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FOREWORD 

This  r e p o r t  p r e s e n t s  r e s u l t s  of t h e  expansicn and improvement of t he  
FORMA system f o r  response and load a n a l y s i s .  
for  FORTRAN Matrix Analysis .  The s tudy ,  performed f r o a  16 May 1975 
through 17 May 1976 was conducted by t h e  Ana ly t i ca l  Mechanics Department, 
Mart in  Marietta Corporat ion,  Denver Divis ion,  under t h e  c o p t r a c t  NAS8- 
31376. The program was adminis tered by t h e  Nati.ona1 Aeronaut ics  and 
Space Adminis t ra t ion,  George C. N a r s h a l l  Space Flight Cente r ,  H u n t s v i l l e ,  
Alabama under t h e  d i r e c t i o n  of D r .  John  R. Admire, S t r u c t u r a l  Dynamics 
Divis ion,  Systems Dynamics Laboratory.  

The acronyni FOWfA s t a n d s  

Th i s  r e p o r t  is publ ished i n  seven volumes: 

Volume I - Programming Manual, 
Volume IIA - L i s t i n g s ,  Dense FORMA subrou t ines ,  
Volume IIB - L i s t i n g s ,  Sparse FORMA Subrout ines ,  
Volume I I C  - L i s t i n g s ,  F i n i t e  Element FORMA Subrout ines ,  
Volume I I I A  - Explanat ions,  Dense FORMA Subrout ines ,  
Volume IIIB - Explanat ions,  Sparse FORMA Subrout ines ,  and 
Volume IIIC - Explanat ions,  F i n i t e  Element FORMA Subrout ines .  
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ABSTRACT 

This  r e p o r t  p r e s e n t s  techniques f o r  the s o l u t i o n  of s t r u c t u r a l  
dynamic systems on a n  e l e c t r o n i c  d i g i t a l  computer, using FORMA (FORTRAN 
- Matrix Ana lys i s ) .  

FORMA is  a l i b r a r y  of subrou t ines  coded i n  FORTRAN I V  f o r  the e f f i -  
c i e n t  s o l u t i m  of s t r u c t u r a l  dynamics problems. 
i n  the  form df b u i l d i n g  blocks t h a t  can be pu t  t oge the r  t o  s o l v e  a l a r g e  
v a r i e t y  of s t r u c t u r a l  dynamics problems. 
b u i l d i n g  b lock  approach is t h a t  programming and checkout t i m e  are l i m i -  
t e d  t o  t h a t  r e q u i r e d  for  p u t t i n g  the  blocks toge the r  i n  the  p rope r  o rde r  

These s u b r o u t i n e s  a r e  

The obvious advantage of t h e  

The FORMA method has advantageous f e a t u r e s  such as:  

1. subrou t ines  i n  t h e  l i b r a r y  have been used e x t e n s i v e l y  f o r  many 
y e a r s  and as  a r e s u l t  are w e l l  checked o u t  and debugged; 

2. method w i l l  work on any computer w i t h  a FORTRAN IV compiler ;  

3 .  i n c o r p o r a t i o n  of new subrou t ines  i s  no problem; 

4. b a s i c  FORTRAN s t a t emen t s  may be used t o  g i v e  extreme flexi-  
b i l i t y  i n  w r i t i n g  a program. 

Two programming techniques are used i n  FORMA: dense and sparse. 
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The e d i t o r  expres ses  h i s  apprec i a t ion  t o  those i n d i v i d u a l s  whose 
a s s i s t a n c e  was necessary f o r  t he  success fu l  completion of t h i s  reporc .  
D r .  John R. Admire was ins t rumenta l  i n  t h e  d e f i n i t i o n  of t h e  program 
scope and con t r ibu ted  many va luable  sugges t ions .  Messrs. C a r l  Bodley, 
Wilcomb Benf i e ld ,  D a r r e l l  Devers, Richard Kruda, Roger Ph i l ippus ,  and 
Herbe r t  Wilkening, a l l  of t he  Ana ly t i ca l  Mechanics Department, Denver 
Div is ion  of Mar t in  Mar i e t t a  Corporat ion,  have Contr ibuted i d e a s ,  a s  
w e l l  as subrou t ines ,  i n  the  formula t ion  of the  FORMA l i b r a r y .  

The e d i t o r  also expres ses  h i s  a p p r e c i a t i o n  t o  those persons who 
developed FORTRAN, p a r t i c u l a r l y  the subrout ine  concept  of t h a t  pro-  
gramming t o o l .  
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I. INTRODUCTION 

A l i s t i n g  of t he  source  deck of each  dense F0IUf.A subrout ine  i s  
given i n  t h i s  volume t o  remove the  ''black-box'' aura  of t h e  subrouti .nes 
s o  t h a t  the a n a l y s t  may b e t t e r  understand t h e  d e t a i l  ope ra t ions  of each  
subrout ine .  

The FORTMT IV progranuning language is  used throughout. w i th  t h e  
except ion  of MSFC UNIVAC 1108 systems subrou t ines  used i n  FORXA sub- 
r o u t i n e s  START, PLOT1, PLOT2, PLOT3 and ZZBOMB. 
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11. SUBROUTINE LISTINGS 

The subroutines are given i n  alphabetical order btth numbers 
coming before l e t ters  . 



AAPR 

SUR ROUT IN E ‘AA BB 
D I M E N S I O N  A ( K R , l ) ,  B (KR911 ,  Z ( K R 9 1 )  

( ALPH A 9 A 9 BE TA 9 R 9 Z 9 N ?, NC , KR 1 

. -/c 
C M A T R I X  SUMMATION- (ALPHA * A + BETA * B = 2 ) -  
C M A T R I C E S  A12 OR R t Z  MAY SHARE SAME CORE LOCATIONS- 
C COOED BY R C  WOHLENo FEBRUARY 19650 
C 
C SU@ROl!TINE ARGUMENTS 

INPUT 
INPUT 

INPUT 
OUTPUT 
INPUT 
INPUT 
INPUT 

INPUT 

S C A L A R ,  
MATRIX. S I Z E I N R v N C )  
SCALAR- 
MATRIX. SIZE( NR 9NC) - 
RFSULT M A T R I X -  S I Z F ( N R 9 N C  1, 
NUMBER CF ROWS IN MATRICES ApB,Zm 
NUMBER OF COLS I N  MATRICES A 1 6 t t e  
RCW OIMENSION OF A e B t Z  IN CALLING PROGRAM. 

On 10 I = l q N R  
DO 10 J = l r h l C  

RETURN 
END 

10 Z ( I t J )  = ALPHA*A(ItJ) + SETA*B( ITJ)  



A 8 1  -- 1/ 2 

C 
C 
C 
r, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i 
C 
C 
C 
C 
C 
C 
C 
C 
C 

> 

S U F R O U T I N  E 
D IMENS I O N  A (KRA 1 1 P(  K R R t  1) si? (KRZ 9 I I 
COMMON 1 LWRKVl / V ( S O O 1  

AR 1 ( A 9 B p 2, NR A, NC A, NCB t K R  A t  KR 8 K R t  1 

oouem PRECISION S U M ~ S S T Z E R O  
D A T A  ZERO 1000/ 

A B 1  PERFORMS THE M A T R I X  O P E R A T I O N  ( Z ) =  ( A ) * ( 8  1 
A B 1  CAN ALSO PERFORM THE OPERATIONS 
( 2 I = ( A 1 * ( A 1 
4 A 1 = E  A 1 *( El I 

BY C A L L  A f3 1 (A ,A 92 t--ETC-I 
BY C A L L  A B 1  (A  9 8  t Aq-ETC- I 

IF NRA I S  NEGATIVE AND A B S t N R A )  IS EOUAL TU NCB 
A SQUARE, SYHMETRIC (2) 15 CALCULATED. 

MAXIMUM S I Z E  NCA=500 

I N N E R  PRODUCT SUMS ARE PERFORMED IN DUU6LE PRECISION. 

FORMA SUBROUTINE- ZZBOHB IS r A L L E D  - 
CODED BY JPHN A D M I R E  *NASA* JULY 1972 
L A S T  R E V I S I O N  BY R L  WOHLENo PIARCH 19760 

A - INPUT 
6 - I N P U T  
2 - OUTPUT 
NRA - I N P ! W  
NCA - INPUT 
NCE - IWPYJT 
K R A  - INPUT 
K R B  - INPUT 
K R Z  - INPUT 

AR GUM ENTS 
M A T R I X  ( A )  SIZEiNRA BY NCA) 
M A T R I X  ( B )  S I Z E f N C A  BY NCBI 
M A T k I X  ( 2 )  SI t€ (NRA B Y  N C O I  
A P S ( N R A 1  IS THE NUMBER OF ROWS I N  ( A I  
NUMBER OF COLUMNS IN ( A )  

POW C I M F N S I U N  OF ( A )  IN C A L L I N G  PROGRAM 

ROW D I M E N S I F N  OF (2) I N  C A L L I N G  PROGRAM 

NUMBER OF COLUMNS I N  (F-1 

ROW D I M E N S I O N  OF (6) I N  C A L L T N ( *  PROGRAM 

N€RROR E X P L A N A T  IONS 
1 = SIZF EXCEEDANCE- 
2 = NCN-SQUARE RESULT ASKED FUR-  

N R = I A P S ( N R A )  
NERROR = 1 

I F ( N C A  .GT- 500 *OR- NR - G T o  KRA -OR- NCA .GT- KRB * .OR, NR OGTa K P Z )  GO TO 999 
I F ( N R A  oGT, 0 )  GO T O  40 

NERROR = 2 
I F f N R  ONE, N C R )  GO TO 999 
DO 30 I = l t N R  
DO 10 K = l t N C A  

DO 30 J=ItNCB 

DO 20 K = 1  INCA 
S S = V (  K I *B 1 K p J  1 

IO V ( K ) = A ( I v K )  

SUM=ZEP@ 

20 SUM=SUM+SS 
30  2 ( 1  tJ)=SUM 

DO 33 I = l t N P  
DO 33 J= I tNR 



33 Z(JtI)=Z(I,J) 
RETURN 

40 DO 70 I = I t N R A  
DO 50 K=L,NCA 

50  V ( K ) = A ( I t K )  
DO 70 J = l q N C B  

D@ 60 K=lrNCA 
SS=V(K 1 *E (K t J J 

SUM=ZEP@ 

60 SUM=SUM+SS 

RETURN 

E ND 

t a  Z(I,J)=SUM 

999 C A L L  ZZPOME(6HABl , N E R R a R I  



AB2 -- I/  2 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IC  1. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBR@UTlNE AB~(ATBTZ.NRATNCATNCPIKRAIKRATKR~,K~Z) 
DIMENSION A ( K R A , ~ ) T B ( K R R T I ) T Z ( K R Z T I )  
COMMON / LWRKVl  / V t 5 0 0 )  
D@URLF PRECTSICN SUM9 S S q Z E R O  
DATA ZERO /OoD/ 

IF ( E , )  A N D  (2) DO NOT SHARE THE S A M F  STDRAG€ 
I T  WQULD EF MORF EFFICIENT TO [JSE SUBROUTINE 
AB1 TO PERFORM THIS [?PERATION- 

IF NRA IS NEGATIVE AND ABS(NRA)  IS EQUAL PO NCR 
A SQUARE9 SYMMETRIC (2) IS CALCULATED, 

MAXIMUM SIZE NCA=500 

INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION- 

FORMA SUEPllrUTlNE ZZBUMR IS CALLED- 
CODED B Y  JOPN ADFTIRE *NASA* JULY 1972 0 

LAST RFrVISIUN BY R L  WOHLENo MARCH 19760 

A -  
0 -  
z -  
NRA - 
NCA - 
NCB - 
KRA - 
KRR - 
KRZ - 

INPUT 
INPUT 
OttlPUT 
INPUT 
INPUT 
XNPUT 
INPUT 
INPUT 
INPUT 

ARGUM€NTS 
MATRIX ( A )  SIZFtNRA B Y  NCA) 
M A T R I X  (8) SIZEtNCA B Y  N C R )  
MATPIX ( 2 1  S I Z E f N P A  E Y  NCB) 
AFT(NRA4 I S  THE NUM6ER OF ROUS I N  ( A )  
NUMBER OF COLUMNS IN ( A )  
NUMBER OF CCLUMNS I N  f R )  

R@W DIMENSION OF ( 8 )  I N  CALLING PROGRAM 
ROW DIMENSION OF ( 2 )  I N  CALLING PROGRAM 

ROW DIMENSION OF ( A )  rri CALLING PROGRAM 

NERROR EXPLANATIONS 
1 = SIZE EXCEFDANCF, 
2 = NUN-SQUARE RESULT ASKED FOR. 

NR=IABS(NRAS 
NERROR = 1 

fF(NCA -GTo 500 o C R o  NCA -GTo KRB .OR, NR oGTo KRA * - O R -  NR -GTo KRZ) GO T O  999 
IF tNRA o G T o  0) GO TO 40 

NERROR = 2 



AB2 -- 2/ ? 

20 SUM=SUM+SS 
30 Z(ITJ)=SUM 

DO 33 I = l * N R  
DG? 33 J=I,h'R 

RETURN 
33 Z(J,f)=Z(IgJ) 

40 00 70 J = l r N C B  
DO 50 K = l r N C A  

50 V ( K ) = B ( K , J )  
00 70 T = l r N R A  

00 60 K=l,NCA 
S S = A (  T q K  1 *V(K 1 

SUM=ZER@ 

60 SUM=SUM+SS 

RETURN 

E N D  

70 Z ( I g J ) = S U M  

999 CALL ZZBOMB(6HAB2 ,NERRCR) 



C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I F  NRA 'IS N E G A T I V E  AND A B S t N R A )  IS EQUAL TO NCB 
A SQUARE* S.Yf4METQIC ( 2 1  I S  CALCULATED-  

MAXIMUM SIZE NCA=5@0 

I N N E R  PRCDUCT SUMS ARE PERFORMED I N  DOUBLE PRECISION- 

FCRMA SUPR@1!TIh,E ZZGCMR IS CALLED. 
CODED BY JPHN ADMIRE *NASA*  J U L Y  1'372 . 
L A S T  REVISIUN BY R L  WOHLEN- MARCH 19?60 

A - INF'IJT 
9 - I%PVT 
c - INPUT 
2 - OUTPUT 
NRA - INPUT 
NCR - INPC!T 
NCP - INPUT 
KRA - INPUT 
KP!? - INPUT 
KRC - INPUT 
KRZ - INPUT 

ARGUMENTS 
M A T R I X  ( b )  S I Z E t N R A  BY NCA)  
HATRXX ( 6 )  SIZEtNCA B Y  WE!) 
MATRIX ( C l  S I Z E t N R A  @ Y  Pice) 
M A T R I X  (2) SIZE(NPA BY N C 6 )  
A @ S ( N R A )  IS THE MJMGER OF ROdS IN t A 1  
NUMBEP OF CCLUMNS I N  ( A )  
FIVKBER PF CCLUMNS I N  ( 8 )  
ROW DIMENSION O F  ( A i  IN C A L L I N G  PROGRAM 
POW D I M E N S f W  OF ( 8 )  I N  C A L L I N G  PROGRAM 
RCW DXMFNSICh! OF ( C )  1% I N  C A L L I N G  PROGRAM 
ROW DIMENSION OF ( Z )  IN C A L L I N G  PROGRAM 

NEPROR EXPLANATIONS 
1 = STZF FXCEEDANCE, 
2 = NON-SCUARE RESULT ASKED FOR- 

NR=fABS ( N R A )  

I F ( N C A  oGTo 500 o @ R o  NR .GTo KRA o C R o  NR -GTo KRC * .@Re NCA oGTo KRB .OR* N R  oGTo K R Z t  GO 70 999 
1FtNP.A oGTo 0 )  GO TO 40 

N€RROR = 1 

NERRQR = 2 





C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1 c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I F  ( 6 )  DOFS NOT SHARE STQRAGE WITH ( C )  @P t Z )  IT WOULD 
BE MORE EFFICIENT TI3 US€ A B C l  TO PERFORM THIS'WPERATXOR . 
XF NRA IS NEGATIVE AND ABStNRA) I S  EQUAL TO NCB 
A SQUARE* SYMMETRIC (2) IS CALCULATED- 

MAXIMUM S I Z E  NCA=SOQ 

INNER PRC!DUCT SUMS ARE PERFORMED I N  DOUBLE PRECIS10N* 

FORMA SUBROUTINE ZZGOMR I S  CALLED 0 

CODED P Y  JCWN ADMIRE *NASA* JULY 1972 0 

LAST R E V I S I O N  RY R L  WOHLEN- MARCH 1916- 

A - INPUT 
R - INPUT 
C - INPUT 
2 - OUTPUT 
N R P  - INPUT 
NCA - INPUT 
NCR - INPUT 
KRA - INPUT 
K R R  - INPUT 
KHC - IL'PUT 
KRZ - INPUT 

PRSUMENTS 
MATRIX ( A )  SIZE(NRA B Y  NCA) 
MATRIX ( 8 )  SIZEtNCA BY NCB) 
MATPIX (C) SIZEtNRA BY NCB) 
h A f R I X  (2) SIZEtNRA BY NCB) 
ABSINRA) IS THE NUMBER OF ROHS IN ( A )  
NUMBER OF COLUMNS I N  ( A )  
NUMBER OF COLUMNS IN (R1 
POW DIMENSION OF ( A )  I N  CALLING PROGRAM 
R@W DIMFNSION OF (6) I N  CALLING PROGRAM 
ROW DIMENSION O F  ( C )  I N  CALLING PROGRAH 
ROW O I M E N S I O M  OF ( 2 )  IN CALLING PROGRAM 

NERROR EXPLANATIONS 
1 = S I Z E  EXCEFDANCE, 
2 = NQN-SQUARE RESULT ASKED FOR, 

NR=fAES(NRA1 
N E R R O R  = 1 

fF(NC.A *GT, 500 o C R o  N G A  oGTo YRP - O R 0  N R  OGTo KRC * ,OR. NR oGTo KRA .OR. NR -GTo KRZ) GO f O  999 
IF(NRA OCTO 0 )  GO TI3 40 

NERROR = 2 
IF (NR .NE- NCef GO TU 999 
DO 30 J=lrNCF! 
00 10 K=likCA 



ABC2 -- 2 1  2 
u_- u 

10 V ( K ) = R ( K t J )  
DO 30 I = l t J  
SUM=C ( I t  J 1 
DO 20 K = l t N C A  
S S=A t I 9 K ) *V (K 1 

20 SUM=SUM+SS 
30 Z ( I t J ) = S U M  

DO 33 f = ! t N R  
DO 33 J = I t N R  

33 Z ( J t I ) = Z ( I t J )  
RETURN 

40 DO 70 J=ltNCB 
DO 50 K = I t N C A  

50 V ( K ) = B ( K t J )  
DO 70 I = I t N R A  
SUM=C( I t J 1 
DO 60 K = l t h ! C A  
SS=A I I t  K ) *V(  K 1 

60 SUM=SUM+SS 

RETURN 

END 

10 ZIItJ)=SUM 

999 CALL ZZBOM6(6HABC2 tN€RROR) 



ALOD! -- I /  3 
----I--- 

t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
F 

C 
C 
C 
C 
C 
C 
C 

i; 

REPLACE I:ISTRIPUTED AND CONCENTRATED LATERAL FORCES U U  A BEAM 
WITH R E F  r€SENTATIVE CONCENTRATED FORCFS AT THE PANEL POINTS, 
THIS EYTAlLS  BEAMING 6 A Y  FORCIE TO ADJACENT PANEL POINTS, 

THE CONCFNTRATEO FORCES MAY RE OUTSIDE THE PANEL POINT LIMITS.  
THE D ~ S T I ~ I R U T E D  FC'RCE MAY NOT EXCEED THE PANEL POINT L I M I T S -  

OPTION TI? W I T  FORCE DATA BY NO OR NC EQUAL ZERO, 
CA1.I.S F(7PMA SUBROUTINES PAGEHD ,ZZBOMB- 
CODED BY RL WOHLENo FEBRUARY 1970, 
LAST R E V i S I C N  BY MA BENFIELD- MARCH 19?6* 

SUBROI Y T I N  E ARGUMENTS 
PP = INPUT 
D I S T  = INPUT 

CONC = INPUT 

CONVRT =: INPUT 

Z = C\JTPUT 
NPP = INPUT 
NO = INPUT 
NC = fh'PUT 
KD = INPUT 
KC = XNPUT 

VECTOR OF PANEL PC'INTS- SfZEtNPP 1 
MATRIX O F  DISTRIBUTED FORCE STRAIGHT L I N E  
SE-GMENT DATA, SIZE (NO,&) 0 

COL 1 = X AT SEGMENT END 1- 
C@C 2 = X AT SEGMENT END 20 
CUL 3 = FORCE AT SEGMENT END 1 -  
CCL 4 = FORCE AT SEGMENT EN@ 2, 
MATRIX OF CONCENTRATED FORCE DATA- SlZE(NCt21- 
COL 1 X COORDINATE, 
COL 2 = FORCE- 
CC'NVEPSION S C A L A R  BY WHICH COLS 394 OF DIST AND 
CCL 2 OF CONC WILL BE MULTIPLIED, 
VFclOR OF CONCENTRATED PANFL P O I N T  FORCES, SIZE(NPP1- 

MBER OF PANEL POINTS- S I Z E  OF VECTORS PP.2. 
NUMBFR OF SEGMENTS (RCUS) I N  D I S T -  CAN BE ZERO, 
NUMB€R O F  FORCFS (ROWS) IN CONC- CAN BE ZERO- 
ROW DIMFNSION OF D I S T  I N  CALLING PROGRAM, 
ROW DIM€NSIC?N OF CONC IN CALLING PROGRAM, 

C NER ROR F XPLAN AT I ON 
C 1 = LESS YHtIN 2 P A N F L  P 2 I N T S -  
C 2 = PANEL 2OINTS R1- I N  INCREASING ORDER- 
C 3 = INCORRECT 0TS7RIBUTED DATA- 
C 

2001 FORMAT ( ? . J ) ~ 3 0 X ~ 3 1 H S U B R M I T I N E  A L O O ~  USES CONVRT = E 1 5 * 8 9  1 
rt 27Xq33HAND COMPUTES THF TOTAL PROPERTIES 1 
It 4fX916HLATERAL FQRCE = E 1 5 - 8 9  / 
rl: 4 O X , Z I P C € N T € R  OF PRESSURE = El5-8) 

2002 F@r .AT( r'l X I 3 1  ( I H - ) )  
C 
C CHELK THAT PANEL Pd INTS A R E  IN INCREASING ORDER- 

NERRQR = 1 

NERROR = 2 
DO 5 '(=ZefrlPP 

5 ? F  tPP(K-1)  O G E m  P P ( K ) )  GC TO 999 

C I Y I T I A L I Z E  DATA. 
00 10 I=QuhuYP 



ALODl -- 2 1  3 
-----e---- 

10 Z ( I )  = 0.0 
NGAYS = NPP-1 

C 
C BRANCH TO APPROPRIATE S E C T I O N ,  

C 
C S@LV€ FOR O I S T R I @ U f E D  I N P U T -  

IF(ND oEC!- 01 GC Tf! 

DO 90 I = l * N O  
X 1  = DIST(III) 
xz = D T S T ( I T 2 )  
F 1  = D I S T ( I v 3 ) * C @ N V P T  
F2 = D ~ S T ( I T ~ ) * C O ~ ! V R T  

I F  ( X l  mLT- P P ( 1 )  -OR, Xi? - G T -  PP(NPP) -OR- X 1  *GE- X 2 ?  GO TO 999 
DO 32 K = l , N B A Y S  

NERROR = 3 

32 IF ( X I  oLTo P P ( K + L ) )  GO TO 34 
34 XP = x 1  

FP = F l  

X Q  = P P ( K + l )  
FQ = F1 + ( X Q - X l ) ~ ( F Z - F r ) / ( X Z - X l )  
GO TO 39 

38 X Q  = X 2  
FQ = F2 

SEGL = XQ-XP 

36 r F  (x2  -LE. w ( K + i ) )  GO Ta 38 

39 BAYL = PP(K+l ) -PP(K)  

Z(K1 = Z ( K )  + S E G L s ( F P ~ ( 3 o ~ ( P P ( K + I ) - X P ) - S ~ G L )  * +FQ* (3 a*( PP ( K + I )  -Y P) -2 -*SEGL 1 1 /(  6,*BAY L 1 
Z ( K + 1 )  = Z ( K + l )  + SEGL*(FP*(3o*(XP-PP(K))+SEGL) * +F W ( 3 -* ( XP-PP (K 1 1 +2 -*S EGL 1 1 1  4 6 -*B AYC I 
I F  ( X Z  - L E -  P P ( K + l ) )  GO TO 90 
K = K + 1  
X P  = XQ 
FP = FQ 
GO TP 36 

90 CONTINUE 
C 
C SOLVE FOR CONCENTRATED FCRCE-  

100 IF(NC o E Q -  0 )  GO TU 200 
DO 103 T=lrNC 
X C  C O N C ~ I I I )  
FC = CONC ( 1 9 2  )*CONVRT 
DO 101 K = l r N E A Y S  

101 I F  ( X C  .LE, P P ( K + l ) )  GO T O  102 
K = NBAYS 

102 B A Y L  = P P ( K + l )  - P P ( K 1  

103 Z ( K * l )  = Z ( K + 1 )  + F C * ( X C - P P ( K ) ) / B A Y L  
Z ( K )  = Z ( K 1  + F C + ( P P ( K + l j - X C ) / F A Y L  

C 
C COMPUTE AND P R I N T  TOTAL P R U P € R T I E S e  

200 TF = 0 - C  
T P  = 0-CI 
DO 201 I = 1 w N P P  
TF = TF + Z ( I )  

201 TP = TP + Z ( I ) * P P ( I )  
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CP = TP/TF 
I F t M I N I  -NE. 4HMINI)  GO TU 300 
IFfNLTNF -LE. 5 -OR- NLINE &E. M A X L I N )  GO TO 300 
I F ( N L I N F  +? .GT- MAXLINI GO TO 306 
WRIfE(N0T12f302) 
NL INE=N L I NE+2 
GO TU 310 

300 CALL PAGEHO 
310 WRITEtNOT 9 2 0 0 1 1  CONVRTITFICP 

NLINE=NLINE +? 
RETURN 

C 
999 CALL ZZBOMB (6HALOD1 .MERRORl 

END 
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SUBROUTINE &LED2 (PP~DIST~CONCICONVRT~ Z v  NPPtNDpNCs KDtKC)  
D IMFNS I ON 9 DI ST (KD 9 1) ,CONC 
COMMON l L L l N E  / N L I N E t M A X L I N r M I N I  
DATA NIT9NOT/5.6/ 

PP ( 1 KC 9 1 1 9 Z ( 1) 

C 
C REPLACE DISTPIBWTED AND CONCENTRATED A X I A L  FORCES ON A 6EAM WITH 
C REPRESFNTATJ'IE CCNCENTPATED FORCES AT TH€ PANEL POINTS- 
C THIS ENTAILS PLACING RAY FORCE AT AFT (+X  IS AFT) PANEL PC lNT OF B A Y -  
C THE OISTRIPI!?ED FORCE MAY NOT EXCEED THE PANEL POINT L I M I T S -  
C THE CONCF%TFAfED FORCFC MAY BE OUTSIDE THF PANFL POINT L I M I T S -  
C OPTION TO @PTf FORCE DATA EY NO OR NC EQUAL ZERO- 
C CALLS FORMA SU$RC?UTINES PAGEHD9ZZBOMBo 
C CODED R Y  R L  WC'HLEN- FEGRUAKY 1970, 
C LAST REVISION BY HA BENFIELD- MARCH 1976- 
C 
C SUBROUTIN F ARGUMENT 2 
c PP = INPUT VECTOR OF PANEL POINTS- S IZE(NPP1-  
C OIST = INPUT MATRIX O F  OISTPIPUTEO FORCE STRAIGHT LINE 
C S€GMFNT DATA- S I Z E ( N D t 4 P -  
C C O L  1 = X AT SEGMENT END 1 -  
C C O L  2 = X AT SEGMENT EM) 20 
C C@L 3 = FORCE AT SEGMENT FND 1, 
C COL 4 = FORCE AT SEGMENT END 20 
C CCNC = INPUT MATRIX OF CONCFNTQATED FORCC DATA- SfZE(NCv2)s 
C C G L  1 = X CCQRDINATE- 
C C C L  2 = FCIRCF. 

i COL 2 CF CONC WILL B E  MULTIPL IED-  
c z  = CIUTPUT VECTOR O F  CONCENTRATED PANEL POINT FORCES- SIZE(NPP1- 
C NPP = INPUT NUMGFR OR PANEL PCIMTS- S I Z E  O F  VECTORS PP,Z- 

CONVRT = INPUT CONVERSION S C A L A R  BY HHICH COLS 394  OF DIST AND 

C NO = I N P U T  NUMBER O F  SEGMENTS (ROWS) IN DIST. C A N  BE ZERO- 
C NC = INPUT NUMB€R DF FORCES (ROWS) I N  CClNC, CPN BF ZERO, 
C KD = INPUT Rt'W CIMENSICJN OF D I S T  IN CALLING PROGRAM, 
C KC = INPUT RPh' DIMENSION CF CONC I N  CALLING PROGRAM- 
C CONVRT = INPUT CONVERSION SCALAR BY WHICH COLS 394 OF DIST ANI) 
C 
C N E R R O R  €YPl -?NATION 
C 1 L E S S  THAN 2 PANEL POINTS. 
C 2 = PANEL ?2IWTS NUT I N  IYCR€ASING ORDER- 
C 3 = I N C C R R E C T  DfSTRIRUTED DATA. 
c 

2001 FOPMAT ( 3( / ) ,30Xr31HSUPPOUTINE ALCJD? USFS CONVPf = E15089  / * 30Xp37HAND COMPUTES THE TOTAL A X I A L  FORCE = E15-8) 
2002 FORMAT(/ lX131(1H-))  

C 
C CHECK THAT PANEL POINTS ARE I N  INCREASING O R D E R -  

NERROR = 1 

RERROR = 2 
I F  (NFP ,LT, 2 )  GR TO 999 

DO 5 K=2*NPP 
5 I F  (PP(K-1 )  - G E e  PP(K)) GO TO 999 

I N I T I A L I Ia F 

10 Z ( 1 )  = 0.0 

0 P.T A 
DO 10 I = l r N P P  
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NBAYS = NPP-1 

C BRANCH TO APPROPRIAlF SECTION- 

C 
C SOLVE FOP DISTPIBUTEO INPUT-  

IF(MD oEQ- 0) GO TO 100 

00 90 I=lrND 
X 1  = DIST(I,l) 
x z  = DIST(I.2) 
F1 = DIST(I,3)+CONVRT 
F2 = D I S T ( I V L ) * C G N V R T  

IF f X 1  oLTo PP(1) ,OR, X2 oGTo P P t N P P )  ,OR* X l  OGF- X 2 )  GO TO 999 
DO 32 K= l rNBAYS 

NFRROR = 3 

32 IF (X1 -LTo P P ( K + l ) )  GC! TO 34 
34 XP = x 1  

F P  = F 1  
36 IF ( X 2  -LE-  P P f K + l ) )  GO TO 38 

XQ = P P ( K + I )  
F B  = F1 + ( X Q - X l ) ~ ( F Z - F l ) / ( X Z - X l )  
GO TO 39 

38 XC? = X 2  
FQ = F? 

39 Z ( K + l )  = Z ( K + l )  + -5* fFP+FOl* (XQ-XP)  
I F  ( X 2  OLE, PQfK41)) GO TO 90 
K = K + l  
XP = xo 
FP = FQ 
GO TO 36 

90 C@NTINUE 
C 
C SOLVE FOR CONCWTRATED FORCE, 

100 IF(NC o E O o  0 )  GO TG 200 
DC 103 r = r . N c  
xc = CONC (111 
FC = CONC ( I92 )*CUNVPT 
IF f X C  O L E -  PPII)) Z ( 1 )  = Zfl)+FC 
I F  ( X C  .LE. P P ( 1 ) )  GI? TO 103 
DO 101 K=lrNBAYS 

101 IF f X C  -LE, P P f K + l ) )  GO TO 102 
K = NHAYS 

102 Z ( K + l )  = Z ( K + 1 )  + FC 
103 C@NTINUE 

C 
C COMPUlE AND PRINT TOTAL PROPERTIESO 

200 TF = 0.0 
DO 201 I = l r N P P  

201 TF = TF + Z(I) 
IF(MIN1 -NFm 4HMIPfIS GO T O  300 
IF(NLINE o L t m  5 NLINF m G E o  MAXLINI GO TU 300 
IFtNLINE +? .GTm MAXLINI GO TO 300 
WRITE(NDT,2002'. 
NLINE=MLINE+2 
GO 10 310 

300 CALL P A G L H D  



310 W R I T E ( N O T t Z 0 ~ ~  1 CONVRTsTF 
NL fNE=NLINE+S 
RETURN 

C 
999 CALL ZZBCM6 (6hALOD2 tNERRQR1 

E NO 



ALPHAA 

SURRWTINE ALPHAA (AlPHA,A,Z,NR,NC,KR) 
D I M E N S I O N  A ~ K R T I )  I Z(KRW1)  

’C 
C SCALAR ALPHA T I M E S  M A T R I X  A o  (ALPHA * A = 2 ) -  
C M A T R I C E S  A 9 2  MAY S H A R E  SAME CORE L O C A T I O N S .  
C CODED BY RL WCHLENo FEBRUARY 1965, 
C 
C SUBROUTINE ARCUMFNTS 
C ALPHA = INPUT SCALAP.  
C A  
c z  
C NR 
c NC 
C KR 
C 

