817. 

T ~t l S S E C T I O ) : C O N TA I r· IS T t1 E PRO C E D 1,.i RES R :> TC OM C O L , ROTC O i4 f'? 0 w A ~,; 0 C H SH 2 
ROTCOMCOL qEPLACES THE COLUMtJ VECTOR Vg+I•Vl GIVEN IN THE ARRAYS 
A R , A I t L & t,.t , I I I l A ~, 0 T ~ -t E C O L U t 1 N VE C TO q YR ♦ I t Y I G I VE: ~ J I "J T t 1 £ A ~ ~ A Y S 
AR,A!tL1J,J1JJ BY THE VECTORS (VR+l•VI)•(CR•I•CI)•(YR+ItV?)•S ANO 
(YA+I•YIJ•CCA+I•Cl)+CVR+I*Vl)*S, ~!SPECTIVELY, 
ROTCO~RO' REPLACES THE ~Ow VECTOR V~+I•VJ GIVEN IN TH[ ARRAYS 
A R , A 1 [ I I I , L I U l A ~i 0 T ... E RO r' V CC T fi R Y R ♦ I * Y I G I \IE~ I I ~ J T ti E A RR A V S 
(VRtI•VI)•CCR+I•ClJ•CVR+?tVlJ•S, RESPECTIVE~V, 
C ri S ti 2 C O ~ P 1 ~I T t S T •1 E C n iA PL E X ri OU SE rf O L OE R ta4 A TR I X TH A T 
~•APS THE COMPLEX VECTOR (A1,A2) INTO THE DIRECTION (1,0) 1 
w A P 'f I NG I I t-J RO TC O ~~ C {J L A •: 0 R OT C O ~1 R i) W T HE C OS I ~,J E I S C O ~,•PL E X A tJ O T t,,f E 

S l ''J E 1 S RE A L , I f J C O '~ TR A S T T O TH I S , I ~ C '"i SH 2 T ~i E. S I N t I S C O ~PL E:: X 
a~J, THE COSl~'E IS ~EAL. 

kEY~QRjS I 

C~~~lr·v \IEcrnR r'\Ae:~1r10· ~,s ~ : . ·i \ .• .. ~ ·"' ·v -.. . .,. ,l_J\ l u r : ,,. ~ ~ ,.. ·1,. . . , 
Ot)TATlJ ,J, 
~~ .1) .. ,J S E !>1 0 1. :> E R t.~ A T R I X , 



2-nd REVISION, 1977 

CALLl~JG S~QJE'ICE I 

THE ~➔ lAOI'JG OF THE PROCEOtJ~E READS I 
''PROCEDJRE" ~OTCO~CClLCL, U, I, J, A~, AI, CR, CI, S)1 
" VAL, lt E *' L, '4-

1, I , J, CR , C I , S J " I •IT EGE q '' L., tJ, I , J J 
''REAL" CQ, CI, Ss "A~RAV~ AR, Alr 
••c ODE" .3435 7 J 

T ; i E ~ E. A \,i I ·,1 G Or T ~1 E r n R '~ A L P A R A ~ E TE R S l S I 
L , L j , I , J ; 11( A R l T ..., i-,i E T I C E X F1 ~ E s s I (') lJ > ' 

MC 
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T • ➔ E R O T A T I O }J I S P ER F" 01:t i1 ! 0 0 t\J T ~i E C O L UM t; V EC T O R S 
AR,AI[Liu,Itll AtJD AR,AitL1U,J1JJr 

AR,~11 <ARRAY IDENTIFIER>; 
" 

"AR 0 AV" A~,AitLsU,IaJl; 
C t-J T ~Vi 
AR:THE ~EAL PARTS OF THE CO~U~N VfCTORS 
A ! a T H E I ~ ~ A G I ~ A R V P A R T S O F T --i E C O L U ~,, N VE C T O R S 
EXIT; 
TfiE RES!..iL TI1\JG VECTORS (SEE Al.SO BRIEF OESC:RIPTlON) I 

CR,CI,S: CARIT~~ETIC EXPRESSIO~>r 
E'J T RV 1 
ROTATIO~ FACTORSJ SEE ALSO BRJEF OESCRIPTION 1 



2-nd REVISION, 1977 

CALLI~IG SEQUE~JCE S 

TtfE HE:ADit,G or THE PROCEDURE REAOS I 
"PROCEDURE" POTCOMAQW(L, U, I, J, AR, AI, CR, CI, S)t 
"VALUE" L, U, I, J, CP, CZ, s, tttNTEGtQ~ L, U, I, J; 
"REAL" CQ, CI, St "ARAAV" AR, AlJ 
''CODE• 3ij356J 

T tl E ~ E A N I ~'~ G Or T HE r n R M A l. P A R A M E T E R S I S I 
L,U,I,J: cARIT~HETIC £XPQESSION~J 

MC 
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THE ROTATION IS PERFORMED ON THE ROW VECTORS 
AR, A I [ l I l , L I U l At·~ 0 A ~ , A I t J I J, L I t,wJ l I 

AR,AI1 <ARRAY IOENTIFlER>J 
"AR~ AV" AR, A I t I I J, L I l11 I 

• 

E~JTRY I 
AR1THE REAL PARTS o, THE ROW VECTORS 
AI&THE IHAGINARY PARTS or T~E ROW VECTORS 
EXIT1 
THE RESULTI~G VECTORS (SEE ALSO BRIEF 0!$CRIPTlON)J 

CR,CI,S; <ARITH~ETIC EXPRESSION>J 
EtJTRV I 
RnTATIO~ FACTORSJ SEE ALtn BRIEF DESCRIPTION, 

PROCEDURE$ USED I ~JONE• 

LANGUAGE: A~GOL &O. 



2-nd R.EVISION '.t 1977 

.. t; F G 1. t ,.J tf 
't ~ , "'"' 

•• c o "'1 ~ E , ~ r " Ex• ~4 PL E or us E P. arc o ~ ◄ co L , 
" P ~ 0 C E O U q E '' RO T C O t1 C O L ( L , U , I , J , A R , A I , C R , C I , S ) J 1• C O OE " 3 4 3 51 J 
"REAL" "ARRAY" AP,AI[112,1l2lJ 
"l\lTEGE~" I,JJ 
AR [1, 111•+4JAR t1,2l c•+SsAR tZ,1l 1••5JARt2,Zl :•+'-'J 
Al t1,1J 1w+.3JAI tt,~J 1• OJAI t2,1l I• ()JAI r2,,l 1••3J 
o tJ r P t I r c o 1 , " c " " c " 1 ~~Pu T M A TR I x , ., l • , , " l ,, l , 

MC 

0 l J T ? '· 1 T ( o 1 , " ( " • D , + D , " C " t I " ) " , '4 8 , • 0 1 Z I , B i3 • D , Z , 3 8 , • D , + D , " ( " * I " ) It , / " ) " , 

AR t 1 , 1 l , A 1 t 1 , 11 , AR t 1, 2 l , Al [ 1, 2 l , 4 R t c, 1 l , Ii 1 f 2, 1 l , AR [ 2, Zl , Al t2, 2 J ) I 
O l 1 T P U T C t, 1 , " ( " / / , " ( " A F' T E R P n S T t·1 U L T I P L I C A T I O ~J L-A I T H I " ) n , I '' ) " l 1 
OUTPUT(bt,"("•(".OB•.D&tI •.t~l",/, 

"(" .1 .os+.Ob*I')",//")")J 
ROTCOMCOLC1,2,1,2,AR,AI,,oa,.06,•,1)1 
OUTPUT(~1,"(""C"DELIV~R51"l•,/"J~J, 
o tJ r P u r c t> 1 , " c " • o , z , 2 Bo , z , , a o , z , a • o , z " , • , 
Aqtl,11,AI [1,11,ARC1,2l ,AI t1,2J ,AR tZ,ll ,Al C2,1l ,ARt2,2l ,AI t2,2l )J 
"END'' 

OLITPUT I 
I~PJT ~ATRIX: 
!J+l•I 5 

•S lt•:S•I 
• 

AfTER POST~JLTIPLICATlON 
• 

• oe •• ob•I •• 1 
·• 1 .os+.oo•I 

DELlVERS1 
1 0 
0 1 



2-nd REVISION, I 977 

SUBSECTIONI CHS~2, 

CALLING SEQUENC!I 
THE HEADING OF THE rROCEOURE ISi 
"?ROCEDuRE" CHSH2(A1R,ltl,AZR 1 A2I,C,SR,SI)t 
•VALLIEM l1R,l1I,AZR,A2t,"REAL" A1R,Atl,A2R,&ZI,C,SR,Sit 
"CODE" 3tJt,t1r 

THE ~EANING OF THE FORMAL PARAMETERS ISi 
Alql cARIT~~ETIC EXPRESSIO~>I 

E~TRY1 THE REAL PART OF THE FIRST V!CTORCOMPONENTJ 
A 11 I < A R I TH i• E T I C E X PRE S S I ON> J 

E~fqYI THE IMAGINARY PART OF TrlE FIRST VECTORCOMPONENT1 
A2R1 clRITH~ETIC EXP~ESSIU'J>1 

E~TRY1 THE ~EAL Pl~T or THE SECO~O V~CTORCOMPONENTJ 
A2ta cARITH~ETIC EXPRESSION•, 

E~fqyl THE IMAGINARY PART OF THE SECOND VECTORCOMPONENTJ 
c,sR,Sta cVARIABLE~J 

EXlT1 T~➔ E FACTORS THAT DETERMINE THf HOUS£H0LDER MATRIX, 
THE HOUSEHO~OERMATRIX, OErtNEO BYI 
i-f A c B 
A • (Al,42)' 
B • C•SlGN(~IR)•SQRT(A1tA1+AZ•A2),0)', 
Is DE. TEl:.?!l I ~e:n ev I ' 

C •C SR+I•SIJ 
(SR+I•SI C ) 

PROCEDURES USEDI ~ONE; 

LANGUAGEc AL~OL bOJ 

MC 
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AFTER A CALL or C~t9t"➔ 2 YOlf ARE ABLE TO ROTATE A C0~1PLEX VECTOR OF 
DI ~1 E '1 S l ~ ~4 T ~ n ~ Y ''1 EA! JS OF T ~1 E FA C TORS C , SR a\ NO SI _. 

• 



SO lJ RC E TE X T ( S l I 

''CODE" 3ij357r 
"PR oc ED JR E" RIOT CO '·1 COL ( L, U, I , J, AR, l I, C =t, C I , S) I 
ttVALtif:P L, ~.,, I, J, CR, CI, s, "I~~TEG[Qtt L, 11, I, J; 
"REAL" C~, CI, St "ADRAY• AR, AI1 
•BEGIN• •REAL" ARLI, AtLI, ARLJ, AILJ1 

" F O R " L I • L " S T £ P • 1 " l t t J T l L 11t U " 0 0 • 
"8EGltJ• ARLI1• ARtL.,Il I AILI1i At tL.,Il t ARLJ111 ARtL,Jl I 

llLJ1s AI tL, Jl f 
AR t L, 11 t • CR * A RL I + Ct 
A I tl., I J I• C P * A IL I • CI 
4 R [ L, J l I• C P * A RL J • CI 
41 tL,Jl 111 CR • AILJ + CI 

~ AIL.I 
* APL.I 
t A IL .. J 

• S * ARLJJ 

* APLJ 

• S * AILJt 
♦ S * ARLis 
+ S * AlL?s 

"E~i.!D" 
"ENO" ROTCO~COLJ 

''COP" 

"CODE" 343581 
"PROCEDURE" ROTCO~ROW(L, U, 11 J. AR, At, C~, Cl, S)s 
,. V A L iJ E " L , LJ , I , J , C R , C l , 8 J " 1 ~, T E GE R " L , l 1 , I , J J 
HREAL" c~, c1, s, "ARR1v~ AR, ,1, 
"BEG1·4n "REAL" ARIL, AIIL, A~JL, AlJLJ 

" F O R " L I • L " S TEP " 1 " l1 f,J T l L ~ U " 0 0 ti 
•eEGtN~ ARILt• ARCI,Llt AlILtl'AitI,LJ, ARJLII ARtJ,Llr 

AIJl.1• Al tJ,Ll J 
ARCI,Ll1• CR• ARIL +Cl* 
AltI,Ll1, CR• AIIL •CI* 
41\R [J,Ll 1• CR * A~JL • Cl * 
AltJ,LJ1s CP • AlJL + Cl t 

"E~O" 
"£ 'JD" ROTC O i1 ROW J 

"EJP" 

"CODE" 3Uo11J 

AIIL. + S 
ARIL.. + S 
AtJL • S 
ARJJ. • S 

* ARJLr 
• AIJLJ 
* ARILr 
* AlILJ 

''PRO CEO JR E "C '" S ~ 2 ( A 1 R, A 1 I , A 2 R, AZ I , C , SR, SI l J 
"VALUE"~tq,A1I,A2R,A2Is"R[AL"A1P,AtI,AZR,A21,C,SP,Sir 
"BEGtt~" ~REAL" R1 
"!'" ,2R••o "ORR A21••0 "THCN" 
"BEGiri" "lF" AIR 5 B0 "OQH AtI••o PTHElJ~ 

"BEGINP ?1sSQRT(At~•A1R+A1I•A1IJJCl1R1 
SR1a(A1R•A2RtA1l•AZl)/RJSl11(AIR•A2l•AlI•A2R)/RJ 

' 

qs:SQRT(C•C+SHtSRtSl•SI)1C1aC/~J8Rt=SR/R1SJ1:St/R 
"E\J;)" ••EL.SE" 
"BEG I''" SI I: C I z U I SQ t • 1 "E "~rt'' 

"E~O" "tLSE'' ~BfGI'J" C1s11SR1•SI1sO "E~o• 
,, E !!.; __ , I" ., r u 5 ~"' "!) • 

I i,.,, """" ~l , I r;:;. J 

"EOc,~ 

MC 

PAGE & 



1-st REVISION, 197 5 

SE C l I O t~ I 1 • 2 • 9 (OECEHBE~ 1975) 

AUTHOF~S 

T.J. D~KKER, W. HOFFMAl~N CCOHSCL>, 
C. G. V~~ DER LAAN (SCLCOM) • 

CONT RI BUT ORS I 

k. HOFFMAt14t~, S.P.N. VAN KAMPEN (CJMSCL)., 
H. FIOLET, C.G. VANDERLAAN (SCLCOH). 

INSTITUTE: MATHEMATICAL CENTRE. 

RlCEIVEDI 731030. 

BRIEF O~SCRlPTIONa 

THIS SlCTION CONTAINS TWO PROCEDURES I 

COMSCL NORMALIZES THE REAL ANO CGYPLEX EIGENVECTORS 

MC 

PAGE 1 

GIV~N COLUHNWISE IN A TWO-DIMENSIONAL A~~AY; THE IMAGINARY PARTS OF 
THl CORRESPONDING EIGENVALUES HUST BE GIVEN IN A ONE-DIMENSIONAL 
ARRAY; 
THE EIGENVECTORS ARE NORMALIZED IN SUCH A ~~AY THAT, IN EACH EIGEN-2 

VECTOk, AN ELEMENT OF MAXIMUM HOOULUS EQUALS 1; 
THE NORMALIZED EIGENVECTORS ARE DELIVERED IN TH~ GIVE~ ARRAY. 

SGLCOM NORMALIZES THE (NON-NU~L) ~OLUMNS OF A COM?L~X HATRI~ 
~N SUCH A WAY THAT IN EACH COLUHN Al~ ELEMENT OF MAXIMUM ABSOLUTE 
VALUE BtCOMES EQUAL TO ONE. 

NOR .. MA LIZA I ION, 
SCAL!i~G OF COMPLEX EIGENVECTORS, 
COMPL£:.X SCALING. 



-st REVISION, 19'""15 

(0i:C£HBER 1975) 

SUBSECTION I COHSCL. 

THE H~ADING OF THE PROCEDURE ISi 
••pf.:.u:EOuR,.c.·· COMSCL(A, N, N1, N2, IM); ··vALUE·· N, Ni, N2; 
••rt" TE GE. R •• N, N1 " N2 ; ••ARRAY•• A, I H; 
•• c ow c. •• 3 4193 ; 

THl MEANING OF THE FORMAL PARAMETERS IS: 
Al <~~~R .. AY IDENTIFIER>; 

••ARRA y•• AC 11 N, N 1 a N2 l ; 

MC 

.. 
PAGE 2 

ENTRYI EACH REAL EIGENVECTOR HUST BE GIVEN IN A COLUMN Of 
ARRAY A, HHDS~ CORRESPONDING ELEHENT OF ARRAY IH 
EQUALS O; 
THE REAL AND IMAGINARY PART OF EACH COMPLEX EIGEN
VECTOR HUST BE GIVEN IN CONSECUTIVE COLUMNS OF ARRAY 
A, WHOSE CORRESPONDING ELEMENTS OF ARRAY IH ARE NOT 
EQUAL TOO; 

EXITI THE NORMALIZED EIGENVECTORS cr.E. IN EACH EIGEN
VECTOR AN ELEMENT OF MAXIMUM MODULUS EQUALS 1) ARE 
DELIVERED IN THE CORRESPONDING COLUMNS OF A; 

N! <ARITHMETIC EXPRESSION>; 
THE NUMBER OF ROWS OF ARRAY A; 

N1, N21 <ARITHMETIC EXPRESSION>; 
THE LOHER ANO UPPER BOUND OF THE COLUMN INDICES OF ARRAY A; 

IHI <A~RAY IDENTIFIER>; 
••ARkAY 0111 IMCN11N2J; 
THE IMAGINARY PARTS OF THE EIGENVALUES, OF WHICH THE EIGEN*" 
VECTORS ARE GIVEN IN THE :ORRESPONDING COLUMNS OF ARRAY A~ 
MUST BE GIV£N IN ARRAY IM. 

PROCEDURES USED: NONE. 

RUNNING TIHEI P~OPORTIONAL TON• CN2 - Ni+ 1). 

LANGUAG~t ALGOL 60. 

MtTHOO ANO PEr<.FORMANCt::1 SEE RiF (1l. 

REFER:. NCE SI 

(11.T.J. DEKKER AND W. HOFFMAt~tJ. 
ALGOL 60 PROCEDURES IN NUMERICAL ALGEBRA, PART 2. 
MC TRACT 23, 1968, MATH. :ENTR., AMSTERDAM. 

EXAMPLE OF USE& 
THt PROGEDURE COHSCL IS USED IN COHEIG1, SECTION 3.3.1.2.2. 



1-st REVI!:,I()N, 197 5 

(OECEHBE ~ 1975 J 

SUBSlGTlON i SCLCOM. 

THE HEhJING OF THE PROC~DURE READS: 
••PR. G C t.. DU R. E. ¥>• 5 C LC OM ( A R t A I , N , N 1 , N 2 ) ; 
••v ALU t:••N, N 1, N 2; ••1 NT EGER ••N, N 1, N2; ••ARRAY•• AR, Al; 
111COLE· 1 3Lt360; 

TH[ MEANING OF THE FORMAL PARAMETERS rsi 
~k,AI& <ARRAY IDENTIFIER>; 

11•ARRAY 11
" AR,AI[11N,N1tN2l; 

ENTRY& 

MC 
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THE REAL PART AND THE IMAGINARY PART OF THE MATRIX OF 
WHICH THE COLUMNS A~E TO BE SCALED HUST BE GI~EN IN THE 
ARkAYS AR AND AI,RESPECTIVELY; 
EXITS 
THE REAL PART AND THE IMAGINARY PART OF THE HATRIX WITH 
SCALED COLUMNS ARE D~LIVERED IN THE ARRAYS AR ANO AI, 
RESPECTIVELY; 

N,N1,N21<ARITHMETIC EXPRESSION>; 
N I ORDER OF THE MATRIX; 
N1,N21 THE N1-TH TO N2-TH COLUMN VECTORS A~E TO BE 
SCALED. 

PkOCEOURES USEul COMCOLCST = CP34352. 

LANGUAG~I ALGOL 60. 

EXAMPLE OF USE: SEE EIGCOM <SECTION 3.3.2.2.2). 

\ 



_,,, st REVISION, 197 5 

SE CT ION t 1 • 2 • 9 

SuUF\CE.. TEXT(S) 

··couE·· 34193; 

COEC£MBE~ 1975) 

··coHMt.t~T 119 HCA 2423; 
• 

11 PRO C t D U R c. •• C OMS C L ( A , N , N 1 , N 2 , I M ) ; •• V A L U E &iii N , N 1, N 2 ; 
··rt-.TEGt:..r<·· N, N1, N2; ··ARRAv·· A, IM; 
•• 8 £GI N •• •• 1 NT EGER•• I ., J, K; 

••Rt.AL•• S, U, \/, w; 

•• F O k • • J I = N 1 •• s T E p &4' 1 •• u NT I L ll/11 N 2 •• 0 0 ,,,. 

··e£GIN'· s 1= o; ··rF·· IMC J 1 A= o ··rHENl}fj 
··sEGIN 11

• ··FoR·· I•= 1 ··sTEP*• 1 ··uNTIL0
• N ··oo·· 

•
0 BEGIN•• Ul= ACI,JJ •• 2 ♦ ACI,J + 11 •• 2; 

•• I F •• U > S •• THEN w •• 8 E GI N -~ S 1 = U ; K 1 = I •• ENO •• 
••EN o•• ; 
••IF•• S "= 0 ••THE N"111 

•• BEGIN"• VI= Al K, J J / S ; WI = - A ( K., J + 1 l / S ; 
•• FOR.. I I = 1 ... s TE p t1i 1 •• u N T I L M N MD O •• 
••BEGIN•• U I - AC I , J J ; S I = A [ I , J + 1 J ; 

ACI,JJa= u. V - s. w; 
A(l,J + 1JI= U • W + S • V 

•• EN o••; 
JI= J + 1 

••E No•• 
••c.LSE•• 
11"8£GIN•• ••FoR•• II= 1 ••sTEP'11 1 *11 UNTIL•a N ••oo•• 

•• I F •• A BS ( A ( I , J J ) > ABS ( S ) •• T H E N •- S I = A C I , J l ; 
•• IF.. S A= 0 •• THEN"" 

MC 

PAGE 

•• FO R •• I I = 1 ••ST E p•• 1 ••UN TI L •• N 10 0 o •• AC I , J l I = A [ I , J l / S 
1110 E No•• 

••t:.NO •• 
••EN □•• COMSCL; 

••Eop•• 

••c OC1 f:. •• 3t+ 36 0 ; 
••PROC£DURE 0

" SCLCOH(AR, AI, N, Nl, N2); ""VALUE•• N, N1, N2; 
••INTEGER•• N, Ni, N2; ••ARRAY•• AR, AI; 
1111 6 E GIN•• ••INTEGER•• I , J, K; 

MR.EAL.. s' R; 
··PROCEOUR.E·· COHCOLCST(L,U,J,AR,AI,XR,XI) ;••cooE·· 34352; 
•• F OR • • J a - N 1 •• S T E P •• 1 •• UN Tl L •• N 2 ... 0 o •• 
••BEGIN•• St= 0; 

••FOR•• I I= 1 ••STEP•• 1 •11
· U NT I L 111

• N •• 0 0 •• 
•• 8 E GI N"" R a = ARC I, J J •• 2 + A I l I , J J • • 2 ; •• IF•• R > S ••THE N •• 

... BE GI N• • S l = R ; K I :: I ••END•• 
111 E Nu••; 
111 IF*0 S "= 0 ••THEN•• COMCOLCST(1, N, J, AR, AI, AR(K,JJ .I 
S, Al (Kt J l / S) 

••£No•• 
'

11 E.No•• SCLCOH; 
•• £op•• 



IECTION 11.2,10 
•• 

AUTHOR ,.,. . 

CONTRIBUTORS I H,FIOLET, C,G, VAN OER LAANw 

INSTITUTEa MATHEMATICA~ CENT~E, 

R~CElVEDI 731016, 
• 

BRIEF DESCRIPTIONa 

COM~UCNR~ CALCULATtS THE EUCLIDEAN NOR~ OF A COMPLEX MATRIX 
WITH L~ LOWER COOlAGONALS, 

KtVWORDSI 
• • 

EUCLIDEAN NORM, 
COMPLEX MATRIX, 

CA~~IN& SEQUENCE1 

THE HEADING OP THE P~OCEOURE READS1 
"REAL" ••PROCEDURE~ COMEUCNRM(AR, AI, L~, N)J "VALUE" N, LWJ 
"INTEGER" N, LWJ "ARRAY" AR, •r1 

MC 
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COMEUCNRM DELIVERS THE EUCLIDEAN ~ORM OF A COMPLEX MATRIX WITH L~ 
LOWER CODlAGONALSJ 

THE MEANING OF THE FORMAL PARAMETERS ISt 
Na <A~lTHMETIC EXPRESSION>J 

THE ORDER OF THE MATqzx, 
L.W1 cARITHMETIC EXPRESSION>J 

THE NUMBER OF LOWER CODIAGONALSJ 
AR,A!I <ARR~Y lDENTlFIER>J 

"ARRAY" AR,Aitt1N,t1NlJ 
ENTRYa 
THE REAL PART ANO THE IMAGINARY PART OF THE COMPLEX 
MATRIX,WIT~ LW ~OWER CODlAGONA~S,MUST BE GIVEN IN THE 
ARRAYS AR AND Al,RESPECTJVELV, 



SECTJON 11,2.,10 
• • (MAY 1974) 

PROCEDURES USEOa MATTAM • CP3ij0lS, 

RUNNlNG TIME1 PROPORTIONAL TO N••2, 
" 

~ANGUAGEI ALGOL 60 1 

IOURCE TEXTCS) g 

"CODE" 34359, 
... PREAL" "PROCEDURE" COMEUCNRM(AR, Al, ~W, N)f "VALUE" N, LWI 

"INTEGER" N, LWJ ~ARRAY" AR, AIi 
"BEGIN" "INTEGER" I, LJ 

"REAL" "PROCEDURE" MATTAM(L,U,l,J,A,B)l"CODE" 340151 
"REAL" RJ 
Ra• Os 
~FOR" ll• 1 "STEP" 1 
"BEGIN" Laa "lF" I~ 

R1a MATTAM(L, N, 
I, AI, AI) + R1 

"END"J 
COMEUC~RM1: $QRTCR) 

"END" COMEUCNR~J 
"EOP" 

'1 UN.TIL• N 
LW "THEN" 
1, 1, AR, 

"00 '' 
I III L~ ''EL.SEtt 1, 
AR) + MATTAM(L, N, l, 

MC 
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AUTHOR I C,G. VAN OER LAAN, . ' 

CONTRIBUTORS I H,FIOLET, C,G, VANDERLAAN, 

JNSTlTUTE1 MATHEMATlCA~ CENTRE, 

8RIEF DESCRIPTION1 
,' 

SC~COM NORMALIZES THE (NON~NULL) COLUMNS OF A COMPLEX MATRIX 
IN SUCH A wAV THAT IN EACH COLUMN AN E~EMENT OF MAXIMUM ABSOLUTE 
VA~UE BECO~ES EQUAL TO ONE, 

Kf;YWOROSI 
-.... 

CAL~lNG SEQUENCE& 

THE ~EAOtNG OF THE PROCEDURE REAOS1 
~PROCEDURE••SC~C0M(AR,AI,N,Nl,N2J, 
"VALUE"N,Nl,N2J"INTEGER"N,N&,N2J"ARRAY•AR,Aif 

THE MEANING OF THE FOR~AL PARAMETERS ISs 
AR,AII cARRAV IOENTIFIER>r 

"ARRAY" AR,Att11N,N11N2l I 
ENTRYa 
THE RE•~ PART A~O THE IMAGINARY PART OF THE MATRIX o, 
WHlCH THE COLUMNS A.AE TO BE SCA~EO MUST BE GIVEN IN THE 
ARRAYS AR AND AX,RESPECTIVE~Y1 
EXIT1 • 

THE REAL PART lND THE IMAGlNARV PART OF THE MATRIX WlT~ 
SCALED COLUMNS ARE DELIV[RfO IN THf ARRAYS AR AND AI, 
RESPECTIVEL.YJ 

N,Ni,NZ1cARlTHMETlC EXPRESSION>J 
~ I ORDER OF THE MATRIXJ 
Nl,N21 THE Nl•TM TO N2•TH COLUMN VECTORS ARE TO BE 
SCAL.ED, 



(MAY 1974) 

PROCEDURES USEDI COMCOLCST • CP34l52~ 

~ANGUAGEI A~GOL 60 1 . . 

SOURCE TEXTCS) a 

•CODE• 343601 
.. "PROCEDURE" SCLCOM(AR, Al, N, N1, N2)1 ffVALUE" N, N1, N2J 

"INTEGER" N, N1, N2J ''ARRAY" AR, AIJ 
"BEGIN•• "INTEGER• 1, J, KI 

"REA~• S, RJ 
"PROCEDURE" COMCOLCST(L,U,J,AR,AI,XR,Xl)J"CODE'• 3~3521 
"FOR" JI• Nl "STEP" 1 "UNTIL" Ni "00" 
"$EGIN" S111 OJ 

"FOR" Ia• 1 "STEP" 1 "UNTIL" N "00" 
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"BEGIN" R1m ARCI,Jl ** 2 + 4ItI,JJ •* 2J 1'JF" R ~ 8 "THEN" 
"BEGIN" St• RJ Kt• l "ENO" 

"END"s 
UIF" S -~ 0 "THEN 8 COMCOLCST(l, N, J, AR, Al, AR[~,Jl I 
S, •AICK,JJ /S) 

"ENO" 
"END" SCLCOMJ 

"EOP" 

• 
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INSTlTUTf.1 MATHEMATICAL CENTRE, 

RECElVEOI 730815, 
' 

8Rl£F DESCRIPTION1 

THJ8 SECTION CONTAINS T~REE PROECEOURES1 
C0MA8S CALCULATES THE MODULUS OF A COMPLEX NUMBER, 
COMSQRT CALCULATES THE SQUARE ROOT OF 4 COMPLEX NUMBER 

MC 
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CARPO~ TRANSFORMS A COMPLEX NUMBER GIV!N IN CARTESIAN COORDINATES 
INTO POLAR COORDINATES 

KEYWORDS I 
·~ 

COMP~EX NUMBER, 
MODULUS, 
SQUARE ROOT, 
TRANSFORMATION_, 
CARTESIAN COORDINATES, 
POLAR COORDINATES, 

$U88ECTION1 COMABS, 
•• 

• 

CALLIN; SEQUENCE& 

THE HEADING OF THE PROCEDURE REAOS1 
"REAL"flPROCEOURE"CO~ABS(XR,XI)r 
•VALUEflXR,XI1°REALPXR,XIJ 

COMABS DELIVERS THE ~OOULUS OF THE CO~PLEX NUMBER XR +I* XI, 

THE MEANING OF THE FORM~L PARAMETERS ISt 
XR,XIl<ARITHMETIC EXPRESSION► J 

ENTRYsXR,XI ARE T~E REAL PART 4~0 THE IMAGINARY PART 
OF THE COMPLEX NUMBER,RESPEC1%VELY 1 
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1 8fGlN" 
nREAL•",ROCEOURE 8 COM•BS(XR,XI>, 
•C00!"343401 
OUTPUT(b1,U(W"( 11 THE MODULUS OF 1 3 ♦ 9 4•I EQUALS")",w0 1 D0")", 

CO~ABSC,3, 1 £1)) 

TMf MODULUS OF ,3+ 1 U•l EQUALS 0 9 50 

8~88ECTION I COMSQRT, 

CAL~lNG SEQUENCE, 

THE HEADING OF THE PROCEDURE READS1 
"PROCEOURfflCOMSQRT(AR,Al,PR,PI)J 
1 VALUE"AR,AlJ"REAL''AR,AI,PR,PIJ 

THE MEANING OF THE FORMAL PARAMETERS lS1 
AR,AiacARITHMETIC EXP~ESSION~, 

ENTRY•AR,AI ARE THE RE~~ PART ANO THE IMAGINARY PART 
OF THE COMP~EX NUMBER,RESPECTIVELYJ 

PR,PIJ<VARIASLE>J 

MC 
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fXIT1THE REAL PART ANO THE lMAGl~ARY PART OF THE SQUARE ROOT 
A R E D E L. t \I E R E D l N P R A ND P I. , Ft f S P E C T I \I f L Y , 

PROCEDURES USEOI NONE, 
? • 

• 

LANGUAGEr ALGOL b0 1 . . 

M~THOO ANO PERFORMANCEa ... 

THE REPRESENTATION OF THE ~ESULTING CO~PLEX NUMBER tS CHOSEN SUCH 
THAT ITS REAL PART IS NONNEGATIVEJTH[ PROCEDURE IS PROTECTED 
AGAINST lNTERMEOIATE OVERFLOW, 

EXAMPLE OF USE1 
• 

"8EilN""REAL"R,lt 
•PROCEOURE"COMSQRT(AR,AI,PR,PI)J ... 

•CODE 11 34343J 
C0MSQRT(93,u,R,l)J 
OUTPUT(61,''("•("THE SQUARE ROOT OF ~l+U•! IS•)",•D,OD,+D,DD,"( 8 ~l")" 

")'',R,l)J 
11 &N0'' 

., .... 



8UB8ECTION g CARPOL, 

CA~~lNG SEQUENCEI 

THE HEAOING OF THE PROCEDURE REAOSa 
•PROCEDURE"CARPOL(AR,AI,R,C,S)J 
•VALUE 1•AR,Alr"REAL~AR,AI,R,c,s, 

THE MEANING OF THE FORMAL PARAMETERS ISt 
AR,AltcARITHMETIC EXPRESSlON>s 
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EN1RVaAR,AI ARE T~E REAL PART A~O TME IMAGINARY PART OF TH! 
COMPLEX NUMBER ,RESPECTIVE~VJ 

R,C,S1<YARIABLE>1 
EXITaTHE MODULUS OF THE COMPLEX NUMBER IS DELIVERED IN R 

ANO THE COSINE ANO TME SINE OF THE ARGUMENT ARE 
DE~IVERED INC AND S,RESPECTIVfLYt 
WHEN AR•AI=o THEN C1•1 AND R1•Se ■ o, 

PROCEDURES USED& NONE. 

~ANGUAGEI ALGOL b0 9 

EXAMPLE Of. USE I 

"lfwtN••AEA~"R,c,s, 
ftPROC£DURE"CARPOL(AR,AI,R,C,S), 

., 

"C00E•34l44J 
ClRPOL(,3,,4,R,C,S)J 
0YTPUT(61,"C"u(»THE POLAR COORDINATES OF 1 3+,4*1 ARft")",I, 

"("MOOULUS&''l",~O,PD,/, 
"("COSINE OF ARGUMENTa"l",•0,DD,/, 
"("SINE OF ARGUMENTl")",•0 1 00")",R,C,S) 

THE POLAR COORDINATES OF 1 3+,4•I AREi 
MODULUSJ 0 1 50 
C08lNE OF ARGUMENT1 0,60 
a, N~ OF ARGUMENT1 o,ao 
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SOURCE TEXT(S): 

"C0Df 11 34340f 
•REAL• "PROCEDURE'' COMABS(XR,Xl)J"VALUE" XR,XIJ 1 REAL" XR,1IJ 

• 

•lfGIN• XR1• ABS(XR)J XII• A8SCXl)J 
COMABSI• PIF" Xl > XR ''THEN•• SQRT((XR/Xll•*2+1l•XI 
"l~SE• •IF•• XI• O "THEN" XR "ELSE" SGRT((XI/XR)**2+1)•XR 
•ENO" COMABSJ 

·," 

"tOP" 
90URCE TEXTCS)I 

• 

•CODE"34343J 
''ROCEDURE" CO~SQRT(AR,Al,PR,Pilr 
•VALUE" AR,AIJ "REAL" AR,At,PR,PIJ 
,1,• ARao & Al: 0 "THEN" PRt• P!1•0 ''ELSEfl 
•-(GJN• "REAL" BR,81,HJ 
8R111 ABS(AR)J Bl1• ABSCAIJJ 
Hf, "IF 8 BI C BR "THENH 
(ft?F• BR<1 "TMEN" SQRT(CSQRT((Bl/BR)•~2+1l•,5+,Sl•BR) 
•fLS£~ SQRT(CSQRT((BI/8R)~•Z+1)*1125+,125)*BR)•cl 
•£L8E 0 "IF•• BI<l "THEN" SQRT((SQRT((BR/6Il*•2+1l•Bl+BR>•Zl•,S 
Rt~$£" "lF 11 BA+l= 1 "T~EN" SQRT(8I• 15) 
•£~8E" SQRT(SQRT((BR/Bl)••2+1)•BI•.l25+BR*,125l•2J 
"l'i AR>• 0 "THEN" 
R8!GlN" PRi• H9 PI1• Al/H•,5 "ENO" 
"f~S!" "BEGIN" PI1• "IF" AI~• O "THEN" H ~ELSE" •HJ 
PA-1' Bl/M•,S 
"fND" 
•eND" COMSQRTJ 

. "EOP'' 

NC0Df"34344J 
NPROCEOURE"CARPOL(4R,AI,R,c,s,, 
•VA~UE" AR,AIJ 0 REALff AR,AI,R,c,s, 
"I'" AR•O&AizO "THEN" 

"8iGINn Cs•11R1•S1•0 "END" 
•tL.lf" "BEGIN" 

. R••"IF• A8S(AR)~ABS(Al) "THEN" 
A8S(ARl•SQRT(1 ♦ (AI/AR)••2> 

"fLSE" ABS(Al)• SQRTC1+CAR/AXl••2)J 
C.t•AR/RJSa•Al/R 

•INO"tARPOLJ 
... 11 EOP" 

MC 
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1-st REVISION, 1975 

Sf:.CT IOtJ : 1. 3. 2 (MAY 1974) 

AUTHORt C.G. VANDERLAAN. 

INSTITUTE: ~ATHEMATICAL CiNTRE. 

THI~ Sl~TlON CONTAINS TWO PRO:EOU~ES : 
COHMUL CALCULATES THE PRODUCT OF TWO COMPLEX NUMBERS. 
COHDIV :ALCULATES THE QUOTIENT OF THO COMPLEX NUHBERS. 

KEY WOF!OS: 

COHPLEX MULTIPLICATION. 
COMPLLX DIVISION. 

SUB~ECTiON COMHUL. 

CALLING S~QJENCE& 

THE HEADING OF THE PROCEDURE REAOSI 
111 PRUCEOU~£··coMMUL (AR,AI,BR, BI,RR,<.I); 
•• v AL U E:. •• A R , A I , BR , BI ; 1110 RE AL•• A R , A I , BR , BI , RR, R I ; 

TH[ MEANING OF THE FORMAL PARAMETERS rs: 
AR,AI,B~,Bll<ARITHHETIC EXPRESSION>; 

MC 
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ENTRY&AR,aR ARE THE REAL PA~TS OF THE COMPLEX 
NUMBERS ANO AI,BI ARE THE IMAGINARY PARTS OF 
THE COMPLEX NUMBERS; 

RR,~Ii <VARIABLE>; 
EXITXTHE REAL PART ANO TH£ IMAGINARY PART OF THE 

RESULTING COHPLEX NJHBER ARE O~LIVER~O IN~~ ANO 
RI, RE.SPECT IVEL Ye 
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CDECEHBE.R 1975) 

c.Xf-.t-1PLL OF JSE.: 

•• 8 £GI N ••••Rt. AL•• R, I ; 
••pf.:~J~ELJKE..'*COMHUL (AR,AI,BR,BI,RR,RI); 
··cooE••32+341; 
COHMUL{.1,.2,.3,.4,R,I); 

PAGE 2 

0 U T P U T ( c 1 , •. ( •• 1111

• ( •• < .1 + • 2 • I ) • ( • 3 + • 4 • I ) = •• > •• , - O • O O , + J • D D , •• ( '11• • I •• ) •• •• ) •• , R , I 
··E. r~u·• 

SUBSECTION: COMOIV~ 

CALLING S~QJENC~I 

THl HEAJING OF THE PROCEDURE REAOSI 
··PF::OCt:.OURE··coMOIV (XR, XI. YR, YI,ZR,ZI); 
•• V A 1.. U E •• X R , X I , YR , Y I ; •• R. EA L •• X ~ , XI , YR , Y I , ZR , Z I ; 

THl H~ANING OF THE FORMAL PARAMETERS ISi 
XR,XI,Y~,YI&<ARITHMETIC EXPRESSION>; 

ENTRYIXR,YR ARE THE REAL PA~TS OF THE NUMERATOR 
ANO THE DENOHINATOR,RESPECTIVELY ANO XI,VI ARE 
THE CORRESPONDING IMAGINARY PARTS; 

ZR,Zit <VARIABLE>; 
EXITITHE REAL PART ANO THE IMAGINARY PART OF THE 

RESULTI~G COMPLEX NUMBER ARE DELIVERED IN ~R 
ANO RI,RESPECTIVELY. 

AT MOST SIX MULTIPLICATIONS AN0/0~ DIVISIONS ARE USED. 

LANGUAGEt ALGJL &O. 

METHOD AND PERFORHANC£l 

THE PRO:EJURE IS NOT PROTECTED AGAINST DIVISION BY ZE~O. 
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IXAMPLE OF USE1 

tBEGINW"REA~•R,lJ 
WPROCEDURE"COHDIV(XR,XI,YR,YI,ZR,Zilt 
MCODE"34342J 
C0MDlV(• 1 05,,1,,l,,2,R,I)1 
O~TPUT(b1,'1 (""(°C•.OS+,l•t)/(,1+,2•l>=")",,D.DO,+D,DD,"("•1")"")" 

,R,I) 

SOURCE TEXT(S)I 

"t0DE"34341J 
"PROCEDURE" CO~MUL(AR,AI,BR,Bl,RR,RI), ,. 

"YALUE" AR,AI,B~,BIJ "REA~" AR,AI,BR,BI,RR,RI1 
tt8fGlN" RRI•· AR* BR• AI • 811 
Rlt• AR* BI+ AI~ BR 
11 INO" COMr.tUL.,s ... 

••EOP" 

•CODE•1343421 
91 ff ROC f OU RE'' COMO IV ( X R, XI , YR, YI , ZR, Z I ) t 
nYA~UE" XR,XI,YR,YI1"REAL•1 XR,XI,VR,VI,ZR,ZIJ 
•IIG%N" ''REAL'* H,Dr 
•IF• ABS(YI) < ABS(VR) "THEN" 
WlfGlN" "lP s• YI~ 0 "THEN" 
NICGlN" ZRt• XR/YRJ ZI11 XI/YR "END" "ELSE" 
•l~GINM Ht• YI/YR, o,. H•YI ♦ YR, 
ZRI• (XR + H * XI)/DJ Zisa (XI•H•XR)/0 . ' 

•tNO" 
•t.ND" "ELSE" 
•BiGtN• Ha= YR/Yl1 Oge H•VR ♦ YlJ 
Z~~~ (XR~H + XI)/OJ ZII• (XI•H • XR)/0 

,.. 