10 

= INPUT MATRIX. SIZ€(NRINC)O 
= OUTPUT RESULT MATRIX. SIZE(NR,NC)-  
= INPUT NUMBER OF ROWS I N  MATRICES A l t o  
= INPUT NUMBER OF COLS I N  MATRICES A t Z -  
= INPUT ROW D I M € N S I O N  OF A 9 2  I N  CALLING PROGRAM- 

on i o  I = ~ , N R  
DO 10 J=I,NC 
Z ( I 9 J )  = ALPHA *‘ ‘A(I ,J)  
RETURN 
END 



'C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SURRCUT I N F  AS SFM 
D I M E N S I O N  A ( K R A 1 1 1 ,  Z ( K R Z t 1 )  

( A t  I R Z  9 J C Z  9 ZiNRA 9 NCAvNRZt NCZ 9 K R A v K R Z  1 

M A T R I X  ASSEMBLY. ( M A T R I X  A INTC M A T R I X  2 1 0  

BE SURE M A T R I X  L D E F I N E C  BEFORE C A L L I N G  THIS SUBROUTINE, F O R  
EXAMPLE, C A L L  ZERC TC C L E A R  M A T R I X  2- 
C A L L S  FORMA SUPROUTINE ZZBOMeo 
CODED RY RL WOHLFN, FER 1 9 6 5 -  
L A S T  R E V I S I O N  BY RL WOHLEN. MARCH 19760 

SUB R C U T I N  € ARGUMENTS 
A = lNPUT M A T R I X .  S I Z E ( N R A , N C A I -  
fRZ = I N P U T  ROW NUMRER IN M A T R I X  Z OF FIIRSr ROW OF M A T R I X  A. 
JCZ = INPUT COL NUMtiER I N  M A T R I X  2 OF F I R S T  COL OF M A T R I X  A -  
t = O U T P U T  RFSULT M A T R I X .  SIZE(NRZ,NCL). 
NRA = I N P U T  NUMBER OF ROWS OF M A T R I X  A -  
N C A  = INPUT NWMPER OF C @ L C  OF M A T R I X  A i  
NRZ = INPUT h'UMPEP PF ROWS C'F M A T R I X  20  
NCZ = I N P U T  NUMBFR OF COLS OF M A T R I X  2 -  
KRA INPUT ROW D I M E N S I O N  OF A fN C A L L I N G  PROGRAM. 
KRZ = INPUT ROW D I M E N S I O N  O F  2 I N  C A L L I N G  PROGRAM- 

NFRROR E X P L A N A T I @ N  
1 = M A T R I X  A EXCEEDS M A T R I X  2 - ROWS- 
2 = M A T R I X  A EXCEEDS M A T R I X  2 - COLUMNS, 

I F  ( ( I R Z - l + N R A I  .GT- N R Z )  GO TO 399 
NERROR = 1 

NERROR = 2 
IF ( ( J C Z - l + N C A )  oGT. N C Z )  613 T O  999 

C 
DO 10 I A = l , N S A  
1 2  = I A  + TPZ - 1 
DO 10 J A Z l r N C A  
JZ = J A  + JCZ - 1 

R E T U R N  
10 Z ( I Z t J Z 1  = A ( I A t J A )  

C 
999 C A L L  ZZBOMB (CIHASSEM 9NERROR) 

END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE AT1 ( A t  21 NR r N C  T K R A T  KRZ 1 
D I M E N S I O N  A ( K R A v 1 )  t Z ( K R Z t 1 )  
COMMON / LWRKVl  / V ( 5 0 0 )  

AT1 PERFORMS THE O P E R A T I O N  ( Z ) = ( ( A ) f R A N S P U S E )  
AT1 CAM A C S 0  P€RFURM THE OPERATION 
( A ) = ( ( A ) T R A N S P U S E )  BY C A L L  AT~(ATA+--ETC--)  

MAXIMUM S I Z E  NC=500 

FORMA SUBPOUTINE ZZBOMR IS CALLED 
CODED BY JOHN ADMIRE *NASA* JULY 1972 0 

ARGUMENTS 
A - I N P U T  M A T R I X  ( A )  SIZEtNR BY NC) 
2 - OUTPUT M A T R I X  ( 2 )  SIZE(NC ey NR) 
NR - INPUT NUMRER t F  ROW> IN Z A I  
NC - INPUT NUMRER OF COLUP%S IN ( A )  
KRA - I N P U T  ROW D I M E N S I G N  OF ( A )  I N  CALLING PROGRAM 
K R Z  - INPUT RUH DIMfi.tSION OF I Z )  I N  CALLING PROGRAM 

N€RROR=1 

h=NR 
IF/NC = G I -  500 -OR- NC oGTo K R Z  .OR, NR oGTo KRA) GO TO 999 

IF (NC mLT. NR) NzNC 
DO 40 K = l , N  
DO 10 J=KvNC 

10 V (  J ) = A ( K t J )  
DO 2 0  I = K v N R  

2 0  2 ( K t I  ) = A (  I T K )  

DO 30 J=KTNC 
30 Z ( J t K I = V (  J )  
40 C O N T I N U E  

R € T U R h  

END 
999 C A L I .  ZZROMR(bhAT1 , i JERRORI 



c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
,C 

li 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBPOUTlNE A T ~ ~ ( A , B I Z I N R A , N C A I N C ~ T K R A T K R B I K R Z )  
D I M E N S I O N  A (KRA, 1 ) , 8 (  K R B r  1 I rZ ( KRZ, 1 1 
COMMON / LWPKVl  / V ( 5 0 0 )  
DClURLt P R F C I S I 3 N  SUM. SSIZ€RO 
D A T A  ZERO /OmD/ 

A T R l  PERFORMS THF O P E R A T I O N  (2)=( ( A ) l R A N S P U S E ) * ( @ )  . 
A T R l  CAN ALS@ R t  USED TU PERFORM THF OPFRATIONS 
( A 1 = ( ( A 1 TR kNS POC E 1 * ( B 1 
( Z ) = ( ( A ~ T R A N S P U S E ) ~ ( A )  BY C A L L  QI(AwA.Zt-ETC--) 0 

BY CA L C  ATB f ( A 9 B T A ,--E TC--) 

IF NRA IS N E G A T I V E  AND NCA IS EQUAL TO NCB 
A SQUARE, CYMMETRIC ( 2 )  IS CALCULATED. 

I F  ( A )  OOFZ NOT SHARE STORAGE WITH ( t i  I T  WOULD 
B E  MORE E F F G L I E N T  TU USE ATR2 TO PERFORM THIS OPERATION 

M A X I M U M  S I Z E  N R A = 5 0 0  

I N N E R  PRODUCT SUMS AR€ PERFORMED fN DOUBLE P R E C I S I O N -  

FORMA S U B R P U T I N F S  ZZEOMB AND A T 1  A R €  C A L L E D -  
C!JDED P Y  JPHN ADMYP€ *NASA* J U L Y  1972 - 
LAST f l E V I S I O N  B Y  EL WOHLEN. MARCH 19?6e 

A - I N P U T  
B - INPUT 
2 - OUTPUT 
N R A  - I N P U T  
NCA - I N P U T  
NCP - I N P U T  
KRA - I N P U T  
KRE - INPVT 
KRZ - I N P U T  

AR CUML- NT  S 
MATPIX ( a i  SIZE ( N R A  B Y  N C A I  
HATPIX  ( € 3 )  S I Z E t N R A  B Y  M B )  

A R S ( N R A 1  IS T P E  NUMBER OF ROWS IN ( A )  
NlJMEEK 3F COLUMNS I N  ( A )  
NUMBER OF COLUMNS TN (PI 
ROW D l M F N S I O N  O F  ( A )  I N  C A L L I N G  PREGRAY 
FllW DIMENSI(?N OF (6) IN CALLXNG PROGRAM 
ROW D l M E N S I O N  OF (2) IN C A L L I N G  PROGRAH 

M A T F I X  ( 2 )  SIZE~NCA ey rdce) 

NE R ROR EXPLANATIONS 
1 = S I Z E  EXCFEDANCF, 
2 = NON-SQUARE R E S U L T  ASKED F O R I  

N R = I & R S ( N R A )  
NERROR = 1 

IF(NR .GT. 500 .OR. NR oGT, K R A  0CRo NR -GT. KRB * -C?R-  NCP -6Te  KRZ ,OR, N C A  eGT-  KRZ) GO 10 999 
I F ( N R A  - G T o  O ?  GO TO 40 

NLRROh = 2 
XF(NCA .NE. N C E )  GO TU 999 
DO 30 I = l , N C A  
[it? 10 K = l r N R  

D O  30 J=I ,NCb 

01' 20 K = l  rNR 
S S c V ( K ) * B ( K , J )  

10 V ( K ) = A ( K , X )  

SUM=Z FR I: 

20 SUM=SUM+SS 





C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
,c 

1; 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBRUUTINF 
DIMFNSIUN A(KRA9l)tE!(KRE9I)  , Z ( K R Z ? I )  
COMMCN f LWRKVl / V ( 5 0 0 )  
D(-!LlE LE 

ATP2 ( A r 6  92 9 NRA ,NCA TNCR v KRAsKRB t K R Z  1 

P P E C I S I ON SUM, SS 9 Z ER C 
DATA ZERO /O-D/ 

I F  NRA I S  N€GATIVE AND NCA IS EQUAL TO NCB 
A SQUARE, SYMMETRIC (2) IS CALCULATED- 

KAXIMUM S I Z E  NRA=500 

INNER PRODUCT SUMS ARE PERFORMED IN OWBCE PRECISION- 

FORMA SUf3RC'UTINF ZZP@MP- IS CALLED * 
COCE5 B Y  JC'HN b D M I R E  *NASA* JULY 1972 o 

LAST REVISION BY RL WOHLEN- MARCH 1976, 

A - INPUT 
B - INPUT 
2 - OUTPUT 
N R A  - INPUT 
NCA - INPUT 
NCB - INPUT 
KRA - I W U T  
KRB - INPUT 
KRZ - INPUT 

ARGUMFNTS 
M A T R I X  ( A )  SIZEtNRA BY NCA) 
MATRIX (E31 S I Z E ( N ( r A  B Y  wet 
M A T R I X  (2) SIZFtNCA BY NCB) 
APStNRA) IS THF NUMBER C?F ROWS I N  CA) 
NUMBER OF C@LC;MNC I N  ( A )  
NUMBER OF C@LWNS I N  ( 6 )  
ROW t3IMENSION OF ( A )  Th, CALLING PROGRAM 
RZIH DIM€NS?(?N OF ( R )  IN CALLIKG f R O G c ' M  
ROW DIMENSION OF (2) IN CALLING P R O C ~ A I ~  

NERRCR EXPLANATIONS 
1 = SIZE FXCEEDANCE- 
2 = Noh!-SQUARE RESULT ASKED FUR- 

N K = I A B S ( N R A  1 
NERROR = 1 

I F ( N R  - G T .  500 -OR. NR -GTo KRB -OR, NR oGT. KRA 
I ,OR, NCA ,GT. K R Z )  GO TO 999 

fF(NRA oGT- 0 )  GO TO 40 
NERROR = 2 

IF(NCA mNF- NCP) GO T O  999 
DO 30 J= l rNCB 
DO 10 K=I*NR 

IO V I K ) = R ( K , J )  
D O  3@ T = l r J  

DO 2 0  K = l r N R  
SS=A(K, I  ) + V ( K )  

SUM=ZERO 

2 0  SUM=SUH+5S 
30 Z ( 1  9 J)=SUM 

00 33 I = I , N P  
DO 33 J=I,h'R 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.c I: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

I F  NRA I S  NEGATIVE AND NCA IS EQUAL TO NCB 
A SQUARE* TYMMFTRIC (Z) I S  CALCULATED- 

I F  ( A )  DPES NOT S H A R E  STORAGE WITH ( 2 )  OR I C )  I T  WOULD 
B E  MORE EFFIC IENT T O  USE ATEC2 TO PERFORM THIS OPERATION 

MAXIMUM SIZF I \ ( R A = 5 0 0  

I N N E R  PRC@WCT SUMS ARE PERFORMED I N  DOUBLE PRECISION-  

FOPMR SUPROUTINES ZZROMB AND AT1 ARF CALLED - 
CO3FD B y  JOHN A@MIRE *NASA* JULY 1072 
LAST R E V l S I Q N  BY R L  WOHLEN- MARCH 1976- 

A -  

c -  
z -  
PIRA - 
N C B  - 
NCB - 
KRA - 
K R R  - 
KPC - 
K R Z  - 

e -  
lNPUT 
I NP !.IT 
I ryP UT 
OUTPUT 
INPUT 
INPUT 
INPUT 
I W U T  
I N P U T  
INPUT 
INPUT 

ARGUMENTS 
MATRIX ( A I  S I Z E t N R A  B Y  NCA) 
MATRIX ( 6 )  S I Z E ( N P A  BY NCB) 
MATRIX ( C )  SIZEtNCA BY N C P )  
MATRIX ( Z )  SIZEtNCA BY NCB) 
ABS(NRA) IS THE NUMPER OF ROWS I N  ( A )  
NUMkEP OF COLUMNS I N  ( A )  
NUMBER OF COLUMNS IN ( E )  
POW DIMFNZI@N O F  ( A !  IN CALLZNG PROGRAM 
POW DIMENSICY PF ( 8 )  I N  CAt'-ING PROGRAM 
RC'W DIMENSION O F  ( C )  I N  CALLIMC PROGRAM 
ROW DIMENSION OF (2) IN CALLING PRCGRAM 

NERROP EXPLANATIONS 
1 = S I Z E  EXCFFDANCE. 
2 = NON-SQUARE RESULT ASKED FOR, 

N R = I A B S  (IURA 1 
NERROR = 1 

IF(PIIR o G T o  503 .OR- NR ,670 KPA .OR0 PXI! mGT* KRC * 0C)R NR 0GT. KRR -OR 0 NCR 'OGT. K R Z  -OR-  PJLA oGTo KRZI GO TO 999 
I F ( N R A  oGT- 0) GC TO 40 

NERROR = 2 
I F t N C A  -NE0 N C B i  GO TO 999 
DO 30 I = I , l ' J C A  
DC 10 IC=ITHP 

10 V I K l = A ( K , I )  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. i  c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 

10 

IF NRA I S  NEGATIVE AND NCA I S  EQUAL TO NCB 
A SQUARE, SYMMETRIC ( 2 1  IS CALCULATED- 

M A X I M U M  SIZE NRA=500 

INNER PRODUCT YUMS ARE PERFCRMEO I N  DOUBL€ PRECISION- 

FORMA SUBROUTINE ZZEOMP IS CALLED, 

LAST R E V I S I O N  BY RL WQHLEN, MARCH 19?6, 
CUD€D B Y  JOHN PDMIRE *NAcA* JULY 1972 c 

A - INPUT 
e - INP'J? 
C - INPUT 
2 - C!L;TPUT 
NRA - INPUT 
NCC - INPUT 
MCB - IWPL'T 
KRA - IhlPUT 
KRP - INPUT 
K Q C  - IhPUT 
KRZ - INPUT 

ARGUMENTS 
M A T R I X  ( A )  SIZEtNRA B Y  NCA) 
MATRIX (€!I STZEtNPA BY NCE) 
MATRIX (C) SIZEtNCA B Y  NCB) 
MATRIX (2) SIZE(NCA BY NCB) 
APS(NRA1 IS THF NUMBER OF ROWS IN ( A )  
NUMBER @F COLUMNS I N  ( A )  
NVMBEF OF COLUMNS IN ( P I  
ROW D I M E N S I O N  O F  ( A )  IN CALLING PROGRAM 
RGW DIMFhSION OF (€41 IN CALLXNG PROGRAM 
RCW DIMENSIW OF ( C )  I N  CALLING PROGRAM 
ROW OIMENSION O f  (2) IN CALLING PROGRAM 

NERRGH EXPLANATIONS 
1 = S f Z F  CXCEEDANCE, 
2 = NON-SQUAR€ RESULT ASKED FOR- 

NR=fAES(RPA) 
NERROR = 1 

I F f N R  c G T e  500 ,OR- NR mGTe KRB -OR- NCA cGTe KRC * - O R -  NR *GT- KRA ,OR, NCA cGTo K R Z )  GO TO 999 
I F ( N R A  cGT- 0 )  GO TO 40 

NLRRCIR = 2 



DO 20 K=ltNR 
SS=AIK?? ) * V ( K )  

20  SUM=SUM+SS 
30 Z ( I t J ) = S U M  

00 33 I=l,NR 
DO 33 J=I,NR 

33 2 ( J ~ I l = Z t l t J )  
RETURN 

40 Do 70 J=ltNCB 
DO 50 K = l t N R A  

50 V I K ) = B ( K t J )  
DO ?O I=lr lVCA 
SUM=C ( I  t J 1 
00 60 K=ltNRA 
SS=A(K?I)*V(K) 

60 SL'M=SUM+SS 

RETURN 

E ND 

7 0  Z(I?J)=SUM 

999 C A L L  2280MBtbHAIBC2 sNERROR) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i, 
C 
C 
C 

C 

C 

SPECIAL MATRIX MULTIPLICATION. A(TRANSPOSE1 * 8 = 2- 
2 WILL BE SYMMFTRIC.  
USES TWO MATRIX S P A C E S -  RESULT ( Z )  I S  PLACED I N  A -  
A2 MUFT R E  DIMENSIONED LARGE ENOUGH IN MAIN PROGRAM TO CONTAIN THE 
LARGER flF A C'P 2 -  
INNER PRODUCT SUMS ARE PERFORMED I N  DOUBLE P R E C I S I O N -  
C A L L S  FCRMA SUPROUTINE- ZZBOMB- 
THE M A X I M U M  SIZE IS 

NCB = 500 
OEVELOPFO P Y  R L  WOHLEM- SEFTEMEER 1972- 
LAST REVISION 6 Y  RL WOHLEN- MARCH 1976- 

SUBROUT TNE ARGUMENTS 
A t  = INPUT I S T  MATRIX- SIZE(NRB,NCP) 

= OUTPUT RESULT MATRIX SI Zf (NCB 9NCB 1 
B = INPUT 2ND MATRIX- SIZE(NRBINCBI- 
NRB = INPUT NUMBER OF ROWS OF MATRIX E, COLS OF MATRIX A(TRANS1- 
NCB = INPUT NUMEER C!F COLS OF MATRIX 8.  R@WS QF M A T R I X  A ( T K A N S I 9  

SIZE OF MATRIX Z(SCUARE1- MAX=50Ct- 
KAZ = INPUT ROW DIM€NSIGh CF A 2  I N  CALLING PRUGRAFI- 
KB = INPUT ROW DIMENSION OF 3 ?N CALLING PROGRAM- 

NERRCR EXPLANATICN 
I = SIZE L I M I T A T I O N  EXCEEDED- 

NERROR = 5 
I F  (NCE .GT-500 ,C?R, NCB-GT-KAi  ,OR. NRB.Gf.KB 1 GO TO 999 

999 C A L L  ZZBOMB (6HATXBAl,N€RRDR) 
END 



C 
C 
C 
C 
C 
h: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

.c  

c- 
1. 

C 
C 

M A T R I X  R U L T I P L I C A T I O N -  A (TRANSPOS€)  * 8 = 2- 
USES TWO WCRK SPACFZ- RESULT ( 2 )  I S  P L A C E D  I N  B o  
82 MUZT R F  DlMEN5Il2NED LARGE ENCUGH IN M A I N  PROGRAM TO C O N I A I N  THE 
LARGER OF E rX 2- 
I N N E R  PRODUCT SUMS ARE PERFORMEC I N  DOUBLE P R E C I S I O N -  
C A L L S  FRRMA SUPROUTINE ZZB(3MB- 
THE MAXIMUM C I Z E  IS 

NRAT = 5 0 0  
DEVFLOPED B Y  W A B E N F I E L D .  NOVEMBER 1971- 
L A S T  S E V I S I O N  BY R L  WOHLEN- MARCH 19760 

SUGRUIITTNF ARGUf l€NTS 
A = INPUT M A T R I X ,  S I Z E ( N R E 9 N R A T ) -  
BZ = INPUT MATRIX- S I Z E ( N R 6 9 N C B ) -  

= OUTPllT R E S U L T  M A T R I X -  S I Z E  ( N R A T 9 N C B ) -  
N R A T  = INPUT NUMBER OF ROWS OF M A T R I C E S  A ( T R A N S l r 2 -  M A X = 5 0 0 -  
NRR = INPUT NUMBEF CF POW: OF M A T R I X  B9 C@LS OF M A T R I X  A ( T R A N S ) -  
NCB = I N P U T  NUMBER CF COLS OF M A T R I C E S  B I Z -  
K A  = I N P U T  POW D I M E N S I O N  OF A I N  C A L L I N G  PROGRAM. 
KBZ = I N P U T  ROW D I M E N S I O N  OF BZ IN C A L L I N G  PROGRAM, 

N ERR OF E XP LAN AT I CN 
1 = SIZE L I M I T A T I O N  EXCEEDED- 

N€RPUR=1 
I F  ( N R A T m S T - 5 0 0  oORo NRAT-GloKBZ -OR- NRBmGToKBZ) GO TO 999 

C 
DO 40 J=l,NCB 
DO 35 I = l r N R A T  
s = ZER@ 
DO 30 K = l r N R R  
S S  = A ( K I I ) * R Z ( K I J )  

30 S = S+SS 
35 W ( I )  = s 

DO 40 I = l v N P A T  
40 BZ(I13) = W(I) 

RETURN 
C 

999 C A L L  ZZbUMB (5KATXBBpNERROR)  
E N D  



ATXBEI 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

t 
C 

SUBROUTINE A r X b B l  ( A *  B Z  rNRBrblCb*KA*KbZ) 
DIMENSION A ( K A i l ) *  PZ(KBZ, l )  

DOUBLE PRFCISfON S I S S ~ Z E R O  
DATA ZERO /000/  

COMMOW / LWRKVl 1 W(500) 

SPECIAL MATRIX MULTIPLICATION. A(TRANSPOSF1 * 8 = 2 0  
A I S  ASSUMED UPPER TRIANGULAR* SQUARE- 
USES TWO WFRK SPACES- RESULT ( 2 )  IC PLACED I N  Bo 
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION, 
C A L L S  FORHA SUBROUTINE ZZBOMB- 
THE MAXIMUM S I Z E  I S  

NRB = 500 
DEVELOPFD B Y  R L WOhLEM AND W A FENFIELD- MAY 1972- 
LAST R E V I S I O N  6Y R L  WOHLENo MARCH 1976- 

SUBROUTIN E ARGUMENTS 
A = INPUT MATRIX- S I Z E ( M R B g N R B ) *  
62 = INPUT MATRIX. SIZ€(NRP*NCB)*  

= OUTPUT RESULT MATRIX. SIZE (NRBwNCBJo 
NRB = INPUT NUMBER C'F RCWS CF MATRIX €3, SIZE GF MATRIX A(SQUARE1, 

M A X = S O O o  
NCB = INPUT NUMEER OF C O L S  OF MATRICES P v Z o  
K A  = INPUT RCiW DIMENSION OF A I N  CALLING PROGRAM- 
KBZ = INPUT ROW DIMENSICW OF ez IN CALLING PROGRAM, 

NEP R DR E X P LANA T I PN 
1 = SIZE L IMITATION EXCEEDED, 

N€RR OR= 1 



ATXbB2 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

SUPROUTINE ATXPB2 ( A 9 6 2  pNRE tNCBrKA,KBZ) 
D JMEN5 ION 
COMMON .f LWRKVl 1 W ( 5 O C l  
D@URL€ P R E C I S I O N  StSSrZERO 

A ( K A  p 1 1 9 62 (KBZ 9 1 ) 

DATA ZERO /OoO/ 

SPECIAL M A T R l X  MULTlPLICATIONo A(TRANSP@SE) * b = 2 -  
Z WILL R E  SYMMETRIC- UPPER HALF CALCULATED, REFLECTED TO LOWER HALF- 
USES TWO WORK SPACFSo RESULT (2) IS PLACFD IN R e  
RZ MUST R E  D I M E N S I Q N E D  LARGE ENOUGH IN MAIN PRCSRAM TO CONTAIN TH€ 

INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION, 

THE M A X I M U M  S I Z E  IS 

LARGER C'F B OR 2 0  

CALLS FORMA SUPRCUTINE ZZBOMR- 

NCH = 500 
DEVELOPFD FY R I- WOHLEN AND W A BENFIELD. MAY 1912. 
L I S T  REVISION BY R L  NOHLEN-  MARCH 19760 

SURRCUT I N E ARGUMENTS 
A = INPUT M A T R I X .  S I Z E ( N R R , N C B ) o  
BZ = INPUT MATPIYO SIZE(NRBINCBI~ 

= OUTPU? RESULT MATRIX. SIZE ( N C R p N C B I -  
NRB = INPUT NUMR€R CF ROWS OF M A T R I X  89 COLS OF M A T R I X  A(TRANS)o 
NCB = INPUT IJUPBFR EF COLS CF MATRICES R,Z, ROWS OF A(TRANS)o 

M AX=5 00 c 
KA = TNPUT ROW t?IM€NSION OF A I N  CALLING PROGRAM. 
KBZ = INPUT ROW D I M E N S I O N  OF 92 IN CALLING PROGRAM- 

NEPRDR EXPLANATION 
1 = SIZE L I M I T A T I O N  EXCEEDED. 

N E R R O R = l  
IF (NCbmGTo500  .OR- MCEoGToKBZ .OR- NRB-GT-KBZ) GO TO 999 

C 

C 
999 CALL ZZBQMB (6HATXRBZrNERROR) 

E NO 



AXBAl  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

SUBR(WT1NF AXBAP ( A29 BtNRAtNCAtKAZtKB 1 
D I M F N S I O N  A Z ( K A Z t 1 l t  F(K6rll 

DOUBLE PRECISICN S t S S  * Z E R O  
C@MM@% / LWRKVl / W(500)  

DATA ZERr /O.D/ 

M A T R I X  MULTIPLICATION. A * B = Z o  

M A T R I X  I? I S  ASSUMFD UPPEP TRIANGULARt SQUARE- 
USES TWO WPRK SPACES, RESULT ( 2 )  IS PLAC€D IN A -  
INNER PQOOUCT SUMS ARE PERFORMED I N  DOUBLE PRECISI@N- 
CALLS FC'RMP SUBRC'UTINE 22RCMB- 
THE MAXIMUM S l Z E  IS 

NCA = 500 
DEVELQPFD EY P A PWILIPPUS. MAY 1972- 
LAST REVIS ION EY R L  WOHLENo MARCH 1976, 

SUBPOUTIN F ARGUM€NTS 
A 2  = INPUT MATFIX-  SIZE(NRAINCA) -  

= OUTPUT RECULT MATRIX- SIZE(NRA9NCA)o 
b = INPUT MAT'XIX- SIZE(NCA,NCA)o 
NRA = INPUT NUMP€R OF ROWS OF M A T R I C F S  b , Z ,  
NCA = INPUT NUMRFR OF COLS OF M A T R I C E S  A129 SIZE OF B (SQUARE), 

P A X = S O O o  
KAZ = INPUT ROW PIMENSION OF A2 IN CALLING PROGPAM- 
KB = INPUT ROW DIMENSION OF R I N  CALL ING PROGRAM- 

NERRO? FXPLANATICN 
1 = SlZE L I M I T A T I O N  EXCEEDED- 

I F  (NCA oGTo 5 0 0 )  GO TO 999 
C 

DO 40 I = l t N R A  
DO 20 K = l t N C A  

DO 40 J = I t N C A  

DO 30 K = l  r J  
S S  = W ( K l * E t K t J )  

20 W(K)  = A Z ( 1 . K )  

S = ZERC 

3 0 S = S + S S  

RETURN 
40 A Z ( I t J )  = S 

t 
999 C A L L  ZZGG:riE ( b i i A X 6 A l  9NERROR) 

END 

NE RROR = 1 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

SUBROUTINF AXPA2 ( A Z T B T N T K A Z T K B )  
DfMFNSION A Z ( K A Z T I ) T  B ( K B 1 1 )  
COMMON / L W R K V l  / W(500)  
DOUBLE F'P FCISIfW S T S S  ,ZERO 
D A T A  Z E R 3  /O,D/ 

M A T R I X  M U L T I P L I C A T I O N ,  A * B = 2- 
R IS A S c U M f D  UPPER T R I A N G U L A P ,  SQUARE. 
2 WILL 6 F  S Y M M E T R I C -  L C H E R  HkLF C A L C U L A T E D .  R E F L E C T E D  TO UPPER HALF.  
USES TWC' WI)RK S P A C E S -  R E S U L T  I Z )  I C  P L A C F D  IN A -  
I N N E R  PRODUC'I SUMS A R E  PERFORMED IN D O U B L E  PREC,ISION* 
C A L L S  FORMA SUBPi L'TINE ZZROMB, 
THE M A X I M U M  S I Z E  IS 

N = 500 
DE-VFLOPED BY R L WOHLFN AND W A B E N F I E L D .  MAY 19f2 -  
L A S T  R E V I S I O N  FY R L  WOHLE-No MARCH 1976, 

SUBROUT I N  E AR GUM€NTS 
AZ = I N P U T  M A T R I X -  SIZE(N.N)- 

O U T P U T  R F S U L T  3 A T R  I X -  SIZE (NTN) - 
B = INPUT M A T R l X o  S I Z E ( N . N ) ,  
N = INPUT SIZE OF M A T R I C E S  A.F*Z ( S Q l r A R F ) .  MAX=500.  
KAZ = INPUT ROW G I M E N S I O N  OF A2 I N  C A L L I N G  PROGRAM. 
KB = XNPUT ROW DIMENSION OF B IN CALLING PROGRAM. 

NFRROP E X P L A N A T I O N  
1 = SIZE L I M I T A T I O N  EXCEEDED. 

N E R R O R = l  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

.i 
C 
C 
c 

TUPROIJTINE kX8A3 ( A Z ~ B T N R ~ T N C @ T K A ~  T K ~  
DIMENSION A Z ( K k Z r  1 1 9  B ( K B r 1 )  

D01fIZLE P R E C I S I O N  S T S S t Z E R O  
DATA ZEPU /OoDI 

COMMClN / LWPKVl / H ( 5 0 0 )  

M A T R I X  MULTIPLICATION. A * E! = 2 0  
A IS ASSUMFO UPPER TRIANGULAR9 SCUARE- 
USES TWfl WERK $PACES0 RESULT ( 2 )  IS PLACED I N  A m  

A 2  MUST P E  D I M E N S I O N E D  LARGE EN0VC;H IN M A I N  PROGRAM Sc1 CONTAIN Thk 
LARGFR CF P "R 20  
INNER PRODlICT SUMS A R E  PERFORM€D I N  DOUBLE PREClSLC?N, 
CALLS FORMA SUPROlJTTNE ZZPCMR- 
THE M A X I M U M  SIZE 15 

DEVELOPFD B Y  R L WOHLEN AN!? WA BFF!FIELD, HAY 1972. 
NRP = 5 0 0  

LAST REVISION CY RL WOhLEN, MARCH 1976- 

SUB RCOT I N  E ARGUMENTS 
A Z  = I*dPUT MATRIX, S f Z E ( N k B t N R 6 ) m  

= L~LITPU'I PFSWLT MATP XX SIZE (NRB1NCB 1. 
B = INPUT MATRIX, S~?F(NRB,NC~!O 
NRB = INPL!? NlJMBFR VF ROWS OF M A T R I C E S  B T Z ~  S I L E  OF MATP.1X A ( S 4 U A R E ) m  

NCB = INPUT NUMBEP PF Cnl.5 CF MATRICES 
K A Z  = INPUT PPW P I M F N S I U K  O F  A Z  I N  CALLING PQGCRAM- 
KB = INPUT HC?W DIMENSION O F  6 IN CALLING PROGRAM. 

M A X = 5 ( 1 0 m  

N E  RP OR F XP LAkRT I ON 
1 = SIZE LIMITATION EXCEEDED- 



C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.C 

i 
C 

S P E C I A L  TRIPLE MATRIX PRQDUCT- 6*A*B(TRRNSPOSE) = 2 -  
INNER PRODLCT SVM5 ARE PERFORMED 1N DUt18I-E PRECTSfON,  
CALLS FCRMP SUER'3UTINF 22EOM6, 
THE M A X I W P  S I Z E  IS 

N C 6  = 500 
DFVELDPED t!Y CARL 6CDLFY JAIYUARY 1965- 
LAST R E V I S I O N  EY RL WOHLEN- MARC)! 1976. 

SUE RPUT IN E AK GUME MT S 
A = I N P U T  INNFR MATRIX- SXZE(NCBrNC6lm 
B = INPUT CIUTFR M A T R I X -  S I Z € ( N R F I N C R ) ,  
2 = CUTPUT RESULT M A T R I X -  S I Z E ( N R 6 v N P B ) -  
NRB = INPUT NUMGER CF ROWS OF MATRSX Rw SIZE: OF MATRIX 2. 
NCB = INPUT K U M P E R  CF COCS OF M A T R I X  P +  SIZE OF M A T R I X  A, WAX=SOO- 
KA = INPUT RCW DIMENSIDN OF b I N  CALLTNG PROGRAM- 
KB = INPUT RCW DIM€NSICN OF B t Z  I N  CALLING PROGRAM- 

NERROR EXPLANATXCN 
1 = S I Z E  LZMITATICN EXCEEDED. 