9 l:NO" 
"!ND" COMOI\IJ 

1• E OP" 

PAGE l 
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SECTION I 1,4 PAGE 1 

INSTITUTES M~THEMATICA~ CENTRE, 

RECEIVED1 7401251 REVISEDI 74051QJ 

BRIEF DESCRIPTION1 

THIS SECTION CONTAINS A SET OF FIVE PROCECURES FOR 
THE BASIC ARITHMETIC OPERATIONS WITH LONG INTEGERSI 
LNG INT 400 EXACTLY COMPUTES THE SUM a, TWO NONNEG•TIVE INTEGERS, 
LNG INT SUBTRACT EXACTLY COMPUTES THE OIFFERENCE o, TWO NONNEG•TIVE 
INTEGERS, 
LNG INT MULT !XACTLY COMPUTES THE PRODUCT o, TWO NONNEGATIVE 
INTEGERS, 
LNG INT DIVIDE EXACTLY COMPUTES THE QUOTIENT WITH REMAINDER OF TWO 
NONNEGATIVE INTEGERS. 
LNG INT POWER EXACTLV COMPUTES U••POWER, 
WHERE UIS A NONNEGATIVE LONG INTEGER ANO POWER IS THE 
POSITIVE (SINGLE•LENGTM) EXPONENT• 

• 

KEYWORDS I 

• 

• 

LONG INTEGER ARITHMETIC, 
ADOlTlON, 
SUBTRACTION, 
MULTIPLICATION, 
DIVISION WITH REMAINDER, 
EXPONENTIATION • 
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SECTION I 1," (OCTOBER 1974) PAGE 2 

SUBSECTION I LNG INT ADD. 

CALLING SEQUENCE 1 

THE HEADING 0~ THE PROCEDURE READSI 
''PROCEDURE" LNG INT AODCU,V,8UMJ1 
''INTEGER" "ARRAY" U,V,SUMJ 

THE ME•NING OF THE FORMAL PARAMETERS ISi 
U,V,SUM1 cARRAV IO!NTIFIER>1 

" I N T EGE R " '' A RR A V '' U t 0 I U [ 0 l J , V E O I V [ 0 l J , 
SUM t01MAX(U COl ,V [OJ )+tl I 

BEFORE THE CALL OF LNG INT ADD, U ANO V MUST 
CONTAIN THE LONG INT!G!RS TO BE ADOEDJ 
AFTER THE CALL, SUM CONTAINS THE MULTl•LENGTH 
SUM o, U ANO V, WHILE U ANO V REMAIN UNCHANGED, 

~ROCEDURES USED I NONE, 

REQUIRED CENTRAL MEMORY I 

EXECUTION FIELD LENGTH I 7. 

RUNNING TIME I 
~ 

WE GIVE 4 FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE 
CD CVBER 7l•28 COHPUTERJ THE RELATIVE ~RECISION OF THE 

• 

COErFlCIENTS IS AT MOST ONE OR TWO DIGITSI 
, 1 o•MAX cu tOJ, v tol > + , o,•MIN cu tOJ, v toJ, + • 51,, 

• 

LANGUAGE I ALGOL &O, 

METHOD AND PER,ORMANCE I SEE LNG INT POWER (THIS SECTION), 

EXAMPLE OF USE I SE! LNG INT POWER (THIS SECTION)a 

• 
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SECTION I 1,4 PAGE 3 

SUBSECTION I LNG INT SUBTRACT, 

CALLING SEQUENCE I 

THE HEADING OF THE PROCEDURE READS I 
"PROCEDURE" LNG INT SUBTRACT cu,v,01,F!RENCE)J 
''INTEGER" ''ARRAY" u,v,01,~ERENCEt 

THE MEANING o, THE FORMAL PARAMETERS 151 
u,v,0IFFERENCE1 CARRAY IDENTIFIER•, 

"INTEGER" "ARRAY" UE01UtOJJ,Y[01VtOJJ,DIFFERENCE[01UtOll J 
BEFORE THE CALL OF LNG INT SUBTRACT, U ANO V MUST 
CONTAIN THE LONG INTEGERS TO BE SUBTRACTEO(V FROM U)J 
AFTER THE CALL, DI~,ER!NCE CONTAINS THE MULTI•LENGTH 
Ol~FEAENCE U•Vp I, ucv THEN DJ,FERENCE[Ol•O 
IS DELIVEREOt U AND V REMAIN UNCHANGED, 

PROCEDURES USED I NONE, 

REQUIRED CENTRAL MEMORYI 
• 

EXECUTION FIELD LENGTH I 7, 

RUNNING TIME I 
• 

WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE 
CD CVBfR 71•28 COMPUTER, THE RELATIVE PRECISION OF THE 
COEFFICIENTS IS AT MOST ONE OR TWO DIGITSI 
.1o•utOJ ♦ ,06•VtOJ ♦ ,b4, 

LANGUAGE I ALGOL 60. 

METHOD AND PERFORMANCE I SEE LNG INT POWER (THIS SECTION), 

EXAMPLE OF USE I SEE LNG INT POWER (THIS SECTION), 
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SUBSECTION I LNG INT HULT. 

CALLING SEQUENCE 1 

THE HE.DING OF THE PROCEDURE READSI 
''PROCEDURE" LNG INT MULTCU,V,PRODUCT)J 
"INTEGER" "ARRAY" U,V,PRODUCTJ 

THE MEANING OF THE FORMAL PARAMETERS IS1 
U,V,PRODUCTI c~RRAY IOENTlFI!R~J 

"INTEG!R" "ARRAY" UtOIUtOJJ, vto,vtolJ, 
PRODUCTt01U[OJ+VtOJJ I 

BEFORE THE CALL 0~ LNG INT MULT, U ANO V MUST 
CONTAIN THE LONG INTEGERS TO BE ~ULTIPLIEOp 
AFTER THE CALL, PRODUCT CONTAINS THE MULTI•LENGTH 
PRODUCT OF U AND V, WHILE U ANO V REMAIN UNCHANGED, 

' 

PROCEDURES USED I NONE, 

REQUIRED CENTRAL MEMORY I 
• • 

. EXECUTION 'lELD LENGTH I 1. 

RUNNING TIME I 

WE GIVE A FORMULA FOR THE RUNNING TIME IN MILLISECONDS ON THE 
CO CVBER 73•28 COM~UTERs THE RELATIVE PRECISION OF THE 
COEFFlCl!NTS IS AT MOST ON! OR TWO DIGITS1 
,18•UtOl•VCOJ ♦ ,lS•UtOJ + eOb•VtOl + ,4&, 

LANGUAGE I ALGOL &O, 

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

EX•MPLE OF USE I SEE LNG INT POWER (THIS SECTION), 
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SUBSECTin~J I LNG INT DIVIDE. 

CA.LLING SEQUENCE a 

THE HEAOING OF THE PROCEDURE READS1 
••PROCEDURE" LNG INT DtVIDE(U,V,nUoTIENT,RE~AINDER>s •VALUE" u, 
"l~TEGER" •ARRAY" U,V,QUOTICNT,RE~AINOERt 

THE MEANING OF THE rORMAL PARAMETERS 1s1 
u,V,QUOTtENT,REMAlNDERI cARRAY IDENTirIER>J 

• 

"INTEGER" "ARRAY" UtO;UtOJJ, Vtoavroll, 
QUOTJENT[OtUtOJ•VtOl+lJ, RFHAINDER[OIVtOlll 
BEFORE THE CALL or ~NG l~JT DIVIDE, u MUST CONTAIN THE 
DIVIDEND, Y TH~ OIVISOR(V •• O)J 
AFTER THE CALL, THE RESULTS OF THE ~ONG OlVtStON 
OF U BY V CI.Ee U//V AND U•U//V) ARE STORED INTO 
QUOTIENT AND REMAINDER, IJ AND V REMAIN UNCHANGED, 

PROCEDURES USED~ NONE. 

' 

REQUIRtO CENTRA~ ME•10RV I 

11 t utol + (IF VtOJ•1 OR UtOl«VtOJ THEN O ELSE VtOl+1), 

RUNNlf~G Tl~E: 

WE GIVE A FORMULA FOR THE RUNNING TIME 1N ~?LLISECONDS ON THE 
CD CVBE~ 73•28 COM?UTERJ THE RE~ATIVE ~RECtSlON OF THt 
COEFFICIENTS lS AT MOST ONE OR TWO D!GITS1 
IF ~toJ~l THEN C.lU•UtOJ + .&7) E~SE IF Vtll >• 5 000 000 THEN 

C.2o•DlFF•VtOJ ♦ .S7•0IF~ + s10*VtOJ + 1.8) 
ELSE (,27•DIFF•VtOJ + .oo•DIFr + ,b~•VCOJ t 2,0) 

CtiERE DIFF•~COl•VtOl+1, I.E. THE NUMBE~ OF EXECUTIONS 
Of THE STATEMENT, It,J WHtC~i DIVISION OF A (VtOl+1)•PLACE 
NLJ~BER av A VtOl•PLACE NUMBER IS PERFORMED), 

LANGUAGE I ALGOL b0 9 

METHOD ANO PERFORMANCE ; SEE LNG INT ?O~ER (THIS SECTION). 

EXAMPLE OF uSE a SEE ~NG l~T POWER CT~IS SECTIO~l. 

• 
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• 

s E C T I O f\l I 1 I !i 

CAL~lNG SEQUENCE I 
• 

THE HEADING OF THE PROCEDURE READSI . 
»PROCEDURE" LNG t~IT POWERCU,EXPONENT,RESULT)1 

MC 
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''VA~UE" EXPONENT1 "INTEGER" EXPONENT1 "INTEGER" "ARRAY" U,RESU~Tt 

THE MEA~lNG OF THE fORMAL PARAMETERS IS~ 
EXPONENT& <ARlTHMETIC EXPRESSION► J 

THE (POSITIVE) PO~ER TO WHIC~i THE LONG INTEGER U 
Wll.L BE RAISEDt 

u,RtSU~Ti C4RRAY IOtNTXFIER>s 
"INTEGER" "ARRAY" UtoautoJJ, RESULT[01U[Ol•EXPON!NTJ1 
BEFORE THE CA~L OF LNG INT POWER, U MUST CONTAIN 
THE LONS INTEGER WHtCH HAS TO BE RAISED TO THE 
POWER EXPONENT, 
AFTER THE CALL, RfSULT CONTAINS THE VALUE OF THE 
LONG It-JTEGER U~•EXPONENT1 U REMAINS UNCHANGED, 

• 

• 

PROCEDURES USED I 
• 

LNG INT ~ULT• CP31202. 
• 

REQUIRED CENTR4~ MEMORY I 

EXECUTIO~ FIE~O LENGT~ I 4 + 3 • (UtOl *EXPONENT ♦ 1), 

FOR THIS PROCEDURE THE TIME FORHU~A IS A CO~PLJCATED 
UtOl, EXPONENT AND THE NUMBER OF O~JES IN THE BINARY 
Of. EXPON!NT, BUT ROUGH~V THE TIME IS OF THE ORDER I 
C lJ ( 0 l •EXPO NE ~-J T) * * 2) • 

FUNCTION OF 
• 

REPRESENTA TI O~J 

T~O TESTCASES l 
EXPONENT TIMECIN SEC,) FOR1 

UCOJ:1 utol~2 
20 .04 .10 
40 .13 .34 

100 ,ca 1.q4 
300 S.48 lb.b 
sou to.a s1.o 
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METHOD A~lD PERFOR~A~JCt1 

OEFlt1'.JlTlON1 
A I.ONG 1~1TEGfR o, LE"fGTM t~, OR AN N.Pf.AC[ I'iTEGER 
CN»OJ IS ANY NONNEGATIVE INTEG!R ~ESS THAN 8AS!•tN, 
ANO GREATER THAN OR EQUAL TO BASE••CN•t), WMERE BASE 
IS THE (POSITIVE> RADIX o, THE POSlTIO~AL NOTATION, IN 
wHICM THE I~TEGE~S ARE EXPRESSED, 

MC 
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ALL ,1vt PROCEDURES US! THE BASE 10 000 OOOJ THIS IS THE LARGEST 
POWER OF 10, THE $QUAR~ or ~iHlCH c•;~ BE REPRESENTED EXACTLY 
ON THE CD CYBER 13•28 COMPUTER. IF ONE ~ANTS TO US! THE 
PROCEDURES ~ITM ANOTHER VALUE OF THE B4SE, SAY R (NOT 
NECESSARILY A POWER OF lOJ, THEN lN THE SOURCE TEXTS OF THE 
PROCEDURES THE NUMBER to 000 000 HAS TO BE REP~ACID BY R 
C8 TIM!S IN LNG INT ADD, 
2 TIMES lN LNG ?NT SUBTRACT, 
2 TIMES IN LNG INT MULT AND 

16 TIMES JN LNG I~T OIVIDtle 
MOREOVER, 1~~ LNG INT DIVIDE THE NUMBER q 999 qqq HAS TO BE 
REP~ACEO BY THE NUMQER R • 1, 

IF A [1 J, A [21, 1 •,, A [~'1J ARE T~t N "DIGITS" Off THE L.ONG 
l~ITEGER M OF L!NGTH ~ CAtlJ •RO), THE~ 

~-,c: •• cAt1J•BASE+At2J>•BASE+ ••• +AtN•Zl)•BASE+AtN•1ll*BASE+AtNl, 

ACCORDINGLY, A ~ONG INTEGER M OF LENGT~ N A~WAYS WILL 
BE STORED ItJTO A CORRESPONDING MJNTEGER" •ARRAY• A, 
THE l..E~iGTtt ;J WII.L BE STORED INTO THE ARRAY ELEMENT A tOl • 

FOR THE ~1ETrlOO OF TtiE Pr:IOCEDURES LNG I"JT ADO, I.NG INT SUBTRACT, 
LNG INT MULT A~D LNG INT DIVIDE, SEE C1J PP 1 229•24BJ1 
PROCECJRE L.~~G 1~:r POWER USES TME B!NARY METHOD FOR 
EXPO~~~TIATlON (SEE tlr PP.398•ij01J), 

REFERE'ICESI 

tll. OONA~D E, KNJT~. 
TrlE ART OF CO~PtJTER P~OGRAMMI~G, VQLUMf 2/ 
SE1t'itJitERICAL AL.GORITHt1S. 
ADD!SO~•~ESLEV PUBLISHING CO~PANY, 1969 0 
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EXAMPL.E OF USEI 

' 

"6EGI~4" 
~PROCEDUR!" ~NG INT AOOCU,V,SUM)J "COOE" 31200J 
"PROCEDURE" LNG INT SUBTRACT(lJ 1 V,OlFFERENCE)J ''COO~" 31201: 
"PROCEOURE" ~NG INT MULT(U,V,PRODUCT)s "COOE'• 312021 
"PROCEOUREM LNG INT DIVIDE(U 1 V,QUOTIENT,REMAINDER);"CODE" 31203J 
"PROCEDURE" LNG lNT POWER (U 1 EXPONE~T,RESULT)J ''CODE" 312041 

"PROCEDURE" OUTCA)J "INTE,ER" "ARRAY'' AJ 
"BEGlN" "INTEGER" I,Lr L:~ AtoJ I 

• 

OUTPUT(b1,~(PB&ZD,C870>")",(Atll,I1• 11L)lJ 
OUTPlJTC&l,"C"/"l") 

'' E f~ 0 " 0 U T I 
"INTEGER'' "ARRAV'' U,V,R1 1 Ri(0~100]J 

U tol 1•51 U t1l 11333J LI t2l i11lJ[3l 1•U [qJ a•UtSl 1•7 000 OOOt OUT CU), 
\/ tOJ l=at2J V ttl 114 4/J4J V t2J 1•LJ 444 L144J OUT(Vl r 

L,NG 
t_NG 
~r-.JG 
i,.NG 
I.NG 

"E"IO" 

lNT ADOCU,V,Rl)J OUT(Al)J 
l "4 T S LI 8 T R A C T ( U , V , R 1 ) J O UT ( R 1 ) I 
lNT ~U~T(U,V,Rt)J OUTCR1)1 
INT OIVIOE(U,V,~1,R2)J OUT(R1lJ 
liT POWERCV,5,Rl)t OUT(~l) 

• 

OELlVER$3 " 

7000000 1000000 7000000 

1000000 1004q45 1q4~444 
1000000 oqqssso zsssss~ 

OUTCR2lr 

'313 7000000 
!.&444 U4444~4 

333 7000000 
'3.33 7000000 

1qe3111 111'+011 
1soezs 0001cso 

734 0700700 
17341 5299149 

q114221 9114221 ~111110 8000000 
082()575 

&5$!10~ b327185 89b4S8b qq723~5 806958q 6628224 



SECTION I 1,4 
• 

(OCTOBER 1914) 

SOURCE TEXT(S)I 

••CODE" 31ZOOr 
"PROCEDURE" LNG INT ADD(U,V,SUM), "INTEGER"''ARRAY" U,V,SUMs 
"BEGlN""INT!GER" LU,LV,DIFF,CARRV,I,T,MAXp 

LU1•U [OJ J LVl•V tol I 
"IF" LU>• LY "THEN" 
"BEGIN'' MAXl•LUt DIFF1•LU • LV + 1J CARRY1•0t 

"FOR'' Is•LU "STEP" •1 "UNTIL" DIFF ''DO" 
"BEGIN" T1 ■ U[Il + VtI•DIFPf+1J + CARRVJ 

CARRVl•"I~'' TC10 000 000 "THEN'' 0 "!LS!" 1J 
SUM tIJ l•T • CARRY * 10 000 000 

"END'' J 
"FOR'' Il•DI,~ • 1 "STEP" •l "UNTIL'' 1 ''00" 
"BEGIN" T1•Util ♦ CARRVs 

C A R R Y I • " I F " T .: 1 0 0 0 0 0 0 0 " T HE N II O '' E L S E " 1 J 
SUM[IJl•T •CARRY* 10 000 000 

••ENO'' 
" E NO '' " E L SE '' 
"BEGIN" M4Xl•LVJ DIFF1•LV •LU+ 1J CARRY1•0s 

"FOR" I1•LV "STEP" •1 ''UNTIL" DIFF "00" 
"BEGIN" Tl•Vtil + UtI•DI,F+1l + CARRVJ 

CARRYl•"IF" Tc10 000 000 "THEN" 0 ''ELSE'' 11 
SUMtIJt•T • CARAV • 10 000 000 

"EN0"J 
'' F O R " I I • D I F fl' • 1 " S T E P •• • 1 ti UN T I L '' 1 " 0 0 '' 
"BEGIN" Tl•V[Il + CARRY, 

CARRYl•"I'" Teto 000 000 "THEN•• O ''ELSE" ls 
SUM[Ils•T •CARRY* 10 000 000 

"END" 
"ENO", 
"IF" CARRV•1 "THEN" 
" BE G I N " " F OR '' I i • M A X '' S T E P " • 1 " UN T I L '' 1 '' D O " 

SUMtl ♦ ll l•SUMCil s SUMttl 1•11 MAX111MAX + 1 
"ENO'' t 
SUMlOJl•M•X 

••END'' LNG INT AOOJ 
"E0P" 

• 

MC 
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SECTION I 1 1 /J (OCTOBER 1'114) PAGE 10 

''CODE" 31201s 
"PROCEDURE" LNG INT SUBTRACT(U,V,DIFFERENCE)9 • 

''INTEGER""ARRAY" U,V,D!FFERENCEJ 
"BEGIN""INTEGER" LU,LV,DI,F,I,T,J,CARRYJ 

t.U1•U tOl; L.Vl•V toJ I 
" I F ". L U c L, V " 0 R " l. U • L V " A N 0 " U t 1 J c V t 1 J '' T H ! N '9 D I F F E R E NC E [ 0 J I = 0 '' EL SE '' 
"BEGIN" DIF~l•LU • LV ♦ tr CARRY1•01 

• 

"FOR'' Il•LU "STEP" •I "UNTIL" DI~, "00" 
"BEGIN" T1 ■ UEIJ • VCI•DIFFtlJ ♦ CARRV1 

CARRYl•"I'" Teo "THEN" •1 "ELSE" o, 
DlFFERENCEtIJl ■ T •CARRY• 10 000 000 

"END''J 
"FOR'' I1•DIFF • 1 "STEP" •1 "UNTIL'' 1 "00" 
" B E G I N " T I • U [ I J ♦ C A R R Y I C A R R Y I • " I F '' T c 0 " T H E N '' • 1 '' E L SE '' 0 J 

DIFFERENCEtIJ l ■ T •CARRY* 10 000 000 
"END'' I 
"IF" CARRY••l "TMEN" 
"BEGIN" DIFFERENCE[Ol 1•or "GOTO" READY "ENO"' 
I1•01 J1•LUr 
" F 0 R " I I • I ♦ 1 " W H I LE " 0 I FF E R ! NC E E I J • 0 " A NO " J >t 1 '' D O '' J 1 • J • 1 J 
DIFFERENCE tOl 1 ■ J J 
"IF" JcLU ''THEN" 
"FOR'' ll•I "STEP" 1 "UNTIL" J "00'' 
DIFFERENCE t I 1· 1 •O I FFE RE NC E tLU+ I •J l 

"END", 
READY1 

••END" LNG INT SUBTRACT, 
• 

"EOP" 

'' C OD E " 3 1 Z O 2 , 
nPROCEDURE'' LNG INT MULTCU,V,PRODUCT)J 
"INTEGER""ARRAY" U,V,PRODUCT1 
'18EGIN""INTEGER" LU,LV,LUV,I,J,CARRV,TJ 

LU1•UtOl1 LVl•VtOlJ LUV111LU + LVJ 
"FOR" ll•LU + 1 "ST!P" 1 "UNTIL" LUY "00" PRODUCTCil 1•0, 
"FOR" Jl•LU "STEPn •I "UNTIL" 1 "00 1' 

"BfGIN" CARRY1ao, 
"FOR'' Il•LV "STEP" •1 "UNTIL" 1 "DO" 
"SEGIN" T1•U tJJ * V tIJ ♦ PRODUCT tJ+IJ + CARRYJ 

CARRYl ■ T/110 000 OOOJ PRODUCTtJ+IJ 1•T • c•RRY • 10 000 000 
"ENO''J PRODUCT[Jl 1•CARRV 

"EN0"s 
"IF" PRODUCTttJ•O "THEN" 
" B E G I N " '' FOR " I i • 2 '' S T E P " 1 " UN T I L " L U V '' D 0 " 

PRODUCTtI•tJi•PRODUCT[ll t LUVs•LUV • 1 
"END''' PRODUCT [OJ 1•LUV 

"END" LNG %NT MULT, 
"EDP" 



SECTION I 1,LI (OCTOBER 1~74) 
• 

''CODE" l1203t 
"PROCEDURE'' LNG INT DIVIOECU,V,QUOTI!NT,REMAIND!R)J ''VALUE'' UJ 
ntNTEGER""ARRAY" U,V,QUOTIENT,REMA?ND!RJ 
19 BEGIN""INTEGER" LU,LV,Vt,DIFF,I,T,8CALE,D,Qt,J,CARRVJ 

LU1•U roJ J LVl•V EoJ, Vt 1•V [1J J DIFl"l•LU • LV, 

"l'" LV•l "THEN" 
"BEGIN" CARRY1•0t 

"FOR'' I1•l "ST!P" l "UNTIL" LU "DO" 
"BEGIN'' T1•CARAV * 10 000 000 + UtllJ QUOTIENT[IJ1•TI/V1J 

CARRYl•T • QUOTIENT,IJ * V1 · 
"EN0''1 REMAINDER[OJ t•lt REMAIND!Rt1J 1aCARRYJ 
"IF" QUOT1ENT[1l•O "TH&N" 
" BE G I N n " fl' 0 R " I I • 2 " S TE P '' 1 " UN T I L '' LU " 0 0 " 

QUOTIENT[I•lJtaQUOTIENTtIJ, 
QUOTifNTtOJ 1•LU • ("IF" LU•l ''THEN•• 0 "ELSE'' 1) 

"END'' "ELSE" QUOTIENTtOJ l ■ LU 
"END" LV•l 
"ELSE" 

"IF" LUCLV ''THEN'' 
"BEGIN'' QUOTIENT [OJ i•l r QUOTIENT ttJ 1•0s 

"f'OR'' I 1•0 "STEP" 1 "UNTIL" LU ''DO'' REMAINDER tIJ 1•U tIJ 
' 

"END" L.UcLV 
"ELSE'' 

"BEGIN""INTEGER""ARRAY" At01LYJ 1 
SCALE1•10 000 OOO//CV1+1>t 
"I'" SCALE>1 "THEN" 
"BEGIN""COMMENT" NORMALIZE u, CARRYa•o, 

"'OR" ll•LU "ST!P" •1 "UNTIL'' 1 ''00" 
"BEGIN" T1aSCALE • UtlJ + CARRVt CARRYa•T//10 000 ooo, 

UtlJ l•T • CARRV * 10 000 000 
"!ND"J UtOJ 1•CARRY1 
"COMMENT" NORMALIZE Vs CARRVl•OJ 
" , 0 R " I 1 • L V " S T !! P " • 1 " UN T I L " 1 ti O O It 
"B!GlN" Tl•SCAL! * VtIJ + CARRYJ CARRY1 ■ T//lO 000 OOOJ 

VtIJt•T •CARRY* 10 000 000 
" E N 0 •• J V 1 I a V t 1 J 

"END" NORMALIZATION 

MC 
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"ELSE" UtOJ 1•0J "COMMENT'' 



MC 

SECTION (OCTOBER 1974) PA GE 12 

"COMMENT" COMPUTE QUOTIENT AND REMAINDERS 
" F OR '' I I • 0 " S T E P '' 1 " UN T I L " D l F F '' D 0 n 
"BEGIN" D1•U[lJ * 10 000 000 ♦ Ut?+lJJ 

Qll•"IF" Util•Vl·"THEN" '999 qq9 "ELSE" D//V1J 
"IF" V[ZJ • Ql ~ CD•Ql•Vt) * 10 000 000 + UCI+2l "THEN" 
"B!GlN" Ql1 ■ QI • 1J 

"lF" V[ZJ•Q1~(0•Q1•V1)•10 000 OOO+UtI+2J "THEN" Q1t•Q1•1 
''!ND" J 

"COMMENT" U [I I l+LVJ l•U tl I I+LVl • Qt * V [11 LVJ J 
C•RRYl•~s 
"FOR" Jt•LV "STEP" •1 "UNTIL'' 1 "00" 
"BEGIN" T1 ■ Q1 * V[Jl + CARRY, CARRV1•T//10 000 OOOJ 

AtJJ a•T •CARRY* 10 000 000 
"fND"J AtOJl ■ CARRVJ 
CARRYl•Os 
"FOR" J1•LV "STEP" •1 "UNTIL'' 0 "00'' 
" B E G l N '' T I • U t I ♦ J J • A t J l + C A R R Y , C A RR V I • " I F '' T c O '' T HE N '' • 1 

"ELSE" o, UtI+JJ l ■ T • CARRY * 10 000 000 
"END", 

• 

"COMMENT" IF CARRY••1 THEN Ql IS ONE TOO LARGE, 
AND V MUST BE ADDED BACK TO UtIII+LVl, 
"IF" CARRV••1 "THEN" 

• 

"BfGIN'' Ql1•Ql • 11 CARRY1 ■ 0J 
"FDR" J1•LV "STEP" •1 "UNTIL" 1 "00" 
" B E G t N " T I • U C I ♦ J J + V C J l ♦ C A R r:t Y , C A R R Y I • ,, I F II T < 1 0 0 0 0 

"THEN" 0 ''ELSE" 11 Utl+Jl 1 ■ T • C4RRY • 10 000 000 
"ENO" 

"ENO" J QUOTIENT [IJ I •Gil 
"END'' I J 

"COMMENT" CORRECT STORAG! OF QUOTIENT, 
"IF" QUOTIENT[OJ •• 0 "TH!N" 
" B E G I N " '' FOR " I I • 0 I F, " S T E P " • 1 '' U N T I L '' O " D 0 '' 

QUOTIENT [I+ll a ■ QUOTI!:NT til J QUOTIENT COl l•DIFF + 1 
"END'' "ELSE" 
"l'" QUOTIENT[ll •• 0 ••THEN" QUOTIENTtol 1sDIFF ''ELSE" 
"BEGIN" "FOR" I1•1 "ST!P 1' 1 "UNTIL'' DIFF • 1 "00'' 

QUOTIENT [?J a•QUOTIENT tI+1J J QUOTIENT to] a•DIFF • 1 

000 

• 

''ENO''J "COMMENT'' 



SECTION I 1 1 /J (OCTOBER 1C174) 

"COMMENT" REMAINDER,. U[DIFr+tlLU]//SCALfr 
"IF" SCALE~1 ''THEN" 
"BEGIN" CARRV1•0r 

"FOR" I1•1 "STEP" 1 ''UNTIL'' LV ''00'9 

"BEGIN" T1aCARRY • 10 000 000 ♦ UtOIFF+Il s 
• 

MC 
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' 

REMAINDER[Il 111T//SCALEs CARRYa•T • REMAINDER[Il • SCALE 

• 

"END" 
"ENO'' "ELSE" 
"FOR'' 11•1 "STEP'' 1 "UNTIL" LV "DO'' REMAINOEAtil l=isU[OIFF+Il J 

"COMMENT'' CO~RECT STORAGE OF REMAINDER1 
I1•0, J1•1..v, 
" F O R '' I I • I + t '' W H I LE " RE MA I N 0 ! R [ I l • 0 '' A N D '' J > 1 '' 0 0 '' J 1 • J • 1 J 
REMAINDER COJ 1•JJ 
"IF" JcLV ''THEN" 
" F' 0 R '' I I • 1 " S T E P '' 1 " UN T I L " J " 0 0 '' 
REMAINOERtIJ saREMAINCERtLV + I• Jl J 

''COMMENT" UNNORMALIZE THE DIVISOR VJ 
"IF" SCALE>t "THEN" 
"BEGIN" CARRV1•0J 

"FO~" 11•1 "STEP" 1 "UNTIL" LV ''00" 
"BEGIN" TlsCAARV * 10 000 000 + VCIJJ 

• 

• 

VtIJa ■ T//SCALE, CARRY&•T • VtIJ • SCALE 
"ENO'' 

"ENO'' 
"END'' 

"END" LNG INT DIVID!J -

"EOP" 

''CODE•• 31204 r 
••PROCEDURE'' LNG INT POWERCU,EXPONENT,RESULT)t 
"VALUE" EXPONENT, "INTEGER" EXPONENTS ''INT!GER"••ARRAY'' U,RESULTJ 
''BEGlN"''INTEGER'' MAX,I,Ni 

'' P R O C f O U R f " L N G l N T M UL T ( U , \i , P R O 0 U C T l , '1 C O 0 ! " 3 1 2 0 2 , 
MAX1•U tOJ * EXPONENTJ 
"BEGIN'•"INTEGEA""ARRAY" Y,Z,Ht01MAXJJ 

"COMMENT" Y1•t, Zs•Us , 

Y tOl l•Y t1J 1•1 I 
" F O R " I I • U t O l " 8 TE P " • 1 '' UN T I L '' 0 '' D O '' Z [ I l I • U [ I l I 

HALVEt N1•EXPONENT//Zp "lF'' N+N•EXPONENT "TH!:N" ''GOTO'' SQUARE z, 
LNG INT MULT<V,Z,H)J . 
" F O R '' I I • H t 0 l " S T E P " • 1 '' UN T I L " 0 9' 0 0 '' Y £ I l I • H C I J J 
"l'" N•O "THEN" ''GOTCH R!AOYt 

SQUARE ZI LNG INT MULTCZ,Z,H)t 
" F O R '' I I • H [ O l " S T E P '' • 1 '' UN T I L " 0 '' D O '' Z [ I l I • H [ I l s 
EXPON[NTl•N, ••GOTO"HALVEs 

R E A O Y I '' , 0 R " I I a V [ O l " S T E P '' • 1 '' U N T I L '' 0 '' 0 0 '' R E S U L T t I J I • Y t I J 
"END" 

"END" LNG INT POWERp -

'' E OP" 



2-nd REVISION, 1977 

MC 

PAGE 1 

C ON TR I B UT O ~ I J • KOOP M A :I C t , J ) 

INSTITUTESI ~ATHE~•TICAL CENTRE,UNIVERSITY OF A~STERDAM, 
' 

RECEIVEDi 770328 

BRIEF OESCRIPTION1 

THIS SECTION CONTAINS PROCEDURES FOR THE ELEMENTARY OPERATIONS IN 
DOUBLE ?RECISIO~ A~ITHMETIC. 

A. OPAOO 40DS Tl~O SI~GLE PRECISION N1J~B!R$ TO A DOUSLE PRECISION 
s ui ~.1 . I 

a. DPSU6 SJBTRACTS TWO SING~E PRECISION NU~BERS TO A DOU8~E 
PRECISIOt~ DIFFEREtJCE. 

c. OPMU~ ~ULTIPLIES TWO SINGLE PRECISION NUMBERS TO A 
DOUBLE PRECISION PRODUCT. 

o. OPDIV DlVIOES TWO SINGLE PRECISIO~ NUMBERS TO A DOUBLE 
PRECISION QUOTIE~T. . 

E • D PP O ~ C O "-1 P lJ T E S A * • E X PO N I ,,,J O O UBL E f' R ! C I S l ON , W He: RE 
A I S A S I r~ G L E P R E C l S I 0, r~ R E A L. N U MB E. Ft A NO E X P ON T t·i E 
INTEGER EXPO~ENT. 

F. LNGAOD ADDS TWO DOUBLE PRECISION NUMBERS. 
G0 ~tJGSU9 SJBTRACTS TWO DOUBLE PRECISION NV~BERS 0 

Y. ~~G~UL MULTIPLIES TWO DOUBLE PR!CISION NUMBERS, 
I. ~NGDIV DIVIDES TWO OOUBLE PRECISION NUMBERS, 
J. L~GPO~ COMPUTES (A,AAJ••EXPO~ IN OCUBLE ~RECISION,WHERE 

(4,AA) IS A DOUBLE PRECISION REAL NUMBER ANO EXPON 
THE INTEGCR EXPONENT • 

• 

KEYt"IORDSa 

DOUBLE PRECISIO;J ARtT1-1:➔ ETIC 
EXP 0"✓ E \J TI AT IO,, 11 

L A. r~ G t,J A G £ 1 C J ; 1 ? A S S ( 4 • D , r • I ) , A L G O L b o ( E , J l 
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MC 

T ~--1 E Pr~ .J: £ :) 1• r RE s A•~), r • I t.i s E T r1 t ; i AR r) w ARE Fu N c T I o ~,ts F o R D ~us Lt 
PRECtS10'J T~1AT APE AVAIL.r!OL[ OrJ TriE CY3E~. 
T~~E ~~OCE~LJ~E-s L~JG ADO, Lr!G s: .. JO, t."·JG MUL A~ 1D Lt·JG DI'/ 
r JP Jr P A.~ A ~., E: Tr Rs c A , 4 A > A· ·1 o c 9 , a o ) r: o R c o RR t c T ~J Es s , , 
PA t R I S A. CO R q E~ CT r ~ ~.J ~LE "Rf* C 1 S l O ,._J. PAR A \~ET ER 1 f.J T ~" E 
,. Ase--~• - . - y. 

4) TrlE TAI~ IS ZERCJ 

C t-i E C t,< ·t ~1 E 
~➔ E.~0/TAil.. 
F C) l L D ~1 I . : G 

S ) T .·IE EXPO~~ E. ~J T I. J T /'➔ E BI; t ARY RE r Rt$ E. fLJ TA TIO :\l or Ti-tE TAIL 
l .. E.: S S f ~~ ~ 'J T r·1 t· EXPO \~EN T •) F ·r , f E t-4 E A :. • 

A tJ o I J r O J r P :\ " A · ~ E T E Q a r: r , , E s E P ~ o c E o 1J q e: s A L ,i A v s I s A c o RR t c T o o u a L f 
PP EC ! S l ') ·' ·\t ... , ,.~ t~ E P • I F· A ~, I ',1 f'.\ UT ~ A ~ A '1 E r ER I S ~ .. 1 ~J T C r) R REC T , TI J E ERR ~1 Q 

~ E s s A G E ., :, P ci t, ::, A ~.~ t r c: ~ T A I L t. R r~ r l R " ~ I L. l. e E T s s 1J E D , 

8 () T t·i P q JC E. C' .,J n E~ $ E A ~ C .. 1 t 1 AK l ~JS E: 0 F T '-i E 9 l ~-, t\ ~ Y REP RES Et·✓ TAT I Or! 0 F 
T ~i E I ~ T E G E Q e: x O a • 1 E. ~J r • I r x r·- E ' ; rJ r E s r H E ~ Lt ~1 e E. R r H A T I s r o H E 
E X P O ~-J E: '·J T I A T CD , T ~~ E r ~ (i C F ~ t J R t 5 E A :J D J R tJ ~J A S f O L L O vJ S I 
T t { E S E :~ J E r-~ C E X , x • • ? , X • • !J , X * ,\ 8 , • • • l S f :, P ~,, E: f' vJ Y I L ~ 
s I \4 u L. T A ".!Ea,,.,, s L ·y- ·r· f, E t~ I A. A~~ 1 R ~:PRE s E ~ .J TAT 1 , --J o F T rl E E x P o t 1 E ·" r 
I 5 CH t .. C KE ) 1 •1 l--1 E: ~ l T ! 1 f-_ I • T H r': I G l T E J ll AL S J ~-J E , T H c. F. A C T Cl R 
x ~ * ( 2 j, C 1 • 1 ) ) I S TA Kl '-l I I j T l,:J AC C u t J .. 1 T • 

~ x~~~PLE :if- JSEI 
• 

S F E T ► 1 E P r~ ,, C r r·: J '·< E 1 ~ 1 r, r~ E A T 1 1 D E C l ( ~ E C T I J' \f 1 'i 3 ) - • t ""t ·- .. \..,., 1... . Jw;. ; ·' " . ..,,, . · . · tiJ . · i, t I 
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S E C T I O f'.J t 1 • 5 • 1 CMARCH 1q77) 

• 

MC 

P4GE 3 
• 

' 

TH~ 1'E.C~ARATIJ't Of THE P~CC(Ol!RE Ir~ 
"PRJCE!>JRE" OP AD~-(A, B, C, CCl J 
"VA~UE'' A, BJ "REALff A, 8, C, CCJ 
''C00!•1 31101s 

TiiE ~4EA.~I'JG Of T•1E F'Qq~AL. PARAMETERS 
A , 8 I < A R t T ~ ~~ E T I C E X P R E S S I O ~J S > J 

TtiE ~f=DERAtiDS1 
• 

C,CC1 <REAL VAqlABLES>t 
T r-i E 1·1 E l D A "l D T 4 l L O F T ~~ E D u lJ B L. E 

• 

' ' 

IS: 

PRECISION RESULT OF A+B, 

SUB SECT I04xJ s DP S1.IB 

CALLlt~G SEGUE~CEI 

• TrtE OECLARATIO'l OF T•◄ E PROCEDURE ItJ 
"PROCEOJqE" OP SUB(A, S, C, CClJ 
••VA~UE" 4 1 Bt "REAL" 4, q, C, CCJ 
"C00Et1r 3110ZJ 

THE CAL~lNG PROGRAM READS~ 
•' 

• 

Tt~E ~EA~IiG OF THE FORMAL PARA~ETERS 191 
A , B I < A R I T H '~ E T l C E X r, ~ E S S t O •J S > J 

T ,···1 E. 1 ° E ~~ A t· J D S J 
C,CC: <~EAL VA~IABLES>J 

T r ·! E ~~ E 4 D A 'JO T A 1 L OF T H E r, 0 , J 8 L,, E P R E C I S I ON R E S UL T OF' A • 8 1 

C A L. L., l ~-l G S L :;, J E ··J C E I 

T ~ I E t) f: C l.,. A R 4 T J (1 '·J n F T t1 E P ~ :_~ C [ D l.J P E I \J T Y E: C A l. L. I f ·.J G P R i1 G R A ~,1 R E A D S I 
ttpql)Ct)JRE 1' ~p tA~~(A, B, C, CC); 
,, v A l... 1 

.• 1 f. t, i , a , ,, ~ ~ ,\ L ,, A , a , c , c c , 
t, C ·1 ) E: ,. 3 1 1 O 3 J 

T l••1 ~ "1 E A ·.1 1 JG Of. THC r O '< '.1 A L ~A~ AM£. TE RS l S & 
~ , B 1 <AR I T l,f 1 t.' TIC Et C) t, ES SI 0 ' .. I 5 > ; 

TtiE: JPERA~JDS: 
C,CC; c;?€~L VA 0 IA[\LLS>t 

1 i r: ~ E ~ :J A \ J :) T A l l ·) r- r t E:. l1 u -18 L. E p R E C I $ t :) N R E. s l .t L. T c:1 F A * B • 

' 



2-nd REVISION, 1977 
MC 

( r·4 A R C H 1 9 7 7 ) 
' 

· C AL L I i• 1 G S E Q J E :~ C E I 

T t i E D E C 1.- l R 4 T l (J \ .. 1 0 F T ►•4 E ~ ~ 0 C E O U R E I ~\I 
0 PROCE0JRE" DP DIVCA, B, C, CC); 

T~iE CALLI~G PROGRAM READS~ 

,, V A L, I_ .1 E ,, A I B J " ~ E A L ,. A , 8 , C , C C J 
"CODE~ 3110qJ 

THE ~EA~I~G OF THE FOR~AL PARA~ETERS 
A , 9 I < 4 R I T 11 ',1 E T I C E X P R E S S I O f·J S 1t J 

T ti E OPERA l'' D S J 
' 

c,cc1 CREAL VA?IABLES>J 
T ii E ~ E A D A • ~ D T • l L O F T ~➔ E D O l J B L. E 

SUBSECTIOil OP PO~. 
' 

CAL~t~; SEQUENCEt 

PR [ C I St ON RES lJ L. T OF A/ 8 , 

THt DEC~•RATIO~ OF THE PROCEOURC IN T~1E CAL~I~G ~ROGRAM R~ACS1 
"PROCEOURE''DP POW(A ,EXf'OtJ ,C ,CC ): 
" V A L Lt E •• A , E X P tt r I I •• I ;--. T E G E. R tt E X P Cl N ; '' R E A la " A , C , C C J 
''CODE'' .S 11 oq J 

• 

• 

A : cARl THMETIC EXPRESSIO~:!>J 
T·tE ~JU~BrR T~AT IS TO BE EXPQ\JfNTIATEo, 

EX~ut~ 1 cARIT~~,~ETlC EXPRESSIOt4>J 
THE (ltJTEGER) ~OWER TO WHIC~i A WI~L BE RAISEDs 

C, CC : c~EAL VA~IAB~ES>J 
EXIT: THE MEAD (C) AND TAlL CCC) OF THE OOUB~E 

PRECISION RtSULT A••EX?ON. 