DO 40 J = l r N R R  
DO 20 L = l  v i  Ct! 
s = ZEQC 
O @  10 K = l v N C B  
SS = A ( L . K ) * e ( J t K )  

10 s = s+ss 
20 W(L1 = 5 

DC 40 T = l * N R Z \  
S = Z E R O  
no 30 L = l , F I C E  
ss = E ( I ? L ) * W ( L )  

30 S = S + S S  

RETURN 
40 Z ( 1 v J )  = S 

c 
$99 CALL ZZPCMB (6HRAkT vNEP.ROR) 

Et43 



BABTA -- I/  2 ------- 
SUBROUTINE BARTA ( A Z , @ , N R ~ ~ N C G ~ K A Z I K E )  
D I M E N S I @ N  A 2  ( K A Z  9 1  1, 6 ( K B r ?  1 

DOUPLE P Q E C I S I O N  5,SSrZERO 
DATA ZERC /O-D/ 

CCMMCN / L W R K V l /  W(500 1 

C 
C S P E C I A L  T R I P L E  M A T R I X  PRODUCT- B*A*B(TRANSPGSE) = 2. 
C USES TWO WORK IrPACESo R E S U L T  (2) I S  PLACED IN A -  
C A Z  MUST BE DJMENSXCNED LARGE ENOUGH XN M A I N  PRPGRAM TO C O N T A I N  THt 
C LARGER OF A t'R 2 -  
C I N N E R  PRRDUCT SUMS APE PERFORMED IN DOUBLE PRECISION- 
C C A L L S  FORMA S U B R O U T I N E  ZZBCMB- 
C THE MAXIFIUM S I Z E  IS 
C NCR = 5 C O  
C DEVELOPFD PY C A R L  P C D L E Y -  JULY 1965- 
C L A S T  REVIZICN EY R L  WOHLEN- MARCH 19760 
C 
C SUBRCUTlNE ARGUMENTS 
c AZ = INPUT I N r J w  KPTC'IX. SIZE(NCB,NCN- 
C = OUfPUT RESULT M A T R I X -  S I Z E ( N R B t N R P 1 -  
C E? = XNPUT OUTER M A T P I X -  S I Z E ( N R B I N C B ) ~  
C NRB = INPUT NUMbEP fF RCIWS EF M A T R I X  B +  SIZE OF M A T R I X  2-  
C NCE! = I N P U T  NUMBER PF C O L S  OF M A T R I X  I!, S I Z E  OF M A T R I X  A- MAX=500, 
C K A Z  = I N P U T  RClW O I M E N C I C N  OF A 2  I N  CALLING PROGRAM- 
C KB = INPUT ROW D I M E N S I O N  OF E IN C A L L I N G  PROGRAM- 
C 

C 1 = SIZE L I M I T A T I O N  EXCEEDED- 
C 

NERROR F XPLANPTION 

NERRCR=l  
I F  (NCB-GT =OO ,OR, NRB,Gf,kAZ ,OR- N C b - G T - K A Z  .OR- NRB ,GT- K B )  
9 Gc? 7c 999 

DO 30 I = I , N C F  
DO 10 K = l r N C E  

C 

10 W ( K )  = A Z ( 1 . K )  
PO 30 J=I*NRF 
S = Z E R O  
DO 20 K=l ,NCB 
SS = W ( K ) * P ( J t K )  

2 o s = s + s 1 1  
30 AZ(f9J) = C 

C 
DO 60 J = l  ,NRP 
00 40 K = l i N C P  

40 W ( K )  = A Z ( K 9 J )  
DO 60 I - l r N R B  

DO 50  K = f r N C B  
S S  = E(IrK)*W(K) 

S = ZFFC! 

50 S = S+ S S  
60 A Z ( 1 . J )  = S 

RETl!RN ! 

C 
999 C A L L  ZZEOMH l 6 H B A P T A  r N E R R O R )  



BABTA -- 2 1  2 --- 
END 



6 T A B  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
f 
c 

S U B R O l J f l N E  BTAE ( A ~ ~ ~ Z I N R R T N C B I K A B ~ K Z )  
DIMENSIWV A f K A P l l ) r  ~ ~ K A B T I J T  Z(KZr1) 
COMMON /LWRKVl /  W f 5 0 0 )  
OOUBLE PRECIS ION SrSS ,ZERO 
DATA ZERQ /O,O/ 

TRIPLE M A T R I X  PRCDUCT- B(TF(ANSPOS€) * A * I3 = 2 -  
I N N E R  PQQDUCT SUMS A R E  PFRFORHEU I N  DOUBLE P R E C I S I O N -  
CALLS FOSMA SUBRCVTINE ZZBOMB- 
THE MAXIMUM SIZE IS 

OEVELCPFD PY R L  WUHLEN, FEBRUARY 1 9 6 5 .  
NRB = 500 

LAST R E V I S I C N  BY RL WCHLEN- MARCH 1976, 

SUERCUTTNE ARGUMENTS 
A = I N P U T  INNER FZPTPIX-  Z I Z E ( N P P 9 N P B ) o  
9 = I N P U T  OUTFR M A T R I X -  S I Z € ( N H G r N C B ) -  
Z = OUTPUT R E S U L T  M A T R I X ,  SIZE(NCBrNCB)m 
NRB = I N P U T  RUMBER OF RCNS OF M A T R I X  P I  S I Z E  OF M A T R I X  A m  MAX=5Giio 
NCB = TNPUT NUMR€T: OF COLS OF M A T R I X  SIZE OF M A T R I X  2- 
KAR = INPUT H I 3  DIM,FNZ1C?N OF A I R  IN C A L L I N G  PROGRAM. 
KZ = IkPUT ROW ElIMEMSICZU OF 2 IN CALLING PROGRAM- 

N E R R P R  E X P L A N R T I C N  
1 = SIZF L I M I T A T I O N  EXCEEDED-  

C 
DO 40 J = l , N C F  
D@ 20 L = l r M R P  
s = ZEHC! 

S S  = A ( L t K ) * B f K r J )  
rm 10 K=X,NRF 

1(! s = s + 5 5  
20 W f L )  = s 

00 40 I = l , K C E  
S = Z E R C  
DC! 30 L = l r N R B  
s s  = R ( L , T l * W ( L )  

3 0 s  = S + S S  
40 Z ( T r J )  = S 

P. ETURN 
C 

999 CALL ZZBOMB (6k 'BfAB r N € R R O R )  
E N D  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i 
C 
C 
C 
C 
C 

t 

IF N R R  IS NEGATIVE A SYMMETRIC ( 2 )  I S  COMPUTED- 

MAXIMUM S I Z E  N R B = 5 0 0  

I N N E R  PR3DUCT Z U M S  ARE PERFORMED IN DOUBLE PRECISION, 

FORMA SURROUTlNE Z 2 8 0 M B  IS CALLED- 
CODED 6 Y  JOHN ADMIRE *NASA* J U L Y  1972 - 
LAST R € V I S I C N  EY RL WQELEN- MARCH 1976- 

A -  
R -  
z -  
NKF - 
NCP - 
KRA - 
K R F  - 
K R Z  - 

INPUT 

OUTPUT 
INPUT 
I N P U T  
INPUT 
IFPUT 
I N P U T  

r NP UT 

ARGUMENTS 
M A T R I X  ( A )  S I Z E ( N R B  B Y  NRB) 
M C I T R l X  ( € 5 )  S I Z E t N R R  @Y NCB) 
M A T R I X  (2) SIZE(NCf3 @ Y  N C P )  
AFS(NRB1 IS TkE NUMBER VF ROWS I N  ( B )  
NUWEER OF COLUMWS I N  ( B )  
RCW D 1 M E N S I C N  CF ( A )  I N  CALLING PROGRAM 
ROW @XMEI\(SICI\' O F  ( € 5 )  I N  CALLING PROGRAM 
ROW DIMENSION OF ( 2 )  IN CALLXMG PROGRAM 

NERROR EXPLANATIONS 
1 = S I Z E  E X C E E D A N C E -  

NR=IARS(MRPI 
N€RROR = 1 



B T A R l  0- 2/ 2 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i 
C 
C 

I 

SUPROUTTNE t\f A P A  (AZIPINR@,NCEtKAZtKB) 
DIMEN5ION AZ(ltA2111, B(KHt1) 
COMMON 1 L W R K V l  / k'f5001 
DOUeLE PR€CISI@h S,SS.ZERO 
DATA Z E R O  /OoD/ 

TRIPLE MATRIX PRODbCfo  B(TRAK5POSE) * A * E = L o  

US€S TWO WORK CPACFS- RESULT ( 2 )  IC PLACFD I N  A -  
AZ Ml!ST PE DIMENSIONED LPRGE ENOUGH I N  M A I N  PROGRAM TO CONTklN THE 
LARGFR CF A CR 2 -  
INNER PQnDUCT SUMS AFF PEPFOFMED I N  DOUBLE PRECISION- 
CALLS FORMA SUFRZIITINE ZZEOME. 
THE MAXIMUM S I i L S  ARE 

NRP = 500 
NCB = 500 

DEVELPPFD RY W A FiEhlFIELD. MAY 1972- 
LAST RFVISION 6 Y  P L  YOHLEN- MARCH 1976- 

SUB R Ct IT I N f AR GUME NT 5 
AZ = INFUT INNER M A T R I X -  SIZE(NRB,NRP)- 

= QUTPUT PESULT M P . T R I X -  SIZE(NCBrNCR)o 
8 = INPUT OUTER MATP.IX- S IZE(NR@rNCBI -  
N R C  = INPUT NL'MFER C.F COWS OF MATRIX d T  SIZE c)F MATRIX A -  MAX=50Oo 
NCe, = INPUT NUMBFG OF CULS CF MATRIX Bv S I Z E  OF M A T R I X  2-  MAX=500- 
X A Z  = INPUT ROW DIRENSION OF AZ r N  CALLING PRQGRAM. 
KB = TNPUT RQW DIMENSION OF 6 I N  CALLING PROGRAM- 

NERRPq FXPLANATION 
1 = S I 2 5  L I M I T A T I O N  EXCEEDED. 

C 



@TABA - 2 1  2 --- 
999 CALL ZZROM8 (6HBTAbA rNERRCJR1 

END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IC 

SUPROUTINE FTAf?AZ ( A Z t B t N t K A )  
DIMFNSXCN P Z ( K A I ~ ) T  B ( K A t 1 )  
COMMQN / LWRKVl / W(500) 
OCUE'LF PRECIS TCN STSS * Z E R O  
DATA ZERO /O-D/ 

TRIPLF MATPIX PRODUCT- BITRANSPPSE) * A * F = 2- 
A MUST €?E SYMMETRIC TC G f T  CORRECT ANSWER- 
B IS ASSUMED l!PP€R TEIANGULAR, 
Z WILL PE SYMMETRIC- UPPER HALF CALCULATED, REFLECTED TO LOWER HALF- 
USES THO HnRK ?PACES- RESULT ( 2 )  IS PLACED I N  A -  
INNER PRODUCT SUMS AQE PERFORYED IN DOUBLE PRECISION-  
CALLS FURMP SUBROUTINE ZZBOMBo 
THE MAXIMUM SIZE I S  

h! = 500 
DEVELOPED BY R L WOHLEN AND W A @ENFIELD-  MAY 1972- 
LAST R E V I S I O N  BY R L  WUHLEN- MARCH 1976- 

SUBR@UTIPJF ARGUM€NTS 
A 2  = INPUT INNER M A T R I X -  S I Z E ( N t N I -  

= OUTPUT RESULT MATRIX- SIZE (NwN) 
B = INPUT CIUTEF MATRIX- SIZE(NvN), 
N = INPUT SIZE CF MbTRIC€S A t 6 9 2 0  H A X = 5 0 0 m  
KA = INPUT RCW DIMENSION OF AZ AND B IN CALLING PROGXAM- 

NERROR €XPLANATION 
1 = S I Z E  L I M I T A T I O N  OR DIMENSICN S I Z E  EXCEEDED- 

N E R R C R = l  

999 C A L L  ZZBOM6 (6HGTABA2tNERRORI 
END 



BTABCl- 1 1  2 

C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
I: 
C 
C 
C 
t 

ic 

SUBRDUTINF B T P B C l ( A t B r C t Z t N R R , N C B , K K A i K R ~ t K R C i K R Z )  
DIMFN? I O N  

DOUPLE PRECXSICN SUMtSSiZERC 
OATA ZERO /O-D/ 

A ( K R A  9 1 1, f. KRB 9 1) t C  (KRC 9 1 1 ,Z( KRZ, 1 )  
COMMOM / L W P K V l  / V ( 5 C ; O )  

I F  NRB IS NEGATIVE A SYMMETRIC ( 2 )  IS COMPUTED. 

MAXIMUM SIZE NRE=5CtO 

INNER PK@DUCT SUMS ARE PERFORMED IN OOLteLE PRECISION, 

FCRMA SUBROUTINE ZZB'IMB IS CALLED, 

LAST REVXSION 6 Y  RL WCHLEN, MARCH 1976, 
CODED E Y  JC'HN A D M I R E  *NASA* JULY 1 9 7 2  c 

A -  
B -  
c -  
z -  
NRP - 
NCB - 
KRA - 
KRC - 
KRZ - 
KPe8 - 

INPUT 
IWPl lT 
INPUT 
EL'TPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 

ARGUMENTS 
M A T R I X  ( A  I *DESTROYED* S IZE(NR6 BY N R B I  

MP.TF IX  (C) S I Z f ( N C P  e', NCP) 
M A T R I X  ( 2 )  SIZE(NCP BY NC6) 
ARS(NR8) NUVBFS, CF ROWS I N  ( B )  
NUMBER UF CL'LUMNS I N  ( 8 )  
ROW DIMFNSION O F  ( A I  I N  CALLING PROGRAM 
R3U D I M E N S I O N  OF f R 1  I N  CALLING PPOGRAM 
P@W DIMENSIC'N OF (C.1 IN CALLING PROGRAM 
ROW DIMENSION OF ( 2 )  I N  CALLING PROGRAM 

M A T R I X  ( R )  s m ( w R B  B Y  Nee) 

NERRDR EXPLANATIONS 
1 = S I Z E  EXCEEDANCE- 





C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c_ 

SUBROUTItJE 
DIMFNSION O i !  I ~ ~ ( K R B , I ~ ~ Z ( K R Z I I )  
COMMON / LHRKVl I V i 5 0 0 1  
DDUPLE PPFCISION SUMISSIZERO 

BTDBl( [?,E 9 2 ,NRB?NCR 9KkB 9 KRZ 1 

DATA ZERO / O . O /  

BTDBl PERFORMS TIiE OP€RATICN ( Z ) = (  (B )TRANSPUSE) (d - ) * (R)  
WHEPE (-0-1 IS A OIAGONAL M A T R I X  AND ?HE INPUT VECTOR (D) 
C O N T A I N S  TI+€ DIAGONAL ELEMENTS 

M A X I M U M  SIZE NEP=500 

INNER PRCDUCT SUMS ARE PERFORMED I N  D W B L E  P R E C I S I O N -  

FORMA SUBRC'UTINF ZZPOMP IS CALLED-  
C O D E 5  P Y  JOHN A D M I R E  * N A S A *  JULY 1972 - 
LAST REVJ?.ION EY RL WOHCEN, MARCH i916. 

ARGUMENT S 
D - TNPUT VECTOR CONTAJNING THE DIALWNAL ELEMENTS OF (-0-1 
@ - IWPUT MATRJX ( I \ )  S I Z F ( N R R  R Y  NCB) 
Z - OUTPUT MATPIX ( 2 )  SIZEtNCB BY NCB) 
NRP - INPUT ARStNRB) NUMBER OF ROWS I N  tf3) 
NCR - IhlPUT NUMBER @F COLUMNS IN ( 8 )  
KRP - INP1)T ROW DIMFNSI13N OF ( B )  I N  CALLING PROGRAM 
KRZ - INPUT ROM DIMENSION O F  (2) I N  CALLING PROGRAM 

C ; ? E R R O R  EXPLANATIONS 
C 1 = SIZE EXCEEDANCE. 
C 

NR=IAPS(NRR) 
NERROR = 1 

I F ( N P  sGT. 500 ,OR. NR -GT* K R B  .OR- NCI! -CT- K R Z )  GO 70 999 
DO 30 J = l i N C B  
DO 10 K = I  rVF! 

10 V t  K )=D( K 1 *E (K 7 J ) 
DO 30 I = l , J  
SUM=ZERG 
DO 20 K = 1 , . N P  
SS=P(K 9 I )  * V ( K )  

2 0  ,CUM=5UM+SS 
30 Z ( I P J I = S U M  

DO 33 I = l r M R  
DO 33 J=IqNR 

33 Z ( J t I ) = Z ( I t J )  
R FTURN 

END 
999 CALL ZZeCJMB(6hPTDBX ,N€RRC!R 1 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r_ 
C 
C 
C 
C 
C 
C 
C 

; c  
IC 
C 
C 
C 
C 
C 
C 
C 

BTDBCI PERFORMS THE OPERATION ( Z ) z (  ( B ) T R A N S P O S f ) * ( - D - ) ~ O + ( C )  
! ? W R F  t-D-1 JS A DlAGONAL h A T R I X  AND THE INPUT VECTOR 49) 

BTOPCI CAN ALSO PFRFORM THE OPERATICN 
CPNTATNS TkIE DIAGDNAL ELEMENTS 

( C ) = ( ~ G ) T R A N S P O S ~ ) ~ ( - D - ) * ( ~ ) + ~ C )  BY CALL BTD@C1(D,G,CtCt--€TC--) 

IF N R R  IS N E G A i I V t  A SYMMETRIC (Z) IS CDMPUfEDm 

MAXIMUM S 1 Z E  N R S = 5 0 O  

INN€R PRODUCT SUMS ARE PERFORMED IN OIWBLE PRECISION, 

FORMA SUFRCUTINE ZZROMR I S  CALLED, 
CODED B Y  JOHN ADMIRE *NASA* JULY 1 Y f 2  
LAST REVISION BY P.L WOHLEN- WARCH 2976- 

0 - INPUT 
B - INPUT 
c - INPUT 
2 - OUTPUT 
N R R  - INPUT 
NCB - INPUT 
K R R  - INPUT 
KRC - INPUT 
KRZ - INPUT 

ARGUMENTS 
VECTCR CONTAINING THE DIAGONAL IELEMENTS C F  (-Do) 
M A T R I X  ( R )  S I Z E ( N R F !  R Y  N C H )  
M A T R I X  ( C )  SIZE(NCF BY NCB) 
MATRI% ( 2 )  STZE(NCF\ Bv NCB) 

NUMBER @F COLUMNS I N  ( 8 )  
PCW D I M E N S I O N  O f  ( e )  I N  CALLING PROGRAM 
ROW D I M E N S I O N  O F  (C) I N  CALLING PROGRAM 
ROW DIMENSICYU OF ( 2 )  I N  CALLING PROGRAM 

A ~ S ~ J R B )  NUMFER OF gows rN ( 6 )  

NF R R @  R E XPL AM AT IONS 
1 = SIZE t%CEEDANCEo 



5 0  V ( K ) = D f K ) * P ( K , J )  
DO 70 T=l,NCB 
SUM=C ( 1  9 J 1 
DO 60 K = l ? N P  
SS=R ( K  , T 1 *V (K 1 

60 S'JM=SUM+SS 
70 ZfIrJ)=SUM 

P €TURN 
999 C b ! .  '- ZZBOM8(6HBTDBClrNERROR) 

E NL 



'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 

SUBRCUTINE CCLMLT AVECrB T Z I N R T N C ~ K R )  
D I M E N S I O N  AVEC(1)r B(KKll), Z ( K R 8 1 1  

M U L T I P L Y  F A C P  € L E M E N I  I N  C O L U N N ( J I  OF M A T R I X  6 B Y  
ELENENTIJ) PF VFCTOR AVEC. 
P A T R T C E S  a 9 2  MbY SPARE S A M E  CCkE LOCATIONS. 
CODEP B Y  R L  WCHLFN- FEBRUARY 1965, 

SUFK :'UT IN E AP GUM€ NT,' 
AVEC = IRP I !T  VECTOR.  C I Z E t N C ) .  
0 = INDU? M A T R I X .  S I Z E ( Y R r N C ) -  
Z = OUTPUT RESULT M A T R I X -  SIZE(NRrNC)m 
NR = I V P U T  lVUM@€R C'F ROWS I N  MATRICES B r Z -  
NC = INPUT NWKEEP OF C @ C S  IN M A T R I C E F  B t Z -  E L E M E N T S  IN VECTC'R AVEC- 
KR = IPIPlrT ROW D I M E N S I @ N  CF 692 IN CALLING PROGRAM- 



CUMENT ------ 
SUBROUTINE COMFNT 
DIMENclCN IRFMRK(13) 
C@MHON /LLlNE/ NL INE tMAXLINvMIN1 
DATA N I  TI NI?T/5 961 

C 
C READ COMMENT C A R D S  AND PRINT ThEM UNDER PAGE HEAIjXNG OF FORMA 
C SUBROUTINE PAGEHD. COMMENT CARDS MAY HAVE ANY KEYPUNCH SYMSOL 
C IN CARD COLUMNS 1-76. 
C I F  I T  IS DESIRED TC, HAVE ANY G I V E N  COMMENT CARD PRINT CN A NEW 
C PACE9 SUPPLY THF LtTTEQ P I N  COLUMN 80 @N THAT CARD- 
C ROUTINE I S  E N D E D  BY SLiPFLYING A CARD WXTH ZEROS I N  COLUMNS 1 THRU 10. 
C CALLS FORM& SUf'R@UTINE PRGEHD- 
C CODED BY PF P R U 3 A o  MARCH 19660 
C CAST R E V X S I O R  BY RL WUHLEN- MARCh 19?6- 
C 

1001 FORMAT ( 1 3 4 6 r l X t A 1 )  

2002 FOQMAT ( 2 2 X p f 3 A 6 )  
2001 FOPMAT ( / / / )  

2050 FORMAT ( /  1 X  123(1t-!-) 1 
C 

N = O  
1 READ ( N I T p 1 0 0 1 )  ( I R € M R K ( I ) I I = ~ T ~ ~ ) ~ I P G H D  

I F  ( ISFMIIK(1)  oEQ- 6H000000) RETURN 
N = N + l  
IF ( N - N F . ~  ,AND. IPGHO-NL~HP) GO Ta z 
I F  ( M I N I  -NE- LHMINI) GO TO 8 C O  
IF (NLINE .LE- 5 -OR- NLINE oG€o HAXLIN) GO T O  800 
IF ( (NLIbJF+2)  -GT- MAXLIN) GO TU 8 0 C  
W R I T E  (NnT92050)  
NLINF = K L I N E  + 2 
GC TC E 1 0  

800 CALL PACEPI? 
810 WRITE (NC'Tt2001) 

NLINE = NLINE + 3 
N = l  

W R I T E  (NOT9 2002) (lREMRK( I) r I = l ~  13) 
2 IF ((f'!+E) o E Q o  M A X L I N )  N = (I 

NLINE = N L I ? E  + 1 
GI? TO 1 
END 



C@MPAR-- 1/ 2 

SUBPOVTINE CCMPAP ( A,RINR ,NC ,NDIG,GfOLIANAMETRNAE~KA,KR 1 
DIMENlCION A(KA,l), P(KR,l) 
COMMON /LL lNE/  NLINfivMAXL INIMINI 
DATA EPC/C.O/ 
DATA N I T ,  NOT/5,6/ 

C 
C COMPAFE TWO MATRICFI ELEMENT B Y  ELEMENT- PRINT OUT ELEMENT DATA WHEN 
C ELEH€NTS P O  N@T CC'MPARF TO S P E C I F I E D  NUMBER CTF DIGITS (NDIGI- 
C ELEMENT VALUES FELOW TCLERANCE (GTULJ ARE IGNORED- 
C A MAXIMUM QF 1000 NC'NCOMPARARLE ELEMENT9 ARE PRINTED- 
C DEVELC'PED F Y  J W  ERNST, RL WUHL€N- OCTOBER 1971- 
C LAST REVISION EY R L  WOHLEN- MARCH 1976- 
C 
C SUBROUTiNF ARGUMENTS (ALL INPUT) 
C A  = V&TPlX TC! BE ChECKED- SIZE(NRTNC). 
C R  = M A T Q J X  CCWTkININC REFERENCE VFLUES- SfZE(NR,NCB. 
c NU = NUMRFR OF ROWS OF MATRICES AIR- 
C NC = NUMPEP OF CPL5 OF F!!ATRIC€S A V r m  

C NOIG = NCWPFR OF DIGIT!: TO E €  COMPARFD FETWEEN ( A )  AND (F), 
C GTOL = GARPAGE TCLEKbNCE- M A T R I X  ELEM€'IOTS (ABS) LESS THAN CR 
C E Q U L L  TC Tl'1-C VALUE WILL BE IGNORED, 
C ANAME = NAMF @F MATRIX A, 

C KA = FVW C!IMEN5ItlN CIF A IN CALLING PPOGRAM. 
C KR -= KGW DlMENSICN I)F R IN CALLING PROGRAM- 
C 

C RNAME = N A M E  CF MATRIX R -  

2001 F0RYj.T' ( I N  1 O X  34HSUeROUTINE COMPAR COMPARES MATRIX . A 6 9  
6 21H TC REFERFNCE MATPIX r A 6 ~ 2 0 H  EL€M€NT EY €L€HENT- 
* / 4 4 X  6k!---- 9 2 1 X  6H----- ? * 1 1 O X  25PFLEMENTS ARE CnMPCRED Tf? r I 2 ,  XOH D I G I T S -  * 24HFLEMENTS ( A R S )  L E S S  THAN.€lO-3r13H ARE IGNORED- 
* / 35x  Z p - ?  3 5 x  QK-------- 1 

* 1 1 F X  I H I ,  3 X  I H J ?  6 X  'IHMATRIX *Ab, 5 X  l l H R E F  MATRIX r A 6 )  
2003 FORMAT (15X 214, 1E19-8 )  
2004 FORMAT 4 / 1 5 X  7 H M A T R I X  , A 6 9  30H AGREES WITH REFERENCE M A T R I X  9 & 6 )  

2005 FORMAT ( / lo)! 25HEND O F  SUBROUTINE COMPAR-1 

2002 FORMAT ( / 15X 48HDISAGRFEMENT WAS FOUND AT THF; FOLLOWING ELEMENTS 

C 
WRITE (NCT120011 ANAMEvRNAKE rNDIG,GTOL 

ATOL = 1Oo**(-NDIG) 
NLINE = NLINE + 7 

NEL = G 
DC ?O J= IvNC 
DO 20 I=l,NR 
I F  (AFS(A(T,J))oLL.GTOL -AND. ABS(R( I tJ ) ) -LE-GTOL)  GO TO 20 
I F  ( A B S ( R ( I I J ) )  - L E -  FPS)  GP TZ! 10 
IF ~ A B S ( ( A ( I I J ) - R ( I ~ J ) ) / R ( I , J I )  -LE. ATOL) GO TO 20 

10 I F  (NEL O E Q -  0) WkITE (NOT,Z0021 ANAMEwRNAME 
NLINE = NLINE + 3 
NEL = NEL41 
IF (NU ,GT, i ~ o w  Go TO 3c 
W R I T E  (N@T,2003)  l ~ J , b . ( l , J ) , F t ( 1 ~ J )  
N L l N E  = NLINC- + 1 

20 CONTIVUF: 
I F  (NEL - E O -  0) WRITE (NOTt2004)  PNAMF,RNAME 



COMPAR-- 2/ 2 

NLTNE = NLINF 4 2 

NLINE = NLINE + 2 
RETURN 
END 

30 W R I T E  (NC'T12005) 



:I 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
t 

SUB ROUT I N  f 
D I M E N S I C N  

D R 1  PEPFC'RMZ THE C P E R b T I Q N  (Z)=(-. - I * ( @ )  
WHERF C I S  F VECTCR THAT CONTAINS THF DIAGONAL € tEMEMTS OF (+-I 
D B I  CAN ALtrO PERFORM THE CPFRATION 

DP 1 4 D w F ? L 9 NP 9 NCE! t KRR VKR 2) 
U(1) r B ( K R f ? ?  1) r Z  ( K R Z 9 1 )  

4 8 1 = (-0-1 *( E 1 E Y  CALL OBI (BtB,--ETC-) 

I F  NRP IS NEGATIVE AND ABS(NRf3) IS €QUAL TC? N C 5  
A SQUARE? SYMM€TRIC (2) IS CALCULATED- 

FORMA S C P R f W T I N F  ZZBOME? IS CALLED - 
C@D€D f!Y JOHN ADF?IF;F * N A S A *  JULY 1972 
LAST R E V I S I C M  BY R L  WOHLEN- MARCH 1??6- 

AR GUIu;€W?S 
D - 1NI'UT A VECTOR ThAT CGNTAINS THE DIAGONAL ELEM€NfS OF ( 4 - 1  
P - IMPI'T M A T R I X  (B) ETZE(NPt? B Y  N C B )  
Z - EUfPUT M A T R I X  ( Z )  S I Z E ( N R 5  B Y  NCB)  
N R F  - INPUT A P S ( N R B 1  I S  ihE NUMBER GF ROWS I N  ( 8 )  
K R 9  - INPUT RCW OIMENSIUN OF ( @ I  I N  CALLTNG PROGRAM 
KRZ - INPUT ROW D I M E N S I B I  O F  ( 2 )  IN C A L L I N G  PROGRAM 

NFR QO R EX PL AN AT I CN 5 
1 = S I Z F  FXCEEDARCE- 
2 = NCN-SQUARE RESULT ASKED FCR- 

N R = I A P S ( b J F F I  
N E R R O R  = 1 

NERROR = 2 



D C O M l  -- I/ 2 

S U P R O U T I N F  D C O M l  ( A t Z r N t K R  I 
DIMFNSICN A ( K P T ~ ) T  Z t K R t l l  
DCUPLF P R E C I C I O N  O M t D S  
D A T A  F D S /  0.0 1 
D A T A  NITrNQT/5t6/ 

C 
C OECOMFPSE K A T R I X  ( A )  TI)  FORM UPPER T R I A N G U L A R  M A T R I X  (21  SUCH T H A T  
C A = Z t ' T R A h S )  * 2 .  C H O L E F K I  SQUARE R O O T  METHOD- 
C M A T R I X  ( A )  SHCIlILD 6 E  R F A L ,  SQUARE, S Y M M E T R I C ,  P O S I T I V E  DEFINITE,  
C U P P E R  FIALF PF M A T R I X  ( A )  1s US€Do 
C M A T T I C E S  ( A )  UNO ( 2 )  M A Y  SHARE 5AHE CURE L U C A T I C N S .  
C I N N E R  P R O D U C T  CUMS ARE PERFORMED I N  OOUBLE PRECISIUN- 
C CALLS F n P M A  S U B P O U T I N E  ZZPOMB. 
C CODED F Y  P L  WC'HLEN- VCTOGER I??(?- 
C L A S T  R E V I S I O N  BY RL WOHLEN. MARCH 1976- 
C 
C S U R R O U T I N F  ARGUMENTS 
c A = I w u i  MATRIX TP b~ DECOMPOSED- S I Z E ( N , N L  
C 2 = O U T P U T  M A T P I X .  S I Z E I N t N l o  
C N = INPUT SIZE: @F MATkICFE A 1 2 0  
C KR = INPUT RCW D I M E N S I O N  OF A,Z IN CALLING PRCCRAM- 
C 
C NERRUR F X P L A N A T I C N  
C 1 = M A T R I X  I C  N O N - P O ' I T I V E  D € F T N I T E  AT A ( l r 1 ) -  
C 2 = M A T R I X  IC N O N - P O S I T I V E :  CEFINIT€-  

"3001 FORMAT (5H1I = I 3 1  

N E R R C R = l  

NE RR OR=2 



DCCHI -- 2/ 2 

40 DO 50 I = 2 , M  
I M 1  = 1-1 
DO 50 J = X I I W I  

50 2 ( ? v 3 )  = Os0 
RETURN 

C 
9 9 8  WRITE (N@T,3003)  I 
999 CALL ZZB(3KB (6HDCCJMl rNERRORl 

END 



SUBRC!UTINE D I A G  (AVEC VZTNIKR)  
I DIMENSION A V E C ( l ) r  Z ( K R T X )  

'C 
C DIAGONALIZF A VECTOR (ROW CR COLUMN MATRIX) INTO ' A  SQUARE M A T R I X ,  
C COOED RY RL WGHLEN, FEB 1965-  
C 
C SUEROUTINE 
C AVEC = INPUT 
c z  = OUTPUT 
C N  = INPUT 
C KR = INPUT 
C 

ARGUMENTS 
VECTOR. S I Z E t N ) .  
RFSULT MATPIX. S I Z € ( N I N )  
S I Z E  OF MATRIX 2 (SOUAREIT LENGTH OF VECTOR AV€C.- 
ROW D I M E N S I O N  OF Z I N  CALLING PROGRAM- 



C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

SUBROUTINE DIFFl f X A t X Z t Y A I Z t N X A t N X Z I ~ C A . K A T K Z )  
D I M E N S I C N  X A ( l I t X Z ( 1 )  T Y A ~ K A T I  )TZ(KZTX) 

L I N E A R  DIFFERENTIATICN-  
VALUES C'F X Z  MAY F E  OUTSIDE QF X C o  ( E X T R A P O L A T I O N ) -  
CODED BY RF hRUDA, SEPTEMRER 1965. 
L A S T  R E V I S I O N  BY J ERNST, OCT 19730 

SURROUT I N E  AP GUMENTC 
X A  = INPUT VECTCR CF X-C@@RDINATES FOR ROWS OF YA- MUST BE IN 

I N C R E A S I N G  ORDER,  S I Z E ( N X A 1  e 
X Z  = INPUT VECTCiR OF X-COORDINATES FUR DERfVATTVES-  S I Z € ( N X Z ) o  
Y A  = INPUT M A T R I X  nF Y - C O U R D I N A T F S  T O  6€ OIFFERENTXATfiD- 

S IZE(NXAtNCA)  0 

Z = OUTPUT M A T R I X  OF D E R I V A T I V F S -  S I Z F ( N X Z 9 N C A ) -  
€ACH CCLUMN OF 2 HAS D E R I V A T I V E S  OF THE RESPECTIVE 
COLUMN I?F Y A o  

NXA = INPUT NVMEER OF X A  STATIONS9 ROWS O F  M A T R I X  Y A o  
NXZ = Ir?rPV? NVMFFP OF X Z  STAT?C!NS* POUS O F  M A T R I X  2- 
NCA = INPUT MUMGER OF COLUMN VECTORS I N  M A T R I C F S  YA.2- 
KA = INPUT RCW DIMENSION O F  V A  IN CALLING PROGRAM- 
K Z  = I N P U T  ROW D I M E N S I O N  DF 2 I N  CALLING PROGRAM. 

c 
RETURN 
END 



jC 
C 
C 
C 
C 
C 
C 
C 
C 

SUE3 ROUT1 N E 
DIMENSION X A ( l l ~ X Z ( 1 )  r Y A ( K A , L I y Z ( K Z i I )  

D 1  FF2 ( X A 9 X t  r Y  A ?  Z 9 NXAW NX 2 t NC A g  KA WKZ 1 

0 I Pb R ABP L I C 
(PARABOLIC D I F F E R € N T I A l I O N  I N  FIRSTWLAST @AYS AND OUTSIDE X A I o  

D I FF € R F N T I  AT 10 N 

VALUE? OF X Z  MAY 6F CUTSIDE OF XA- (EXTRAPOLATION)-  
CALLS F@PMA CUBRPUYINE Z 2 6 0 M R m  
COOED F(Y R F  bRUDA. FEBRUARY 1 9 6 5 -  
LAST REVISION 5Y h'A BENFIELD-  MARCH 19760 

SUB R@UTI NE ARGUMENTS 
C X A  = INPUT 
C 
C X Z  = INPUT 
C YA = INPUT 
C 
C 2 = OUTPUT 
C 
C 
C N X A  = INPLlf' 
C NXZ = INPVT 
C N C A  = INPUT 
C KA = INPUT 
C KZ = INPUT 
C 

VECTOR OF X-COORDINATES FCR ROWS OF YA- MUST BE fM 
TNCRFASING ORDER- S I Z E t N X A l  m 

VECTOR CF X-COCPDINATES FOR DERIVATIVES,  SIZE(NX2)- 
MATRlX CF Y -CCORDINATES TO BE DIFFERENTIATED- 
SIZE ( N X A t N C A l  
MATRIX CF D E R I V A T I V E S -  S I Z F ( N X Z 9 N C F ) o  
E A C F  COLUMN OF 2 HAS DERIVATIVES OF THE RESPECTIVE 
COLUMN OF YA. 
NUMeER C'F X A  STATIONS, ROWS OF MATRIX YAo 
NUMPER OF X Z  STATIONS? ROWS O F  MATRIX 2 -  
NUMBER OF COLUMN VECTCRS I N  MATRICFS YAvZ. 
RCW DIMFNSION OF YA I N  C A L L I N G  PROGRAM- 
POW D l M E N S l O N  C F  2 I N  CALLJRG PROGRAM. 