PROCEDWRES JSED; 



• 

' . 

2-nd REVISION, 1977 

MC 

PAGES 

SUBSECTlONt L~G ADD 

C AL L, I ~,.J G S E Q U E N C e: I 

T~iE nECLARATION Of THE PROCtDURE IN THE CAL~ING PROGRAM READ81 
'"PROCEDURE" L~~G ADO(A, AA, e, ea, c, cc,, 

"VA~UE" A, AA, o, sa, "REAL'' A, AA, B, BB, C, CCI 
• ' 

''COO!" J1105J 
' 

T ii E ~ E A .'l I NG Or THE F OR ~1 A L PA RA METERS I S a 
A,.A,B,8Bg cARITH~ETIC EXPRESSIONS~, 

• 

T H E ~ E A O S C A A N D B ) A ~-J D T ~-i E T A I L S ( A A A ND B 8 l O f T H E OP ER A N D S J 
c,cci <RE~L VARlAB~ES>1 

T t1 E '1 EA D A "1 D TA IL OF T r'i E RESULT ( A , 4 A l + ( B , BB) 1 

SUBSECTION: L~lG sue 

. CA.LL.lrlG SEQJENCE;& 

T~iE OECL.AR• TI Ott OF THE P~OCEOURE IN THE CALLING PROGRAM REAOS1 
"PROCEDJQE" LNG SUBCA, AA, a, BB, C, CC)t 
''VAL,JE" A, AA, B, 881 "REAL" A, AA, e, BB, C, CCt 
'' C O O E " 3 1 1 0 f> I 

• 

THE ~EANING or THE FORMAL PARAMETERS ?Si 
A,AA,B,SBs <ARIT ►~METIC fXPRESSI~Ns~, 

T r1 E i.f EADS C 4 A "'JD B ) AND THE . TA IL S (A• AND B 8) 0 F THE OPERA N 0 S J 
c,cci <R~AL VARIAB~ES>t 

THE ~EAD ANO TAIL OF T•iE RESU~T CA,AA)•(B,88) 1 

SUBSECTIONS LNG MUL 

CALLitJG SEQUENCE& 

TH! DECLARATION OF THE PROCEDURE IN T~E CALLING PROGRAM READS~ 
''PROCEOURE" Lt~G MULCA, AA, B, BB, C, CClJ 
"VA~UE" A, AA, B, as, "REAL~ A, AA, a, BB, c~ cc, 
'
1 COOE" 31107r 

Tri E '11 E A ~~ I NG OF THE f OR ~1 AL PAR AME T £RS l S & 
A1 AA,B,6B; cARlTM~ETIC EXPRESSIONS>J 

T~iE ~EADS CA A~JD B) AND Tt·-iE TAILS (AA ... ,o B8l OF THE OPEF'ANOSJ 
C,CCt <REAL VARIABLES~, 

T t-1 E ~1 E 4 0 A \ID T A l L. 0 F T ~·t E R E S LJ L T ( A , A A ) • ( 8 , BB l • 



2-nd REVISION, 1977 

' SECTION I 1,5.t 

SUBSECTlONI LNG DIV 

CAL~ING SEQ~ENCE& 

MC 

PAGE 

T r1 E OE C J. l R A T I O f,J Or T ti E P R () C E D UR E I ~-J T r I E C A L L. I ~J G P RO G Ff A M RE AO S 1 
11 PROCEDURE" LNG DlV(A, AA, B, BB, C, CC)J 
1'VAL.UE'1 14 1 AA, B, ~Bl "REAL'' A, AA, B,. Bf', C, CCI 

' 

'
1 COOE'' 31108t 

THE ~E4NING OF TH( FOR~AL PARAMETERS IS~ 
A,4A,B,BBI ~ARITM~1fT!C EXPRESSIONS>J 

• 

! THE HEADS (A A~D 6) Ar~o THE TAILS (AA A~D BB) or THE OPERANOSJ 
C,CC: «REAL VARIABLES>1 

THE ~E•D ANO TllL Of THE RESU~T CA,AA)/(B,BB) • 

SUBSECTlONa LNG POW, 

CALLING SEQUENCES 

• 

THE DECLAR4TION OF THE PRUCEDURE lN THE· CALLlNG PROGRAM READS~ 
"PROCEOURE"LNG POWCA ,AA ,EXPON ,C ,CC )J 
"VA I. U E '' 4 , 4 A , EXPO ~J J " l ~J TE: GER" EXPO:~ I "RE AL," A , A A , C , CC I 
"C00E"l11101 

THE MEANING OF THE FORMAL PARAMETERS 181 
A, A.A I <ARITH~ETIC EXPRESS10rJ.S•J 

THE HEAD (Al AND TAIL (AA) OF THE NU~SER THAT 
I S T O B E E X P O ~l E r,J T I A TE O t 

EXPO~ I <ARITHMETIC EXPRESSION•J 
TrlE CI~ITEGER) POWER T □ WHICH (A 1 AA) WILL BE RA!SECJ 

C,CC l cREAL VA~IAqLES>t 
EXIT& T~iE MEAD (C) ANO TAIL (CC) OF THE DOUBLE 

PRECISION RESULT (A,AAJ••EXPON. 

PROCEDURES USED& 

L 1~G t..iJl. a CP31t07, 
L~,G DIV= CP3ttoe. 

• 



2-nd REVISION, 1977 

C MARCH 1 (117 l 
' 

SOURCE TEXT(S)i 

MC 

PAGE 7 

' 

AS IT rs NOT POSIBLE TO SIMULATE THE PROCEDURES A•D,F•l I~J ALGOL bO 
THEI~ SO'.JRCE TEXTS ARE NOT GlVf·j, FOR THE co~PASS SOURCE TEXTS, 
ONE IS RErERRED TO AP?fNOIX C Of THE MlNUALDOCUMENTATIO~ • 

• 

"C00E"31109J 
UPROCEDURE"OP POWCA,EXPO~,c,cc1, 
•VA~UE"4,EXP0Nt"INTEGER"EX•ONJ"R!AL"A,c,cc, 
"BEG1N""PROCE0URE"LNG POW(A,AA,EXPON,C,CCl1~coot"31110t 

L.NG POWCA,O,EXPOti,C,CC) 
''ENO" OP POWs 

"EOP" 

"CODE"31110J 
"PROCEOURE"~~G POW(A,AA,EX~ON,C,CC)J. 
"VALUE"A,AA,EXPO~J"INTEGER"EXPOf~t"REAL"A,AA,C,CCr 
"8EGIN""INTEGER"OLDEX,~EWEXt"REAL"D,DD1 

"PRO CEO URE" L ~-4 G \4 UL ( A , A A , B,. BB , C , CC ) J " CODE tt 3 11 OT J 
~PROCEOURE"LNG DIV<A,AA,B,BB,C,CC)J,C0DE"31108J 
D~1A100asAA1C~&lJCC~•OJNEWEX1~ABS(EXPON)t 
"FOR~O~DEX;•NE~ex~wHILE''tJ!WEX•10"00" 
"BEGl~"NEWEXa•OLDEX//21 

"lF"NEWEXtNEAEX••OLD!X · 
"THE~"lNG MUL(C,CC,0,DO,c,cc); 
"lF"NEWEX••o , 
"THE~"LNG MULCO,DO,D,DD,D,00) 

"ENO"J 
" I f " E X P. 0 ~ l < 0 " T H E ~ " L ~1 G O l V ( 1 , O , C , C C , C , C C ) 

"END" LNG PO~; 
"E □ P" 



. . 

MC 

PAGI! 1 

BRIEF OESCRlPTJON1 

T~IS S!CTION CONTAl~JS FOURTEEN PROC[OiJAE8 FOR CALCULATING, WJTH 
OUOILE ~t~GTH &AITH~ETtC, THE (SCALAR) PRODUCTS o, SINGLE LENGTH 
YCCTORS AiD ~&TRICES. 

LN&V!CVtca CALCULATES TH[ SCALAR PROOUCT o, TWO V!CTONI GIV!N IN 
ONE•Dl~ENStONAL ARRAVS1 

t..NG~ATV~CI CALtt4JLlTfS TtlE SCAI..AR PRODUCT OF A \#'ECTOR GIVEN IN A 
Ot·,IE•DIME'JS?OtlAL ARRAY A~JO A ROW OF A MATRIX G!VfH lN A 
TWO DJM£NSIONAL ARRAYJ 

LNGT,MVICI CALCULATES T ►i! SCALAR PROOUCT OF A VECTOR GIVEN JN A 
ONE•OlMENSIONAL ARRAY A·ND A COLUMN OF A MATRIX GIVEN IN 
A TWO•OI ►1ENS10tJAL ARRAY, 

LNG~,,~AT1 CALCULATES TH! SCALAR PRODUCT n, A ROM a, A MATRIX ANO 
A CDLJ~N OF ANOTHER MATRIX, WHICH ARE 80TH GIVEN JN 
TNOwOl~ENSIONAL ARAAV81 

LNGTA~~AT& CALCULATES THE SCALAR PRODUCT OF COLUMNS OF MATRICES, 
MHitH AqE 80Ttl GIVflJ I" TWO•OI~Ct4Sl0MAL ARRAYS1 

LNG\JlTTA~I CALCULATES TtiE SCAL-R P~ODUCT OF R0ri8 OF MATRlC!I, 
k:tlH" ·c· M A8 ,: BOT·· l.J r:. 1· ''·E··N· ·. " .. , r~·o ·1'·1u•1...•• 10····N••L '•·R· .a. "8 .,. ;;! · -:L _: --, . '. , __ , : __ . .,, ~ -, -·_ . , ' r-~ .I IP : : • , , \ " -ii :• : , ·r , , • ;~- i : rl ~ N 4J _ _. _ :. ' -i- .. ,._: · · -A ·r, ' _ _ 111 1· - - J 

L;it;SEwVEC I ·CALCULATES TH~ SCALAR PRODUCT. OF f:wo V£:CTORS SIV 1£N IN 
O~tt!•Ol~E'tSIO..,,AL ARRAYS, -,HER£ T;HE ~UTU4l. SPACINGS 
BET~EE~ T~! I~DlC!I OF THf FtRST VECTOR CHAijS! 
ll"iE·ARLYt 

LNGSCAPRD11 CALCULATES Ttif SCALAR PRODUCT OF TWO VECTORS GIVEN IN 
ONt•Ol~E~SIONAL AR~AY8 1 'HERE THE SPACI~GS OF BOTH 
VECTORS A•t CO~STA~T1 

LNGsv~,~ATVECI CALCULATES r,,if SCALAR PROOUCT 
Qt,J£•01'i:E"IStON.Al. A'R'AAV A~'t0 A ROt4 
;,~osr u••rrt TQlA~iGLE IS STOREO 
OIME~SIDN•L ARAAVJ 

Trif lSllfE PROCfO!IR(:S ►44\t!: Tttl ,,osSIBILITV n, ADO·!N.G, A 00U8LE LINlt1,:; ·> 
. . ,- . . ., -. ' . . ·' . 

S·ClL,A~ TO ft£ CA'LC~,•LATED SCA:LAR PROOlltTJ · .. i ,,i.·.·•··.·•·.·· . 
., . . ,, . . '- ' 

. ' . : ' . / .. -
.. - ... •. ~. _·-, ·: . 



2-nd REVISION, 1977 
MC 

(JAI\Jl .. lARY 1970) 
' 

L '~ G F t I L "-1 A T V E C I C 4 L C 1, J L A T E S T H E V E C T O R A • 8 , W H E R E A I S A G I V EN 
MATRIX ANO B lS A VECTORJ 

l : J G P '··' l. T A ~ V E C t C A L C UL A T E 5 T HE V E C T O R A • • B , W H E R E A ' l S T HE 
TR A N SP OS ED OF T t IE M A T R I X A A t·l O 8 I S A V EC T O R t 

L 1· t G r t_,t L. S Y '1 M A T VE C I C A LC LI L A TE S T HE VE C TO R A * S , "' H E RE A I S A 
SY~METRIC ~ATRIX, WHOSE UPPERTRIANGLE IS $TOREC 
C O L U ~ ~1 ta1 1 S E I N A O ~~ E • 0 1 M E "1 S I O N A L A R R A Y , A N D B I S A 
V~CfljRt 

• 

LNGRESVEC& CALCULATES THE RESIDUAL VECTOR A* B ♦ X * C, WHERE A 
IS A GIVEN MATRl~, BAND CARE VECTORS ANO XIS A 
SCA~ARJ 

Lt4GSY~RESVECI CALCULAT~S THl RESIDUAL VECTOR A* 6 + X • C, WHERE A 
1$ A SYH~ETRIC t•AT~IX, W~OSE UP~FRTRlA~GLE IS STORED 
C O ~ U M ~ J i;., I SE I f.J A O t 4 E • D I ME N S t O f·J A L A R R A V , B A N O C A RE 
VECTORS ANO, XIS A SCALAR. 

IN THIS SECTION ex, XX) DEfJOTES A DOlJB~E•LE~GTH NUMBER WITM HEAD X 
A i·l D T A t L, X )( C S E E f ·1 E T H O D A t IO PE P. F O RM A ~J C E ) • 

I 

KEV1'0RDS1 

ELEMENTAQY O~E:RATIOliS, 
VECTOR OPERATIONS, 
$CAL.AR P~OOJCTS, 
DOUBLE•~EJGTM ARITHMETIC. • 

• 
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S U 6 S E C T I n ~-I i L \,J G V E C V EC • 

CALLING SEQJE~CEI 

T ~i E HE AO I ~ G OF T ti E r RO Ct DURE RE ADS I 
"PROCEOUqE" LNGVECVCCCL, U, SHIFT, A, B, C, CC, O, 00)1 

' 

"~A~UE'' L, U, SHIFT, C, CCs "INTEGEq" L, U, SH?FTJ 
"REAL'' C, CC, D, DDJ ~ARRAY" A, BJ 
"CODE" 3Ll410J 

ua 

~EANING OF THE FOR~AL PARAMETERS IS1 
c A R I T "i ~ E T I C E X P ~ E S S I O t·1 > J 
THE L,Qt1ER BOUNO OF THE Rt"t~Nl~JG SUBSCRIPTt 
cARITH~ETIC EXPRESSIOt~>J 
THE LJP PER BO LJ ~,o or THE RLINN ING SLJB SC R? PT J 

SHIFT: cA~ITH 4 ETIC EX?RESSION•J 

MC 

PAGE 3 

' 

THE INDEX•StilFTING PARAMETER OF THE VECTOR GIVEN IN Bs 
<ARRAV lOENTIFtER>1 
ONE OF T~E VECTORS SHOULD BE GIVEN l~ ARRAY AtL1UJ r 
cARRAY IOENTIFIE~~I 
THE OTHER VECTOR SHOULD ee: IN ARRAY 
B tL + SHIFT I U ♦ s:11rTJ J 

C, CCI cARITHMETlC EXPRESSION•J 
TH! HEAO AND TAlL OF THE O~UBLE•~ENGTH SCA~AR T~iAT HAS TO 
BE ~DOEO TO THE CALCULATED SCA~AR PROOUCTs IF cc is NOT A 
TAI~ TO C THfN AN ERROR,MESSAGE WlL~ BE PRINTED (SEE METHOD 
ANO PE~FORMANCEl1 

o, on, <REAL V4RIABLE>, 
EXITI T ►iE ~ElD AND TAIL OF 

RESULT. 

CATA A~O RESULTSt 

THE CALCULATED OOUBLE•LENGTH 

CD, DD>&• CC, CC) ♦ THE SCALAR PRODUCT OF THE VECTORS GIVEN JN 
T~➔ E ARR•YS At~1Ul A~O BtL ♦ SHIFT I U + SHIFT], 



2-nd REVISION, 1977 
MC 

SECTION a 1.s.z 

CALL.,lt'JG SE:J~E\tCEI 

T ··➔ E H £. • o I lJ G a F' T H E r R o c E o u RE R E A o s 1 
"PROCEDW~E" LNG~ATVEC(~, ~, I, A, e, C, cc, D, DDlr 
lt V A, l. I.J E .. L, , J , I , C , C C I " l N T E GE. R " L , u , I ; 
••RE4L-" C, CC, D, DOJ "ARRAY" A, BJ 
'' C O D E •• l ~ 4 1 1 I 

Tri E ~~ E A ;.J I :'1 G OF THE FOR~ AL. PA F< AME TE RS I S i 
L I <AR I TH~ ET IC EXP~ r. S SI O t4 > J 

TrlE LO~ER BOUND OF THE RUNNI~G SUBSCRIPTJ 
U: <ARITHMETIC EXPRfSSlON>J 

T H E UP PE R 8 0 ij N D OF THE. r~ LJ Ii N I f,f G S L.1 B S C R I P T J 
I I ~ A R I T H 1.-4 E T I C E X ~~ES S I O r ·J » ; 

TtiE I~~DEX Of T4iE ROW•VECTOR GIVEN IN ARR4Y At 
Aa CA~RAY IDE~TIFIER>r 

TH~ ROW•VECTOR SHOULD BE GIVE~ IN A~RAY Atl1I, L;UJ; 
e: <A~RAY lDE~TirIER>r 

THE VECTOR SHOULD BE GIVE~ IN ARRAY RtL1UJ J 
C, CC; <ARIT~~ETIC fX~RESSlON>J 

T~fE HEAD AND TAIL Of THE DOU8LE•L£~GTH SCALAR THAT HAS TO 
BE ADDED rn THE CALCULATED SCALAR P~OOUCTJ IF cc IS NOT A 
TAIL, TO C Tt1EN AN ERROR •~E:SSAGE WlLI. BE PRINTED (SEE METHOD 
4 ~J n F' E R F O R ~ A t JC E ) t 

o, on: <PEAL VA~IABLE>J 
£ x I T I T ti E HE A D AN C· T A I L OF THE C AL C UL A T ED O OU 8 L E •LE t~ G TH 

RESUI __ T • 

DATA A~D RESULTSI 

CD, no,,~ cc, CC) + THE SCALAR PRODUCT Of TH[ VECTORS GIVEN JN 
T ·1 E ~ ~ R A Y S A [ l I 1 , L. I ,,1 J A ~~ 0 8 [ L. I U l • 

• 

L A 11
~ G t. ' A G E : 



2-nd REVISION, 1977 

I, 

SECTIO~ I 1.s.z (JANlJARY 1C11o) 
' 

SUBSECTIO~il L~GTAMVEC. 

CALL I t,J G SE r1 U E ~,CE I 

THE HEADING or THE PROCEDURE READSI 
"PROCEDURE" LNGTA~VECCL, U, I, A, a, C, CC, D, OD)J 

' '' V A J... U E '' L , U , I , C , C C s " l ~J TE GE R " L , U , l J 
"REAL" C, CC, D, D01 ''ARRAY" A, 0J 
"CODE" 3qq1zr 

THE ~E•NtNG OF THE roR~AL PARAMETERS IS1 
LI cARITHMETIC EXPRESSlON>J 

THE LOWER 60UNO or THE RUNNING SUBSCRIPT, 
U1 cARITH~ETlC EXPRESSIOtJ>; 

TH! UPPER BOUNO Of THE RltNNI NG SU BSC PI PT J 
II cA~ITH~ETlC EXPRESSION>J 

• 

TH! INDEX OF THE COLUMN•VECTOR GIVEN IN ARRAY AJ 
Al CARRAY IDENTIFtER>s 

MC 

PAG! 5 

THE COLU~N•VECTOR SHOULD SE GIVEN IN ARRAY A[LIU, I all, 
81 cARRAY IDENTIF!ER>s 

THE VECTOR SHOULD BE GIVEN IN ARRAY BtLtUJs 
C, CC; cARlTH~ETIC EXPRESSION•J 

THE HEAD A~D TAIL OF THE ooua~E•LENGTH SCA~AR THAT HAS TO 
SE ADDEO TO THE CALCULATED SCALAR PROOUCTJ IF CC IS NOT A 
TAIL TO C TtiEN AN ERROR MESSAG! WIL~ BE PRINTED CSEE METHOD 
ANO PERFORMANC£)t 

0 1 001 <REAL VARIABLE>, 
EXITI THE HEAD ANO TAIL OF THE CALCULATED OOUBLE•LENGTH 

RES LILT• 

DATA ANO RESULTS~ 

DO);a CC, CC) + 
• 

ARRAYS AtLaU, 

LANGUAGE I 

TH[ SCALAR PRODUCT 
I I t J A rJ D B t L, I Ul • 

OF THE VECTORS GIVEN IN 
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SECTION I t,S.2 C J A N lJ A R V 1 q 1 b ) 
' 

CAL~ING SEQJENCEI 

THE HElOING OF THE PROCEDURC READSI 
" P R O C ~ 0 u RE " L "l G H A. T MA T ( L. , U , I , J , A. , 8; , C , CC , D , 0 D ) J 
" V A L. IJ E: '' L , J , I , J ' C , C C J " l ~" l E G e: R .. L. , IJ , t , J J 
ttREAL" C, CC, D, DDJ "ARRAY" A, BJ 
"CODE" 344131 

U1 

I I 

Ja 

Bl 

• 

~EA~ING OF THE FORMAL PARAMETERS IS1 
cARITHMETlC exPRESSION>J 
THE LOWER 90UNO OF THE RUNNING suaSCRIPTr 
<ARITHMETlC EX~RESSlON>J 
THE UPPER 80UNO OF THE RUNNING SUBSCRIPTt 
<A~ITH~ETlC EXPRESSlON>; 
THE INDEX or T~E ROW-VECTOR GIVEN I~ ARRAY As 
◄ A R I T H '1 E T l C E X r, RE S S I O ~-I:. J 
THE INDEX OF T~E COLUMN•VECTOR GIVE'l tr~ ARRAY 8J 
<ARRAY lDE~TIFIER>1 
THE ROW•VECTOR SHOULD BE GIVEN IN ARRAY AtlaI, ~1Ul J 
◄ ARRAY IDENTIFIER>r 

MC 

• 

T M E C O L U M N • V E C T O R S ~l OU L D 8 E G I \/ E N ! ~J A R R A Y B t L I U , J I J l , 
c, cc~ <A~ITH~ETIC EXPRESSIO~j>; . 

THE HEAD ANO TAIL or THE DOUB~E•LENGTH SCALAR THAT HAS TO 
BE ADDEO TO THf CALCULATED SCA~A~ P~OOUCTJ IF CC IS NOT A 
T A. I L. TO C T ti E N A ~-I ERROR ME SSA G [ W I LL BE PR I NT E O C SEE MET HO 0 
A~O PE~FORHANCElJ 

D, on, CREAL VARI4BLE•t 
' 

EXITI THE MEAD AND TAIL OF 
RESUL.T, 

DATA ~NO RESu~TSI 

THE CALCULATED OOUBLE•LENGTH 

<D, OD)&• CC, CC) t TH! SCALAR PRODUCT OF THE VECTORS GIVEN IN 
TI· i E ARR A Y S A [ l I l , L. I 'J J ' A. ~4 0 9 [ I. I U, J I J J • 

' 

L.A~GIJAGE I 



' . 
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SUBSECTIONS LNGTAM~AT. 

CALLING SE~UE~C~s 

THE HEADING OF THE P~OCEDURE READSI 
"PqOCEDURE" LNGTAMMAT(L, U, I, J, A, B, C, CC, D, 00lJ 
"YALU~" L, U, I, J, C, CCJ "INTEGER"~, U, I, Jr 
"REAL~ C, CC, D, DDJ "ARRAY" A, Ba 
"C 01)£" 31~414 J 

TtiE 
LI 

I I 

JI 

Bl 

~E•~ING OF T~E roR~AL PARAMETERS ISi 
<ARIT~METIC EXPRESSlON»J 
THE LOWER BOUNO OF THE RUNNING SUBSCRIPT1 
~ARITHMETIC EXPRESSION~, , 
T~E UPPER BOUND OF THE RUNNING SUBSCRIPT1 
cARlTH~ETIC EXPRESSlON•1 
THE INDEX OF THE COLUMN•VECTOR GIVEN IN ARRAY AJ 
<ARlTH~ETlC EXPRESSION>J 
THE I~DEX OF T~E COLUMN•VECTOR GIVEN IN ARRAY SJ 
~A~RAY lDENTI~tER>t 
ONE OF THE COLUMtl•VECTORS SHOUL.O GIVEN 

• • 

A tL I U, l I l J J 
cARAAY lDENTIFIER>t 
THE OTHER COLUMN•VECTOR · Sf-fOULD Bf GIVEN 
B tL1U, J1Jl; 

MC 

PAGE 7 

• 

ARR'AV 

IN 

C, CC a <ARITH'1ETIC EXPRESSlONt; J 
TH! HEAO A',~D TAIL OF THE OOUBL.E•LE'JGTH SCALAR T~·iAT HAS TO 
Bf ADDED TO TH! CALCULATED SCA~AR PROOUCTJ IF CC IS NOT A 
TAIL, TO C TtiEN A~ ERROR ~ESSAGE WlLL BE P~?NTED ,(SEE METHOD 
A~O PERFORMANC!lr 

O, DD; cRE4 VARlA6LE~t 
EX?TI THE ME40 AND TAIL OF 

RESUL.T • 

• 

DATA AND RESU~TSI 

THE CALCULATED OOUBLE•LENGTH 

CD, 00);1 CC, CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN IN 
TriE ARRAYS AtL1U, Itll AtJO 6[1.IU, JaJl • 

• 

\ 



2-nd REVISION, 1977 

• 

SECTIO\J I 1.s.2 C J A N l.J A R Y 1 q 1 b l 
' 

CALLING SEJUENC~I 

THE ~ElOING OF THE PROCEDURE READS& 
" P ~ 0 C e: 0 URE " L. ~J G ~ 1 A T T A~ C L , U , t , J , A , B, , C , C C , 0 , 0 D > J 
" V A l. t'"I E " L , lJ , I , J , C , C C ; •• I t J T E G E R tt L, , U , I , J J 
"REAL" C, CC, D, DDJ "ARRAV" A, BJ 
"CODE" 34Q1St 

THE 
LI 

11 

JI 

~EA~ING OF THE FOR~AL PARAMETERS ?Sa 
cARlTHMETIC EXPRFSSION>J 
T rt E L. 0 L~ E R 8 0 U N D OF T HE R I.J N t.J I t I G S U 8 S C R I P T J 
cARIT~~ETIC EX,RESSION~J 
THE UPPER BOUNO OF THE RU~NlNG SUSSCRIPTJ 
cA~lTH~ETIC EXPRESS!ON>J 
T rt E t NO e: )( 0 F T HE RO W •VE C T OR G l \/ E N I N A ~ RA Y A t 
c AR I T • ➔ ~ET IC EXP~ ES S l ON,. J 
THE ItJDEX OF THE ROW•VECTOR GtVEN I~ ARRAY Bs 

MC 

PACE 8 

' 

Al 

B1 

cARRAV IOENTIFIER>t 
ONE OF THE R □ W•YE:CTORS SHOl.lLO BE GIVEN IN ARRAY A tltI,LJlJl r 
~ARRAY IDENTtFIER>s 
THE OTHER ROW•\/ ECTOR SH O LJ L. 0 8 f; GI VE N I N ARR A Y B t J I J, L I U l J 

C, CCI cA~ITHMETIC EXPRESSION~J . 
THE ~iEAO ANO TllL Of THE OOUS~E•LENGTH SCALAR TtiAT HAS TO 
BE ADDEO TO THE CALCULATED SCALAR PRODUCTJ IF CC ts NOT A 
TAIL TO C TttE~ Ar,J ERROR ~ESS4GE WlLL BE PRI~JTED (SEE METHOD 
ANO P£PFORMA~C!)1 

D, CD: <REAL VA~ll8LE•J 
EXIT~ T~iE ~E4D AND TAIL OF 

Rt: Sf ,,IL T 1 

OATA AND RE$lJL.,TSI 

THE CALCLJLATED DOUBLE•LENGTH 

CD, ou>1• CC, CC) ♦ TH! SCALAR PRODUCT OF THE VECTORS GIVE~ IN 
T r1 E A R R A Y S A [ l I I , L I U l A f· J D B [ J I J , L I t~t l • 

C n "1 P A S S • 



• 

2-nd REVISION, 1977 

SUB$ECTION1 LNGS!QVEC, 

CAL~tNG SEQUENCEI 

TH~ HEAOING OF THE PROCEDURE REAOSI 
0 PROCEOUREn LNGSEQVECCL, U, IL, SHirTi A, B, C, CC, D, DD)s 

' "VA~UE" L, J, I~, SHIFT, C, CCt "INTEG!R'• L, U, ?L, SHtFTJ 
"REAL" C, CC, n, DD1 "ARRAY" A, B; 
''CODE" 3441bt 

THE 
L.I 

MEANINQ OF THE FOR4AL PARAMETERS I!1 
<ARITHMETIC EXPRESSION~; 

• 

THE LOWER BOUND OF THE RlltJNlNG SUSSCRIPTJ 
c A R I T HM E T l C E X FJ R E S S I O t·l :. I . 
THE UP~ER BOUND or THE RUNNING SlJ6SCR1PTJ 
cAqITHMETIC EXPRESSION ► J 
THE FlRST ltJOEX OF THE VECTOR GIVEN IN ARRAV As 

S~ttFT1 cARITfiMETIC EXPRESSIOr,J>J 

MC 

PAGE q 

• 

TH! INDEX•SHIFTING PARAMETER o, THE VECTOR GIVEN IN 81 
<ARRAY IOENTIFIER>J 
ONE OF THE VECTORS SHOULO B[ GIVEN lN 
P • ~lNCl~ t CJ+ L • 1) * CJ• 1) // 
Q, MAX(tL + (J + L • 1) * (J • 1, // 
cARRiY IOENTIFIER>t · 
THE OT~iER VECTOR SHOU~O BE 

• 

BtL + SHIFT I U + SHlfTl.s 
c, cc, cA~ITH 1~ETlC EXPRESSlON>J 

ARRAY A[PaQl, 
2, J :It I., ••• , 
2, J" L., ••• , 

" 

IN 

WHERE 
U) ANO 
u,, 

ARRAV 

THE HEAD AND TAIL Of THE DOUBLE•~ENGTH SCALAR THAT HAS TO 
SE ADDEO TO THE CALCULATED SCALAR PRODUCT; IF CC lS ~OT A 
iAlL. TO C TfiEN A~J ERROR ~rif;SSAGE WILL BE PRINTED (SEE METHOD 
ANO PERFORHANCE)t 

O, 00& cR!4L VARIABLE>J 
EXITI THE ~E40 ANO TAIL OF 

RESULT. 
THE CALCULATED DOUBLE•LENGTH 

0 AT A. A. f\' 0 RES tJ L. TS I 

CD, ODll• (C, CC) + TH! SCALAR PRODUCT OF THE VECTORS 
TtiE A~RAYS 4[P1QJ (SEE THE MEA~JING OF PARAMETER 
BtL + S~IFT1 U + SHIFT], ~HERE T•◄ £ ELE~ENTS OF THE rIRST 
A. t 1 L. t ( J + L- • 1 l ~ CJ • 1 ) / / 2 l , J s L, • • , , U • 

GIVEN 
A ) 

VECTOR 

IN 
A t~J 0 
ARE 

• 



2-nd REVISION, 1977 • 

' MC 

CJAl~UARV 1q16l 
' 

SUBSECTlONI L~JGSCAPRD1a 

CALLI~JG SEQUENCE& 
' 

THE HEADING OF THE PROCEDURE READSI 
"PROCEDURE" LNGSCAPROt(LA, SA, ~e, SB,. N, A, B, C, CC, D, 00)1 
PVA~UE" LA, SA, LB, SB, N, C, CCt "INTEGER" LA, SA, LB, SB, N1 
"REAL" C, CC, D, DOJ ~ARRAV" A, e, 
"CODE" 344171 

' 

THE ~EANING OF THE FORMAL PARAMETERS IS& 
' 

LAI 

SAi 

LBI 

SBI 

N• 
' .• 

Sa 

cARITtiMETIC ~XPRESSlON>J 
THE FIRST INDEX OF THE VECTOR GIVEN IN ARRAY As 
cARlTHMETlC EXPRESSION~J 
THE SPACI~!G OF THE VECTOR GIVEN tN ARRAY AJ 
<ARITHMETIC EX~RESStON>J 
THE FIRST INDEX OF THE VECTOR QIVEN IN ARRAY 81 
<ARITHMETIC EX~RESSION>J 
THE SP4Cli'JG OF THE VECTOR GlVE\I IN ARRAY Br 
cARITHMETIC EXPRESStON•J 

' 

THE UPPER BOUNO or THE RUNNING SUBSCRIPT, IF N < 1, THEt~ ON 
EXIT T~E RESULT CD, DD) WIL~ SATISPVa CO, 00) • CC, CC)J 
cARRAY lDENTIFIER>1 
ONE OF THE VECTORS SHOU~O BE GIVEN IN ARRAV 
4 t M I t~ C L A , L A + C N • 1 ) • S A ) I M A X C LA , l A + ( t·J • 1 ) * S A ) J , 
<ARRAY lOENTIFtER>1 
THE OTHER VECTOR SHOULD 8E GIVEN IN ARRAY 
B t ~ I "' C L B , L D + ( N • 1 l • Se ) I M A X ( 1. 6 , L B + C ~J • 1 ) * SB l l , 

C, CC: <ARITH~ETIC EX,RESSION>J 
TH! ~¾ E 4 D AND T A IL Or T ti E O O l l 6 '8 E • l,, E ~,GT H SC A~ AR THAT ri AS T 0 
BE ADDEO TO THE CALCU~ATEO SCA~AR PROOUCTJ xr cc lS NOT A 
TAIL.. TO C TtiEt'1 Af\J ERROR •1ESSAGE WILL BE PRtt-JTED (SEE M!THOD 
AND PERfORMANC!)J 

D, on: <REAL VA~IABLE>J 
EXITI THE MEAD ANO TAIL OF 

Rf;SULT. 

D A T A A ~i D ;~ E S U 1. T S I 

THE CALCULATED DOi.JBLE•LENGTM 

([j, 00)&~ CC, CC) + THE SCALAR PRODUCT OF THE VECTORS GIVEN lN 
T ~i E A ~ R A V 5 A t t 1 r t·.! C ~ A , . l A ♦ C t l • 1 ) * s A ) ' r~ A X C L A , L A + ( N • 1 ) * s A ) l 
A r4 D 8 t f-,,, I t.J CL B , L. 8 + Ct' • 1 l • 5 8) I ~AX ( L B , LB ♦ ( tJ • 1 ) * S 6 l l , 
w r-1 E R E T 1--4 E E l,~ E ' 1 C t\1 T S rJ ~ T t·i E \I E C T '1 R S A ~ E A [ L A + ( J • 1 ) * S A l A ~-l 0 
8tl!3 + (,.,J • 1) • S~J, FOR J m 1, .,,, .. ,. 

' L A l 4 G 1.,., I, G E • 
' 



• 

' . 

2-nd REVISION, 1977 
' 

-SECTION I 1.s.2 (JANUARY 197b) 

S U B SE C T I O t J I L t~ G S V ~, ~ A T V E C a 

CALl.l~tG SEQJENCEa 

TriE HE•OING or THE PROCEDURE: READS& 
"PROCEDURE" LNGSYM~ATVECC~, u, I, A, B, C, CC, D, DO); 

• 

'' V ~ L 1.J E r• L , J , I , C , C C I " l t\J T E GE R " L , L1 , I J 
~RE4L" C, CC, O, DD1 ''4~RAV 1• A, 0; 
1'C00E" l441Ss 

T ~1 E ~ E A 'I ! t~.J G O r T ~~ E F O R ~ A. L P A RA M E TE RS I S I 
L: 

lJ: 

< 4 R I T ti M E T I C E X r> P E S S l o t· J ,, J 
THE LO!IJER 60 1~1~,o Or T~E: RUNNirJG S1~JBSCRIPT r 
cA~IT~iMETlC Et~RESSION~J 
THE L'PPER BOU~O or.THE RUNNING sues,Rl~T, 

MC 

PAGE 11 

I I cARITH~ETIC EX~RESSION>J . 
THE lf40EX OF T~E RO~~ OF THE SYMMETRIC MATRIX, WHOSE UPPER 
T ~ l A ~, G L E I S S T ~?. E D C O LU '1 tJ • W I SE I t\J T l..f E O ~-1 E • D I MEN S I O "~AL A RR AV 
A; 
<ARR A Y I O ~ ~l TI F t ER> t 
THE RQW OF THE SYMMETRIC MAT~I~ 
4 t'-1QJ, WHERE', lF I > L THErJ P s; 
P ~ CL• ll * L // 2 + l, 
1 • CI• 1) * t // 2 + U ELSE 
cARRAY lDENTIFIER>J 

S H O t.J L. 0 BE G I VE N I ~.J A RR A V 
CI• 1) * 1 // 2 + L ELSE 

ANO IF I> U THEN 
Q • (U • 1) * U // 2 ♦ lt 

THE VECTOR SHOULD BE GIVEN IN ARRAY BtL1UJ J 
' 

c, CC& cARITH~ETIC EX~RESSIOr~., 
THE HEAD A~ D TA IL Of T t 1 E DOU 8 I. E •LENGTH SC AL AR T rt AT ti AS T 0 
BE ADDED TO THE CALCULATED SCALAR PROOUCTJ IF CC IS NOT 4 
TAIL.a TO C Tt!E:N At--J ERROR MESSAGE WILL BE PRt~TED (SEE METHOD 
ANO PERFOR~A~JCE)r 

O, 00; <REAL VARIABLE~J 

PROCEf'URES 
OP\-1UL 
l.·~G4~D 

E X I T a T t J E H E A D A r-.1 D T A I L Or 
~ESULT. 

:JSEO; 
, CP31103J 
s C'-'311VS. 

DATA A~O RES\JLTS: 

THt CALCULATED DOUB~E•LENGTH 

CD, 00)1~ (C, CC) + THE SCAL•R PRODUCT Of THE VECTORS GIVEN JN 
T ~ i E A :~ Q A Y S A t P : Q J C 5 E E. T t f E t • E A '-1

-' I t. l G O 1' P A R A M E T E R A ) A tJ D B t L I l~J ] , 
.-J r i E R E T ', ◄ E: E L c \.~ E ~4 T S O,: T t i E F" I R S T V EC T O R A R E I I f L < t T ~ E. N 
A [ ( I • 1 l * · I / / 2 + J l , , T : L , .,; , ., , M I r 1 C U , I • 1 ) A N D 
AtCJ • 1) • J // 2 + Il, J ~ 1, •••' ~, ~ESPECTIVELY, OTHEPWtS! 
A t C J • 1 ) • J / / 2 t I J , J • L , • • ._ , U : T H E V A L LI ES a r . L , '~' , I 
SrtOJL~ 6E P',JSITlVE • 

• 
• 

L A ~ G !_,l A G E I 



2-nd REVISION, 1977 

(JANlJARV 191&) 
' 

CALLING SEQUENCEI 

THE HeA'l~G OF THE PROCEDURE READSa 
"PROCEDURE" LNGFULMATVECCLR, UR, LC, UC, A, e, C)p 
"VALUE" ~R, UR, LC, UC, 81 "INTEGER" LR, UR, LC, LJCJ 
19 ARR~Y" A, B, CJ 
"CODE'' 31505; 

THE ~EANI~G OF THE FOR~1AL PARAt1ETERS ISi 
LR, uq: <ARITHMETIC EXP~~SS!ON>1 

~OWER AtJD UPPER BOlJNO OF THE ROW•INOEXJ 
L. C , lJ C I < A R I T 1- ➔ ~,1 E T ! C E X P RE S S I CJ N > J 

Al 
L. 0 W E R A N D U P P E R ~ 0 LJ t·J D O r T ti E C O t.. UM N • I flJ O E X , 
clRRAV IDENTIFIER>J 
"ARRAVP A[LR1UR,LC1UCJ J THE ~AT~IX; 
cAR~AV IDENTIFIER>; 
" " R R A V '' 8 [ L C I UC l r T HE VE C T OR ; 
<ARRAY !DE~!TIFIER>; 
" A R R A V '' C t L R I LJ R J I 

MC 

PAGE 12 

THE RESULT A• B, CALCULATEO WITH OOUBLE LENGTH ARtTH~ETIC, 
lS DELIVERED INC, 

• 

' 

LAN(;IJAGE 1 
• 

• 

.. 



2-nd REVISION, 1977 

SECTION I 1.s.2 (JANUARY lq7bl 
• 

S U B S E C T 1 O 1 ~ I L i·J G f l .. , L T A M V E C • 

C AL L.. l t J G S t. Q J E '1 C E I 

T •1 E HE AO l t\J G J F THE' PROCEDURE RE ADS I 
"PROCEDURE" LNGFULTAMVECCLR, UR, LC, ~-J~, A, B, C)t 
''VALUE" L.R, JR, LC, UC, B1 ''INTEGER" LR, UR, LC, UCs 
''ARRAY" ~, 8, Cs 
"CODE" 3150bJ 

THE MEA~I~G JF THE FORMAL PARAHETERS !Sa 
LR, u~: <ARJT4METIC EXPRESSION>J 

~O~ER A~D UPPER BOUND OF THE RO~-I~4DEXJ 
LC, UC; cARITHMETIC EXPRESSION>J 

• 

Bl 

Cl 

1..0 ~ER A 'JD UPPER BOUt~D OF THE C 01. UM ~J• I NOE X J 
<ARRAY lOE~JTlFIER>J 
'' A R R AV " A. [ L R I U R , LC I UC l J T •➔ E MA T q l X J 
cARRAY IDE~TlFIER>J 
"ARRAY" BtLR&URJ J THE VECTOR; 
cAR~AV !OENTIFIER•: 
'' ARR AV tt C lL,C I UCl t 

MC 

• 

THE RESULT~• * a, CALCULATED WITH OOUBLf LE~JGTH ARITHMETIC, 
IS DELIVERED IN CJ HERE A' DENOTES THE TRANSPOSED OF THE 
~ATRlX A. · 

METHOD AND PERFDR~ANCE& 



2-nd REVISION, 1977 

• 

SECTICl'! I 1.s.2 ( J A N l~l A ~ Y 1 q 1 b ) 
' 

SU 8 SE C: T I O t • I L 'I G F t-1 L S V ~~ ~·1 A T VE C • 

CALLit~G SEOJE•JCEI 

TH~ HEADl~G OF THE PROCEDURE READS& 
•• p R {1 Ct i) U ~ C '9 L. NG F LIL SY t 4 MA TV£ C ( LR f LJ R f LC ,. UC I A I Bf C ) J 

' 

"VALUE" ~R, UR, LC, UC, Bt "INTEGER~ LR, UR, LC, UCt 
"ARRAY" A., 8 1 c, 
''CODE" 31507; 

THE MEA~l~G OF THE rORMAL PARAMETERS Isa 
I. R, UR I <•RI TH i·1 ET IC f: )( P ~ES SI ON> I 

LOWER A~O U?PER BOuND OF THE ?Q~•INDEXJ ~R >• 11 
L, C , JC a < A R I T ~·~ t1 e: T I C E X P R. E S S I O N ,. J 

L,OWER A~JD UPPER 80Ut·JD Of T~➔ E COL,IJ~N•INDEX, LC >• l: 
<ARRAY lOENTIFIER>J 

• 

"A~qAV" AtLaU1, WHERE& . 