*IC N F P R C 9  EXPLANATICN 
1 = LESS THAN 3 STATIONS. b .  

IC 
NFrRROR = 1 





t 
I 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

S U P R O U T I N €  O I S A  ( A i  I R A t  J C A ~ Z T N R A , N C A T N R Z I N C Z T K R A , K ~ Z )  
D I M E N S I C I N  A ( K R A 9 l ) t  Z ( K R Z i 1 )  

M A T R I X  D I S A S S F M B L Y -  ( M A T R I X  Z FROM M A T R I X  A I -  
C A L L S  FORMA S U P R O U T I N E  Z Z P E M R -  
CODED B Y  P.L WC'HLEN- FEB 1965-  
L A S T  R E V I S I O N  BY W A  B E N F I E L D -  MARCH Zq't6- 

S U B R O U T I N E  ARGUMENTS 
A = I N P U T  M A T R I X -  S l Z E ( N R A , N C A I m  
I R A  = I'tPL'T RPW NUMBER I N  M A T R I X  A OF F I R S T  ROW C F  M A T R I X  2. 
J C A  = INPUT CC'L NUMBER I N  M A T R I X  A OF F I R S T  COL O F  M A T R I X  2- 
2 = O U T P U T  P F S U L T  M A T R I X ,  S I Z E ( N R 2 t N C Z ) -  
N!'.A = I N P U T  NUMPFR @F ROWS C?F N A T R I X  A -  
NCA = I N P U T  NUMB€" @F C O L S  @F M A T R I X  A, 
NRZ = I N P U T  NUMf,EK OF RCWS OF M A T S I X  2- 
NCZ = INPUT NUMBER OF C O L S  OF M A T R I X  2 ,  
K R A  = INPUT EC'W @IM€NSION O F  A IN C A L i f W  PROGRAM. 
KRZ = I k ' P U T  ROW DIM€NSICN OF Z IN CALLING PROGRAM. 

NERRPR E X P L A N A T I O N  
1 = L O O K I N G  FOR D A T A  C U T S I O E  OF M A T R I X  A ROWS- 
2 = L O O K I N G  F@R D A T A  O U T S I D E  OF M A T R I X  A C O L U M N S -  

NERROR = 1 

NERROR = 2 
IF ( ( I R A - l + N R Z )  - G T -  N R A )  GO TU 999 

I F  ( { J C A - I + N C Z )  0GT- N C A )  GO TO 999 

DO 10 I Z = l r N R Z  
T A  = I2 + I R A  - 1 

J A  = .JZ + J C A  - 1 

R E T U R 3  

DO 10 J Z = l r N C Z  

10 Z(TZ,JZ) A ( I A , J A )  

C 
999 C A L L  ZZhCMP (6HDPSA VNERIIUR) 

END 



SUI? ROUT Y N E. 
DIM ENS I C'N 
DATA %IT ,  NOT/5 9 6 1  

E I G N l  
A (  K R  9 1 1, 

( A T  VAL, VEC 9 NIN T FODIN, KR I 
V A L  4 1 1 VEC (KR v 1) 

C 
C CALCULATE €IG€MVALU€S / EISENVECTORS O F  ( A ) ( V E C )  = ( V E C )  (-VAL-),  
C JACOBT MFTHODV THRESH@LG V€RSION- PROGRESS FROM PIVOT ELEMENT 
C (IPIVOTIJPZVOT) TO EL€MENT ( IPIVOT,JPLVCT*l )  AFTFR A PIVOT. 
C THF ( A )  MbTRXX ShIoULD EF REAL, SYMMf iTRICo UPPER HALF IS USLDo 
C C A L L S  F O R K A  SUPROUTINE 2 Z R @ M 6 -  
C CODED PY PL WOHLEN- APRIL 1969- 
C LAST REVlSIQN f?Y RL WCHLENo JANUARY 1975. 
C 
C SUEROUTINF ARGUMENTS 
C A  = INPUT M A T R I X  TO B €  DIAGONALIZFDo SIZE(N9N)o *DESTROYED* 
C V A L  = OUTPUT VfCT@k C'F EIG€NVALUES- SIZE(N)o 
C VEC = OUTPIJT M A T R I X  @F EIGENVECTORS, SIZE(NvN)o  
C NfN = INPUT AES(NIN7=N IS THE S I Z E  I?F HATRICES AwVEC, VELTOR VAL- 
C I F  N I N  IS NEGATIVE, I N I T J A L  VEC MATRIA I S  ASSUM€D TO 
C E E  SIJPPLI ED FRCM ARGUMENT- 
C FUOIN = INPUT FINAL OFF-DIAGONAL VALUE FOR D I A G O N A L I Z E D  A -  
C I F  FODIN 0LF- 0 - 9  F00=TR&.CE(A)*10**-21 WILL BE [!SED, 
C KR = INPUT ROW DIMENSION OF A,VEC I N  CALLING PROGRAM- 
C 
C NERPOK EXPLANATION 
C 1 = SUM OF THF DIAGONkLS IS NOT POSITIVE- 
C 

2001 FORMAT ( / / / /  54X 9 I & H (  SUFROUTI NE E I G N l  1 1 
2002 FORMAT (//41X,2hHFlb'AL OFF-DIAGCNAL (FOD) = E 1 0 - 3 ~  8H ( INPUT) )  
2003 FORMAT (//39X,26HFIhAL OFF-DIAGONAL (FOO1 = E ' ~ O O ~ T I ~ H  (CALCULATtD)) 

C 
N = I A h S ( N I N )  
I F  (IVIN ,LT, 0) GG TO 10 

DO 6 I = l , N  
DO 5 J = l , N  

C SET I N I T I A L  VFC MATRIX TO UNITY- 

S V E C f I v J )  = OoG 
6 V E C ( I t 1 )  = 1.0 

C 

C 
C, FIND LARGEST flFF-DIAGC?NAL ELFMFNT (THRFSH) OF A m  

C CALCULATE SUM OF DIAGONALS ( T R A C E )  OF A- 

10 I F  (N a€€!* 1) GO TU 60 

TRACE = 0. 
THPESH = A E S ( A ( l r 2 )  1 
NMl  = N-1  
DO 15 ~ = ~ T N M I  
T R A C Z  = T R A C E  + A ( 1 ~ 1 3  
I P l  = 1+1 
DO 15 J= IP l ,N  

15 I F  ( A R S ( A ( I v J 1 )  oGT. THRlrSH) THRCSI!=ABS(A(I,J)) 
TRACE = T R A C E  + A(NTN)  
FuD = ? f W l N  
IF (FOCIN OLE 0.) FOD=TRACE*l*€-Zl 
WR I T €  (hlnT,20@1) 
I f  (FUDIN OGTc 0.1 WRITE ( N U T ~ 2 0 0 2 )  FCB 



E I G F l l  -- 2 1  3 
------_.--- 



41 CORTINUE 
T F  (IR€@C o E 6 o  1) GC TO 22 
I F  (THSESH *C-T* F O D )  613 113 20 

C 
Z PLACE DIAGONAL FRCM PI INTO VAL (€ IGENVALUES) ,  

60 [?S 61 Iz1 .N  
61 V A L ( 1 )  = A t 1 9 1 1  

RElURN 
C 

999 CALL ZZ6CMP (6HEIGN1 s N E R R O R )  
END 



EIGNlA-- 1/ 3 

CL'PaVUT IN E 
DIMENSION A ( K F ? l ! r  V A L ( l ) ,  V E C ( K R p 1 )  

E I G N l  A ( A, VAL, VEC, N I N  ,CTVXN,KR ) 

C 
C 
C 
C 
C 
C 
C 
C 
f 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CACCLLATE E I G E N V A L U E S  / EIGENVECTORS OF ( A l f V E C )  = (VEC.)(-VAL-). 
JACOf ! I  ?4E'YOP? THRESHOLD VFRSICN,  PROGRESS FROM PIVOT E L E M E N T  
( I P I V O T , , V I V C T )  TC E L E M F h T  t I P Z V U T , J P I V C T + l l  AFTER A P I V O T -  
THE ( A )  WkTFlX SHCL'LD EE GEAL, SYMMETRIC-  UPPER HALF IS USED, 
D E V E L ~ P F P  EY r L w w L m ,  AUGUST 1972, 
L A S T  R E V I S I C N  6 Y  R A P K I L I P P U S o  JUNE I9730 

YUBRCUTXNF ARGUMENTS 
A = I N P U T  MATRYX TL' R E  O I A G C N A L I Z F D -  S T Z E ( ~ V Y I ~ Y ) ~  *DESTROYED* 
VAL = OUTPUT VFCTPF UF ETGFNVALUES, ~ I Z E ~ N ) ,  
VEC = CUTPUT M P T R I X  CF E I G E N V F C T O R S -  C I Z c ( N . N ) r  
NIN = I N P U T  AEStNIN)=N IS TPE SIZ€ @F M A T R I C E S  ApVEC,  VECTOR V A L -  

IF N I N  IS W€GATIVE,  I N I T I A L  VEC M A T R I X  IS ASSUMED TO 
E F  SUPPLIFD FRO3 ASGUMENT- 

CTVIN = I N P U T  CCk'VEhGENCE TCLERANCE ON EIGENVALUES, CONVERGENCE 
ASCUMFD IF AGS(FIGFYVRLUE) LESS THAN CTVIN aR I F  

IF CTVTN .LE. o O r  io**-6 writ FE GSED. 

T E E  E IGENVALWE R A T I O  OF (CURRENT-PRECEDING )/CURRENT 
IS L E Z S  T H A N  CTVIN.  

KF = IhPUT RON G I M E N S I C N  OF AvVEC I N  C A L L I N G  PSOLRAK- 
C 

N = I A E S ( h f f N I  
I F  ( N I Y  ,LT. C )  GC TO 1 0  

on 6 1 = 1 9 &  
SET Y N I T I A L  VFC M & T R I X  TO U N I T Y ,  

D(! E J=: *lh 

5 V F C ( Z , J )  = 0-C 
6 VEC(T?Il = 1-0 

C 

C 
C S E T  Y N I T I A L  FJGENLALUES, CCNVER 

10 IF (N oEQ.  1 )  GC! TO 60 

DO 12  I=lrlV 
12 V A I ( X )  = r ! f I , I )  

C T V A L  = C T V I N  
I F  ( C T V I M  .LE, 0,) CTVAL=I,€-6 

N 

C FIND LARCk5T OFF-DIbGCNAL ELEMEhT I ' I H R F S H )  CF A -  
THPESY = A E S ( A ( l r 2 ) )  
N M 1  = N-1 
D[? 15 I=1pNhl  
I P 1  = I+1 
DC 1 5  J = I P ? r N  

15  IF ( A E S ( A f X , J ) )  oGT-  THRtSH) T H R E S H = A a S ( A ( I , J ) )  
C 
C SCAN U P P f R  C'FF-DIAGQNAL FLFMFNTT DF M A T R I X  A fly ROWS U N T T L  A VAICIE 
C GQEATFE THAN THRESH XS FOUND. P I V O T  ON T H I S  ELEMENT (IP,JPlo 

2 0  THkESH = 'IHPESH/!O. 
22 IRED0 = 0 

DC 41 X P = l r N M l  
I P M l  = I P - I  
IPPl = I P + I  
DO 40 J P = I P P l  t N  



EIGNlA--  2/ 3 ---- 
I F  ( 4 6 5 ( A ( l P , J P ) )  OLTo T H R E S H )  GO TO 40 
IRFDO = 1 

C CALCULATE ROTATION VALUES- 
DFL = A ( I F . * I P )  - A ( J P 1 J P )  
PAD = SQRT (DEL*+Z + 4o*A(IP,JP)**2) 
I F  (DFL .LT, 0 , )  RAW-RAD 
TN = ( 2 -  * A ( I P , J P ) )  / (DEL + RAD) 
CS = 1 .  / SQRT (1- + TN**2) 
SF! = Thr * cs 

J P M l  = JP-1 
J P P l  = JP+1 
I F  ( I P  .F€, 1 )  GO TO 33 

C DIAGONALILF MATRIX ( A ) -  CNLY UPPER HALF I S  USED- 

00 32 I = l r T P P I  
A l I P  = k ( l p I P ) * C S  + A ( I r J P ) * S N  
A ( I r J P 1  =-A(ItXP)*Sf'J + A(I,JP)*CS 

32 A(I,IP) = P I r P  
33 IF ( I P P 1  - € O o  J P )  GC TO 3 5  

OC 34 X = I P P l t J P M l  
AIPI = A ( I P , I ) * C S  + A( I ,JP)*SN 
A ( l r J P 1  =-A( IP, I ) *SN + ' A ( I I J P ) * C S  

34 A ( f P v 1 )  = P I P 1  
35 IF ( J P  -EC. N )  GC TO 37 

DC 36 T = J P P l r N  
A I P I  = A ( T P , I ) * C S  + A ( J P t I ) * S N  
A I J P v 1 )  = - A ( T P v I ) * S N  + A(JP,I)*CS 

36 A(IPt1) = A i P I  
3f  A I P I P  = A ( I P v I P )  

AJPJP = A(JP1JPZ 
cs2  = cs** f .  
SN2 = CN**2 
A S C  = Z-*A(IP,JP)*SN*CS 
A ( I P , I P )  = AIPIP*CSZ + P S C  + AJPJP*SNZ 
A(JP,JP) = A I P I P * S h 2  - ASC + AJPJP*CS2 
A ( I P 9 J P )  = 0 - C  

00 38 I = f r N  
V E C I I P  = VEC(ItIP)*CS + VEC(I,JP)*SN 
VE C I I t JP 1 =-VEC ( I t 19) *SN + VE C ( I JP )*CS 

C CALCULATF F IGFNVECTCKS. 

38 VEC(I~IP) = VECIIP 
40 CONTINUE 
41 CC!NTII\'VF 

I F  ( I P F D @  ,FRo 1 )  GO T@ 2 2  
C TEST T-ICTEIL'VALIIFS F@R C@NVFRG€NCE 

DO 52 I z 1 . N  
I F  ( A h S ( A ( I t 1 ) )  oLTo CTVAL) G@ TC 5 2  
I F  ( A P ~ ( ( k ( I r I ) - V A L ( I ) ) / A ( I I I I ) )  - G T o  CTVAL) GO TO 55 

52  CONTINUF 
GO T r  66 

5 5  DC 56 I = l r N  
56 V 4 L ( I )  = A ( ? r I )  

GO TO 2 0  

C PLACE OIAGOWAL FROM A INTO V A L  (FIGENVALUES). 
60 DO 61. P = l , N  



61 V A L ( 1 )  = A ( I . 1 1  
RETURN 

END 
-C 



C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FREQUEMCY P E S P O N S F  R O U T I N E  TO S C L V E  THE D I F F E R E N T I A L  E Q U A T I O N  
(-w*+z*A + rw*p + c ) * x ( H )  = O * F ( W )  FOR x t w ) ,  

M A T R I X  B P U S T  PE N O N - S I N G l f L A R o  
'JFCTGR F IS CRTAIhUC@ B Y  L I N E A R  I N T E R P C L A T I C ' N  USING TAf3WT T A B F o  
THE ANSWERS ( F t X R E A L T X I M A G T G A I N t G P I N ( D E C I @ € L S ) t P H A S E  ANGLE 1 WILL 6 E  
W R I T T E N  ON PAPER AND N T A P E  EVERY W ( O M E G A ) -  
C A L L 5  FORYA SUFROUTINES I N V l t M U L f t M U L T B I P A G E ~ D T Z Z ~ U M e o  
THE M A X I M U M  S I Z E S  ARE 

N X  = 5c 
N R T A P F  = RO 

CODED t3Y C A R L  FP'DLEY. AUGUST 19650 
L A S T  R E V I S I O N  FY J FRPJST. OCT 1973- 

S U B R C L ' T I N E  ARGUMENTS ( A L L  I N P U T )  - C A  - 
C B  
c c  - 

', c D - 
- - - 
- 

I C  TABW = 
C TABF = 
c w  - 
C 
c NX - 
C 
C NW - 
C NRTAEF = 
C 
C N C T A B F  = 
C KA - 
C KF - 
C WPK - 
C N T A P E  = 
C 

- 
- 
- 

- 
- 
- 

M A T R I X  COEF CF -W**t2- SIZE ( h X ~ i V I 0 -  *DESTRC'YED* 
M A T R I X  CCEF CF I W ,  S I Z E  (NXwNX 1 *DESTRCYED* 
M A T R I X ,  SIZE (NXTNX I -  *O€STROYED* 
M A T R I X  COEF C!F F, SIZE (NXrNRTA5F)m *D€ZTRC!YED* 
TChLF CF OMEGAS FCR FORCE I N  T A B F -  SlZE ( N R f A R F , N C T A B F ) -  
(?MEGA IC I N  R A D I A M S / S E C -  
T L F L E  OF F0RCEZ A T  OMEGA I N  TAPW- SIZ€  ( N R T A B F T N C T A B F ) -  
V F C T C R  @F F O E Q U E N C I E S  AT WHICH EQWATI011 IS S O L V E D -  SIIEtNH), 
@MEGA IS IN R A D I A N S / S E C o  
ZIZ€ OF M A T R I C E S  AIB.CTWRK~;SQUARE), NUMeER OF ROWS I N  Do 
MAX=5CI.  
S l l F  PF V E C T n R  W -  
MUMFER OF ROWS I N  T A E W t T A E F o  NUMBER OF COCS I N  D- 
M C X  =GO. 
W U M B E R  CF C O L S  1M T A E W I T A E F ~  
FOW C'IMENSIC'N OF A T R T C T D T W P K  I N  C A L L I N G  PROGRAM- 
ROW DIMERSIC'N O F  T P B W t T A P F  I N  C A L L I N G  PROGRAM, 
WPQKSPACF R A T R I X -  S I Z F  ( N X t N X )  
NUMFEP OF TAPE OM WHICH ANSW€P!S WILL BE WRITTEN, ( E . 6 -  4) 

C 
C 
C 
C 
t 
C 
C 
C 
C . -  

rti E 
w 
F 

X R  
X I  
GN 
GNDB 
P H A S  

OUTPUT D A T A  (TC bE W R I T T E N  ON PAPER AND NTAPE AT E A C H  OMEGA) 1 s  
= PYE-C-A- SCALAR, RADIANS/SEC. 
= FCISCF D P f A I N € D  B Y  L I l v E A R  I N T E R F @ L A T I O N  ON T A B F -  

S T Z F ( N R T A R F  )o 
= X(FEAl-1.  S I2 F (PIX 1 
= X ( I P A G ) -  S I Z € ( N X ) .  
= GAi L S Q P T ( X R * * 2 + X I * * Z ) ) ,  S I Z F ( N I 0 -  

G A I b J ( D E C I R E L S 1 -  S I Z F ( N X I .  
= PBASE ANGLE ( C f G R t E S ) ,  S I Z E t N X ) .  



A = A  

A=F I 
c=exc 
D=blD 

B = P I  
A=A 
A = B I A  

N€KROR=S 



IF ( I T  o F 6 J -  2 )  G@ 10 399 
GO TO 125 



X P = X R L  A L  
X I =X I MAG 



GN(I1 = S C P T I X k ( I l * * 2  + XI(I)+*2) 
GNDB(1)  = 0-0 
I F  ( G N ( I )  -GT- 0 - 0 )  G N D B ( 1 1 = 2 0 o 0 * A L C G l O ( G ~ ( ~ ) )  
PHAStII = 0.0 

180 I F  ( x x w  .NE, 0.0 ,OR, XR(I I  ,NE. 0 - 0 )  PHAS(I)= 
1 !57.29578*ATANZ ( X I  ( I )  ,XR ( 1) 1 

C 
C PRINT ANSWER5 ON PAPER, M A D  A NEW PAGE EACH UMEGA- 

CALL PAGEHD 
FRFQ= W t L  )/6.283185 
W R I T E  (MC'T9201C1 W(L),  FRFC 
W R I  TE 
WPTTE tNOT,2020) (F ( I  ) , I=I ,NRTAEF) 
N X S  = 1 
NXE = NX 
NFLN = (NRTABF-11/5 + 1 
IF t t N X E  + NFLN) .GT. (MLPP-19)) NXF=(NLPP-l9)-NFLN 

I F  (NX .FC. N X E )  GO TO 200 
NXS = N X E  + I 
N X E  = NX 
IF ( ( h ' X € - N X S !  ,G?, (NLPP- 9)) NXE=NXS+(NLPP- 9) 
CALL PAGEhE 
GO TO l a0  

( YCT, 20 15  1 DI AGER 9 ID1 AG 9 IDIAG 9 XOFF 9 ?OFF 9 JOF F 

196 biK I T €  ( NCT,2010 1 ( I .XR(  I1 ,X I ( I )  rGN ( I) rGNDE( I )  *PHAS( I) , I=NXS ,NXE 1 

C 
*,C W R I T E  ANYWFRS EN NTAPF FOR SUBSEQUENT US€ (SUCH AS 

FPEQUFNCY F€SPf%SE ADDITIONAL EQUATIONS OR P L n l j -  I 200 WRITE (NTAP€) # ( L ) , ( F ( J ) , J = l , N R T A e F )  
W R I T E  (NTAPE 1 XR ( I  1, X I  l I ) ,GN ( I  1 ,GNDb ( I  1 rPHAS (1) 9 I=l,NX 1 

C 
500 CCNTINUE 

RETURN 
C 

999 CALL ZZECME (6HFR1 9 N E R R O R )  
. E N D  



F R A E I  -- I /  2 -------- 
S U B R O U T I N E  FRAEI  ( A , S f A I Z I D E N T , N Z ~ N X , N W t K A ~ N ~ T A P E ~ N Z T A ~ €  I 
D I M E N S I O N  

D A T A  N I T , N C T / S r 6 /  
D A T A  N L P P  / 60 / 

P ( K A t l )  t S T A  ( ~ ) , X R ( ~ ~ I P X I  (50)1ZR(8O)rff(801 sGN(BO1 T 

GND@ ( 80 I t  Ph AS ( 6 0  1 rZ I D E N T t  12 ) * 

C 
C FREQUENCY RE SPCNSE A D D I T I C N A L  EQG'ATIUNS R O U T I N E -  
C S@LVE THE COMPLFX Y A T R I X  E Q U A T I O N  Z I W )  = A * X ( W ) -  
C W=OMECAp X ( W ) = ( X R € A L , X I M A G )  I S  CBTAINEC) FR@N N X T A P E  ( O U T P U T  OF 
C FREQUENLY RESPONSF S U 6 P O U T I N F )  
C THE ANSWERS ( W ~ Z R E A L ~ Z l M A G ~ G A I Y , G A ~ N ~ D € C I B € L S ) r P H A S E  A N G L E )  WILL @ E  
C WRITTEN CN PAP€R ANG NZTAPF €VERY W=OMEGA OF F R E Q  R E S P  SUBRT- 
C C A L L 5  FOFFIA SUBPC'UTINES PAGEH0,ZZEOMBe 
C ThE MAXIMUb? SIZES ARE 
C NZ = eo 
C NX = 5 C  
C CODED B Y  R L  WCHLEN, AUGUST 1965-  
C 
C SUEROlJT I N E  ARGUM€NTS (ALL I N P U T )  
C A  = M A T R I X  CC'EF OF X(W1. F I Z € ( N Z ~ N X ?  
C STn = VECTOR 13F S T A T I O N S .  S I Z E ( N Z ) ,  ( A 6  FORMAT) ,  
C Z I D E N T  = H F A D I N G  F@R 2 I N  OUTPUT D A T A -  (UP TO 12A6 FCRMAT) ,  
C NZ = NUMFFP CF FfWS OF M A T R I X  A i  MAX=8@m 
C N X  = NCIMEFR CF CCLS CC M A T P I X  A ,  MAX=5C. 
C NW = P U M P E R  O F  CMEGAS TO L F  READ FRC'M NXTAPE- 
C KA = ROW D I M E N S I Q N  O F  A I N  C A L L I N G  PROGRAM, 

NXTAPE = NUWPER CF TAP€ FROM WHICH WIX WILL RE PFAP. ( E - G -  3 ) -  
C N Z f A P E  = NUMEFP C?F T A P €  ON WHICH W ~ Z R ~ Z I , G f ' f ~ G N D B ~ P H A S  
C WZLL RE W P I T T E N  (EG 4). IF N Z T A P E = O  GYPASS W R I T I N G  ON N Z T A P t  
C 
C THE OUTPIJT P:LTA ( T C  BE WPITTFN ON PAPER AND N Z T A P E  EACH OMEGA) IS 
c w  = C'MFGP, SCALAR. R A D I A N S f S E C e  
c ZR =  REAL). S I Z F f N Z  1- 
c 2 1  = Z ( I M A G ) .  S I Z F ( N Z 1 -  
C GN = G A I R  (SQRT(ZR**2+ZI**2) 1. S I Z F ( N 2  1 
C GhlDb G A I N ( D E C ? f i E L S ) ,  S I Z E ( N Z  t .  
C PHAS = PHASF ANGLE ( D E G R € F S ) -  C I Z  E ( NZ 1 
C 

2010 FORMAT ( /1! ixt  12A69 //1oxw 7HFFEQ F 1 0 - 4 ~ 8 H  R P S T  = F16.414h C P S )  
2030 F@RMA? ( / / ~ ~ X T ~ H R O W , ~ X ~ ? H S T ~ T I O N T ~ X T ~ ~ ~  (PEAL) I I ~ X I ~ H Z ( I M A G ) ~  * ? 2Xt9t"AMP R A T I O 9 9 X q  1 4 H A M P  RAT I[! (DB I 9 6 X  9 1  1 E P H A S E  ( D L G I  9 

* / / (  l o x  9 13 ~ 4 x 1  A ~ , ~ E ~ C - ~ , ~ X T F  11.6 1 
C 

P i  E I: R UP = 1 
I F  ( Y X  - G T .  50 ,DR. NZ oGT*  €0) GO TC 499 
R E W I N D  N)cfbP€ 
IF (NZTAPF .GT- 01 R E W I N D  NZTAPE 

C 
D@ 100 I O M F G A  = 1,NW 
R E A D  (NXTApE 1 W 
R E A D  ( N X T b P F )  ~ X R ( I ) ~ X I ( I ) ~ D U M T D U M ~ O U M ~  I = l r N X )  
DC 10 T = ~ T N Z  
t R ( I )  = 0.Q 

DO 10 J=l, iUX 
z r ( r i  = 0.0 





I N  

SUBROUTlNF IN ( N T A P E T Z T ~ )  
DIMEh'SIOP Z ( 1 )  

'C 
C R E A 0  DATA FRC" NTAPE INTO CORE SPACE 2 0  
c CODED f3V RL WOHLEN, MARCH 1976, 
C 
C S!JB R@UT T N € ARGUMENTS 
C NTAPE = INPUT 
C t  = OUTPUT 
C N  = INPUT 
C 

RE.4P (MTAPE)  
P F TURN 
END 

NUMBER O f  TAPE. (EG 101. 
DATA REAP FROM TAPE, 
NUMBER OF WORDS OF DATA TO f!E R E A D  FROM NTAPEo 



SURRC!I!TXNE INTAPF ( ~ T A P € T T A P E I D )  
CPMMON /LLTNE/ NLINEIMAXLINIMINI 
DATA I Z ~ ~ R U F T F ~ T / ~ ~ O *  93HEUT/ 
DATA N I T  9NOT/5 r 6 /  

C 
C I N I T I A L I Z F  TAPF FOR SUBROUTlNF WTAPE. 
C CALLS F09MA SIJPRC’UTlNE PAGEHD. 
t CODED P Y  K f  HRUDA. JULY 1968- 
C LAST REVISION BY RL WOHLEN- APRIL 1976- 
C 
C SUEROlJ’l IN€ ARGllMENTS (ALL INPUT) 
C NTAPE NUMBER CF TAPF- ( E m G I  10). 
C TAPEID = TAPE IDENTIF ICATION*  ( E o G m  TI23410 ( A 6  FORMAT), 
C 

2001 FORMAT ( / / I /  14H LOGICAL U N l T  129 7h9 TAPE A 6 9  

* 2 3 H ~  HAS B E E N  I N I T I A L I Z F D -  1 
2050 FORMAT (1  X X  1 2 3 ( 1 h - )  1 

C 
REWIND NTAPE 

ENDFILF NTAPE 
REWIND NTAPE 

W R I T E  (NTAPE) T A P E ~ D ~ I Z L ~ E O T I ~ B U F . ~ = ~ ~ ~ ~ ~  

I F  (MINI -NF. 4 b , M i M I )  GO TC’ 800 
I F  (NLIYF -LFo 5 .[?Fa NLlNE oGE. MAXLlN) GO YO 8GO 
I F  ( ( N L I N € + 2 + 5  1 o G T o  MAXLINl  GO TT! 800 
WPITE ( N t l l r Z 0 5 0 )  
N I I N F  = NLlNF + 2 
GO TO 810 

800 CALL P A G E b U  
810  WRITE ( N r 7 ~ 2 0 0 I )  NfAPE1TAPEID 

NCINE = rwrm + 5 
C 

R F 7 J R N  
END 

/ 

I 



SU@RCUT I V F  I N V I  ( A  T Z  rN TKR)  
DIMFNSI3N A ( l ) t  Z t l )  
COMMON / L r ( P K V l /  G ( 2 ' i O ) t  DETR(250)  
CCYMOR / L W P K V Z /  I X ( 2 5 0 ) ,  Lif250) 
CCYVON / L L I N F /  N l i N E t M A X L I N t M I M I  
DATA NIT,  NET15 9 6 /  

C 
C MATRIX 1"JVFRSIC'N I A * * - l  = 2 ) -  RCROERJNG MFTHUD- 
C THF ; IFTEPMTNA~vT FATIO D E l ( I + l )  / D E T ( I )  IS PRINTED- DET(I) I S  T H t  
C DE'IFRM1NA";T CF THE -1R'T I B Y  1 CUB-MATPIX DF A, 
C THE INVERLICP' L H € C I (  2*A IS CALCULATED AND PRINTFD,  
C P A T R I C F S  A , Z  MAY SHAPE SAME COPE LOCA'I IONS- ( Z * A  CHECK I S  I N V A L I D )  
C CALLS FCDMA SUEROUTXNLS PAGEHOTZZBOMR- 
c THE MAXJMUM C I Z F  IS 
C N = 250 
C DEVELOPED E Y  BCE DILLCY. F€t.RUARY lq65- 
C LAST RFVISION BY RL WOHLEN. MAECP 1976, 
C 
C SUEROUTTN F ARCUMF NTS 

A = I N P U T  MATRIX T O  e.€ I N V E R T E D ,  C I Z E ~ N , N L  
C Z = @UTPUT PfSULT ' .ATPIX. S I Z F ( N T N ) -  
C N = INPIJT SIZF C'F MATRICES A T Z .  MAX=250m 
C KR = INPUT REW D I M E N S I G N  OF A t 2  If" ' A L L I N G  PROGRAM- 
C 
C N€Fa .@R F Y P l  ANATION 
C 1 = S I Z F  GHEATFI: TbAN 250. 

1 f = M A T H l X  J S  SIWGULAR, 
C 

2 = F I R S T  C D l W W  IS ZERC. 

2000 FORMA1 !/.' ~ C X ~ ~ O ( ~ X ~ ~ H ~ , I ~ T ~ H ) ) I  
2001 FORMAT ( / /  1 0 X  ,45HSIIRRClITINE I W l  HAS CALCULATFD Thk D A I A  EELC'W 

* / / / l b X ~ 4 4 K T P E  DFTE3MIMANT R A T I O S  D € T f I + l )  / DE1(3) A R E  
* // ( 1 3 X ~ l O F i l . 3 ) )  

2002 FC!RMAT 4///10Y,37HTHF ( A * * - l ) * ( A )  I N V F R S I M J  CHECK G I V E S  * /P/10Xr25HTHI D I A G P V A L  FLEMFNTS AR€ tr! ( 1 3 X ~ l O F 1 1 - 6 ) )  
2003 FORMAT ( I /  10XT35HTHF M A X I M U M  OFF-DIACONAL ELEHEPIT IS * € 1 1 - 3 ,  2 x 1  4HAT ( 13, I H T  I39 ZH) 1 
2050 FORMAT ( /  I X  1 2 3 ( 1 H - )  1 

C 
NE RR&'R= 1 

I F  (N  . G T .  2 5 0 )  GO TO 9'39 
C 

DC' 163 1=27N 
160 I X ( 1 )  = 1 

C I N V € R T  F I P S T  RL'N-ZtPO tLE-MENT TY F I R S T  COLUMN, 
no 190 I=T,N 
I F  ! ~ ! 1 )  -NE* 0.1 GO 10 220 

190 C'cNTlVUE 
NE R R  OR =2 

GO T@ 994 
C 
" S T A R T  INVFSSJDN WITH ROW I o  

,I 220 DF'P411 = A t 1 1  
2 : I f  = 1 .  1 A t 1 1  
I F  ( N  . F Q o  1 )  RETURN 



I N V I  -- 21 3 

IVF RR OR =3 



XCFF = 0 , O  
DC 7 2 0  T=?,N 

x = 0.0 
K J A  = K P  * (J-11 
DC' 703 K=l,K 
I K  = I + K K * I K - 1 )  
K J  = K + K J A  

703 X = X + Z(IK.1 * A ( K J 1  

DC 710 J=P.K 

I F  (I *NE. J)  0 TC 705 
G(T) = x 
GO TO 710 

XCFF = X 
I O F F  = I 
JCIFF = J 

710 C@P.'TINU€ 
720  CONTINUE 

705 I F  ( A R S ( X )  ,LT- ARS(X(?FF) 1 ->E TO 710 

C 
C PRINT THE DETERMINANT R A T I G  AN3 INVERSION CHECK- 

NPL = N / l O  
I F  ( f N P L * l C )  ,NF, N )  NPL = NPl+I 
NNL = 2*NPL + 2 1  
IF t M r r v 1  ,NE, wFiiw) GC TO 800 
IF (KLINE .LE, 5 .CP- RLINF .GL M A X L I N J  GO TO aoo 
IF ( (YLTNF+2+NNL) oGTo MAXLIh)  GO TCI 800 
WRYTF (NOT,205@) 
4 1 . I N F  = NLINE + 2 
Gi: TO 8iO 

800 C A L L  PPC-EHD 
810 WRITF (FJC'T,2000) ( J C ,  J C = l t I O f  

WPTTE (PJOT,2001) (DETR(1) 9 I=I,N3 
W P I I E  (NCT,20@2)  4 G ( I ) ,  I - l r N I  
W R I T F  (NDTvZOO3) XOFFIY.OFF~JOFF 
NLINE = WINE + N r a  
RETURN 

C 
999 CALL Z Z E O r .  ( W I N V 1  I N E R R O ~ )  

END 



I N V 2  -- 1/ 4 --------- 

C 
C M A T R I Y  INVFPCION ( A * * - l  = 21. RANK A N N I H I L A T I O N  METHOD, 
C A L G O R I T H M  F P R M U L A T F D  F Y  Crq,L ECOLEY,  
C THE INVERSICP:  CWFFCK 2*A I S  C A L C U L A T E D  AND P R I N T E D ,  
C INNER PQ9DL'C.T SUMS APE PERFORMEC I N  D O U B L E  PRECISIl3N. 
C C A L L S  FCRMA 5LfRRC'LJTINES PAGEHD rZZBORE e 
C THE MAXIMUPI  SlZE 1 5  
C N = 250 
C D E V E L O P E D  B Y  C A R L  6 C D L E Y -  JANUARY 1967, 
C L A S T  RFVISI@N PY RC WOhLEN, MARCH 1970, 
C 
C SUEROUT I N €  ARGUMENTS 
C A = I N P U T  M A T P I X  T O  P E  I N V E R T E D .  SIZE(N,Nf- 
C 2 = CUTPUT R F 5 U L T  K A T R I X ,  S I Z F ( N p N ) -  
C N = INPL'T C T Z E  CF MP.lF!ICES A . L .  M A X = 2 5 0 *  
C KR = INPUT RDM D I M E N S I O N  OF A V Z  IN C A L L I N G  PRCGRAM, 
C 
c r \€RPCq E X F L A N A T  TCN 

li 
C 3 = M A T R I X  I5 S I N G U L A R ,  
C 

1 = S I Z E  GPECTFP T F A N  250. 
2 = M A T P I X  1 5  SIYVGLlLAR. SXZE = 1, 

2000 FOPMAT ( I /  1 0 X ~ 1 0 ( ? X , l ~ ( r 1 2 ~ 1 H ) ) )  
2001 FCIRMAT ( / /  l @ Y ~ 4 5 P C 0 6 R C l l T ~ N F  I N V 2  P A S  C A L C U L A T E D  ?).E D A T A  EELRW 1 
2002 FORMAT ( / / / l @ X r 3 7 H T h E  ( A * * - i ) * ( A I  I N V F R S I P N  CHECK G I V E S  

* / / / l C X , 2 5 H T H €  G I A G C N A L  F L E M f N T S  PPE /./ ( 1 3 X , l O F 1 1 - 8 1 )  
2003 FORMAT ( I /  1@X,35HTt iE  M A X I M U M  O F F - D I A G O N A L  ELFMENT IS  

* F1103+ 2 x 1  *AT ( 13. lk', 13. 1H) 1 
2050 FORVAT ( /  1 X  123(1H-) 1 

C 
N E R P @ R = 1 

NE RRC!R=2 
I F  (N ,GT, ?50) GC TC 999 

I F  ( N  , E Q *  1 -AN@, A ( l V 1 )  -EQ. 0-0) GO T' 999 
I F  (N - E Q -  1 .AND- A ( I r 1 )  O N E .  0-0) GO TO 96 

C 
C G € N E P A T €  T ' V I T X A L  RCW I N '  I C E S ,  

YT = 1 
GC TO 4c! 

41 I T  = 2 
90 DO 5 I = l , N  

I R F ( 1 )  = I 
5 I V ( I 1  = I 

C O N D I T I P P  A FCR M A X I M U M  D I A G O N A L  E-LEMFNTS, 
N M 1  = N - 1 
PO 6 L = l r N M l  



I N V 2  -- 2/ 4 

NE R R O R - 3  



XNV2 -- 3/ 4 



INV2 -- 4f 4 ------------ 

* 



I N V 3  -- I f  2 

SUPRCtJTINF I N V 2  ( A r L  v N v K R  1 
D I M € N S I @ N  A(KRv1)p Z(KRv1)v W l ( 2 5 0 )  
CUMMC'N /LWPKVl/ W ? ( 2 5 0 ) v  DFTR ( 2 5 0 )  
CUr?MOY /LLXMF/ NLIFSFIMAXL INvNZNI  
DOUBLE 
D b T P  Z F R O  /o*c/ 
0 A TA 

PR EC 1 SI CN DM 10 S v ZERO 

F I T 9 MC'T/5 * 6/ 
i 
C M A T R I X  INVERCIVN ( A * * - l  = 2). METHOD U S F S  TRIANGULAR DECOMPOSITION 
C AND TRIAQGULCR I N V F R S I C N .  M A T R I X  A SHOULD I?F SYHMFTRIC. P C S I T I V F  
C D E F I N I T E I  LIPPFR HALF DF M A T R I X  A IS USFD TO CALCULATE 2, FULL 

C THF DETFRMINANT P A T I O  D € T ( I + l )  / D F T f Y )  IS PRINTFD. D E T ( I 1  IS THt 
C DFTERKINAkT f'F THF F I R S T  I B Y  I SUE-HATFIX flF A. 
C THE I N V F P S I P N  CHFCK I + k  15 CbLCUCATFO ANT, PRINTFD. 
C MATRICES A 1 2  MAY S P A R E  SAME C@RE LOCATIONS.  ( Z * A  CHFCK IS I N V A L I D ) ,  
C INNER PQPDCICT SUKS &QE PERFORMED IN D@UFLE PRECISION, 
C CALL5 FCRMA 5UBSOUTINES DCOClv INV4*PAGEHD~ZZRCMR- 
C THE M A X I M U P I  5 I Z F  1 s  
c N = 750 
C DFVELC'PFn C A R L  P@DLEY. MAhCH lS69m 
C LAST R F V I C  J N  6Y Q L  WOHLEN, M A R C H  1 9 7 6 ,  
f 
C SUF\RCIJT'_ NE ARGUMENTS 
C A = INPL'T MATRIX ?P FE IN\'EPTECIa SIZE(N,N)- 

C M A T R I C E S  A v Z  C 9 E  LSED F@R XNVEPSION CH€CK-  

- C  2 = CUVPt'T 915UL1 MATRIX, S lZF(N,N) .  
N = INP"- C I Z E  PF MATRlCES A v Z m  MAX=250. 

IC KR = I N P U T  RGW D I M E N S I O N  OF A 9 2  IN CALLING WQSRAM- 
C 
C NFRRCT FXPLANATIDN 
C 1 = SIZF GREATER TtiAN 250- 
C 

2000 FUPMAT 1 c ~ X , f 0 ( 7 X , l H ( r I 2 t P H ) )  
2001 F O R M A i  ( / /  l G X ~ ~ 5 H S U G R O U T I N E  INV3 H A S  CALCULbTED THE GATA BfLPk' * ///10Yv44PTHE DETERi4INANT RClTTOS D E T ( I + 1 )  / D E T ( 1 )  ARE * / /  ( 1 3 X , l O E 1 1 . 3 ) 1  
2002 FORffAT (///lCX937HTHE t A * * - 1  ) * ( A )  INVFRSXCf" CHECK G I V E S  

* ///10X,?5HTYE DIAG@NAL ELEMEWTS ARE J /  (13X11GF11.8))  
2003 FCFMAT ( / I  lCXv35HTHE MAXIMUM CFF-DTAGONAL EL€M€NT I S  

* F l l r ? r  2 x 9  + ! A T  f 13, 1H9 13, 1H) I 
2056 FCRMAT ( /  1X 1 2 3 ( 1 H - l  I 

C 
NERROR=l 

I F  ( lv ,GT, 25Ci GO TC! 999 
C 

CALL DCf'MEFt ( A t Z v N r K R  1 
DC 5 r = i , N  

5 DfTC(I) = Z ( l v $ ) * z ( I ~ l )  
CALL I N V 4 0 M  (2.Z v N , - K R  1 
00 40 L = 1 , N  
O n  2 0  T=L,hr 

20 WI(I1 = Z ( L , I )  
DC 3 5  I = 1 9 N  
os = Z E V f  
DO 30 K = I  ,PJ 



DM = Z ( I , K ) * W l ( K )  
30 D S  = DS + DM 
35 w z m  = I),C 

3C 40 K = l r N  
40 Z ( K T I . )  = W2(K1 

C 
C CALCULATE INV!-PSI@N CHtCK Z * A -  

XGFF = C - 0  
00 1 2 0  I z 1 . N  
00 I10 J = 1 * N  

CO 105 Kz1.N 
D M  = Z(IpK)*A(KtJ) 

OS = Z E R O  

105 O S  = DS + DM 
X = DC 
I F  ( 1  ,NE. J )  GO TC 1 0 8  
WI(I1 = x 
GC TD 1 1 0  

XCFF = x 
I O F F  = I 
JC'F = J 

110 CCNTINUF 
120 CCNTINUE 

108 I F  ( P . F S ( X )  ,LT, ABS(XC!FF!) GO TC 110 

C 
.C PRINT THE DETEENIMANT R A T I O S  AND I N V E R 5 I C U  CHECK- 

N P t  = N/10 
I F  ( (NPL* lC , )  .WE, N )  NPL = NPL+1 
NNL = 2*NPL + 21 
I F  ( M I N I  ,N€. 4WMINX) GC! TO 800 
I F  ( R L I N F  . L E .  5 .OR. NLINE ,GE. MAXLlNl  GO TO 800 

i 
I 

I F  ( (YLJNF+2+NNL) * G T *  MAXLIN) GO TO 800 
WFITE (NOT.2050)  
NLZNE = K L I N E  + 2 
GO TO 8 1 0  

800 C A L L  PALEhC 
81@ W R I T E  thbOT,200C 1 ( J C T  J C = l r l O )  

W O I T F  (NPT92001) ( D E T R ( I ) r  ' i = l ,N )  
W F I T E  (W?TT2002)  ( W I  ( I ! ,  ? r ? , N )  

N C I N F  = NLINE + NFJL 
RETURN 

W R I T F  INC'T, 0 0 3 )  X O F F , I l ~ ' ~ e J O F F  

C 
999 C A L L  ZZFPMF lbEINV3 7NERRDQ) 

END * 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

k 

C 

C 

SUBROUTINE INV4  ( A T Z ~ N T K R I  
OIMENS ICN A IkP. 9 1  I T  24 KR 91 I 
DCURLE PR€CISTCN D M t D S  
DATA € P S I 1  -F-35/ 

M A T R I X  IG'VFRPCICW ( A * * - l  = 2)- WAThIX A IS ASSUMED TU eE 
UPPES TRIANGULPR 

INNER PPnDUCT SUPS AFE PERFORMED I N  DOUBLE PRECISIONI 
CbLLS FCRMA SUEFCUTINE ZZPOME. 

LAST REVISICN EY 9L WOHLEN- MARCH 1976. 

H+,TRICFS A I 2  MAY 5HARF SAME CC'PE LOCATIONS- 

CODED P Y  P L  WCWLFN- J A N U A R Y  1971- 

SUERCUT I r\r E AG CUM E NT 5 
A = TNPUT M A T Q T X  T O  FE I N V E R T E D -  C I Z € ( N T N ) -  
2 = OUTPUT KFSULT M A T R I X -  S ! Z E ( N , N ) .  
N = INPUT SIZF OF MATRICES A v Z -  
KR = INPUT ROW C l M E N S I f f N  CF A 9 Z  I N  CALLING PROGRAM- 

N ERR CR EX P LAN A T I Gh' 
1 = A @XAGCNAC ELEMENT IS LESS THAN 1-F-350 

NERROR = 1 

999 C A L L  ZZPOMF IOH11VV4 , N E R R O K )  
END 



LTAPE -- 1/ 2 

SUPRCUTXNE LTAFE (NTAPE 1 
DATA N IT,NL'T/5 96/  

'C 
c L I S T  F(FA91AGS OF MATRICFC ON TAP€- 
C CALLS FORMA ZIJRROUTINE PASEHD- 
C CODED RY R F  H9UC16, JULY 196f . .  R E V I C E D  NUVEMEER 197C. 
C REVISED E Y  R A P H I L I P P I I S -  A F R I L  1969- 
C 
C SUBRQUTINE ARGUMENTS (ALL INPUT)  
C NTAPF = NUMbER OF TAPE- (EoG- 1010 
C 

ZCjOl FORMA? (//36X35HLXSTIPdG OF M A T R I C E S  ON LC'GICAL U N I T I 3 . 7 t 4 9  T A P €  A61 
2002 FORMAT ( / / 3QX35PLIST ING OF M A T R I C E S  PN L@GICAL UNIT1397H1 TAPE Ab, * Irk' (C'lNTTNUEDI) 

1: 
* 27X 3h---3XdH----- LXbH----- 4X5H----- 
* 4X5H---- 3 X  6H---- 5X3H---3 X9H------- / I  

2003 FORMAT ( 2 7 x 6 9  ~lh-)/27X3hN[?,3X?HRUN NO~4X4).P6AME5,X5HNROWS'-X5H~lCOLS4X 
4 H D  AT Fh X 3  hWZ 3 X  9H P A RT IT I ON / 

2004 FCRhAT ? Z  SXI5r3XA694XAt 9 3 x 1  5 ~ 4 X I 5 , 4 X A 6 ?  3x15 9 3 X  I49 IH/I4) 
2005 FORMAT (/27X12HEND CF 5IST-I 

C 
REWIND NTAYF 
READ (YTAPE) TAPEID 
REWIND NTAPE 
L = C  

C 
12 C.PLL PAGFFTI 

I c ( L  . E C -  0 )  WRITF ( N V T 9 2 0 G l )  NTAPFtTAPEID 
I F ( L  * Y E .  CJ! WPITE- (NOTt2002)  NTAP€*TAPEID 
b!RTTE ( N C T t 2 0 0 3 1  
N L I N E = l  

13 L = L + l  
R € A @  (NTA PF 1 TAPF 1[1 ,LN I EOTCK 9 IRUNNO, AN AM€, NR WNC 9 DA? E 9 I T Y P E  9 N N Z  

$: NP rNPT 
I F  ( L  .FQ, 11 I C H K  = I'?UNND 
I F  ( I C H K  .FC- IRUNNO) G @  TI? 1 5  
N L X N  E =N L I NE * 1 

I C H K  = TP('NVNO 

R E A P  ( V T A P F )  
IF ( I 1 Y P E  -EC. 6 H D E N S E  ) WkITt (NCT.2004) 

WR I T E  ( MOT 9 7004 1 

15  I F  ( I E O T C K  .FQ, 3HECIT) GO TO 3 G  

* LN 9 I PUNNO 7 AN AM E NR ,NC 9 DATF 
I F  ( I T k ' P F  o F R .  6hDFNSE 1 GO TO 20 
I F  ( I T Y F E  .€6,. GHSPPRSF) WRITF f N C 7 , 2 @ 0 4 )  

I F  (XTYPE .FQ. 6 P S P A R S F )  GO TU 2 0  
* LN 9 I KIjNNO, AN AM € VMR 9NC ,DATE ,NNZ 

I F  ILTYPF - E U e  6t-1SpA17T ) W H J T F  (NOT,3004)  
* LN 9 I RUNNU. AN PF! F 9N'' VNC DATE ,NN 2 NP NP T 

I F  ( ] T Y P E  *FQ.  6hSFART 1 GC TP 2, 
WF( I T F  

IF(NLXNF.G7,43)  GP TO 1 2  
GO TO 13 

I NI?T,2OW) LP!?'rI RUNNOT AN AM€ r N R  rFEtr  If YkF 
2 0  NLINF=NLINF+I  

C 



LTAPE -- 2/ 2 ----------- 
30 W R I T €  ( N O T ~ Z O Q A )  LNvIECTCK 

W R I T E  (NCT12005)  
REWIND N l A P E  
R E TURN 
E N D  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CALCULATE M A S S  M A T P I X  FOR A BEAK. ASSUMES L I l v i A R  V E L O C I T Y  FUNCTI~JN 
BFTW€EN CC'NSFCUTIVF PANFL POINTS 
TRANSLATTC'N AT EACH PANEL POINT APE THE GENERALIZED CRURDINATES. 
INPUT IC PISTk IRUTFD HASSI D l ' T R I k U T E D  GGTAKY I N E ~ T I A I  CONCENTRATED 
ITEMS, TPF DISTRlBUTED DATA MAY NOT EXCFED THF PANEL POlNT L I M I T S .  
THE ATTACH P!?INT FPF CONCENTRATED ITEFIS MAY NOT EXCEED THE PAN€L 
PGINT L I M I T S *  OPTION TC CMIT DbTA P Y  N @ M I N O I *  OR NC EQUAL Z E R O .  
CALLS FC'RMP SUFRDUTINES PAGEHDpZZROMB- 
CODED F Y  L L  WC'HLFN. DECEMBER 1965 .  
LAST R E V I S I O N  RY P L  WChLEN. MARCH 1976, 

S U B R C U T T ~ . E  ARGLMENTS 
c PP 
C DMASS 
C 
C 
C 
C 
C 
c DPIN 

I. 
t CONC 
C 
C 
C 
C 

= IMPUT VFCTCJR OF Y A W L  Pcrws. SIZEWPP), 
= I N F l U  M A T F T X  PF DISTRlPUTFD M \ S S  STRAIGHT L I N E  

CFGMENT 3 A ' A  S I Z F ( N D M 9 4 ) o  
CC'L 1 = X AT SfGt-lEVV EVD 1. 
CDL 2 = X AT SEGMFNT END 2 -  

CUL 4 = M A S S  A T  SEGHFNT END 2, 
CUL 3 = K a s s  AI SEGMFNT END I .  

= I N P U T  M A T P I X  OF DISTRIBUTED POTATY I N E R T I k  S T R 4 I G H T  L INE 
SEGMFNT DATA. S I Z E ( N D l q 4 ) .  
CllL'JMNS ARI- l C I M I  L A R  TO DMASZ . 
CUL 1 = ATTACH STATTUN. 

= I N F U T  M A T R I X  "F CONCENTPATFD I T E M  DATA- SIZE(NCv4). 

CCL 2 = M A S S  r ' F  ITEM. 
cnL 3 = CENTW OF GRAVITY OF ITEM. 
LUL 4 = M@MFNT @F INERT214 APCIUT CG OF I T E M .  



M A S S 1  -- 2 1  4 

2050 FORMAT (1  1 X  123(1)1-)  ) ! 
'C CHECK 'THAT PANEL P O I N T S  A R €  Y h I  I N C R E A S I N G  ORDER. 

IF ( N P P  ,LTo 2 )  GC! TO 999 
N E k R O R  = 1 

NERROI; = 2 





c 



C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

li 

SUBROUTINE MA SS2 (P P t  DM ASS t OR IN t CONC t CONVRT 92 t NPP t NOM t ND I t NC 9 NZ t 

DIMENSION PP( 1 1 9  DMAS S(  KDM, 1) DRlN ( K D I  9 1  1, CQNCt KC t 1) 9 2 (KZt 1 )  s 

f KDM tKDS ,KC t K 2  1 

t F ( 7 ) t  F ( I 0 )  
COMMON /LLINE/  NLINEtMAXLINtMINI  
bATA NITrNOT/St6 /  

CALCULATE MASS MATPIX FOR A B€AH- ASSUMES CUBIC VELOCITY FUNCTION 
BETWEFN CONSECUTIVF PANFL PCIMTS - 
LATERAL TRANSLATION AND ROTATION AT EACH PANEL POINT ARE THE 
GENFRALILFD COURDINATFS. TRANSLATION CIXJRDINATES ARE GROUPFD F I R S T  
SIGN CONVENTION IS ROTATION = -DfLAT€RAL D I S P ) / D ( A X I A L  COORDINATE), 
INPUT IS DISTRIPUTFD M A S S 9  DISTRIE!UTED ROTARY INERTIA, CONCENTRATED 
ITEMS-  THE DISTRIPUTEO DATA MAY NOT EXCFEO THE PANEL POINT L I M I T S ,  
THE AT'TACH POINT FOR CONCENTRATED ITEMS MAY NUT FXCEEO TH€ PANEL 
POINT LIMITS- CPT?r)N OMIT DATA BY NDMtNDI. OR NC €QUAL ZERO- 
CALLS FORMA SUBRGUTINES PAGEHOgZZeOMB- 
CODED BY RL WOHLENI DECEMBER 19650 
LAST R E V I S I O N  BY R L  WOHLEN. MARCH 1976- 

SUBROUTIN € ARGUMENTS 
PP = INPUT 
DHASS = INPUT 

DRIN = INPUT 

CONC = INPUT 

CONVRT = INPUT 

2 = @UfPIIT 
NPP = INPUT 
NOM = INPUT 
NO1 = INPUT 
NC = INPUT 
NZ = OUTPUT 
KDM = INPUT 
KO I = INPUT 
KC = INPUT 
KZ = INPUT 

VFCTOR O F  PANEL POINTS- SIZt (NPP),  
MATRIX O F  DISTRIBUTED MASS STRAIGHT L I N E  
SEGMENT DATA- SIZE(NDM&)- 
COL 1 = X AT SEGMENT END 10 
C@L 2 = X AT SEGMENT END 2-  
COL 3 = MASS AT SEGMENT END 1 -  
COL 4 = MASS AT SEGMEr.7 FND 2- 
MATRIX O F  D I  STPIBUTFD PQTARY INERTIA STRAIGHT L INE 
SEGMENT DATA. SfZE(NDI+)- 
COLUMNS ARF S X M I L A R  DMASS- 
M A T R I X  OF CONC€NTRATED ITEM DATA- SIZE(NC.4)- 
COL 1 = ATTACH STATION- 
C(?L 2 = MASS @F STEN. 
CCL 3 = CENTER OF GRAVITY [?F ITEM, 
C@L 4 = MOMENT OF INERTIA APOUf CG O F  I T E M .  
CONVERSION SCALAR BY WHICH COL 394 O F  DMASStDRIN AND 
COL. 2 9 4  OF CCNC WIL4 BE MULTIPLIED- 
MASS HAfR IX-  SIZEfNZtPJ2)-  
NUMBER OF PANEL POINT50 SIZE O F  VFCTOR PP- 
NUMBER O F  SEGMENTS (KOWS) IN OMASS-  CAN BE ZERO- 
NUMBFR OF SEGMENTS ( R O U T )  I N  DRIN. CAN BE ZERO. 
NUMPER OF ITEMS (ROWS) i N  CONC- CAN EE ZERO- 
SIZE OF MATPIX 2 0  (NZ=%NPP)- 
ROW D I M N S I O N  OF OMASS I N  CALLING PR@GRAM, 
ROW OIMYNSXON OF O R I N  IN CALLSNG PQOGRAM- 
POW DIM'NSION OF CONC I N  CALLING PROGRAM- 
ROV DIM€,uSION OF 2 I N  CALL ING PROGRAM- 

C NERROK EXPLANATION 
C 1 = LESS THAN 2 PANFL POINTS-  
? 2 = PANEL POINTS NCT I N  INCREASING ORDER- 
2 3 = INCnPREfT OTSTRIEUTFD OATA- 
C 4 = CONCENTRATED MASS AVTACH S lA1 fON OUTSIDF PANEL 
C POINT BOUNDS 



M A S S E  -- 2 1  5 - 
- 
2001 FORMAT d 311)  t30Xt31!'SUERCHJTINE MASS2 * 37X,33HAND COMPUTES THE TOTAL * 43Xt6HH = ElSo8,#E43X*6HXCG 

, 

2050 FORMAT t /  1 X  123(1H-) 1 
C 

USES CONVRT = E 1 5 0 8 9  /// 
PRUPERTIFS /// 
= €15-0,1/43X*6HICG = E 1 5 - 8 )  

C CHECK THAT PANEL POINTS ARE I N  INCREASING ORDER. 
NERROR = 1 

NERROR = 2 
IF (NPP ,LT, 2 )  GO ?O 999 

DO 5 K = 2 * W P  
I F  ( P P f K - 1 )  -GE- PP(K)) GO TO 999 

5 CONTINUE 
C 
C IN IT IAL IZE DATA-  

NZ = 2*NPP 
DO 10 I = l t N Z  
DO 10 J=l,NZ 

NRAYS = NPP-1 
10 Z ( I t J )  = 0 - 0  

C 
C O I S T P I B V T F O  MASS (MIC=I) DISTRIBUTED ROTARY I N E R T I A  ( M I C = 2 ) ,  
C CONCENTRATED XTEM (MIC=3 l o  

DO 95  MIC=lt3 
IF (MIC o E Q o  I )  NSEGS = NOM 
I F  ( M I C  -EO- 2 )  FtSEGS = NO1 
I F  ( M T C  .EO-  3) NSEGS = NC 
I F  (MSEGS o E Q -  0 )  GO TO 95 

C 
DO 90 I = l r N S E G S  
GO TO ( 2 1 r 2 2 ~ 7 0 ) r M I C  

2 1  X 1  = O M A S S ( T , I )  
X2 = D M A S S ( I t 2 )  
V 1  = D M A S S ( I t 3 )  * CONVRT 
V 2  = DMASStIe4) * CONVRT 
GO TO 30 

22 X I  = DRIN(It1) 
X Z  = D R I N ( I t 2 )  
V 1  = DRIN(It3) 4 CONVRT 
V 2  = D R I N t I * 4 )  * CONVRT 

I F  ( X 1  ,LT- P P 1 1 )  qDRo X 2  -GTo PP(NPP1 -OR* X 1  &E. X 2 )  GO TO 999 
NERROR = 3 30 

DC 32 K = l t N B A Y S  
I F  ( X 1  oLT. P P ( K + l ) )  GO TO 34 

32 CnNTINUE 
34 XP = x 1  

VP = V I  
36 IF ( X ?  OLE- P P ( K + I ) )  GO TO 38 

X O  = P P ( K + l )  
VQ = V I  + (XQ-X1)* (V2-Vl ) / (X2-X1)  
GO TO 3 9  

3 8  XQ = X2 
V Q  = v2 

39 RAYL = P P ( K + l )  - P P ( K )  
HP = (XP-PP(K) )  / RAYL 



MASS2 -- 3 1  5 
---I-- 

HQ = ( X Q - P P f K ) )  / BAYL 
W = fVQ-VP)/(HG-HP) 

JP1  = J+1 
R J  = J 
R J P l  = J P l  

DO 44 J=1,? 

44 E ( J )  = W*fHO**JPl - HP**JPl)/RJPl + (VP-WWP)*(HQ*J - HP**J)/RJ 
GO To ( 5 0 ~ 6 0 1  ,MIC 

C 
5 0  DO 5 5  J = ? t 7  
55 F ( J )  = GPYL * Et31 

F (  8 )  = F P Y L  1: E ( 3 )  
F (  91 = C A Y L  * E t 4 1  
F110)  = FAYL * E ( 5 )  
GO TU 80 

C 
60 F (  1 )  = 00 

F f  2) = 0 -  
F( 3) = 0 -  
F (  4) = 0 -  
F f  5 )  = 3,*tEf3) / BAYL 

F (  7 )  = 9,+Ef5) / BAYL 
F (  8 )  = E ( 1 )  / BAYL 

F ( 1 0 )  = 4 - * € f 3 )  / BAYL 
GO TO 80  

F (  6 )  = 6-*Efb) / BAYL 

F (  9 )  = 2 - * € ( 2 )  / BAYL 

- 
* 

70 XA = CONC(I91) 
F(€RROR = 4 

I F  ( X A  oLTo P P f 1 )  . P R O  XA oGT- PPfNPP)) GO TU 999 
CM = C O N C f I T Z )  * CONVRT 
DO 7 2  K=I,NRPYZ 
I F  ( X A  oLT- P P ( K + I ) ?  GO TU 75 

12  CONTINUE 

75 B A Y L  = P P ( K + l ' r  - P P f K )  
K = NCzAYS 

C I  = fCONCffr4)*CCfNVPT) / 8AYL**2 

HC = ( c o N C f I ~ 3 )  - PPfK)) /bAYL 
PI. = 2-*HC HA 
P 2  = 30*HC - Zo*HA 

HA = ( X A  - P P ( K ) )  1 RAYL 

F f  11 = CM 
F f  2 )  = CM*HC 
F (  3)  = HA * CM*P1 
F (  I )  = tiA**2 * C M W 2  
F (  5 )  = HA**Z * (CM*P2*HC + 3,*CI) 
F (  6 )  = HA**3 * (CM*Pl *P2  + 6 o * C I )  
F f  7 )  = HA**4 * (CM*P2*+2 + 9 m * C I )  
F f  8 )  = CM*HC**Z + CI 
F (  9 )  = H A  * (CM*PI*HC + 2o*CI) 
F(10) = HA**Z * ( C M * P l * * 2  + 4-*CI)  

80 L = K + l  
M = K+NPP 



201 

800 
810 

! 
i 
C 

999 

f M  = 00 
TP = 00 
T I  = 0 ,  
DO 201. I = l r N P P  
K = I + NPP 
DO 2GI J=lvNPP 
L = J + NPP 
TM = TH + Z ( I v J )  
TP = TP - Z ( K r 3 )  + Z ( I t J ) * P P ( J )  
TT = T I  + P P ( I ) * Z ( f , J ) * P P ( J )  - 2**2(L,I)*PP(I) + Z t K t L )  
CG = TPITM 

I F  (MTNI ,N€, WMINI) GO TU 800 
TI = r I  - TM+CG**Z 

IF (NLINE OLEO 5 .OR. NLINC -GE. MAXLIN) GO TO 800 
IF ( (NLINE+16)  oGTo MAXLIN) GO TD 800 
W R I T E  (NOT920501 
NLINE = NLINE + 2 
GO TO 610 
CALL PAGEHD 
WRITE (NOT,2001 I CflNVRTvTMtCG,TI 
NLINF = NLINE + 14 
!?SETURN 

CALL ZZBOMB (6FMASS2 vNERROR) 



END 



MASS2A- I/ 4 
--u-_W__- 

SUBROUTINE MASS2A (PPvDHASS ,SMASS,FLEVEL,CONVRT~Z,NPP~N~M,NZI 

DIMENSION PP(I)v DMASS(KDH,!) 9 Z ( K Z , l ) t  F ( 7 1  
COMMON /LLINE/  NL INE,MAXLINTMINI 
DATA b!IT,NOT/5.6/ 

* KDH, KZ 1 

C 
C CALCULATE MASS MATRIX FOR FLUID I N  A CUNTAINFR- INCLUDES COUPLING 
C BETWEEN DISTRIBUTED MASS AND SLOSH MASS- ASSUMES CUBIC FUNCTION 
C BFTWEEN CONSECUTIVF PANEL POINTS f O  DESCRIBE CONTAINER LATERAL 
C VELOCITY AND AZSUMES UNIFORM SLOSH MOTION RELATIVE TO THE CONTAINFRO 
c LATERAL TRANSLATION AND ROTATION AT EACH PANEL POINT AND THE sLasti 
C AMPLITUDE A R E  THE GENERALIZED COORDINATFS- TRANSLATION COORDINATES 
C ARE FIRST, ROTATION COORDINATES NEXT, THE SLUSH COORDINATE LAST0 
C SIGN CONVENTICIN I S  ROTATION = -OILATEPAL D f S P I / D ( A X I A L  COORDINATE)- 
C INPUT I S  THE FLUID DISTRIBUTED MASS, THE FLUID SLUSH MAS:, AND THE 
C FLUID LEVEL, THE DISTRIBUTED MASS MAY M3T EXC€ED THF PANEL POINT 
C L I M I T S -  THE FLUID LEVEL MAY NQT EXCEED THE DISTRIBUTED MASS L I M I T S -  
C C A L L S  FORMA SUE'RCUTINES PAGEHD,ZZBOHBe 
C CODED BY C BODLEY0 MAY 1966- 
C LAST REVISION BY RL WOHLEN- MARCH 1976- 
C 
C SUBROUTINE ARGUMENfS 
c PP = INPUT VECTW. O F  PANEL POINTS, SIZE(NPP), 
C DMASS = INPUT MATRIX OF DISTRIBUTED MASS STRAIGHT L I N E  
C SEGMENT DATA- SIZE(NDM,4)r 
IC CUL 1 = X AT SFGMENT END 1- 