MC 

• 

L • MIN(LR • (LR• 1) /I 2 + LC, LC• CLC 
J; ~AX(UR • CU~• t) //? ♦ UC, UC* CUC 
AND THE CI,J)•T~i ELEME~tT OF THE sv~~ETRIC 

• 1) // 2 + LR), 

' 

Bs 
G I \/ E ~J I ~ A t J • C J • 1 > I I 2 + I J J 
c4RqAv lD~~r1r1E~>, 
"•RRAY'' B£LC1UCl J T~iE VECTORJ 
<•R~AV IDE~TIFIER>; · 
"A.RRAV'' C[LR;UR) J 

• 1) // 2 + UR) 
t··1A TRIX SHOULD BE 

THE ,RESUI.T ~ * e, CALCUL.~.TED WlTH DOUBLE LENGTrl ARITri~1ETIC, 
IS DELIVERED I~ C. 

P R O C E ()URE S u SE D ; 

1. f-.-J GS y •41.1 ATV EC = C P 3 4 4 l A• 

• 

LANGUAGE: 



2-nd REVISION, 1977 
• 

SUBSECTIDNI LNGRESVEC, 

CALLING SEQUENCES 

THE HEADl~G or THE ~ROCEDURE READS& 
"PROCEDURE" ~NGRESVEC(LR, u~, LC, UC, ~, a, C, X)J 
~ VA L. WE. " L. ~ , U R , LC , UC , B , X ; " I ~ J T E GE R '' l. R , iJ R , LC , UC J 
"REAL'' XJ "ARRAY" A, 6, Ct 
''CODE•' 31S08J 

T~E ~EA~l~G OF THE roR~AL PARAt1ETERS ISi 
LR, U~: <ARITHMETIC EXPRESSION>t 

~OWER ANO UPPER BOUND OF THE RO~•INDEXJ 
LC, UC1 <ARITHMETIC EXPRESSION>J 

-

Al 

XI 
• 

Cl 

~OWER ANO UPPER BOUND OF THE CDLU~N•INOEXt 
<ARRAY lDE~!TIFIER>J 
ttARR~V" A[LRaUR,LC&UCJ I THE MAT~IXJ 
<ARRAV ?DE~TIFIER>1 
''ARRAY" 8[LC1UCl J THE VECTORJ 
CA.RITHMETIC EX?RESSION>J 
T~E VALUE OF THE HULTIPLYlNG SCA~ARJ 
<ARRAY IDENTIFIER>; 
"ARRAV'1 C tt.R1URJ J 

MC 

THE RESULT A• B + X • c, CA~CULATEO WITH DOUBLE LENGTH 
ARITH~1ETIC, IS OVERWRITTEN o~J c. 

-

LAf'.~GUAGE I 

• 

METHOD AND PERFOR~1ANCEI 

• 



2-nd REVISION, 1977 

• 
SECTION t 1,S.,2 

s u a s E C T l O i'4 I L ~-4 G s V r 4 q E s V E C • 

CAL~ING SEQUENCE! 

THE rlEAO ING OF Tt~E PROCEDUf~E READS I 
ttPROCEDURE" ~~GSY~RESVECCLR, UR, LC, UC, A, B, C, X)J 
" V A L U E " L. R , UR , l. C , lJ C , B , X J " I iJ T EGE R " 1. R , UR , LC , UC I 
"REAL~ X; "ARRAY" A, B, Cr 
"CODE" 31509J 

T~tE ~EANI~G OF TtiE FORMAL PARAr1ETERS ISt 
~R, U~I <ARIT~iMETIC EXPRESS!ON>r 

L. 0 W E R A ~ 0 U P P E R B O U ND O F T ~, E n O ~ • I ~JD E: X J L. R > a 1 J 
~c, uc, <4RITHMETIC EX?~ESSlUN>r 

LOWER AiJo ll?PER BOUND OF Tr1E: COI.UMN•INDEX s LC >• 1, 
A I < A R ~ A Y I D E ?· I T l F I E ~ > J 

•• A. R R 4 V " A t L. I LJ J , W HE RE I 

MC 

~; ~INCLR • (LR• 1) II 2 + LC• LC* CLC • 1) // 2 + LR), 
U ~ ~AX(UR * CUR• 1) // ! ♦ uc, UC* cue• 1) // Z + UR) 
A \J D T H E ( I , J ) • T H E L E ~1 E ~~ T O P' T H E S Y ~ M E T R t C r~ A T R l X S ~1 0 UL D B E 
GI\/Et\J IN A [J * CJ • ll // ~ + IJ J 

B1 <ARRAY IDE}JTirIER>J 
'' 4 R R A Y " 9 t L. C ; UC l J T HE VE C TO F? ; . 

XI <.\RITH~1ETIC E)(f'RE.SSION>1 
THE VALUE OF THE MULTIPLYING SCA~ARJ 

C a < A R R A Y I OE t\! T I F I e: R > J 
''AR~AV" C tLR&lJRl s 
T~E RESU~T A• 8 + X * C, CALC~LATEO WtTH DOUBLE LENGTH 
A ~ l T H M E T I C , I S O v E R w R I T T E:: N O t,J C • 

P R O C E C) lf Re: S U S E O I 

0 ~ t ~ lJ L. s: C P 3 1 1 O 3 J 
L~JGSY~~1ATVEC • CP34418, 

' L A N G t.J A G E I A.LGOL- bO • 
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2-nd REVISION, 1977 

(JANUARV 197~) 

MC 

PAGE 17 
' 

' 

• 

ALL PROCEDURES Gl\/EtJ Ir~ TtiIS SECTIOt·~ MAKE USE OF THE DOUBLE•LENGTH 
ARITHMETIC OPEPATIONS AVAILABLE IN HARDWARE ON THE CYBER 73. 
LET ex, XX) OE~OTE A DOUBLE•LENGTH fJUMBER, THEN WE WILL SAY THAT x~ 
I S A T A I L T O X , W ~ f E t J T H E r O L L O W I ~J G C O ~J O l T 1 0 N S H O L D I 

X • FLtCX ♦ XX), 
• 

ex, xx,. F~Z(X. XX), 
WHERE FLlC 8 t .) AND FLZC. t ,) DENOTE SINGL!•LENGTH RESPECTIVELY 
OOU6LE•Li,ENGT~1 ADDITION i..1tTH TRU:4CATitJG OF THE RESULT TO 48 At-,JO 96 
9lTS RESPECTIVELY. 
WtiEN A ~ROCtDURE DELIVERS A DOUBLE LErJGTM RESU~T IN O ANO DO, THEN 
T ti E SE Rt S UL TS A RE S LJ C r1 T HA T DO I S A T A l L TO O J WHEN ONE SH OU L 0 
PROVIDE 4~ INI1IALIZING DOUBLE LENGT~ SCALAR lN CANO CC, THEN CC 
SHOULD SE A TAI~ TO C, OTHERWISE THE FOLLOWING ERROR MESSAGE WILL 
BE PRINTEOi 

OP PARAMETER TAIL ERROR • 

A~·lO EXECUTIO'•J OF THE PROGRAr·i WILL TER!1INATE tN THE USUAL WAY, 
NOTE T~AT CC~ O XS A TAIL TO C FOR ALL VALUES o, c. FURTHERMORE, 
I T S E E ~ S W O R T t.,, W rt I L. E T O flt O T E T ~i A T T H E A R R , Y e M U S T 8 E A V A L U E 
PARAMET~R I~~ ALGOL. bO, HOWEVER, I~l Tr➔ E cnMPASS ROUTINE THE 
OUP~tCATIO~ OF THIS ARRAY IS ONLY DONE IF NECESSARY, I,E, IF THE 
ACTU4L PARA~ETERS B AiJO CARE THE SA~E. 

SOURCE TEXTS& 
• 

TH! PROCEDURES It~ Tl·1IS SECTIOtJ A'RE WRITTE~,~ IN COMPASS, EXCEPT FOR 
L~GSY~~ATVEC, LNGFULSYM~ATVEC ANO LNGSYH~ESVEC, 
WE GIVE EQUIVALE~fT ALGOL ~o TEXTS OF TME COMPASS ROUTIN~s. FOR THE 
COMPASS TEXT SEE APPENOIX C, SECTIO~J 1.5.2. 

'' C O D E " 3 4 4 t O s 
" P R O C E D tJ ~ E " Lt! G V E C V E C ( L , U , S H l f' T , A , B , C , C C , 0 , 0 D ) J 
"VALJf" L, U, S~IFT, C, CCJ "lNTEGERff L,U,SHlFTJ 
"REA~" C, CC, D, DD1 "ARRAY~ A, BJ 
"~EGIN" "QEAL" E, EEJ 

" ? R O C E D U Rt " ~ P •r1 W L ( ._ , 8 , C , C C ) I " C O O E •• 3 1 1 0 3 J 

• 

,. P. P o c E o LJ R E ,. L ~~ G A o r c A , A A , a , a e , c , c c > , " c o o e: " 3 1 t o s , 
!' F O R 1• L I : L '' S T E " " 1 " L l r~ T I L " 1.J '' 0 0 '' 
,. B E G t t..J •• D ,, •~1 u L c A t L J , B c L + s ri I F' T l , E , E c ) r 

L~GADDCC, CC, E, ~E, C, CC) 
"E.NO''J 
D;;; C; DD;: CC. 

"EriD'• L'IGVECvECt 
"E ~P '' 
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"CODE" 3441it 
•PROCEDURE" LNGTAMV!CCL, U, I, A, 8, C, CC, D, DD)J 
•VALUE• L, u, I, c, cc, Nlt4TEGER• L, u, II 
"REA~" C, CC, 0, OOJ "ARRAY" A, Bt 
"BEGIN• "REAL" E, EE1 

"PROCtDURE" DPMUL(A, B, C, CC)t "COD!" 31103J 
"PROCEDURE• LNGAODCA, AA, B, as, C, CC)J "CODE" 311051 
"'OR" LI• L "STEP" 1 "UNTIL• U •DO" 
" 8 E G I N • DP MU L ( A t L, l J , B t I l , E , EE') J L. t~ GAO D ( C , CC, 'E, E f!, 
'END"J 
D;• CJ 001"1 CC 

"Et,JD" L'4GTAMVtCI 
•EOP" 

"CODEW l441l, 
11 PROCEOURE" L,NGf1ATMATCL, U, I, J, A, 8, C, CC, D, OD), 
"VALUE" ~, U, I, J, C, CCs "INTEGER" l, U, I, Jt 
"REl~w C, CC, D, DDt "ARRAY• A, B1 
"BEGIN• "REA~" E, EE1 

~,qoCEDURE• nPMUL(A, e. c. CC)t "COD!" 311031 
•P~OCEDJRE~ LNGADDCA, AA. 8, BB, C, CCJ; "CODE" 31105; 
" F" 0 R "' L ; 1,1 L " $, TE P " 1 '1 t.J f~ T l L " t I • 0 0 fl 

MC 

C, CC) 

C, CC> 

"3EGt~" OPMULCAt?,LJ, StL,Jl- E, E£)1 LNGADDCC, CC, E, EE, C, CC) 
"ENO"; 
o,. c, 001• cc 

" E r~ D •• L ,q G M A T ··t A T s 
•EOP" 



' . 

2-nd REVISION, 1977 
• 

(JANlJARY 1q1&1 
• 

"COOE" 344141 
~PROCEOJRE" ~NGTAM~1ATCL, U, l, J, A, 8, C, CC, D, 
"VALUE" L, U, I, J, C, CCt "INTEGER'' L, U, I, J1 
"REAL" C, CC,~, 001 "A~RAV" l, BJ 
ttBEGlN" "REl~" E, EEi 

~PROCEDURE" DP~ULCA, B, C, CC)J "COPE" 31103t 
' 

"PROCEDURE" LNGADDCA, AA, B, ae, C, ec,, ••CODE" 
"FOR" LI• L "STEP" l "UNTIL"~ "DO" 

MC 

• 

DO)r 

31105; 

"BEGIN" DPMUL(AtL,tJ, BtL,JJ, E, EEl1 LNGADDCC, CC, E, EE, C, CC) 
"END"; 
Oge CJ 0011 CC 

"ENO" t.NGTAM~ATJ 
"EOP" 

''COO£" 3i,41S1 
"PROCEDURE" ~~JG~ATTAMCL, U, l, J, A, B, C, CC, D, 
"VALUE" L, U, I, J, C, CCt "INTEGER" L, U, I, Js 
"RE4L" C, CC, D, OOJ "A~RAV" A, B1 
"BEGtN" "~EAL" E, EEJ 

"PROCEDURE" OPMULCA, B, C, CC)r "CODE" 311031 
"P~OCEDU~E" lNGADOCA, AA, e, BB, C, ec,, ~cooE~ 
"FOR" LI• L "STEP" 1 "UNTIL" lJ "Dou 

• 

DD)J 

31105J 

"BEGIN" DP~ULCAtI,Ll, StJ,Ll, E, tElr LNGAODCC, CC, E, EE, C, CC) 
"ENO"J 

• 

Da• CJ OD;• CC 
"E ~JO " L. ~~ G ~, A TT• M I 

''EOP" 

ttCOPE" 3./J41or 
"PROCEDURE" LNGSECVECCL, U, lL, SHIFT, A, 8, C, CC, D, DO)J 
" V A L. U E '' I. , U t l L , S H I F T , C , C C J '1 I ~~ T E GE R '' L , U , l L , S H l F T J 
"REA~~ C, CC, D, DOJ ~ARRAY~ A, BJ 
"eEGlN" "RelL" E, EE; 

~?ROCEDURE" ~PMUL(A, B, C, CC)J "COO!" 3110lJ 
"PROC~OURE" L~GAODCA, AA, B, AB, C, CC); "CODE" 311051 
" F O R '' L. i r; L " S T E P " l •• LI N T l L '' W " D O '' 
"BEGii" OPM.UL(ACILl, B[L ♦ SHIFT], C, EE)J ILa~ I~+ Lr 

~~GADDCC, CC, E, EE, C, CC) 
,, E •JO It J 
D;a CJ DO;a CC 

"E ~-,l D '' Lr NG SE~ \IE C J 
,, E OP " 
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MC 

"CODE*' 3441 7 J 
"PROCEDURE" LNGSCAPROt(LA, SA, LB, SB, ~, A, B, C, CC, D, OD)t 
" V A L U E " L,. A , S A , I. B , S B , 1'J , C , C C , 0 , D O J " l N T ! G E R '' L A , S A , L 6 , S 8 , N t 
"REALM c, cc, D, oo, "ARRAY" A, 81 
"BEGIN" "~EAL" E, EE; "!NTEGER" KJ 

''PROCE,URE" DPMUL(A, B, C, CC)s "CODE~ 311031 
••P~OCEOUREn LNG~ODCA, AA, B, BB, C, CC)J "CODE" 3110SJ 
"FOR~ K:s 1 ~STEP" 1 ttUNTIL" N "DO" 
''9EGIN" OPMUL(AtLAl, BtLBl, E, EE>, LAI• LA+ SAJ LBII LB+ se, 

L,NGADO(C, CC, E, !E, C, CC) 
ttEND"J 
Os• C; DO&" CC 

"Et·,10" I 
"EOP" 

''CODE'' 34~1t\J 
"PROCEDURE" ~NGSVMMATVECCL, U, I, A, B, C, CC, D, DO)J 
"VA~UE" ~, U, 1, C, CCJ 
"INTEGE~" L, U, lJ "REAL" C, CC, D, DOJ "ARRAY~ A, BJ 
"BEGIN" ~tNTEGER" K, MJ 

" "PROCEDURE" L"~C\/ECVECCL, U, s, A., 8, C, T, D, RJ, "CODE'' 
''P~oce:ouRE" LNGSEQVECCL, U, ll., s, A, e, C, T, D, R)r 
''CClDE" 3Q416r 
~I• "lF" l. > I "Tt·iEN" L "ELSE" lJ .K1, ■ M * (~i • 1) I/ 2t 
t.r~GVECVEC CL, "lf 11 I c• U ttTHE:tJ" l • 1 "ELSE" U, 
K, B, A, C, CC, C, CClt 
LNGSEQVEC(M, U, K + I, 0, A, B, c, ce, D, DO) 

"END" L~GSY~~ATYEC; 
"EOP'' 

•1 CODE•1 315051 
"PROCEDURE" ~NGFULMATVECCLR, UR, LC, UC, A, B, C)J 
"VALU~•• ~R, UR, LC, UC, Br "INTEGER" LR, UR, LC, UCJ 
''ARQAY'' A, B, Cs 
"BEGitl" _.~EAL." 0 1 DD; 

' 

34410, 

~PROCEOURE" LNGMATVECCL, U, 1, A, B, C, CC, D, DD)J "COD!" 344111 
~FOR't LRac L~ "STEP" 1 "UNTIL" U~ ~00" 
•• & E G I ,1 " L \I GM A T VE C ( L. C , UC , L R , A , G , 0 , 0 , D , DO ) I C t L R l S • O + 0 0 
"Er'1D" 

.. E ~; D '! L \I G F' UL ~ A T V EC J 
"EO"" 

"C'.1DE•• ~lSObJ 
" ~ R O C E D J RE ._ l.. t~ G FU L T A r ·1 V E. C ( L R , UR , L C , U C , A , B , C ) r 
" v A l J E: " L R , :J q , LC , t t C , 5 , '' I N TE GE R " l R , Lt R , LC , UC s 
'' A R ~ A v '' .\ , 8 , C J 
'' R E G I ~ 1 ,, · ., ~ E 4 L " I:\ , D O : 

'' p, RO C E ')'.JR E " L t'l GT A »-1 VE C C L , l.J , I , A , f3 , C , C C , 0 , DO ) J " CODE " 3 ll 41 2 f 
PFOR'1 LC1= LC ~STEP~ 1 "U'!Tll" LJC "00" 

. . ' . . 

~aEGl~" LNGTA~VEC(LR. UR, LC, A, B, o, 0, D, DD)9 CtLCl IZ O + no 
"E "'· n" • 

. .,,. 