C@L 2 = X AT SEGMENT EM) 20 
I C  CCL 3 = MASS AT SEGMENT END 10 
C CUL 4 = MASS AT SEGMENT END 2- 
C DMASS(Ip2) MUST EQUAL D M A S S ( f * l r l ) ,  ETC- 
C SMASS = INPUT SLOSH MASS- Z(NZ,NZ) OF OUTPUT MASS MATRIX, 
C FLEVEL = INPUT FLUID LEVEL. MUST RE WITHIN DMASS L I M I T S -  
C CONVRT = INPUT CONVERSION SCALAR BY WHXCH COL 3-4 O F  DMASS WXLL BE 
C 
c z  = OUTPUT MASS MATRIX. SIZE(NZ,NZ) 
c EiPP = INPUT NUMEER O F  PANEL POINTS- SIZE OF VECTOR PP, 
C NDM = INPUT NUMPER O f  SEGMENTS ( R O K )  IN DHASS- 
c NZ = OUTPUT S I Z E  OF MATRIX Z o  (NZ=Z*NPP+lI- 
C KDM = INPUT ROW DIMENSION OF OMASS I N  CALLING PROGRAM- 
C K t  = INPUT ROW DlMENSION OF 2 I N  CALLING PROGRAM- 
C 
C NERROR EXPLANATION 

MULTIP L f ED 

c i = LESS THAN z PANEL Purhits, 
C 2 = PANEL POINTS NOT I N  INCREASING ORDFR. 
C 3 = FLUID LFVFL OUTSIDE DISTRIBUTED MASS BOUNDS- 
C 4 = DISTRIFUTFD MASS HAS GAPS- 
C 5 = DISTRIBUTFD MASS EXCEFDS PANEL POINT BOUNDS. 
C 

2001 FORMAT ( 3(/),30X132HSURRCUTINE MASS2A USES C@NVRT = €15-89  // 
r9r 49Y,13HSLCSH MASS = E 15-8,/148X,14HFLUID LEVEL = E15-8,/// * 3fX933HAND COMPUTES THE TOTAL PROPERTIES /// 
* 43XwbHM = €15,8t/143X,6HXCG = €15-8,//43X,6HICG = E15-8) 

2050 FORMAT ( I  I X  123(1H-) 1 
C 
C CHECK THAT PANEL PCINTS ARF; I N  INCREASING ORDER- 



NERRUR = 1 

NERROR = 2 
DO 5 K=Z,NPP 
I F  fPP(K-1)  - G E o  P P ( K ) )  GO TO 999 

5 CONTINUE 
C 
C CHECK DISTRIEUTED MASS MATRIX, 

NEXROR = 3 
I F  (FLEVELoCToDMASS( l r1)  013Ro FLEVEL-GEIDMASS(NDMI~)) GO TO 999 
IF (NDM o E Q o  1 )  GO TO 9 
NDMMl = NDM-1 

NERROR = 4 
DO 7 I=lvNCMHI 
TF (DMASS( I r2 )  ONE- D M A S S ( I + l g l ) )  GO TO 999 

7 CONTINUE 
C 
C I N I T I A L I Z E  DATA, 

9 NZ = 2*NPP+l 
DO 10 I = Z r N Z  
DO 10 J = l v N Z  

10 Z(1.J) = 0 - 0  
NBAYS = NPP-1 

C 
00 15 J M  = IvNDM 
IF (FLEVEL oLTo DMASS(JMt2))  GO TO 16 

1 5  CONTINUE 
16 DMJ1 = DMISSfJM, l )  

DMJ3 = DMASS(JMr3) 
DMASS(JMq1) = FLEVEL 
DMASS(JMr3) = DMJ3 + (FLEVEL - DMJ1) * (DHASS(JMr4) - OMJ3)/  * (DMASS(JM,2) - DMJ1) 

C 
DO 90 1 = JMvNDK 

X 2  = DMASS(I.2) 
V 1  = DMASS(Iv3) * CCNVRT 
V2  = DMASS(Jv4)  * CONVR7 

I F  ( X 1  oLTo P P f 1 )  *OR, X 2  *GTo PPtNPP) ,OR- X 1  -GE* X2) GO TO 999 

X 1  = D M & S S ( I v ! l  

NERROR = 5 

DO 32 K=I rNBAYS 
I F  ( X 1  .LT. P P ( K + l ) )  GO 70 34 

32 CONTINUF 
34 XP = ?r l  

VP = v 1  
36 IF ( X 2  ,Lt, P P f K + 1 ) )  GO T O  38 

X Q  = P P ( K + l )  
vo = v1 + ~ x Q - x 1 ) * ( v 2 - v l ) / ( x 2 - x l ~  
GO TO 3 9  

38 X O  = X 2  
VQ = V2 

39 BAYL = P P ( K + l )  - P ? ( K )  
HP = (XP-PP(K)) / R A Y L  
HQ = fXQ-PP(K))  / BAYL 
W = (VQ-VP)/(HQ-HP) 



DO 44 J=l,? 
J P I  = J*1 
RJ = 3 
R J P 1  = J P 1  

44 F ( J )  = (W*(HQ**JPl - HP**JPl) /RJPl  + (VP-W*HP)*(HQ**J - h P * + J ) / R J )  * * BAYL 
C 

C 
IF (X2 .L€-  P P f K + I ) j  GO TO 90 
K = K + 1  
X P  = X 6  
VP = VQ 
GO ?@ 3 h  

90 CONTINUE 
C 

C 

C 
C 

C 
C 

DMASS(JWr1)  = D M J l  
DMASSfJM93)  = DMJ3 

SYMXFTRIZE 
DO 110 I = l * N Z  
D@ 110 J = I * N Z  

110 2(JqI! = Z ( 1 9 3 )  

COMPVTE AND PRIh * TOTAL MASS PROPERTIES, 
TM = 0- 
TP = 0, 
TT = 0. 
DO 201 I=l,NPP 



K = T + NPP 

L = J + NPP 
DO 201 J=I,NPP 

TM = TM + Z ( I , J )  
f P  = TP - Z ( K . 3 )  + Z ( I I J ) * P P ( J )  

201 T I  = T I  + P P ( I ) * Z ( I t J ) * P P ( J )  -. 2 - * z ( L T I ) * P p ( I )  i- Z(K*L)  
CG = T P f f M  
TI = TI - fM*CG**Z 
IF ( M I N I  -NE, 4HMINI l  GO TO 800 
I F  (NLINE oLEo 5 .OR- NLINE .GE- MAXLIN) GO TO 800 
I F  ((NLTN€+20) -GT- M A X L I N )  GO TU 800 
WRITE (NUT~2050) 
NLINE = NLlRF + 2 
GO TO 810 

800 CALL PAGEHD 
810 WRTTE (NOf92001)  CONVRT.SMASStFLEVELtfMICGIT1 

NLINE = NLINE 4 18 
RETURN 

C 
999 CALL ZZBOMB (6HMASSZAtNERROR) 

END 



MODE1 -- I/  3 
--I--- 

SUBROUTINE MODFl ( A  t S  ,W2,W.FR€Q.N9 FOD 9KR .NUT1 ) 
DIMENSICN A(KR, l )v  S ( K R t l ) t  W2(11r W ( l ) t  FREQ(1) 
COMMOR 
DATA NIT tNOT/5 r6 /  

I L  LINE/ N L INE 9 MAXL IN , N I N I  

C 
C CALCULATF MODE SHAPES ( P H I )  AND NATURAL FRFQUENCIES OF 
c (A)**-l{S)(PEI) = (PHI)(-WZ-) IJ5TNG MFfEQD C!c .!ACCE!I. 
C ThE M A S S  ( A )  MATRIX MUST 6 E  REAL, SYMMFTRIC, POSITIVE DEFINITE, 
C THE ST IF  (SI MATRIX MUST BE REAL,  SYMMETRIC, 
C THE FIRST ELEMENT OF EACH MOOE SHAP€ I S  MAOF POSITIVFo 
C ORTHOGONALITY C H F C K S  - - (PHI)T*(MASS)*(PHI) AND (PHI )T* (ST IF ) * (PH l ) -  
C ARE CALCULATED AND PFINTEDo 
C C A L L S  FORMA CIIRROUTINES B T A B A ~ B T A 6 A 2 ~ D C O M ~ ~ E I G N l ~ I ~ V 4 , P A G E H D 1 ( Z Z 6 O M 6 ~ ~  
C THE MAXIMUM SIZF IS 
C N = 500 (RASED ON BTABA, BTABAZ). 
C DEVFLOPED BY RL WC?HLEN- APRIL 1969- 
C LAST REVISION 6t R L  WOHLEN- MARCH 1976. 
C 
C SUBROUT I N  F ARGUMENTS 
C A  = INPUT FSASS MATRIX. S I Z E ( N , N ) o  *DESTROYED* 
C = OUTPUT MODE SHAPES- SIZE(N9N)o 
c s  = INPUT STIFFNESS MATRIX- S I Z E ( N ~ N 1 -  *OESTROYED+ 
c w2 = OUTPUT VFCTOR OF EIGENVALUES (@MEGA SQUARED), S I Z € ( N ) -  
c w  = OUTPUT VECTC'R PF CIqCULAR FREQUENCY (OMEGA), S I Z E ( N ) o  
C FREQ = CUTPUT VECTOR OF FREQUENCY (UMFGA/ZPI), S IZE4NI -  
C N  = INPUT S I Z F  OF MATRICES ApS AN0 VECTORS W2tb;iFREO- M A X = 5 0 0 -  

FOD = TNPUT FINAL OFF-DIAGONAL VALUf FOR DYNAMIC M A T R I X -  
C IF FOD ,LE, ZERO, THE VALVE OF FOD WILL BE CALCULATED 
C AUTOMATICALLY I N  SURROUTINF E I G N l  
C KR = I N P U T  ROW DIMENSION OF A S S  I N  CALLING PROGRAM, 
C NUT1 = INPUT NUFtPER OF U T I L I T Y  TAPE, (EG 4)- 
C 

2001 FORMAT 3 ( / )  54X 918H (SUBROUTINE MODE1 1 * /// 1 7 X  1 3 4 H T H F  FOt  LOWING ORTHOGONALITY CHECKS * // 5 2 X s 2 3 H ( M M ) E S ) T ~ ( M ~ . i S ) * C M @ D F S  1 * 52X r23H (MODES I T * (  S T I  F )* (M@DES 1 * / I  48Xt32HARE A RFSULT OF THIS SUBROUTINE-I 
1 

2002 FORMAT ( / /  IOXi lO(?X,XH(, I2,1H)))  
2011 FORMAT (///10X,39HTHE (MQDES)Ta(MASS)*(MQDES) CHECK GIVES 

2012 FORMAT ( / /  lOX,35HTHE M A X I M U M  OFF-DIAGONAL ELEMENT IS * E11.3,  2x9 4HAT 4 139 IHt 13, 1H) 1 
2020 FORMAT I// /LOXt28HTHE OMEGA SSUARED VALUFS ARE // 4 13X9LOE11-3) 
2021 FORMAT (///lOX,39HTHE (MODES)T*(STIF)*(M~DES) CHFCK G I V E S  

* ///lOXv25HTHE DIAGONAL CLEMFNTS ARE // ( 1 3 X , l O F l l o 8 ) )  

* / / /10Xt48HTHE ABSOLUTF PFRCFNY DIFFERENCE I N  THE DIAGONAL * 31bELEM€NTS FPOM OM€GA SOtIARFD ARE / / ( 1 3 X , I O F l l o 8 ) )  
2022 FORMAT ( / /  10Xt48HTHF LARGEST OFF-DIAGONAL EL€MENT I N  tACH ROW ARE * // ( 1 3 X 1 1 O E l l  ,311 
2050 FORMAT f /  1 X  123tlH-I 1 

C 
I F  ( M I N I  .NE, 4HMINll GO TO 810 
I F  (NLINF 0l.F- 5 -OR. NLINE .GE, M b ' 2 C I N )  GO TO 810 

WRYTE (NCT, 20 50 1 
IF f(NLINF+?+l? 1 oGTo MAXLIN) GO T!. 810 

NLINE = NLINE + 2 



GC TC 8 1 1  
, 810 CALL PAGEHD 

811 WRIT€ (N@Tp20011 
NLLNF = NLINE + 1 2  

CALL RWNI? iNUT1)  

CALL OUT ( N U T 1  tStKR*.N) 

CALL DC@M1 (AtAtNtKR 1 
CALL INVk (ATATNTKR) 
CALL ETPBA2 (SwAtNtKR) 
CALL E I G N l  (S~WZTA,-NTFODTKR) 

C 

CAL: E? (NUT1 .A.KR*N) 

C 

C 
C 
C ALIGN THE CIRCULAR FREPUFkCY SQUARED (W2) INTO INCREASING ORDER 
C THE MODE SHAPES CORRESPONDINGLY. 

IF (N .EQo 1) GO TO 40 
N H l  = N-1 
00 35 J = l t N M 1  
W2MIN = W Z ( J )  
IMIN = J 
J P 1  = J+1 
DO 30 I = J P l r N  
I F  (W2MIN .LE* W 2 ( I ) 1  GO TO 30 
WZMIN = WZ(I) 

I XMTN = I 
30 CONTINU€ 

TF ( I M I N  .EO. J )  GO TO 35 
H2(IMIN) = V l ( J )  
W2( J )  = W2MIN 
DO 3 4  K = l t N  
A K J  = A ( K t 3 )  
A ( K t J )  = A ~ K T X M I N )  

34 A I K t I M I N )  = A K J  
35 CONTINUE 

C 
C MAKE THE F I R S T  ELEMENT QF EACH MODE SHAPE POSIffVE- 

40 D(s 4 5  J = l t N  
XF ( A l l t J )  oGEo 0.1 GO TO 45 
DO 4? I = l r N  

42 A(1tJ)  = - A ( I t J )  
4 5  CONTINUF 

C 
C CALCULATE (PHl)T*(MASS )*(PHI 1 ORTHOGONALlTY CHECK, 

CALL RWND (NUT11 
CALL I N  ( N l l f l  ,S tKR*N) 
CALL RTABA (S~A,NINIKRIKR) 
XOFF = 0. 
I O F F  = I 
J@FF = 2 

i Do 5 4  I = l , N  
i DO 5 3  J=Ith'  

I F  ('I o F Q 0  J)  GO f O  5 2  
LF ( A B S ( X O F F 1  oGEo A B S ( S ( 1 r J ) ) )  GO TO 5 2  

A=MASS 
S=STIF  

A=U 

S =DYNMAT 
w2=w2 
A=PHI 

A=U**-1 

AND 

S =MP. 5 S 
S=PMP 



XCFF = S ( I w J 1  
IOFF = I 
J@FF = J 

52 CONTINUE 
54 CFYTINUE 

NPL = N / l O  
I F  ( ( N P L * l O )  ,NE, N I  NPL = NPC+i 

I F  (NLINE -LEo  5 .OR, NL IN€  .GE- MAXLIN) GO ' . O  820 
I F  ( M I N I  -NE- 4HMIMP) GO TO 220 

I F  ( (NLINF+2+14+NPL) oGTo MAXLXN) GO TU 820 
WR I TE ( NCT 9 20 5G 1 
NLINE = NLINE + 2 
GO TO 8 2 1  

820 CALL PAGEHD 
821 W R I T E  (NCTp2002) ( J C , J C = 1 1 1 0 )  

WRITE ( NC'T92011) ( 5  (I 9 I )  9 !=I9 N 1 
WRITE (NOf92012) XOFF rlOFF9JOFF 
NLINE = NLINE + 14 + NPL 

C 
C CALCULATF (PEX lT* (ST IF  ) * (PHI  1 ORTHOGONALITY CHECK- 

6 2  
44 

830 
831 

40 

C 

t 2  
C 

CALL IN (NUT1 *SrKF*N) 
CALL BTABA (S ,ATNINTKRTKR)  
DO 64 I = ? r N  
W I T )  = 0. 
DO 6 2  J = l r N  
I F  ( I  e F Q -  J) GO TO 62  
I F  ( A @ 5 ( S ( I , J ) )  oGT- A E S ( W ( 1 ) ) )  H ( I ) = S ( I t J )  
CONTINUE 
CONTINUE 
I F  (MINT ,N€, 4HMlIJI) GO TCI e30 
I F  lNLINE .LE. 5 .OR, NLINF o G E o  MAXLIM) GO T C  830 
I F  ((NLINE+2+20+3*NPL) oGTo MAXLXN)  GO TO 830 
WRITE (NOT,2050' 
NLINF = NLINE + ;L 
GO TO 8 3 1  
CALL PAGEHD 
WRITE (NOT92002 1 (JC.  JC= l , lU )  
WRITE (NOT92020) (W2( I )  9 I = l t N )  

DO 68 1:lpN 
I F  ( W 2 t I )  o L € -  0.1 GO TC 68 
S ( I , I )  = A B $ ( S ( I ~ I I - W 2 ( 1 ) ) * 1 0 O I / W 2 ( I )  
C ONTI NUF 
W R I i E  fP1CT92021) ( S ( I , I ) ,  I = l r N )  
WRITE (NC'T92022) ( W ( I  1 9  I = l ,N )  

NLINF = NLINE + 8 + NPL 

NLINE = NLINE + 12 +Z*:NPL 

DO 72  I = l t N  
w m  = SQPT t a e s t w z t m i  
F R E Q ( I ) =  ,15915494 * W ( 1 )  

RETURN 
END 

% = S T I F  
S = P S P  



SUGROUTINE MOOFlA  (A~S,WZtW.FREQ,N~FOD.KRtNVT1) 
DIHENSIC!N A ( K R t l ) r  S ( K R t l ) *  W2tl). W f I . 1 .  FREQ(1) 
COMMON / L L I N E /  N L I N E r H A X L I N  * M I N I  
D A T A  EPS/l .E-30/  
D A T A  N I T t N O T / 5 r 6 1  

C 
C CALCULATE MEDE SHRPES (PHI) AND N A T U R A L  F R E Q U E N C I E S  OF 
C ( C ( A ) ~ ( S ) ; * * - l ( A ) ( P H T )  = (PHI) ( - I / (C+b!?)- )  USING METHOD OF J A C @ G I -  
C THE MASS ( A )  M A T R I X  MUST e €  REAL, SYMMETRIC. P O S I T I V E  D E F I N I T E - .  
C ?HE Z T I F  ( 5 )  M R T F I X  MUST BE REAL, ZYMMETRfCo  
C THE FIR5T ELFMENT OF € A C h  MODE SHAPE IS MADE P O S f T I V F o  
c ORTHCGON AL I T Y  CH ECK S --( PH I 1 T* (MASS 1 * ( PH I ) AND t ?H 1 1 T* ( S T I  F * t Pti I 1 
C APE C A L C U L A T F D  AN@ PRINTED- 
C C A L L S  FORMA SUPROUTINES BTABAtB?ATA2,DCUM1 rEIGNlt IKV4rPAGEHD. (ZZBUMB 1. 
C THE MAXIMUM S I Z E  IS 
C N = 500 (BASED @N B T A B A t B T A B A Z 1 .  
C DEVELOPED E Y  R L  WCHLEN- A P R I L  1969- 
C L A S T  R E V I S I O N  BY RC WCHLEN- MARCH 19?6* 
C 
C SUB POUT I N  € AP GUHENT 5 
C A  = I N P U T  MASS M A T R I X -  S f Z E ( N t N 1 -  *DESTROYED* 
C = OUTPUT MUD€ ChPPES- S I Z E ( N , N l -  
c s  = INPUT S T I F F N E S S  MATRIX,  S I Z E ( N + N ) ,  W E S T R O Y E D *  
c w2 = OUTPUT VECTOR OF C I R C U L A R  FREQUENCY SQUARED, SIZE(N)- 
c w  = OUTPUT VFCTCR OF C I R C U L A R  F R E Q E N C Y  (OMEGA), SIZECNl- 
C FREQ = C'UTPIJT VECTOR OF FREQUFNCY ( O M F G A I Z P f 1 -  S I Z E ( N ) -  
I N  = I N P U T  SIZF OF M A T R I C E S  A T S  AND VECTORS W 2 r W t F R E C -  MAX=5,OO- 
C FOD = INPUT F I N A L  C F F - D I A G O N A L  VALUF FOP D Y N A M I C  M A T R I X -  
C I F  FOD - L E -  ZERO,  THE VALUE OF FOD WILL BE CALCULATED 
C A U T O M A T I C A L L Y  TN SUEROUTINE E I G N I m  
C KR = I N P U T  REM D I M E N S I O N  OF F.tS I N  C A L L I N G  PROGRAM, 
C NUT1 = INPUT NUMBER OF U T I L I T Y  TAPE. (EC 4). 
C 
2001 FORMAT I 3 ( / )  54X 919t! (SUBROUTINE M O D E l A  

* /// 3 8 X p 3 7 H T h E  CALCULATED C O H P I N A T T O N  V A L U E  = E15089 * /// 47X 9 3 4 H T H E  FOLLQWING ORTHOGONALITY CHECKS * // 52X 923H (MODES )T*(MASS )* IMM)FS ) * / 5 2 X  ,2314 (MODES )T* (STIF  )*(MCDES 1 
It // 4 P X t 3 2 H A R E  A R E S U L T  O F  THIS SUBROUTINE.) 

2002 FORMAT ( / /  l @ X , l 0 ( 7 X , l H ( , I Z ~ l H ) 1 )  
2011 FORMAT ( / / / IOX,39HTHE IMOD€S)T* (MASS)+(M0D€S)  CHFCK G I V E S  

* / / / 1 0 X t 2 5 H T H E  D I A G O N A L  ELEMENTS ARE // ( 1 3 X t l O F l l o 8 )  1 
2012 FORMAT ( / /  10X,35HTHE MAXIMUM OFF-D'AMNAL ELFMElJT I S  * E l l  03 9 2x1 41CAT ( 13,  IH. 139 1H) 1 
2020 FORMAT ( / / / I O X t 2 8 H T h E  OMEGA SQUARED V A L U F S  ARE // ( 1 3 X , l O E 1 1 o 3 ) 1  
2021 FORMAT ( / / / lOX,39HTHE ( MODE SI T* t S T I  F)*(  MOGES 1 CHFCK G I V E S  * ///lOXt48HTH€ AESOLUTF PERCFNT D I F F E R E N C E  I N  T H E  DIAGONAL * 31HELEMENTS FROM OMEGA SQUARED ARE / / ( 1 3 X , l O F l l o 8 )  1 
2022 FORMAT ( / /  1 0 X t 4 8 H T H E  L A R G € S T  OFF-DIAGONAL E L E M E N T  IN EACH ROW ARE * // ( I 3 X , l O E Y t  03)) 
2050 FORMAT ( /  1 X  L23(1H-) 1 

ANOPM = 0.0 
SNORF! = 0.0 
DE 5 I=lrN 



MUDEIA-- 2 1  4 ---- 

5 

C 

810 
81  1 

C 

C 

12 
C 

28 
C 
C CA 

DO 5 J=l,N 
ANORM = ANORM + ABS(A( I IJ ) )  
SNORM = SNORH + ABS(StIs3)) 
C = SNORMIANQRM 

f F  (MINI eNE.0 4HMINI )  GO TO 810 
IF (NLINE -LE-  5 -OR- NLINF oGEo M A X L I N )  GO TO 810 
IF ( (NLINE+2+15 1 -GT. MAXLIN) GO Tb 810 
WR I TE ( NO T, 20 50  ) 
NLINE = NLINE + 2 
GO TO 8 1 1  
CALL PAGEM) 
WRITE (NOT12001) C 
NLINE = NLINE + IS 

CALL RWND (NUT11 
C A L L  OUT (NlJTl,A,KP*N) 
CALL @UT ( NUT1 9 S rKR*N 1 

CALL D C O M l  (AvA,N,KR) 
CALL I N V 4  (AvA,NwKR) 
C A L L  RWND (NUTI )  
CALL I N  (NUT1 95 .K R*N) 
CALL BTABAZ (S~AINTKR) 
C A L L  E I G N l  (S,WZ~AI-NIFODTKR) 
00 28 J=l ,N 

DO 28 I = l t N  
A ( I , J )  = A ( f r J ) / C l  

C 1  = SQRT(WZ(J1) 

A=MASS 
S=STIF 

A=SCM 

S=MASS 
S =DYNMA 7 
WZ=VAL 

A=PHI 

.CULATE W2 
DO 24  I = l v N  
l f  ( W Z ( 1 )  oLT- EPS)  W2(I)=€PS 

29 WZ( I1  = 1o/W2(1) - C w2=w2 
C 
C ALIGN THE CIRCULAR FREOUFNCY SQUARED ( W 2 )  INTO INCREASING EROER AND 
C THE MOD€ SHAPES COPRFSPONDfNGLYo 

I F  (N -EQ. 1 )  GO TO 40 
NM: = N-1 

W2MIN = W2tJ)  
IMIN = J 
J P 1  = J + l  

DQ 35 J=I,NMl 

O@ 33 I = J P l r N  
IF ( W Z M I N  -LE-  W Z ( I ) )  GO TO 30 
WZMIN = W Z ( I )  
I M I N  = I 

30 CCWTXNIJF 
IF ( I M I M  o E Q m  J )  GO TO 35 
WZ(IM1NI = W2(J)  
W2(J) = WZMIN 



MODtlA-- 31 4 

DO 34 K = l r N  
AKJ = A ( K t J )  
A ( K r J 1  = A ( K r I H I N 1  

34 A t K t I M T N )  = AKJ 
35 CONTINUE 

C 
C ffAKE THE F I R S T  ELEMENT OF EACH MODE SHAPE POSIfIVEo 

40 DO 45 J = l T N  
I F  ( A ( I t J 1  oGE- 0-1 GO TO 4 5  
DO 42  I = l , N  

42 A ( I T J )  = - A ( I r J )  
45  CONTINUE 

C 
C CALCULATE t P H I  ) T * ( M A S S ) *  (PHI.) ORTHOGONALITY CHECK:- 

52 
5 4  

820 
82 1 

C 

CALL RWMD (NUTI )  
CALL I N  t NUT1 .S r K  R*N I 
CALL BTABA (S+A,N,NIKR,KRI 
XOFF = 00 
IOFF = 1 
J@FF = 2 
@@ 5 4  I = l T N  
DCi 5 2  J = I r N  
IF ( I  o E Q o  J )  GO TO 5 2  
I F  (ABStXOFF) oGE- ABS(S(1,J)))  GO TO 5 2  
XCFF = S ( 1 r J )  
I O F F  = I 
JCFF = J 
CONTINUE 
CONTINUE 
NPL = N / I 0  
IF ( (NPL* lO)  -NE- N )  NPL = NPL+I 
I F  ( M I N I  oNEo 4 H M I N I )  GO TU 820 
IF (NLINE -LE- 5 .OK, WINE ,GL MAXLIN) GU T a  820 
I F  I (NLINE+2+14+NPL) &To KAXLIN I  613 TO 820 

NLINE = NLINE + 2 
GO TO 821 
CALL PAGFHD 

UP I T f  ( NOT 9 2 0 S O  1 

WRITE (NCTr2002)  t J C r J C = l r l O )  
URTTE ( N O T ~ Z O I l )  ( S  ( T  9 1  1 t I = l t N  1 
WRITE (N0'92012) XOFFtIOFF,JOFF 
MLIN€ = NLINE + 14 + NPL 

C CALCULATF ( P H I I T * ( S T I F ) * ( P H I )  ORTHOGONALITY CHECK, 
CALL I N  (NUT1 rStKR*N) 
CALL ETABA ( S ~ A ~ N , N ~ K R T K R )  
DO 64 I t 1  r N  
W ( 1 )  = 0. 
DO 62 J = l r N  
IF (I - E O -  J)  GO TO 62  
IF ( A P S ( S ( I * J ) I  oGTo ABS(HIf)II W ( I ) = S ( I t J )  

62 CONTINUE 
64 CONTIWE 

I F  (MINI oN€. 4 H M I N I I  GO TO 830 
I F  (NLINE OLE- 5 -OR- NLINE oGE- M A X L I N )  GO T9 830 

S=HASS 
S =PMP 

S=STIF 
S=PSP 



MODElA- 41 4 

I F  ((NLIN€+2+20+3*NPL) - G f o  M A X L I N I  GO TO 830 
W R I T E  ( N O T . ~ O ~ O )  
NLINE = NLINE + 2 
GO TO E31 

830 CALL PAGEHD 
833. WRITE (NOT920021 ( J C , J C = I . r l O )  

WR?TE (NUT92020I  (W2( 1). f = l , N )  
NLINE = N L I W  + 8 + NPL 
DO 68  1=1 rN 
IF (W2(11 -LE- 00:) GO TL7 68 
S ( 19 11 

W R I T E  (NCT.2021) ( S ( 1 r I ) r  I = l w N )  

= AES( S( I , f )  - W Z (  f 1 )*IOOo/WZ ( I )  
6a CONTINUE 

E'RITE (YOT12322) f W ( I ) ,  I = l , N )  
NLINE = NLINE + 12 +2*NPL 

C 
DO 72 I = I r N  
W I T )  = SQRT (ABS(WZ(I1)) 

72 FREQ(I)= ,15915494 * W ( I 1  
C 

RETURN 
END 



SUBRWTINF MODFlB ( A ~ E T W ~ , W ~ F R E Q T N ~ F O D , K R . N U T I )  
D?M€NSIPN A ( K R 9 l ) t  E(KRt1)w W2f1). W f l ) ,  FREQ(1) 
CGMHON I t  LINE/ NLINE9MAXLIN9MINI 
DOlJeCE Pt.FCISION S9SS9tFRO 
DATA E?‘ , ’ l  -E-30/9 ZERO/OoL)/ 
DATL k’.: tN(?T/5r6/ 

C 
C CALCULATE kiOCF SHAPFS ( P H I )  AND NATURAL FREQUENCIES OF 
C ( € ) ( A 3  (“HII=(QhI)(-L/WZ-) U S I N G  METHOD O F  JACOBfo 
C THE MASS ( 1 1 )  MATRIX MUST BF REAL, SYMMETRIC9 POSITIVE DEFINITE, 
C THE FLEX ( E )  RATPIX MUST BE R E A L 9  SYMMETRIC- 
C THE FtHST fLEHENT OF EACH MODE SNAP€ IS MAOF POSITIVE- 
C R X G I C  RnDY MnOES WILL BE I N  THE LAST Pf’lSITlONSo 
C ORTHCGONAJ. T Y  CHECKS -- (PHI  )T*(MASS)*(PHI) AND 
C iPHI )T* (MA S)* (FL€X)* fMASSI* (PHI )  ARE CALCULATFD AND PRINTED- 
C CALLS FORM !i SUBROUTINES BTABA,DCOMl VEfCNlr INV6,MULTA.PAGEHDt (ZZBOMB) c 
c ?HE MAXIhUf4  SIZE IS 
C N = 50G (PASED GN ETA5ApMULTA)- 
C DEVELOF’FD PY R L  WOHLEN- APRIL 1969- 
C LAST REVfS lCN BY R L  WOHLEN- MARCH 1916- 
C 
C SUBREUS’INE ARGUMENTS 
C A  = INPClT MASS MATRIX- S IZE (NvNI  *DESTROYED* 
C = OUTPUT NOD€ SHAPES- S I Z E f N p N ) .  
C E  = INPUT F L E X f @ I L I T Y  MATRIX. SIZE(N9N) *DESTROYED* 
c W 2  = XJTPUT VFCTCR OF CIRCULAR FREQUENCY SQUARED. (INVERTED 

EIGENVALUES). SIZ€(NIo 
c w  = ‘IUrPUT VECTOR OF CIRCULAR FREQUENCY (OMEGA)- SIZE(N)m 
C FREQ = ~?t.tfPdT VFC’Il?? OF FREQUENCY fOMFGA/2PI)m SIZE(N)o  
C N  = IYPU’ I ’  SIZ‘ OF MATPICEI ATE: AND VECTORS WZ~WIFREQ- MAX=500, 
C FUO = I N f ’ U 7  FINAL OFF-DIAGONAL VALU€ FOR DYNAMIC MATRIX- 
C I F  FOD -LE- ZERO9 THE VALUF OF FOI? WILL 6 E  CALCULATED 
C AUTOMATICALLY BY SUBROUTINE F I C N l  
C KR = INPI.If RCrW DIMENSION OF A T E  I N  CALLING PROGRAM, 
C NUT1 = I!VPI!T NUFAER OF U T I L I T Y  TAPE, (EG 4)- 
C 

2001 FORMAT ( 31 /) 54X p 1 9 t i  (SUBROUTINE MODFlB 1 * I,?/ 4 7 X  ’LMTHE FOLLOWING ORTHOGONALITY CHECKS * // t 3 9 2 3 H  (MODES )T*(MASS )*c(M@DFS 1 * / L ~ X t 3 M ( M M ) E S ) T * ( M A S S ) * ( F L € ~ ) * ( M A S S ) * ( M O D E ~ )  * // 48Xp32HARF A RESULT O F  THIS SUBROUTINEe) 
2002 FORMAT (/,’ ~ ~ X T ~ ~ ( ~ X T ~ H ( T I Z T ~ H ) ) )  
2011 FORMAT [. .‘/10X939HTHE (MODES)T*(MASS)*fMOOES) CHECK GIVES * / / / IOXI~~HTHE DIAGONAL ELEMENTS ARE // (13X.IOF11,8)) 
2012 FORl lp  ( / t ‘  IOX935HTHE MAXIMUM OFF-DIAGONAL ELEMENT IS * F ; i 0 3 p  2x9 W A T  t 139 1Ht 139  1H) 1 
2020 F@t.MAT (// /?OX9JZdTHE I / ( O M E G A  SQUARED) VALUFS AR€//f 1 3 X 9 l O E l I - 3 )  1 
2021 FORMAT ( / / / lOYs18HTHE ( M O D € S ) T * I M A S S I * f F L E X ) * ( M A ~ S j * ( M O D E S )  CHECK * 5VG’VFS ///IO X939HTHE ARSUCUTE PERCENT DIFFERENCE IN THE 

;t 3 6 .YDIAGCNAL FLEMENTS FROM l /(UMEGA SQUARED) ARE * / / (  ? 3 X  t l O F 1 1 - 8  
2022 FJR9i-t ( / /  10Xp48HTHE LARGEST OFF-DXAGONAL ELEMENT I N  EACH ROW ARE 

:c // ( 1 3 X 9 1 0 E l l  ,311 ! 