"f ii:).,. t.\JG"UL T4.MVEC J 
· "E Q,0 n 
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• 

SECTION I 1,5.2 ( J A N l.J A R Y 1 q 1 b ) 
' 

" C O D E '' 3 t S O 7 1 
"PROCEDURE" ~NGFULSV'·~MATVEC(LR, UR, LC, UC, A, B, Cl; 
"VALUE" L~, U~, LC, UC, BJ "INTEGER" LR, UR, LC, UCJ 
"ARRAV" A., 6 1 Ct 
ttBEGI!·4" ''REA~'' D, 001 

"P~OCf:D 1JRE" L~.JGSY·1~1AT'v'ECCL., u, I, A, 8, C, CC, D, DO)J 
" C O O E " 3 q 4 t 6 , •. 
•• F O R '' L R i a L ~ " S TEP " 1 '' 1J t t T l L " UR " 0 ~ " 
'' B E G I i J " L ~I G S V ..,, ~ A T Ve: C ( LC , UC I L. ~ , A , S , 0 , O , 0 , 0 0 l J 

C [1.Rl 1111 D ♦ DD 
'' E ~-JD '' 

•• E ~1 D" LNG FU L. SY MM AT \I e CJ 
He: OP t• 

"CODEtt 3tsne, 
''PROCEDURE" LNGRESVECCLR, UR, LC, UC, A, B, C, X)J 
" VA L U E " I. R , UR , L. C , UC , X J '' I NT E GE R '' L R , U R , L c; , UC J 
"REl~" XJ "ARPAV" A, 8, Ct 
~BEGIN" ''REA~" o, DD, E, EE; 

MC 

PAGE 21 

" P R O C E D UR E '' D P r~ UL C X , Y , E , EE ) s '' C O O E '' 3 11 0 3 I 
"PROCEDU~E" LNGf~ATVEC(L, LJ, I, A, a, C, cc, o, OO)s "CODE" 3la411J 

• 

"FOR" LR1• Lq "STEP" 1 "UNTIL" UR ''00" 
"BEGIN" OPMUL(C[LRJ, X, E, E£)1 · 

L~GMATVECCLC, UC, LR, A, a, E, EE, D, ODJt CC~Rl1• 0 i DD 
"F;NO'' 

"END" L.~GRESVECJ 
"!OP" 

"CODE" 31509J 
" P R O C E O URE " L. ~, G S Y M R E S V E C C L R , U R , L C , U C , A , B , C , X l , 
"VAI.UE" L.R, IJP, LC, UC, B, X1 ''IiJTEGER'' L.R, UR, l.C, UC; 
~REAL" ~; "AR~AY" A, 8, Cr 
"BEGIN" "REAL" O, DD, E, ECs 

~P~OCEOURE" OPMUL(X, V, E, EE)s "COOE" 311031 
•
1 F' R O C E O U R E " L r-J G S V t1 f'1 A T V E C C L , U , I , A , B , C , C C , D , D D l J 
"CODE" 34418t 
" F O R " L R : • L R '' S T E P '' 1 11 U t· J ·r l L " U R '' D O " 

. "BEGIN" OPMUL(CtLRJ, x, E, EE)1 
L t·J G S V ~ .,1 A T V E C ( L C , UC , L R , A , 6 , E , E E , D , D D ) J C t L R l I • C + DD 

"E, 1'J O" 
"ENO" LNGSY~RESVECJ 

He".~;)•' -~ 



PCSAI.IOM 
COMPUTl 

ENTRY 
ess 
EQ 
SA1 
S85 
BX& 
BX7 
LT 
SA1 
SA2 
SA\ 
SA2 
SA3 
880 
SA.3 
S87 
0~3 
FX1 

PC3440H 
0 
•+1517 
8U+9 
Xt 
)(ij 
)(5 
85, COMPLJT 1 
8U+5 
84+7 
Xt 
)(2 
8"+6 
X3 
84+8 
X3 
X1*X2 
X l *X2 

0X2 X1+Xb 
FX1 Xl+Xb 
FXl X3+X7 
NXl 
P-X2 Xl+XZ 
FX3 X2+X1 
DX2 X2+X1 
NX3 
NX2 
F.>(6 X3+X2 
DX7 Xl+X2 
NX7 

SA1 
SAl 
SB& 
sas 
GE 
SA6 
SA7 
EQ 

ENO 
IOENT 

• 

A1+Bb 
A2+87 
86+1 
es-,,1 
85,AGAlN. 
A4 
AS 
COMPUTl 

ERROR 

MC 

(MAY 1q74) PAGE 22 

INPUT1 A4 ANO AS CONTAIN AOORESSES 0 
HEAD A~O TAIL OF OUTPUT PARS 
STtB~ ♦ SJ ~ STC84 ♦ ql CONTAIN RESP, 
1ST EL 1 ADOR AND STRIDE OF 1ST AR~AY 
1ST EL 1 AOOR AND STRIDE OF 2ND ARRAY 
NR,wl OF ELEMENTS TO BE MULTIPLIED, 
ALL IN INTEGER FORMAT 

N 

"lNITIAL.lSATION 

AODR 1ST ELEM 1ST ARRAY 
AOOR 1ST ELEM 2ND 4RRAY 

STRIDE 1ST ARRAY 

STRIDE 2ND ARRAY 

X1*)(2 .,.,> (Xl,X3) 

(X1,X3) + (Xb,X7) 

NEXT ELEMENTS 

OUTPUT1 CD,OD) CONTAIN D,P, RESULT 

THIS ROUTINE GIVES THE APPROPRtATE 
ERROR MESSAGES lN CASE OF 
WRONG KIND, TYPE, OIMENStON, NUMBER 
OF PARS, CC,CC) NOT O,P, PAIR, OR 

• 



OUTPAR • 

MOOOUT 
FOR$TO 
VALltl 
oe:sc,1 
RETlNF 
FORMST 

PC3100F 
CtCtRR 

• 

Pt3100B 
TYPEERR 

PC3100A 
KlNDERR 

PCJlOOE 
CNTERR 

. . 

,,11ooc 
OlMfRR 

PCJlOOD 
OYFLERR 
'RR 
• 

fNTBLOt 
XlTBLOC 
XlTptROC 

EN ·rRY 
\IFO 
BSSZ 
VFO 
CON 
VFD 
\/FO 
VFO 
VFD 
VFO 
VFO 
V ,-~ D 
BSS 
sx2 
SA1 
IX& 
SA6 
SX1 
SB7 
RJ 
SA2 
BX7 
SA7 
SA2 
BX7 
SA7 
S4i 
SX3 
lX7 
SA 7 . 
SA1 
RJ 
BSS 
SAO 
EQ 
BSS 
SAO 
EQ 
ess 
SAO 
EQ 
ess 
SAO 
EQ 
ess 
SAO 
RJ 
PS 
USE 
EQU 
EQU 
EQU 

MC 

(MAY 1974) PAGE 23 

EXCEEDING (AFTER RND) THE INTEGER 
CAPACITV 

PC3100A,PC3!00B,PC3100C,PC31000,PC3100E,PC3100F 
12/7747B,18/67B,30/0 ERROR 
1 MESSAGE 
1?./57b7B,18/~FOR~ST,12/4000,18/ij050 
bl, IN CASE 
12/20b1B,30/0,18/VALbl 
12/2,18/~TYPEERR,t2/4003B,18/0 
1 2 / 2 0 0 O B , ij 8 / 8 H •• C " / " C " • C C N O T 
12/2000B,48/6~* CC CAN 
12/2000B,48/8HNOT BET 
12/2000B,48/8HAIL TO C 
12/20008,U8/8H")",/•)n 

TAIL TO C 

0 
81 
OUTPAR 
X\+)(2 
MOOOUT 
0 
l 
SATISFY 
FORSTO 
X2 
Xl 
DESC&l 
X2 
Xl+1 
RETINF 
84' 
X2+X3 
X1+2 
MOOOUT 
GOTOPRO 

' 

0 
t,3 
ERR 
0 
60 
ERR 
0 
57 
ERR 
0 
bo 
ERR 
0 
132 
JIJMPSEG 
2 
/DATA/ 

SUPERGL.0.BAL 
OUTPUT PROC 

PTR, 
OESCR 

ASK FOR 3 WROS 
IN THE STACK 
"CREATE 

PARAMETER 

STACK 

GEN, TYPE ERROR MESSAGE 

INTEGER CAPACITY EXCEEDED 



MC 

9ECTION I 1,S,2 
... (MAY 197U) 

GOTOPRO 
JUMPSEG 
8AT1SFV 
SPEC . . ~- . 

!XECEXP 
ARAAYER 
1.ASTUSE 
STANLST .,. 

OKSIMP 
• 

• 

tXPR 
• 

EQ1J 
EQU 
EQU 
EQU 
f QIJ 
E Q•J 
E Q t..J 
EQU 
END 
IOENT 

-♦ 106 
•+148 
•+208 
•+:SOB 
•+328 
•t-308 
w ♦ 'SOB 

••1338 

GETIV 

ENTER PC3000A,GETIV 
ER~NAMS (KlND,TVPE,OVF~) 
UX1 87,XS 
SAS Xl 
SX7 B7 
MXO 57 
BXO eXO•X7 
A,X7 3 
L T B ··7 , E X PR 
SX7 X7•b 
ZR X7,0KSIMP 
SX7 X7w2 
~z X7,KINOFRR 
SXO X0•1 
ZR XO,TRAFO 
sxo xo..-1 
NZ XO,TVPEERR 
BX7 XS 
AX5 5q 
SXo •X6•X6 
PX6 
BX7 X7•X5 
qx7 X7+X6 
ex1 x1.xs 
UX7 87 
GT 87,0VFLERR 
~X7 67 
JP 8~ ♦ 4 
ass o 
ECHO 2,NR•C1o&B,2,3) 
SX7 X7+NR 
ZR X7,t<lNOOK 
EQ Kt NOERR 
SXO XOw1 
ZR XO,EXEC 
SXO XOw1 
NZ xo,TYPEERR 
RJ EXECEXP 
EQ TRAFO 
ALGNAMS 
ENO 
lDENT GETRV 

INPUT1 XS HOLDS PAR DESCRIPTION 

TVPE •• XO 
KIND•~ X7 
EXPR IF •SIGN OF EXPRt 
ALLOWED KINDi b,108 

ALLOWED TVPE1 1,2 

SIGN RESULT 
• 0 t 

SlGN(RES)•(ABS(RES) ♦cOOO oo,,.o) 
REAL•>. INT 

RETURN INDIRECT CYtA STACK) 

JNPUT1 XS HOLDS PAR DESCRIPTION 



Ot<81MP 
• 

E:XPR . ' 
• • 

KlNOOK 
• 

EXEC 
• 

ENTER PC3000B,GETRV 
ERRNAMS (KIND,TVPE) 
ux1 e1,xs 
$AS Xl 
SX7 87 
t-txo 57 
8XO 1"'XO•X7 
A.X7 3 
LT 87,EXPR 
SX7 X7•6 
ZR X7,0KSJMP 
SX7 X7•2 
NZ X7,~lNOERR 
SXo XO•l 
ZR XO,RET 
sxo XOM1 
NZ xo,TYPEERR 
8X7 XS 
JP 84+1.i 
BSS 0 
ECHO 2,NR=(lb&B,2,3) 
SX7 X7+NR 
ZR X7,t<INOOK 
EQ Kl NOERR 
SXO X0•1 
ZR xo,EXEC 
SXO XO"'t 
NZ XO,TYPEERR 
RJ EXEC EXP 
EQ RET 
ALGNAMS 
ENO 
lDENT GETRR 

TYPE•> )(0 
KIND•> X7 
EXPR IF •SIGN OF EXPR• ~.rsq 
ALLO"EO KIN01 6,108 

ALLOWED TVPfa t,2 

RETURN INDIRECT (VIA STACK) 

MC 

PAGE as 

INPUT1 XS HO~DS PAR DESCRIPTION 



01< 

(MAY 1974') 

ENTER PC3000C,GETRR 
ERRNAMS CKIND,TVPf) 
UX1 87,XS 
SAS Xl 
SBo 1028 
EQ 8&,B7,0K 
S86 •1bbSB 
NE Bb,B7,ERROR 
RJ EXEC EXP 
SX7 AS 
JP 84+q 

SIMPLE REAL. VAR 

SUBSCR ~EAL 

MC 

ER.ROR SX7 87 
AX7 3 
MXb So 
BXS •XbwX7 
SB7 XS1110B 
ZR B7,TYPEERR 
SB7 87"1 
ZR 87,TYPEERR 
EQ KI NOERR 
AL.GNAMS 

ENO 

•tODE" 344-16 J 

KIND .. ,. XS 
AL~OWE01 1oe,11e 

OUTPUTS X7 MOLDS AODR OF PAR 

.. "P.ROCEDURE" LNGSYMMATYECCL, U, I, A, 6 1 C, CC, O, OD)J 
"VALUE" L, U, I, C, cc, 
•lNTEGER" L, U, IJ "REAL" C, CC, 0, oo, •ARRAY" A, BJ 
"BEGIN" "INTEGER" K, MJ 

HPROCEOURE" LNGVECVECCL, U, S, A, 8 1 C, T, D, R)t "CODE" 344101 
HPROCEOUREn ~NGSEQVECCL, U, S, A, B, C, T, D, R)t "CODE" 3441•1 
Ma• "lF" L > I 1 THEN" L "ELSE•• 1, Ka ■ M * (M • 1) // 2, 
LNGVECVECCL, "lf" I~• U "THEN•• I• 1 "ELSE" U, 
K, 8, A, C, CC, C, CC)J 
LNGSEQVEC.(M, U, K + I, o, A, B, C, CC, O, DO) 

•END" LNGSYMMATVECJ 
"EOP• , 
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CONTRIBUTOR& J,KOOPMAN. 

INSTITUTE; UNIVERSITY Of l~STE~DAM. 

REClEVEDi 770316 

BRIEF DESCRIPTION& 

L N ri Rf, AT O, EC I CONVERT 8 A DOUBLE• LENG T ti \JU ~1 BER TO A 
NU~BER lN OECl~AL FLOATl~JG•POlNT REPRESENTATION. 
THE ~ESUI. T CO~JSISTS OF A. MAr-JTISSA MANT OF MAGNITUOE.<1 
(A~O >1.1) AND A DECIMAL EXroNENT EXPO. 

' 

KEVWORDS1 

DOU6LE PRECISION ARITHMETIC, 
CO~VERSlJN, 
OECI~A~ REPRESENTATION. 

CALLl~JG SEQUENCES 

• 

MC 

PAGE 1 

T~iE DEC~ARATION OF THE PROCEDURE IN THE CAL~ING PROGRAM READS~ 

flr~ocEOUqE•• LNGREATODECICX, xx, s, HANT, EX~O)J 
tt VAL l .. 1 E '' X, XX I S J •• l ►•t TE: GER" S, EXPO; "RE AL" X, XX t 11 l \J TE GER"" APR A Y "t·1 ANT J 
11 COOE 94 31100s 

' 

THE ~EANlNG OF THE FOR~AL PARAMETERS IS1 
x,xx 

$ 

; <ARITHMETIC EXPRESSIONS~J 
E: N T R Y g T ri E H e: A D ( X ) A N D T A. I L. ( X X ) 0 F T ~, E N U M 8 E R 

THAT IS TO t,E COt·lVERTtDJ 
; < A. R I T .H \1 E T I C E )( PRE S S I O N > J 

E ~J TRY I T, i E DES IRED NU~ BER O ► S l G N r f1 IC ANT D I G l TS 
OF THE CO~IVERTEO VARIABLE. 
o~·JE SHOULD ~!OT CHOOSE S LARGER THAN T~iE NUMBER 
0 r O I G I TS CORRE SP O ~ D I t-J r; T O THE DO 1.J 8 LE LE,~ GT ti 
fr~ A C t 1 I N E P R EC I S 1 0 ~t ( r O ~ C O C I S c ;! q ) • 0 T Y E R ~l I S E , 
Tri£ LAST DIGITS ARE IJS!LESS, AS AL.L OPERATIONS 
I~ LNGQEATODECI ARE PERFORMED IN OOUBLE•LENGTH A• 
P I T ;it~ E T I C J l r· S t S C ~-' 0 S E N ~J O ~ J P O S I T I V E: , 0 ~ L Y T HE S I G N 
A ~ J D T t1 E , t' E C I ~ A L E X ~ 0 ~., E \l T O F T Li E C O t ! V E R T !: D r.J U ~ 6 E R 
ARE OELlVE~ELl; 
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MC 

i 

SECTION I 1,5.3 PA.Gf 2 

EXPO 

; C4RRAY IDENTIFIER ►; 
"I ►JTEGER""ARRAY"~~A~~T toaSl' 

' 

e: X I T I ~◄ A tl T t o l I T ~➔ E S I G "' OF T ~i E D E C I "1 A L N U ~~ BE R 9 
M A ~'..J T t I l C I • • 0 l I TH E 1 • T H S I G N I F I C A ~J T 
DIGIT o, Tt1E MANTISSA a, THE CO~VERTED NUMBERt 
I.E. THE VALUE OF T~iE ~1A~JT1SSA EQUALS 
M A ~ .J T t O l * C M A i\J T [ 1 l / 1 0 + ►1 A N. T t 2 l / 1 0 0 + • 1 • M A N T C S l / 1 0 * ltf S ) r 

I ~tNTEGEP VARIABLE>; 
EXIT& T~E DECIMAL EXPONENT OF THE CO~IVfRTED NUMBER, 

1 • E • T ~ ! DOUBLE• I.ENG TM NUMBER C X , )( X ) APPROX I ~·1 ATE L V 
EQUALS ~ANTISSA•lO**EXPO WITH THE VALUE OF 
MANTISSA GIVEN IN MANT, 

PROCEDURES USED& 

L ~~G SUB 
l ~, G M UL 
OP POW 

• CPl110&. 
a CP31108 8 

• CP31109 8 

R U N N I ~l G T I M E t 

ROUGHLV PROPORTIONAL TO LN(LN(X))+S, 

' 

~ETHOD A~D ~ERFJRMANC~l 

L ~f GREAT O OE C I DETER MI ti.t ES THE: DEC IM AL EXPO P-J t NT EXPO , •FT ER 
T ~i A T , T ri E L. 0 t·~ G R E A L 'JU "'1 BER ( X , X X ) I S D Y V I O e: D B V l O * * E X P 0 
I r,1 0 0 U 8 l,. E PRE C I S I O ~, 8 V TR IJ t·4 CAT l t·J G THE RES UL. T, T ti E 
F·l~ST •·iOST SIG'JirICANT DIGIT OP TtiE MA\JTISSA IS OS• 
TAINED. SUBTRACTING T~rs OICIT PROM CX,XX)/10••E~PO, 
MULTIPLYING Tt,E RESULT ~ITl---t tO, TriE NEXT MOST SIGNI• 
F. I C A f\J T D I G I T C A. ~~ B E OB T A t t·J ED B V T RU t~ C A T I O ~J • TH l S P R O • 
CESS OF 5UBTRACTI0~'1, MULTI"LICATION ~~~O TRUNCATlO~J WILL 
BE REPEATED UNTIL S DIGITS ARE OBTAINED. FINALLY, 
T t-,t E ~-1 A~~ TIS SA T 11 US a 6 TA I ~-1 ED IS PP OPE R L V RO U ~~DE O • 

' 
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' 

SECTION I 1,S,3 (fwlARCH 1917) 
' 

EXAMPLE OF USEI 

"BEGIN"''COMMENT'1 EXAMPLE OF USE OF L.t•JGREATOOECI AND DP Pow, 
"I~~ TE GER tt"S, EXPO, 
"REAL"-OP,OPL.J 
"PROCEOURE"OP POWCA,EXPON,C,~C)1"COOE~J110qr 
" P R O C E O U RE " L N G R E A T O O E C I C X , X X , S , M A t~ T ·' E X P O ) t " C o O E '' 3 111 0 J 

' 

MC 

PAGE 

"0ROCEDURE 0 PRINT(S,~ANT,EXPONENT)t 
"VALUE"S,EXPONENTt"INTEGER"S,EXPONENTt"INTEG[R"NARRAY"MA~~TJ 
"8EGIN""lNTEGER"K1 

OUTC~ARACTER(&t,"C"•++")",MA~Tt0l+2)1 
flFOR"K111"STEP"1"UNTIL"S"00" 
"8EGIN""lf"K1t"THEN"OUTPUTC~1,•t""(",")"")"l1 

0 UT PUT C & 1 , " C "0" ) " , HA~~ T t Kl ) 
''ENO"J0UTPUT(&1,"C""<""")'',+30")",EXPONENT) 

"ENO"PR I ~~T J 

D~ POw(2,48,0P,OPL)f 
"FOR"S&•O"STEP~a UNT?L"ZS"DO" 
"BEGlN""lNTEGER""ARRAY"MANTlOtSlJ 

LNGREATOOECICOP,OPL,S,MANT,EXPO)r 
PRINT(S,~ANT,EXPO)t 
OUTPUT(~1,"C"I")") 

• 

DELlVf:RS1 
• 

+"+015 
• 

+,2815" ♦ 015 
~ • 2 e 1 4 1 4 c, s '' t o 1 s 
;.2s1474q7&111"•01s 
+.281474q7&710&5b0"+015 
+,28147qq7&710bS&OOOOO"t01S 
t,28147497&710&56000000000"+015 
+,28147qq7&11o&SbOOOOOOOOOOOOO"+o1s 
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MC 

• 

SECTION I 1,5,3 PAGE 

SOURCE TEXT(S)1 

"CODE"31100J 
''PROCEOURE"~NGREATODECICX,~X,S,MA~JT,EXPO)J 
"VALUE"X,X~,S1''INTEGER"S,EXP01"REAL"X,XX1"INT£GE~''flARRAV"MANT1 
"BEGlN""INTtGER"I,KJ . 

"REAL"f',PP1 
"PROCEOURE"~NG SUBCA,AA,B,6B,~,cc,,"coo!"l1106J 
"~ROCEDURE"LNG ~ULC4,AA,B,Be,c,cc,,"c00E"31101J 
"PROCEOURE"OP POW(A,EXPON,C,CCl1"C00E"3110qt 

. . 

MAN T t O l •• $ l G ~ C X) I " IF" X < 0 " T ~i e: tj" "BEG I \J tt X a ~ • X s XX I 11 •XX tt E ~, 0" J 
"IF"X•O"THE~"EXPOt•O 

''ELSE"EX~01•!NTlER(LN(X)IL'J(lO)l+lr 
OP ?0~(10,•EXPO,P,P~)t 
~NG MU~CX,XX,P,P~,x,XX)t 
"FO~"I:•O"WHILE"ENTIERCX)•O & x•Ro "On" 
"9EGI~"LNG MUL(X,Xx,10,0,x,xx,,ExPo~.EXPO•l"ENO"J 
'' F O R ti I & • 1 " S T E P " 1 ,. UN T ! L " S " DO " 
"BEGI~''K1•ENTIER(Xl1"lF"K~qttTHEN"~1•qtMANTtIJ1eKs 

LNG suecx,xx,K,O,P,PP)JLNG MULCP,PP,10,0,X,XX) 
''ENO" t 
'' l F •• E ~TIER C X) ~ ;;S 
" T t-i E ~ n " BEG I N '' "F" 0 R " I I • S _. STEP"• 1 ., LI r~ TI L. " t "DO " 

' . 

tt B E G t f .J '' K I = '-1 A ~ J T [ l J t 1 J 
•~ I r ,. K c 1 O " T i-1 E "J ,. " B E G l \I '' M A N T [ I l I II K s '' G O T O " R E A D Y 

''EtJO'' s 
' 

~~1 A ~ T t I J l ,: O 
"E"'D''J 
EXF'01a:EXPO+l1 
" 1 ~ '' S > O " TH£~~ " t·1 A f·J T t t l I :: 1 J 

READYI 
" E f\J r, " ' 

~XPOa•EXPO+t 
"END" LNGREATODECit 

"EOP" 

• 
• 

' 

• 

• 