‘ 2050 FrJRMAT ( /  1 X  123(1H-) 1 
C 
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810 
PZl 

C 

c 

C 
C 
C 

I 

C 
C 

C 
C 
C 

! 

I F  ( M I N I  .NE, 4 H M I N I )  GO fo 810 
I F  ( N L I N E  OLE, 5 oORo NLINE o G E o  M A X L I N )  GO TO 8310 
I F  ( ( N L f M € + 2 + 1 2  1 -GT* M A X L I N )  GO TO 810 
W R I T E  (NCT*2050) 
N L I N E  r- N L I N E  + 2 
GO TLI 8 1 1  
C A L L  PAGEFD 

N C I N E  = M L I N E  + 12 
W R I T E  (NOT,2001 i 

C A L L  PWNO (NUTI )  
C A L L  OUT (NUTITA,KR*N) 
C A L L  OUT ( N U T ~ * E T K R * N I  

A=MASS 
€ = F L E X  

A =U 
CALCULATE DYNAMIC M A T R I X  = (U)*IFLEX)*(U*T)- STATEMENTS FROM 
SUBRUUTINE BAETA MODTFIEO PECAlISF LOWER (U) IS ZERO AND ONLY 
UPPER H A L F  O F  DYNAMIC M A T R I X  IS USED IN SUBROOTINE E I G N 1 ,  

DQ 24 I = I , N  
DO 22 J = l * N  

DO 21 K=JIN 
S S  = E ( I , K ) * A ( J * K )  

S = ZERO 

21 s = s + ss 
22 W ( J )  = S 

D@ 24 J = l t N  

DO 28 Jz1.N 
DO 26 I = l r J  

DO 25 K=IrN 
SS = A ( I , K ) * E ( K T J )  

24 E t I p J )  = W C J 1  

S = ZERO 

25 S = S + S S  
26 W I I )  = S 

28 E ( I t J )  = W(I) E=DYNMAT, 

C A L L  E I G F t l  ( E * W 2 t A t - N v F C D t K R )  WZ=VAL 

DO 28 I = I r J  

C A L L  I N V 4  4 AvA,N,KR) A=U+*-l 

A=PHI 
CALCULATE W2 0 

D@ 23 I = l r N  
I F  (W241) .LTo E P S )  WZ(I)=EPS 

29 W Z ( 1 )  = Y.o /W2(X)  w2=w2 

A L I G N  THE CIRCULAR FREGUENCY SQUARED (W2) I N T O  I N C R E A S I N G  ORDER AND 
THE MQDF StiAPES COPRFSPONDfNGLY. 

I F  (N o E Q o  1) GO TO 40 
NMl = N-1 
00 35 J=?rNMI  
W 2 M I N  = H 2 ( J 1  
X M l N  = J 
J P I  = J+1 
D@ 30 X=JP l ,N  
I F  (W2MIN * L E *  W Z ( 1 ) )  GO TO 30 
WZMIN = W2(I) 
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€=Mass 
E =PMP 

I M I N  = I 
30 CCWTINUE 

TF f IMTN -EQo J)  GO T I  35 
W 2 f I M I N )  = W2(J)  
W2fJ) = WZMIN 
DO 34 K = I r N  
A K J  = A f K t J )  
A(KwJ1 = A ( K t I M I N )  

34 AfKwTMTN) = AKJ 
35 CONTINUE 

C 
C HAKE THF F I R S T  ELEMENT OF EACH MODE SHAPE POSITIVE- 

60 DO 45 J = l r N  
I F  ( A ( 1 r J )  o G E -  0-1 GO TO 45  
DO 42 f = l t N  

42 A f I w J )  = - A ( I w J )  
45 CONTINUE 

C 
C CALCULATE ( P H I  )T*(MASS)* (PHI  1 ORTHOGONALITY CHECK. 

C A L L  OUT (NUT1 tAtKR*N) 

CALL IN (NUT1 q E t K R * N )  
C A L L  R T A e A  fE.A,NtkrKR,KR) 

CALL RWND (NUTI )  

XCFF = 0, 
IOFF = 1 
JOFF = 2 
00 5 4  I=ItN 
00 52 J = I t N  
I F  ( I  o E Q m  J) GO TO 5 2  
I F  (ABS(XC'FF1 -GE- A B S ( E f 1 t J ) ) )  GO TO 52 
XOFF = E ( I t J )  
I O F F  = I 
JCFF = J 

52 CONTINUE 
54  CONTIWF 

NPL = N / 1 0  
I F  (iNPL*lO) -P€. N )  NPL = NPL+1 

IF (NLINF .LEs 5 .CR. NLINE -GE. HAXLIN) GO TO 820 
I F  f (NLINE+Z+I4+NPL) ,GT* MAXLIN) GO TO 820 

NLINF = NLINE + 2 
GO TO 8 2 1  

I F  ( M I N I  .NE, 4HMINI )  GO TO 820 

WRITE (NOTt2050)  

820 CALL P A G E M )  
821 WQTTE (NOT920021 l J C , J C = l w l O )  

WRITF (N@T92011)  ( E t I t I ) v I = l t N )  
W R I f E  ( NOT, 2012 1 XOFF 9 I OF Fv JOFF 
NLINF = N t l N E  + 14 + NPL 

C 
C CALCULATE ( P H I  )T*(MASS )* (FLEX)*(MASS)* (PHI  ) ORTHOGONALITY CHECK, 

CALL RWND (NUT11 
CALL I N  (NUT1 tEtKR*N) E=MASS 
CALL MWLTA (€9PwN,NwNwKR*KR) E =MP 
CALL I N  (NUT1 t A t K R * N )  A=FLEX 
CALL RTABA ( A , E , N ~ N ~ K R ~ K R )  A =PTM E P 
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A=PHf 



HOOEIX--  1 1  3 

S U B R O U T I N E  M O D E l X  (A,S,W2,N,CTW2.KR) 
D I M E N S I O N  A ( K R , l ) ,  S(KR.1). W2(1) 
DOUBLE P R E C I S I O N  OMtDS 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
f. 
C 
C 
C 
C 
C 
C 
C 

I 

I 

C A L C U L A T E  POD€ SHAPES ' ( P H I  1 AND N A T U R A L  FREOUENCTFS OF 

M O D I F I C A T I O N  OF SUBRC'UTTNE MODE1 TO ALLOW N P N - P O S I T I V E  D E F I N I T E  MASS 
( A ) * * - l ( S ) ( D H I )  = fPHI ) ( -WZ-)  U S I N G  HETHOO OF J A C O B I -  

M A T R I X  REMOVE OPTHOGCNALITY CHECKS, A M )  U S E  W2 CONVERGENCE TOLERANCE- 
THE MASS ( A )  MATRKX ShWLD B €  REAL, SYMMETRIC. 
THE 5 f I F  ( 5 )  M A T R I X  SHOULD BE REAL, SYHMETRIC- 

F R E Q U E N C I E S -  FULL M A T R I X  (SI IS USED. 
UPPER HALF O F  M A T R I X  ( A )  IS USED TO C A L C U L A T E  MODE SHAPES AND 

INNER PRBDUCT SUMS ARE PERFORMED IN DOUBLE PRECISION, 

?HE MAXIMUM SIZE I S  
C A L L S  FORMA SUBRCUTIMES BTABA2,EIGNlA.  I N V 4 r ( Z Z B O M B ) -  

N = 500 (BASED ON S T A E A 2 ) -  
D E V € L O P E D  B Y  R L  WOHLEN, JANUARY 19720 
L A S T  R E V I S I O N  BY R L  WOHLEN- MARCH 19?6* 

SUB ROUT I N  € ARGUME N T S  
A = I N P U T  MASS M A T R I X -  S I Z E  (NpN 1 o *DESTROYED* 

= OUTPLIT MODE SHAPES- S I Z E t N , h l ) -  
s = INPUT S T I F F N E S S  M A T R I X -  S I Z E ( N , f f )  W E S T R O Y € D *  
w2 = OUTPUT VECTOR UF E I S E N V A L U E S  (OMEGA SQUARED) 0 S I Z E ( N  1 0 

N = I N P U T  SIZF OF M A T R I C E S  A,S AND VECTOR W2- 
CTW2 = INPUT CONVERGENCE TOLFPANCE ON W2- I F  CTWZ OLE- C o t  

If**-6 WILL B E  USED-  CONVERGENCC ASSUMED 
I F  W2 -LTo CTWZ OH I F  THE W2 R A T I O  OF 
t CURRENT-PR ECE9 I N G I / C U R  RENT 0 LTo CTWZ 

KR = I N P U T  ROW DIMENSION OF A,S I N  C A L L I N G  PROGRAM- 



TMI = 1-1 
DO 25 J = l t T M l  

. 25 A(1.J) = 0.0 A =lJ 
C 

28 CALL I N V 4  ( A t A v N t K R )  A=U**-l 
CALL BTARAZ ( S.AtN.KS 1 s =DYNMA T $  
CALL EIGNlA (StW2,At-NvCTWZtKR) W2=W2 3 

C A =PH I 
C ALIGN Tt+€ CIRCULAR FREQUENCY SQUARED tW2) INTO INCREASING ORDER AN0 
C THE MODE SHAPES CORRESWNDlNGLY- 

I F  (N -EQ. I )  RETURN 
NM1 = N-1 
DO 35 J = I t N # l  
WZMTN = H 2 t J )  
IMIN = J 
JP1 = J + l  

TF (HZMIN ,LE, W Z ( T 1 )  GO TO 30 
W2MIN = H 2 ( I )  
IMTN = I 

30 30 I = J P l t N  

30 CONTINUE 
TF ( T M I M  ,-EO- J)  SI! T U  35 
WZ(1MIN) = W ( J 1  
W Z ( J 1  = WZMIN 
Dc! 34 K = l r N  
A K J  = A(K,J) 
A ( K r J 1  = A I K v I M I N )  

34 AtKvT' f IN)  = A K J  
35 CONTINUE 

RETURN 
END 

c 
* 



MULT 
---e- 

>& 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUGROUTINE MULT (AIB,ZINRAINRB.NCBIKRA.KRB) 
DIMENSION A(KRA,I), B(KRB,l)+ Z(KRA.1) 
DOUBLE PRECISION SgSSvZERO 
DATA ZERO/OoD/ 

M A T R I X  MULTIPLICATION. A * B = Zm 
INNER PRODUCT SUMS APE PERFORMFD I N  DOUBLE PRECISIQN- 
DEVFLOPED PY R L WOHC€No FEBRUARY 1965, 
LAST REVIS ION BY R L  WOHLEN- MARCH 1976- 

SUBROUTIN E ARGUMENTS 
A = INPUT MATRIX, SIZE(NRAINRB)~ 
B = INPUT MATRIX, SIZE(NRB,NCB)o 
2 = OUTPUT RESULT MATRIX. SIZE(NRAvNC6)o 
N R A  = INPUT NUMBER OF R W S  OF MATRICES AvZo 
NRB = INPUT NUMBER OF RGWS OF MATRIX B. COLS OF MATRIX A -  
NCB = INPUT NUMBER OF COLS OF MATRICES B t Z o  
KRA = INPUT ROW nIMENSION OF AvZ I N  CALLING PROGRAM- 
KRB = INPUT ROW DIMENSION O F  8 IN CALLING PROGRAM- 

DO 20 I = l r N R A  
DO 20 J=I,NCE! 

DO 10 K=l,NRP 
SS = A ( I * K ) * G ( K I J )  

S = ZERC 

1 0 s  = s + s s  
20 Z ( 1 . J )  = S 

R E TURN 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

f C 

C 

C 

C 

SUP P @UT I& E MULTA 
D f M E k S I O N  A Z ( K A Z 9 1 ) ,  B ( K B t 1 )  

DCU@LE P R E C I S I O N  SWSS TZERU 
D A T A  f E R O / O a O /  

( A  Z 9 E 9 NR A 9 NR B 9 NCB 9 KAZ t KB 

COMMON / L W R K V l  I W(500) 

M A T R I X  M U L T I P L I C A T I O M o  A * B = 2- 
USES TWO WORK SPACES. R E S U L T  ( Z )  I S  PLACED TN A -  
A 2  MUST @ E  D I M E N S I O N E D  LARGE ENQUGH I N  M A I N  PROGRAM TO CONTAIN THE 
LARGER OF A [IR Z.  
INNER PRODUCT SUMS APE PERFUPMED I N  DOUBLE PRECIS ION-  
C A L L S  FC'RMA SUBROUTINE ZZBUMB. 
THE MAXIMUM SIZE IS 

NRB = 500 
DEVELOPED P Y  C S PODLE-Yo JANUARY 19650 
LAST R E V I S I O N  BY R L  WOHLENo MARCH 19760 

SUEROIJT I N E AR GUM EN1 5 
A t  = XYPUT MATRIX .  S I Z E ( N R A t N R B ) o  

= 0l"fF'JT R E S U L T  M A T R I X -  S I Z E  ( N R A q N C B l o  
8 = INPUT MATRIX,  S I Z E ( N R B 9 N C R )  
NPA = I N P U T  NUMPEP OF ROWS OF M A T P I C E S  A w 2 -  
NRB = INPUT NUMPFR C'F ROWS CF M A T R I X  Bq COLS OF M A T R I X  A o  MAX=500-  
NCB = INPUT NUMBER OF C O L S  OF M A T R I C E S  8.2- 
K A Z  = I N P U T  SC!W D I M E N S I O N  OF A 2  XN C A L L I N G  PROGRAM- 
KB = INPUT ROW D I M E N S I O N  OF 8 I N  C A L L I N G  PROGRAM- 

NERROR F X P L A N A T I O N  
1 = MORE THP.N 500 ROWS I Y  M A T R I X  Bo 

N E  RR OR= 1 
I F  (NRB aGTa 500) GO TO 999 

00 40 I = l r N R A  
DO 20 K = l r N R R  

DO 40 J = l r N C B  
s = ZEPO 
DO 30 K=l,r \rPF 
S S  = W ( K ) * R ( K t J )  

20 W ( K )  = A Z ( 1 t K )  

3 0 s  = S + S S  
40 A Z ( 1 . J )  = 5 

RETURN 

999 C A L L  ZZHOMB (6HMULTJ: 9NERROR) 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
,c 

C 
C 

SUP ROUTIN E MULTP 
DIMFNSION A ( K A , ~ ) T B Z ( K B Z T I )  
COMMCN /LWRKVl/  W ( 5 0 0 )  

( A T B  2 T NR A t  NR 8 TNCB Y t(A TKB 2 1 

DOllBLF PRECISION SsSS,ZER[! 
DATA ZERO/OoD/ 

HATRIX M U L T I P L T C A T I D N ~  A * R = 2- 
USES TWO UOPK SPACES- RESULT ( 2 )  IS PLACED TN Bo 
8 2  MUST R E  DIMENSIONED LARGE ENOUGH I N  M A I N  PROGRAM TO CONTAIN 1HE 
LARGER OF E! OR 2 ,  
INNER PRODUCT SUMS ARE PFRFORMED I N  DUURLF PRECISION- 
CALLS Fr)RMA SUBPCNJTINE ZZBOMB. 
THE M A X I M U M  SIZE IS 

NRB = 500 
DEVELOPED R Y  C A R L  R(3DLEY- JANUARY 1965- 
LAST REVIS ION BY KL HOHLENo MARCH 1974, 

SWBROUT TNE ARGUMENTS 
A = INPUT MATRIX, S I Z E ( N P A t N R B ) -  
BZ = INPUT MATRIX- S ~ Z E ( N R B T N C B ) -  

= CUTPUT RESULT MATRIX, S I Z E  (NRAtNC8)- 
N R A  = INPUT NWMPER @F ROWS OF M A T R I C E S  A w Z -  
NRB = INPUT NUMRFR OF ROWS OF MATRIX 89 COLS OF MATRIX  A -  MAX=500-  
NCB = INPUT NUMB€R @F C O L S  OF MATRICES BIZ- 
KA = INPUT RC?W OIMFNSIQN OF A IN CALLING PROGRMlm 
KBZ = INPUT ROW DIME'NSICN o f  RZ r N  CALLING PROGRAM, 

NEPROR EXPLANATION 
1 = SIZ€ L I M I T A T f C d  EXCEEDED. 

N E R R O R = I  
I F  (NRB-GT-500 -OR- NRA-GT-KBZ -OR- NRB-GTeKBZ) GO TO 999 

C 
DO 40 J = I r M C S  
!I@ 20 K = l t N R B  

DO 40 T=ljNKA 

DO 30 K = l t h ( P l r  
S S  = A ( I t K ) * W ( K )  

20 W ( K )  = R Z t K t J )  

S = ZERO 

3 0 S = S + S S  
40 @Z(I,J) = S 

RETURII 
C 

999 CALL ZZBOME (6HMULTB TNERRUR) 
END 



NAME -- I /  2 

FUNCTION NkMF (NAM€IN,NUMIN) 
DIMENSION FMTl(Sl ,FMT2(3)  
DATA FMT1/2H(A,IH r ? H , I , I H  T I H I /  
DATA FM?2/2H( 1, 1H 9 1H ) /  

C 
C FUNCTION TO MERGE NkMEIN AND NUMIN INT' ONE VARIABLF (NAME) WHICH MAY 
C BE USFO A S  AN A 6  @UTPUT NAME IN ROUTINES SUCH A S  FORMA SUeROUtlNtS 
C WRIT€, WTAPE, CKSTFl, PLDTI. ETC- (SEE FXAMPLfS BFLOW.) 
C NOTE,. 0 I F  THF SUM OF THE NON-PLANK CHAGACTERS I N  NAMEIN-MERGED-WLTH- 
C NUMTN FXCFFDS 69 THE RIGHT MOST YARACTEPS OF NAMEIN WILL BE 
C O P O P P t D  TO MAKE ROOM FOR NUMINO (THE NUMBER ZERO I S  NOT 
C COMSIDFRED A BLANK- 1 
C NOTE-,,THE INTPINSIC FUNCTION FLD IS USED, I T  I S  NOT 
C AVAILABLE ON ALL COMPUTERS- 
C 
C DEVELOPED bY RF ?UDA APRIL 01,1972 
C LAST REVISION BY JPHM ADMIRE *NASA* JAN 1974. 
C 
C F UNCT I ON ARC! J MENTS 
C MAHEIN = INPUT ALPHANUMERIC NAME- MUST BE SUPPLIEO I N  CALLING 
C PROGRAM AS A 6H 9 OR 3V A VARIABLE DEFIN€D 
C WITH AN A 6  FORMAT- 
C NUMIN = INPUT A POSITIVE INTFGFR NUMBER TO B E  HERGCD INTO NAMFIN- 
C NAME = OUTWIT ALPHANUMERIC NAME WHICH MAY BE USED IN AN A6 
C OUTPUT FORMAT, 
,C 

IC 
C HCJlILD YIELD AN OUTPUT NPME A R C 6 9  (LEFT JUSTIFIED).  
C C A L L  b R I t E  ( A , ~ A I N A T N A M E ( I H K , N A ) T K A )  9 HHFRE NA = 1 2 4 ,  
C WOlrLD YIELD AN OUTPIgT NAME K124 CLEFT J U S T I F I E D ) .  
C DO 5 I = l r N  
C 5 CALL WRIT€ CA,NA,NA,NAME(4HSTIF,I)rKA) 
C WEULD Y I E L D  OUTPUT NAMES S f T F l  r S T I f 2  *ST IF3  9r.r 

C 

C 

C 
C FIND NUMBER OF D I G I T S  I N  NUMIN- 

EXAMPLES9 
CALL WR I T E  ( A 9 NR 9 NC ,N AH € ( 3HABC 969 9 K A  I 

4000 FORMAT (11) 

I F  (NUMIh-LToO ,OR. NUMINoGT.999999) RETURN 

CO 10 ND=1,6 
I F  (hUMTNoLTolO**ND) GO TO 20 

10 CONTINIJE 
20 I F  (ND-fi0.6) GO TC 5 0  

C 
C FIND NUMP€R DF LETTERS I N  NAMEIN- 

DO 30 I = l 9 6  

NL = 7-1 
Nl  = (ML-1)*6  
I F  ( F L D ( N ~ T ~ ~ N A M E I N )  ONE, 6 t I ( ( ( ( (  I GO TO 40 

30 CCNTINUF 
GO ?C! 50 

40 I F  (NL+NDoGToQ) NL = 6-ND 
C 
C MERGE NAMEIN AND NUMIN INTO NAME, 



NAME - 2 1  2 
-L- UI 

NTOT = NL+NG 
ENCODE ( 4 0 0 0 , F M T l t Z  1) NL 
ENCODE (4000 t F K T l 1 4  1 ND 
ENCODE ( F M T l r N A M E  1 NAHEININUMIN 
RE TURN 

C 
50 ENCODE (4000r rHT2f2 ) )  hi) 

ENC@DE ( F H T Z t R A H E  1 WWIN 
R E TURN 
END 



ONES 

.1 C 
SUeRCUTINE BNES ( Z * N R * N C * K R )  
D I M E N S I O N  Z I K R T ~ )  

GENERATE A M A T R I X  OF O M S -  
CODED BY RL WOHLEN- FEB 1965- 

SUBROUTINE ARGUMENTS 
2 = OUTPUT M A T R I X  G€N€RATEDo S I Z E ( N R * N C I o  
NR = INPUT NUMPER OF ROUS I N  MATRIX 2 -  
NC = INPUT NUMBER OF CULS IN M A T R I X  Z. 
KR = INPUT ROW D I M E m x a N  OF MATRIX z IN CALLING PROGRAM, 

DO 10 I = l r N P  
DO 10 J=1,NC 

10 Z ( I T J I  = 1.0 
RETURN 
END 



ONRBM 

.. "c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ORTHONORMALIZES THE R I G I D  BODY HCOE(SI.  
N O R M A L I Z A T T O N  IS REMtTPANSPOSE l*AHASS*RBM = UNITY- 
C A L L S  FORMA W B R O U T I N E S  B T A B ~ E I G N l ~ M U L T A . P A C E H ~ ~ Z Z B ~ M E o  
THE MAXIHUM S I Z E S  ARE 

N = 2 5 0  (BAS€D Oh! E T A B )  
NRRM = 6 

DEVELOPED EY CS EfYDLEY AND RF HRUOAo DECEMBER 1965- 
LAST R E V I S I O N  BY W R  BENFIELD- MARCH IT60 

SUBROUTTIvE ARGUMENTS 
RBM = INPUT ANY R I G I D  BODY HI?DES- S I Z E ( N ~ N R B H ) o  +DESTROVED* 

= OUTPUT CRTHONORMAL R I G I D  BCDY MQDES- SIZE(NTNRBH)O 
AMASS = INPUT CORRESPWOINC MASS M A T R I X -  S I Z E ( N t N ) o  
N = INPUT SIZ€ OF MASS M A T R I X *  NUPBER OF ROWS IN R@Mo MAX=25O- 
NRBM = I N P U T  NUMPER OF RIGID BODY MGDESv COLWNS IN RBHo MAX=6- 
K = I N P U T  R(3W DIMENSICN S I Z E  OF RBM AND AMASS I N  CALLING PRUGRAM- 

NERROP E X P L A N A T I M V  
1 = MORE THAN 6 R I G I D  EDDY MODES- 

NERROR=l 
IF(NRRM OCTO 6 )  GO TU 999 

C 
C A L L  RTAR (AMASS9RBM.B 9 N TNRBMT K.6) 
CALL EIGN1 ( R  p E V A L t E V E C t  NRBM*l-E-IOi 6) 
00 30 J = l r N R B M  
DO 30 I = l t N R P M  
EVFC ( I  9 J 1 
CALL MULTA (RGMTEVEC, N 9NRBM.NRBMv K.6) 

5.0 = EVFC f 11 Jl  I S O R  T( EVAL( J) ) 

RETURN 
C 

999 CALL ZZFGMB (6HONRBM tNERROR) 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.i C 

. i ,  
C 
C 
C 
C 
C 
C 
c 

T H I S  f?CIUTINE RECRDFRS THE ROWS OF A M A T R I X  A L P H A e E T I C A L L Y  ACCORDING 
TI? THE F I R S T  NCAL COLUMNS OF THE M A T R I X -  EACH E L E M E N T  Iff THE F I R S T  
N C A L  CC'LWMNS IS ASSUMFD TO C O N T A I N  S I X  CHARACTERS- THE CHARACTERS 
ARE RESTRICTFD T O  LETTERS, NUMBERS AND SPACES- 

NOTE< I F  THE F I R S T  NCkL COLUMNS ARE THE SAME FOR TWO ROWS THEIR 
ORDER MAY BE REVERSED AFTER C A L L I N G  THIS ROUTINE, 

S U B R O U T I N E  AP GUMENTS 
I M A T  - INPUT M A T R I X  T@ 6 F  REOROFRED 
NR - INPUT MJMBER OF RCWS I N  I M A Y  
NC - I N P U T  NUMBERS CF COLUMNS I N  I M A T  
N C A L  - INPUT NUMRFR OF COLUMNS I N  I M A T  TU BE USED FOk REORDERING 

I W M A T  - M A T R I X  WCYRKING SPACE ( K R  BY KCW) 
KR - INPUT ROW D I M E N S I O N  IN C A L L I N G  PROGRAM FOR I M A T  AND IWMAT 
KCH - lNFU? C@LUYN D I # E N S I O N  IN C A L L I N G  PROGRAM FOR I W M A T  

MAXIMUM V A L U E  OF N C A L = 3 @ -  

KCW -GE- N C A L  

CODED BY JCHN AC! l IQF  NVASA* DEC 1974, 

1108 SYSTEM PCIUTINE FLD I S  CALLED, 
FORMA ROUTINE ZZROMB I5 C A L L E D -  

NCW=NCAL*6 
N€RROS= 1 

NERROR=2 
I F 4 N C W  - G T -  KCW) GO TO 999 

I F t N C W  .GTe 160)  GO TO 999 
DO 20 ?=\rNR 

DO 20 L=l ,6  
J J = ( J - l ) * 6 + L  
I I = I A B S  f ( L - l ) *6 )  
~ W M A ~ ( T T J J ) = F L D ( I I , ~ ,  I M A T ( 1 , J  1 )  

Do 20 J=I,NCAL 

DQ 10 K=l,37 
I F ( I W M A T ( I T J J )  -NE, I V A ( K ) O  GC TO 10 
f W M A T ( I r J J ) = K  
G@ TI! 20 

10 CONTINUF 
NFRROP=3 
GO TO 999 

20 CCINTINUF 
NRF;=NS- l  



DO 100 I r l t N R M  
DO 30 L=!rNCW 

30 I V  ( L )=I WEIAT 4 I t L 1 
I I = I  
IP=I+l 
DO 70 J=IPtNR 
DO 40 L=ltNCW 
fF(fWHAT(3tC)-IV(L))5~~4Ot?~ 

40 CONTINUE 
GO TO 70 

50 DO 60 L=l,NCW 
60 I V ( L ) = I W M A T f J p L l  

I I = J  
70 CONTINUE 

TF(IZ .€O.  Pi GO TC 100 
DO 80 L=ltKC 
fA=IMAT( I I ti) 
IMAftII .L S=IMAT(  1 . L )  

DO 90 L=l,NCW 
IA=IWMAT(XIrL) 
IWMkf(IIrL)=IWMAT(ItL) 

80 IMAT(IIL)=IA 

90 IWHAf(ltLl=IA 
I00 CC!NTINUE 

999 CALL fZGUMB(6HURDALPtNERROR) 
R €TURN 

END 



S U B R O U T I N E  OUT (NTAPEsA,N) 
DIMENSXON A ( 1 )  

WRITE DATA FPCM CORE SPACE. A OUT TU NTAPE- 
CODED BY R L  WOHLEN. MARCH 19f6. 

SUBROUTINF ARGUM€IUTS i ALL INFUf)  
NTAPF = NOMBER OF TAPE- (EG 1 O ) o  
A = DATA TO BE WRITTEN ON NTAPEo 
N = NUMBER OF WOQDS OF DATA TU BE WRITTEN ON NTAPE- 
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L 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- .c 
I 

SUEROUTINE PA ( PIA ?ZTNR?NC .KRA.KRZ) 
DIMENSION A(KRA11 ) T Z ( K R Z ?  1 )  

PA PEQFCRMS THE CPEPATIQN ( Z ) = P * ( A )  

P A  CAN ALSO PERFORM THE OPERATION 
WHFRF ( 2 1  A N D  ( A )  ARE MATRICES AND P I S  A SCALAR- 

(A)=P*(A)  BY C A L L  PA(PTA~A,-ETC--) 

IF NR I S  NFGATIVE AND ABS(NR) I S  EGUAL TO NC 
A SQUARE? SYMMETRIC (2) IS COMPUTED USING THE UPPER HALF OF ( A ! -  

FUSKA SUPPOUTINE ZZEUMB I S  CALLED - 
CODED 6 Y  JOWN ADMIPE *NASA* J U L Y  1972 
LAST REVISION BY R L  WOHLEN- APRIL 1976- 

ARGUFENTS 
P - INPUT SCALAR P 
A - fNPLIT MATRIX ( A )  S I Z E t N R  BY NC) 
2 - OUTPUT MATRIX (2) S I Z E t N P  BY NC)  
NR - INPUT ABS(KR) I S  THF NUMBER OF ROWS I N  ( A !  
N C  - TNPVT NUMBER OF COLUMNS I N  ( A )  
KRA - TNPUT ROW DIMENSION OF ( A )  I N  CALLING PROGRAM 
KRZ - INPUT ROW DIMENSION O F  (21  I N  CALLING PROGRAM 

NFRRCR EXPLANATIONS 
1 = SlZ€ EXCEFDS DIMENSIENS- 
2 = NOPI-SQUARE (2) WANTED- 

N=IABS(NR ) 
NERROR = 1 

NERROR = 2 



999 CALL ZZROMB(6HPA SNERROR 1 
END 



PAGEHO 

SUBROUTINE PAGEHD 
CC?MMON /LSTART/ I R U N N O t D A 1 E ~ N P A G E ~ U N A M E ( 3 ) r T I T L E l t l Z )  , T I T l E 2 t 1 2 )  
t;OMMON /LLINE / NLINE,MAXCINIMINI 
DATA N I f r N o T / 5 ~ 6 /  

C 
C BRINGS UP NEW PAGF AND PUTS HEADING AT TOP- 
C I N C R E A S E S  PAG€ NUMeER BY CNE AND SETS LINE NUMBER EQUAL TO F I V E -  
C 
C I NTFRNA L VAR I AB LES 
C IRUNNO = RUN NUMBER ( A 6  FORMAT) 
C DATE = DATE ( A 6  FORMAT) 
C NPAGE = PAGE NUMBER 
C UNAME = USERS NAME ( 3 A 6  FORMAT) 
C T I T L E 1  . = F I R S T  T I T L E  ( 1 2 A 6  FORMAT) 
C T ITLE2 = SECOND T I T L E  (12A6 FORMAT) 
C NLTNE = LINE NUMf3ER 
c MAXLIN = MAXIMUM NUMBFR OF LINES PER PAGE 
c M I N I  = PRINT OPTION ( A 4  FORMAT) 
C 
C MODIFIEG AUG 1973 BY JGHN ADMIRE *NASA* 
C 

2001 FORMAT(9HlRUN NC;, A6p32Xp5HDATE A 6 9 1 2 H  CPU TIME=I4. * 4 H  SECt32XtQHPAGE NO- I49/55%9HRUN BY 3Ab//lOX, * 1 2 A b / l O X *  12A6) 
C 

CALL CPUTIM(1SEC) 
ISEC=IS€C/1000000 
NPAGE=NPAGE+l 
NLINE=5 

RETUPN 
END 

W R I T F  (NETt2001)  IRUNNO~DATE~ISEC~NPAGE,UNAMEITfTLElrTITLEl~TITLE2 



PAQE -- 1/ 2 

1 
'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
c 

I F  YR IS N F G A T I V F  AND ABSfNR) IS EQUAL TU NC 
A SQUARE* SYMMETRIC (2) IS CONPUTEO USING THE UPPER HALF OF ( A ) * ( B ) m  

FC'RMA Sl!@RC!UTINE ZZhOMB I S  CALLED 
CODED EY J@HN ADMIR€ *NASA* JULY 1972 - 
LAST R E V I S I O N  6 Y  RL  HOHLEN, APRIL  l9f6, 

P - INPUT 
A - INPUT 
Q - INPUT 
B - INPUT 
Z - OllTPUT 
NR - INPUT 
NC - INPUT 
KRA - INPUT 
k R R  - I N P U T  
KRZ - INPUT 

AR GUME Nk S 
SCALAR P 
MATRIX ( A )  S IZE tNR 8Y NC) 
SCALAR Q 
MATRIX ( R )  SIZE(NR RY NC) 
MATRIX ( 2 )  SIZEfNR BY NC) 
APS4NR) IS WF NUMRER ROWS IN ( A ) ,  ( 8 )  AND ( 2 )  
NC IS ThE NlfKPER OF COLUMN: I N  ( A ) ,  ( 8 )  AND (2) 
PCH DIMENSION OF ( A )  I N  CALLING PROGRAM 
ROH DIMENSICPJ OF ( B )  TN CALLING PROGQAM 
ROW DIMENSION OF ( 2 )  IN CALLING PROGRAM 

NFRRUR EXPLANATIONS 
1 = S I Z E  EXCEFDS DIMENSIONS, 
2 = NCN-SQUARE (Z 1 WANTFO- 
3 = NON-SQUARE (2) WANTED, 

NERROR = 2 



PAQB 0- 2 1  2 
-I----- 

NERRUR = 3 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

SUbROUTINE PLOT1 ( X M C t Y M A T  sNRtNCtIXNAMEtIYNaME.1 TITLE IFCURVtK 1 
COMMON 1HUNNOtDPTF TNPAGE TUNAME f 3 ) I T I T L E I  f 12 1 tT ITL t i24  12 I 
D I M E N S  I O N  
DATA N I T t N O T / S t 6 /  
EQUIVALENCE ( IDATEt  OAT€ 1 

/LSTART/ 
XVFC f 1 1 9  YM AT( K 9 1  1 lYNAME I1 1 t I T I T L E  f 1 I t  I T I T L  I 3.2 1 

PLOTS FROM 1 TD 3 VECTORS PER FRAME. X-AXIS AND Y-AXIS  ARE LINEAR. 
C A L L S  FORME. SUBROUTINES PLOTSS t ZZBOhR - 
THE MAXIMUM SIZE IS 

NC=3 
COOED BY R F  HRUDA O l t J U L Y  1968 
MODIFIED FER CONTRACT NAS8-25922 MAY 197! 

NOTEoooFnRTRAN STATEMENT -CALL IDENT ( 1 1 -  MUST R E  IN L O G I C  OF MAIN 
PRCIGRAM P P I O R  T O  CALLING THIS RWTINE. IT MUST BE EXECUTFD ONLY 
CVCE (INDFPENOENTLY OF NUMGER O F  TIMES WAIN BODY OF THE PROGRAM 
IS EXECUTED), 

FORTRAN STATEMENT -CALL ENDJDB- MUST PE IN LOGIC OF MAIN PROGRAM 
SUGSFQUENT TO CALLING THIS ROUTINE* I T  MUST BE EXECUTED ONLY ONCE, 

SUBRClUTINF ARGUMENTS (ALL INPUT) 
XVEC = VECTCR OF X - A X I S  COORDINATES, S I Z € f N R ) -  
YMAT = SFT r F  NC VECTOES TU @E PLOTTFD SZMULTANECUSLY- SlZE(NRtNC1- 
NR = NO. OF ROWS I N  YMAT (AND XVEC) 
NC = NU. OF C O l S  (OR VECTORS) IN YMAT 
fXNAM€ = AN A 6  NAeE FOR X - A X I S  
IYNAKE = A 12A6 NAME F@R Y-AXIS 

( C A N  EF PEAD I N  MAIN PRCGRAM W I T H  A FORMAT f 1 2 A 6 ) )  
I T I T L E  = A 6A6 OFFINED I N  THE CALLING PROGRAM WHICH W?LL R E  

ASSFMBLED WITH IRUNNC AND DATE TD FORM TIT1.E- TXTLE WILL 
APPFAR AT BOTTOM OF PLOT SHEET, 

IFCURV = 1 I F  CClNNECTED CURVE PLOT IS OESIREO 

K = ROW GIMENSZON S I Z E  OF YMAT I N  MAIN PROSRAM 
= 0 I F  DOT PLOT IS D € S f R E D  

NEPRRR EXPLANATIONS 
1 = MOR€ THAN 3 CClLUMNS I N  (YMAT), 
2 = IFCURV IS NUT 0 OR 1 .  

CHECK CN NU, O F  VECTORS 

I F  (NCoGT.3) GO TT! 999 

FORM T I T L €  FRCM I T I T L E  AND COMMON, 
ITTTL(Y 1 = YXNAME 
I T I T L ( 3 )  = 6H 
I T I T L t 3 )  = IRUNNO 
T T I ' f L ( 4 1  = 6H 
I f I T L f 5 )  = I D A T €  
I T I T 1 4 6 1  = 6H 
DO 5 I = J t 6  

ti I T I T L ( I + 6 )  = I T I T L E 4 I )  

NERROR='I 
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FIND MAX- AND MTN- OF YHAT , XVEC 
Y M A X = Y M A T ( I r I  1 
Y M I N = Y M A T ( l r l )  
XMAX = X V F C ( 1 )  
X M I N  = X V E C ( 1 )  
DO 10 T = l , N R  
I F  ( X V E C ( 1 )  oGT- XMAX) XMAX = XG'EC(1) 
r F  ( X V E C W  -LT. XMIW X M X N  = X V E C ~  
DO 2 0  J=l,NC 
I F ( Y M A T ( 1 p J )  eGT- YMAX) YMAX=YMAT(T ,J )  

10  P F f Y M A T ( 1 r J )  -LT-  Y M I N )  Y M I N = Y H A T ( ~ T J )  
C FIND T C P  AND ROTTOM VALUES FOR P L O T  FRAME ( Y T  AND Y B )  

C 
C A L L  P L O T S S  ( Y M A X , Y M I N t Y T v Y B )  

NP=O 
I F  ( I F C U R V  o E Q o  0 )  NP=+NR 
I F  ( I F C U R V  -EO- 1 )  NP=-NR 
I F  t IFCIJRV ,EO, 0 )  JI=40 
IFtIFCURV -EQ. 1) JI=61 

NERR OR=2 
I F  (NP o E Q o  0 )  GO TO 999 
NEWGRD = -1 
DO 20 I = l ? N C  
I F  ( I  - G T o  1) N€WGRD=O 

20  C A L L  QUIK3L ( N E W G ~ D , X M I N T X M A X , Y ~ ~ Y T T ~ I ~ I T X T L , ~ Y ~ A ~ ~ E ~ ~ P T X V E C ,  * Y M A T d l r I  1 )  
RETURN 

E F'3 
999 C A L L  ZZBUMfr ( 6 H P L O T 2  ,HERROR) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c 
c 
C 
c 
C 
C 
C 
t 
c 
C 
C 
C 
h 

1 

c 
C 

SUBROUTINE: PLOT2 ( X  VE C t YM AT tNR VNC 9 I XNAH € %  IYXAME 9 1  T I T L E  9 I P L @ 7  9 * Y T G P , Y R O T t X L E F T t X R I G H T t K ~  1 
COMMCW /LSTART/ iPUFmOtDATE tNPAGF~lJNAME?3).TfTLEl(12)  o T I T L C 2 1  1 2 )  
GIMENSICN XVEC( 1 )  t Y M A T ( K R t 1 ) t  I T I T L E  ( 1  1 9  i T I T L (  1 2 ) ~ 1 N 0 ( 1 0 )  
DIMENSION IYNAME (1) 
DATA N I T  9NOT/5 96.1 
DATA Thin / 2H 1t2H 292H 3t2H 4 t 2 H  5r2H 692B 712H 812H 9t2H10 / 
EQUIVALEttCE (DATE.tIDA?E I 

SUtA3UTIN€ PRCDXES LOG-LOG, SEMILOG-LINEAR LINEAR-SEMILOG PLOIS. 
WILL PLCT UP TO 10 CURVES FER GRID. ALL CURVES WILL RE PLOTTED 

VERSUS XVEC AND WILL f3E PLOTTED WITH THE SAME Y A X I S  SCALE- 

NOTE.--FORTRAN STATFMENT -CALL IDENT ( ? $ -  MUST B E  IN LOGIC OF MAIN 
PROGRAM PPIOR T O  CALLING T H I 5  RMIT INF.  I T  YUST BE EXECUTED ONLY 
ONCE (INDEPENDENTLY OF NUMf3ER OF T I W S  N A I N  PROGRAM IS 
EXECUTED] 

FOPTPAN STATEMENT -CALL FNDJOB- MUST BE I N  LOGIC OF MAIN PROGRAM 
SUESEQUENT TO CALLXNG T H I S  ROUTINE- I T  MUST EE EXECUTED 
ObitY ONCE- 

THE hAXINUM STZE IS 
NC = 10 

CALLS FORMA SUBPCWTINE ZZBOMR, 
COOED BY R L PERRY. MAY 1969. 
MODXFIED FOR CONTRACT NA68-259229 MAY 1971 

SUBRWUTINF ARGUMENTS (ALL TFIPUT) 
X' C = VECTOR OF X - A X I S  CMIRDTNATES- SIZE(NR)m 
YMAT = MATRIX OF Y-AXIS COORDINATES TO BE PI.@TTED* SILF(NR,f'dCl- 

M A Y  RF OEZTRDYED. 
NR = h;UMPEP OF ROWS I N  XVEC AKD YMATs 
NC = NUMBER OF CCLQMNS I N  YMPTo MAX=10.  
INNAM€= AN A 6  NAMF ?CH X - A X I S  CGORDS- 
IYNAFi€:= A 1 2 A O  NAMF FOP Y - A X I S  C O V R D S .  
I T I T L E =  A 6 P 6  DFFINFD I N  THE CALLSNG PROCRAM WHICH WILL BF 

ASSEMPLFD WXTF IhUNNO AND DATE TO FORM TXTLE- T I T L E  
WILL APPEAR AT POTTOM OF PLOT SHEET. 

I P L O T  = THE TYPF 3 F  PLCT DFSIRED. 
= 1 FSTABLISHES A 5EMI-LM; MAPPING WITH Y-AXIS LINFAKI 
= 2 fETAPLIShES A SEMI-LUG MAPPING WITH X-AXIS LIN€AR. 
= 3 F5IAGLISHES A LOG-LOG MAPPING. 

YTUP = M A X I M I J M  VALUE OF Y-AXIS SCALE. 
IF e L € -  0. AND LUG A X I S ?  M A X I M U M  VALUE WILL BE COMPUTED. 

YBOT = MINIMUM VALUE CIF Y - A X I S  SCALE. 
I F  -LFe 0- AND LOG A X I S ?  MINIMUM VALUE WILL bE COMPUTED. 

XLEFT = MINIMUM VALUE OF X-AXIS SCALE. 
YF -1F .  0- AND LOG AX!:( M I N I M U M  VALU€ WILL BE COMPUTED. 

XRIGHT= MAXIML'M VALUE CF X - A X I S  SCbLEo 
T F  ,LE. 0- AND LOG AXIS, M A X I M U M  VALUE WILL BE COMPUTED- 

KR = ROW DIMFNSION OF YMAT I N  CALLING PRflGRAMu 

NFRROP FFPLANATIONS 
1 = MOR€ THAN 10 COLUMNS I N  (YMAT), 
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CHECK S I Z E  L I M I T A T I O N  (3F PRCGRAM-fUUMBER OF VECTORS T O  BE P L O T T E D  
NERR OR = 1 

If (NC ,GPO 101 GO TO 999 
C 
C FORM T I T L E  F C n M  I T I T L E  AND COMMON 

I T I T L ( 1 )  = 1Xh'Alr.E 
I T I T L ( 2 )  = 6P 
ITITL(3) = I R U N N O  
XTITL(4) = oH 
I f T T L ( 5 )  = I D A T E  
I T r T L ( 6 )  = 4H 
DC 5 1 ~ 1 . 6  

5 ITITL(I+6) = ITITLE(1) 
C 
c FIND M a x  AND MIN OF YMAT~XVEC,  

XMAX=XVFC (1) 
X M I N = T V F C  (1 1 
Y M A X = Y R A T ( I  9 1 )  

Y M I N = Y V A T ( I p ! l  
DO 12  I = l . N R  
I F ( X V E C f I ) - G T -  X H A X 1  X M A X = X V E C ( I )  
I F ( ) r V E C ( I  I o t T -  X M I N )  X M I N = X V E C ( I )  
DO 1 2  J = l r N C  
I F ( Y M A T ( I t J t  -GT- YMAX) Y M A X = Y M A T ( I , J )  
I F ( Y v A f ( I t J )  -LT- YMIN)  Y H I N = Y H A T ( I . J )  

12 C C N T I N U E  
X L  = XLFFT 
X R  = Y R I G H ?  
Y E  = VEOT 
Y T  = Y W P  
IF ( I P L C T  o L Q o  2) GC TO 60 

C 
C X LOG SCALF DETERMINATION SECTION, 

I F  tXLFFT.GT.0)  60 T!I 5 0  
X = ALQC-1.0 ( X M f N )  
I f  ( X  -LTm C - 1  GO T @  45 
f = Y + 1 .  
GO TU 48 

Y = T - 1  
I F  (X-Y .C€. 1.1 I = 1+1 

4 5 1 = x  

48 XL = IO. **(I  - 1) 
50 TF ( X S I G H T  oGT.0)  GC TO 60 

X = ALOG10 ( X M A X )  
IF f X  oGE-  0-1 GO TO 52 
I = X  
GO TC 53 

52 I = X + I ,  
Y = ?  
I F  (Y-X o G E o  1 - 1  I = 1 - 1 

53 XR = l O - * * I  

C V LOG S C A L E  DFTERMINATION S E C T I O N  
6 G  I F  (IPLE'I .€Qo 1) GC' TU 1 3  
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I F  (YTOP ,GT. 0 , )  GC TO 70 
X=APPClO(YYAX)  
I F  (X-GEoCto) GC! T I  103 
? = X  
GO TO 104 

103 ? = X + l  o 
Y = I  
I F  ( Y - X - G E o 1 - 1  I=I-1 

104 Y T = l C o * * I  
?O I F  (YEOT oGT- 0 - 1  GO TO 13 

X = bL(IGlC1 f Y M L N )  
I F  ( X  oLT. 0-1 GO TO 75 
T = X + l ,  
GO TC 8 0  

Y = I - l  
I F  (X-Y oGFo 1 , )  I = I+l 

7 5 I = X  

80 Y 8  = 1 0 ,  **(I-l) 
C 
C PRODUCE APPROPRIATE G R I D  

13 IF ( I P L O T  -EO- I )  C A L L  SMXYV < l r O )  
I F  l I P L O T  -EO-  2) C A L L  SHXYV (0111 
I F  ( I P L C T  -€Go 3 )  C A L L  CRXYV ( I r l )  
00 I30 I = f r N R  
IF ( X V E C ( I )  oGT- X R )  X V E C t I )  = XR 
TF ( X V € C ( I I  -LTo X L )  X V E C ( I 1  = X L  
DO 130 J=~TNC 
I F  ( Y ! ' ? A T ( I r J )  OGT- Y T )  Y M A T t I r J )  = W 

130 I F (  Y H A T ( I r J 1  -LT- YB 1 YHAT(ItJ)=YB 
C 
C PLCT CURVES 

IVEWG9D = -1 
DO 40 I=LNC 
C A L L  X S C L V l  ( X V E C ( 1  ) ~ I X R A S I I X E R R )  
C A L L  Y S C L V I  ( Y N A T ( l 9 I  ) r I Y R A ' r I Y F R R )  
C A L L  PRTNTV ( ? r I N [ ? ( I l  . I X R A S r f Y R A S )  
C A L L  X S C L V 1  (XVEC(NR)  v I X S A S ~ I X E R R I  
C A L L  YSCLV! ( Y M A T ( N R r 1 )  r I Y R A S r I Y E R R )  
C A L L  P P I N T V  tZ~INO(1i r I X R A S v I Y R A S 1  
I F  ( I o G T o I )  NEWGRC' = 0 

40 C A L L  QUKLCG (NEWGkDtXL pXR rYB r Y f  ~ ~ ~ ~ I T I T L ~ I Y N A M E I - E I R I X V E C I  * Y M A T ( 1 t I  1 )  
C 
C RETURN T@ V A I N  PROGRAM 

C A L L  SYXYV ' ( O r O )  
RETURN 

E NO 
999 C A L L  ZZSUMB (6hPLOT2 9NERROR) 
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C 

c 
i. 

t' 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.C 

d 

I *  

C 
C 

PLOTS PFR'PECTTVF OR ZTERFO-PAIR VIEW($)  
CODED BY P F +RU@A- CCTORER 196E- 
H U D I F I E D  FCR CONTRACT hAS8-25922 s MAY 1971- 

NOTE---FQRTRAM STATEMENT -CALL I D E N T  (1)- MUST B E  I N  L C G I C  O F  MAIN 
PQCGRAM P P I O P  TU CALLXNG T H I S  RCWTINF, I T  MUST BF EXECUTED 
CNLY r w E  (INPEPENDENTLY OF TRE NUMBER OF TIMES THE MAIN 
PRCGRAM IS EXECUTED)- 

FCRTRbN STATEMENT -CALL ENDJEB- MUST RF I N  LOGIC OF M A I N  
PPnGRAM SUESEQUENT 2-0 C A L L I N G  T H I S  RUUTINF. I T  MUST BE EXECUTED 
ONLY ONCE. 

THIS RCUTIME CALLS FCdMA S U B R O U T I N E S  VCROSSs VDCTT ZZBOM6- 

SURRCUTINF ARGUMENTS (ALL I N P U T )  
CLFC = NC-BY-3 MATRIX- THE 1-Th F X M S '  WOULD D E F I N E  THE X 9 Y p Z  

COOR@INATE L O C A T I O N  C?F THF I -TR J O I N T  OF A STRUCTUPF. 

I Y  THE CLOC ARE TU R E  C C N N E C E O  f3Y A STRAIGHT LINE PLGT, 
MLOC = NM-BY-2 MATRIX, mrs MATRIX SPECIFIES WHICH COORDINATES 

( 1 - E -  PLCT FRCM C L C C ( M L C J C ( 1 ~ l ) )  TO CLOC(MLOC( I ,Z ) )o )  

CFNT€P-OF-EYEZ-LOCATIUN IN THE VEFERENCE CCSRfilNATE SYSTEM- 
COELOC = A VFCTRR D € F I N I N G  THE X t Y v Z  C@W\DINAT€S OF THE 

4 W P E P E  YCU VIEW TEF WJECT FR?OM,) 
V F L K  A VFCTOK D E F I N I N G  THE X ~ Y T Z  COC'RDXNATES OF T H €  

VIEW-POINT-LOCkTIONo ( A  P O I N T  YOU M I S N  TO LOOK AT 
FRGM THF C C E L t K , )  

RANGCE = F X L - P N G L E  ( I N  DFGREESI YOU WISH TO ROLL YOUR H E A D  AGOUT 
TEE L I N E  OF SIGHT P R E S C R I B E D  B Y  COELOC AND VPLC'C. 



c 

1: 
'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

i 

(CLPCKWISF = +)  (THE I N I T I A L  L I N E  OF SIGHT FROM CCFLOC IS 
COWN 1HF X - A X I S  WITH THE Y-AXIS TO THE RIGHT AFiD THE 

SYSTEM AT CCELOC I S  FIP.ST R@TATED ABOUT W E  Z-AXIS AND 

+THETA-X RCITATI@N ABOUT THE NEW ORIENTATION OF THE LOCAL 

2 - A X I S  DOWN, TO LOOK AT THE VPLC'C, T M  L(?CAL COORDINATE 

THEN APUUT THF Y-AXIS, RANGLE WOULD THEN PRESCRIEE A 

CCORDINATE SYSTEM- 1 
CANGLE = CC'NF ANGLE OF V I S I C N -  ( A  SCALING TYPE OF VARIAFLE THAT I S  

DEPENDENT ON ThE VIEWER- FUR MO5.T VIEWERS ABOUT 60 
DEGREES IS USED, I F  NO VIFWER IS USED. ABOUT 20 DEGREES ?S 
ACCEPTA@L€-) M A X  = 8 0  DEGREES- 

€ED = FYF-TC-EYE DISTANCE (USUALLY 300 1NCHFS)- A VARlATION OF 
T H I S  PAPAMETER WILL CAUSE A DEPTH PERCEPTION DISTORTION* 

IFJNUM = 0. NO J P I N T  NUMBERS WILL APPEAR ON THE STRUCTURE- 
= I *  JCIRT NUMBERS WILL BE PUT ON THF STRUCTURE- 

LREYE = I t  A PERSP€CTIVE ( L E F T  EYE) VIFW WILL RE PRUDUCED- 
= 2, CPMPANICN RIGHT EYE VIEW FC'R STESFO WILL RE PRODUCED- 

N V I E H  = 1 ,  TPE PLZITTED IMAGE WILL RE FULL SIZE, AND ONLY ONE V I E W  
WILL APPEAR ON ONE PLOT FRAME- 

V I E M S  C!f A STEREO PAIR MAY PE PUT ON @NE PLOT FRAME, 
= 2, THE PLOTTED IMAGE WILL BE HALF-SIZF SUCH THAT EOTH 

( T C  RE USED I N  CCNJUNCTION WITH LSEYE AND IFFA, FOQ A 
ST€RF[? PAIR, THE LEFT EYF VIFW MUST 6 €  PLOTTFD FIRST,) 

lFFA = 6 9  FRAME ADVANCE WILL NOT !?E EXECUTED AFTE-R PLOTTING 
P FRAME, 

= I ,  FRAM€ ADVANCE WILL BE EXECUTED AFTER PLOTTING I S  
COMPLETED- (MUST USE I F F A = l  OR LAST PLCT EXECUTION 
1% FACF! FRAME,) 

I T I T L E  = 13A6 PLCT TITLE,  (CANNOT USE T I T L E 1  OR T I T L E 2  FROM 
SUE!RC\JTIN€ START 1 

NC = NC'o CF RC'WS IN CLC'C- 
NM = NC- C'F FCWS I N  MLOC-  
KC = CCW OIMFNSlON S I Z E  I N  CALLING PROGRAM OF MATRIX CLOC- 
KM = ROW D I M f i N S I O N  S I Z E  IN CALLING PROGRAM OF MATRIX MLOC- 

RFRPCF! €XPLANATI@NS 
1 = CC!N€ bNGLF GPEATER THAW 8 0  DEGREES, 
2 = EYF-TO-€YE DISTANCE LFSS THAN 1 -E-8 -  
3 = J C I N T  NUMPER CPTION ( IFJNUM) MUST B E  0 OR I -  
4 = PERSPECTTVF CIR STEREO OPTION (LRFYE) MUST BE 1 CR 2- 
5 = VTFW OPfICfJ (NVIEWI MUST €!E 1 (16' 20 
6 = F R A M E  k C Y R N C E  OPTION MUST R E  0 OR 1- 
7 = C € N f E R  OF E Y € S  IS TCO CLOSE TO VIEW POINT, 
8 = M A T R I X  (MLOC) DATA EXC€EDS MATRIX (CLCC) SIZE- 

N€ RR OR =1 

N€PR OR =2 

N E R R O R = 3  

NE RR OR =4 

NE RR UR=5 

I F  (CANGLE OGT- 8 0 0 )  GO TO 999 

I F  (€ED-LE-TOLRNC) GO TO 999 

IF ( IFJNUM-NE-0 -AND- IFJNUM-NE011 GO TO 999 

I F  (LPFVE-NE-1  -AND, LREYE-NE,2) GO TO 099 

IF ( N V I t W - N € e l  ,AND- NVIEWoN€oZ) GO TO 999 
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i F  ( IFFAONEDO ,ANI), I F F A o N E o l )  GO TO 999 
Lc 
C FORM SINES AND C C S I N E S -  

0% = V P L @ C ( l ) - C @ E L O C ( l )  
DY = VPL@C(Z) -C@ELOC(Z)  
DZ = VPL@C(3) -C@ELc!C(3)  
OPM = SQRT(DX**2+DY=2+DZw2) 

NERROR=6 

I F  (CPM ,LE, TOLRNC) GO TO 999 
THETAX = RANGLE/SS ,2957 

THETAZ = 0, 

s1  = S I N (  THETAZ 1 
f2 = SIN(1HETAY)  
23 = GIN( THETAX 1 

THFTAY = ATAN2(-DZ9SQRT(DX**2+DY**2) 1 

IF (ABS(DY),GT-TOLRNC,OR,ABS(OX),CF,TOLRNCI THETAZ = ATANZ(DY9DX) 

SEYE = SIN(ATAN(o5*EED/OPM) 1 
SCONE = S I N (  -5*CANGLE/5?o295?) 
C l  = CCS ( THETAZ ? 
c2  = CPSITHETAY) 
c3 = COS ( T W T A X  1 
CEYE = C ~ c ( b T A N ( o S * E f D / Q P M ) )  
CCONE = CCS( oS*CANGlE /57 -2957 I  

C 
.C FORM CONVERSION FACTOR (UNIT RASTERS/LENGTH)- 

IF (NVIEW-EQ-1) SCALE = 0.4399 
I F  (NVIEW.EQ-2) SCALE = 0-2499 
CONVRT = SCALE/( (OPM/CEYE)*TAN( o5*CANGLE/57-295?) 1 

c 
C SET UP DATA FUR P L U f T I N G  T I T L E S -  

DC 100 1~1 .13  
100 I T I T L X ( 1 )  = I T I T L € ( I )  

C 
C PLOT T I T L E  D A T I -  c ------------ 

I F  ( I F F A - F Q - 0 )  GO TO 1 0 5  
IF (NVIFW-FCo2) GO TO 103 
I F  (LPEVE -EQ. 1) I D A T A ( 1 1  = 6H L E F T  
I F  (LREYE ,EQ, 2) I D A T A ( 1 )  = 6HRIGHT 
I D A T A ( 2 )  = 6HEYE V I  
TDATA(3 )  = 2VEW 
CALL R I  TF 2V 

C A L L  PP I N T V  (30.30HCENTER OF FYES LOCATICN 9203 r82 1 
CALL PRINTV (38938HVIFW POINT LOCATICN ROLL ANGLE =9443,82) 
CALL LABL V (RANGLF, 747.82 9 6  9 1  9 3 )  

CALL P Q I N T V  (3.3HOfiG.803982) 
CALL  P R I N T V  (696H X = 9 2 0 3 , b l )  
CALL L A b L V  (CDELOC( 1) 1 2 5 9 t 6 1 r - 6 9 1 9 1  
C A L L  PRTNTV (393HX =,451,61 
CALL  LAeLV ( V P L @ C f 1 ) 9 4 8 6 r 6 l ~ - b r ~ ? l )  
CALL PRIWTV ( lQ .19H CONE ANGLE =9 595961 1 
CALL LARLV ( C A N G L € , 7 4 ? . 6 1 t 6 ~ 1 9 3 )  
CALL  P R I N T V  ( 3 9 3 H D E G ~ 8 0 3 9 6 1 )  

( 10 . 5 12 9 10249 1809 1 9 149 1 9 I D A T A  9 I F P R  1 
103 C A L L  PRXNTV ( 7 8 . I T I T L X * 2 0 3 r 1 0 7 )  
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NERRCiR=8 
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--I--- 

ECF f 1 ) = UX f 1 )*€E f 1 )+UX f 2 )*€B (2 ) +UX f 3 )*FB (3 ) 
EBFf 2 1 = UY (1 ) *€E (1 )+UY (2 )*ER (2)*UV (3 I*€@ (3 1 
€ @ E  f 3) = UZ f I )*EB ( 1  )+OZ f 2 )*Ed (2) +UZ (3)*E6 (3 1 

C CHECK I F  BPTH ENDS ARE BEHIND THE €YE- 
I F  (FAE(3)oLEoTOLRNC oANDo EtF(3 )oLEoTOLRNC)  GO TO 330 

C CHECK I F  BCTH ENDS ARE I N  CONE OF VISION- 
C A L L  VDOT ( EPF , €A LI PRODCT, FPFM, EAEK ,COSPA ) 
C A L L  VOOT fEPE,ERE,PR@DCT.EPEM.EBEY.C03PB) 
I F  (EAEMoL€-TOLRNC -OR, EBEMoLE-TOLRNC) GQ TO 33@ 
IFNUM = 0 

IFNUM = 1 
PAX = (FPEM/CPSPA)* (EAE( l  ) IEAEM)  
PAY = (EP€M/COSPA)*(EAE(Z)/EAEM) 
PHX = ( E P € M / C O c P R I * ( € e E f l ) / E B E M )  
PBY = f E P E M / C C S P e ) * ( E B E ( 2 ) ~ E B E ~ )  
GO TO 320 

I F  (COSPA-LT-CCONE ,OR- COSPB-CT.CCONE) GO T@ 170 

C 
C FIND IMTFRSEC7ICN O F  L I N E  AND CON€ AND DETERMINE WHICH SOLUTIONS 
C AR€ V A L I D  FDR POINTS TO 6E  PR@JECTED ONTO VIEWING PLANE, 

170 CALL VCROSS f E A E , E R E . E C E ~ E A E M . E B € H ~ E C ~ M ~ ~ ~ ~ A B )  
TF fECEM-L€-TDLRNC) GO TO 330 
CALL VOOT f €PE,ECE,PRCDCT,€PEMrECEM,C~?SPC) 
C9MC = COS( (sO.O-o5*CANGLE)/57.2957 
C9PC = CCS( (90mO+o5*CANCLE 1/57-2957 1 
I F  fCC'SPCoGFoC9MC o O R o  COSPCoLEoC9PC) GC TU 330 
BFTA = A ? A N 2 ( € C i ( l ) r E C E ( 2 ) )  
S INPPB = ( - l o O / T A N 1 o 5 ~ C A N G L E I 5 7 , 2 9 5 7 ) ) *  * f F C E f 3 ) / S Q R T ( € C € t l ) * * Z + E C E ~ 2 ) * * 2 ) )  
I F  (SINPPB**ZmGEoo995)  GO TO 330 
OENOH = SQRTf 1 oO-STNPPR**2) 
PHI1 = ATAN2fSINPP@,+DENOM)-BFfA 
P H I 2  = ATANZf SINPPB,-CENOMI-RETA 
DO 1E!O Y1=1 ,3  

IFUSEl = 1 
fFUSE2 = '1 
R 1  = 0- 
R 2  = 0. 
TF ~ A P S f € C F f 2 ) ) , G T o A B S f F C E o ) ) )  GO TO 190 
DENDM1 = A B E ( 3 1 ~ S C O N E * S I N ( P H I l ) - A B E ( 2 ~ * C C U ~ E  
OEN13M2 = A E E  f 3)*SCONE*SIN fPHI21-ARE (2 )*CCONE 
I F  ( A R S ( D F N @ M l ) . L F . T ~ L R ~ ~ ~  I F U S F l  = 0 
I F  (AR'(DEN~M2),L€,TULRNC) IFUSE2 = 0 

180 APEfN1) = E B E f N l ) - E A E ( N l )  

IF fIFUSFloFOolI R l  = ECEfl~/CFNOMI 
I F  f f F U 5 E 2 o E Q o I )  R 2  = ECEf l)/DENOMZ 
G@ TD 200 

190 OENUMl = A P F  ( 1  )*CCCNE-APE (3 )*SCONE*CCS(PHII 1 
DENGMZ = AH€(  l)*CCCN€-ABEf3)*SCONE*C@S(PHI2) 

TF fAe~(DFNGM2),LE,?OCRNt)  I F V S F Z  = 0 

I f  ( I F U 5 E 2 , F C . I )  RZ = E C E ( 2 ) / O E N O M 2  

I F  f A P ~ f D ~ N ~ M I ) o L E o T O L R N C )  IFUSEl = 0 

IF f I F U S F 1 - F Q o I )  R 1  = € C F f 2 ) / D E N O M l  

200 TF ( R I ~ L F ~ ; , L F N C )  J F U S F 1  = G 
IF (PZoLEoTOLRNC) IFUSE2 = 0 
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I 1 IF ( I F U S E l * E O - O  -AND* IFUSE2-EQ-0) GO TO 330 

‘C FORM VECTOPS FR@M E Y E  TO P R O J E C T E D  POINT AND FORM X,Y COMPONENTS I N  
C THE P-SYSTFM, 

IF ( I F U S E l o E Q - 0 )  G@ TO 210 
E Q I E ( 1 )  = R l * C O S ( P H I I ) * S C O N E  

E O l E ( 3 )  = R l * C C O N €  

E Q 2 E  4 1 )  = KZ*C@S ( P H I 2  )*SCONE 
E O Z E ( 2 )  = P 2 * S I N t P H I 2 ) * S C O N E  
E Q 2 € ( 3 )  = QZ*CCONE 

E C ’ l F ( 2 )  = RI *SJN(Pk ! I l . )+SCONE 

210 I F  ( I F U S E 2 , E Q o O )  GO T@ 220 

220 I F  ( I F U S E 1 - € P o l  -AND-  I F U S E 2 o E G - 1 )  GO TO 260 
C 

I F  ( C O S P A - L F - C C O N E  -AND, COSPG-LE-CCONE 1 GO TO 330 
I F  ( IFUSE1,EQmO)  G P  TO 230 
E O l E M  = S 6 P T ( E Q l E ( ~ ) * * 2 + E Q l E ( 2 ) * * 2 + E ~ l E ( ~ ~ * * 2 )  
P A X  = (EPM/CC@NE )*(EO l E ( 1  ) /EO 1 E M )  
P A Y  = ( E P M / C C O N E ) ~ ( E Q 1 € ( 2 ) / E Q r E M )  
GO TO 2d.O 

P A X  = ( E P  MICCONE 1 * ( EQ ZE ( 1 1 /EQ?EM ) 
P A Y  = (EPV/CCC?NE ) * (EQ2E(2  )/EQPEM) 

P B X  = (EPM/CO~PA)*(EAF~l)/EAEM) 
P B Y  = ( FPM/C@ SPA 1 *( EA€ ( 2 ) /€AEM 1 
GO TO 320 

250 Pf3X = ( E P M / C U S P ~ ) * ( E B E ( I ) / E E E M )  
P R Y  = (EPM/CUSPB)*(EBE(2)/€B€M) 
GO T O  320 

230 E 0 2 E M  = SGRT(EQ2E (1)**2+EQ2E(2)**2+€Q2E(3)**2) 

240 I F  t C O S ~ A o L l - C C C N F )  GO TO 250 

C 
C TWO I N V E R S E C T I O N  P O I N T S ,  
C SEE I F  @OTb CRF INSIDE OR bOTH ARE OUTSIDE OF A B *  

260 DO 270 N1=193 
A O l F ( N 1 )  = E Q 1 E ( N l ) - E A E ( N l )  

270 A 0 2 E ( N l )  = E O Z E ( M I ) - € A E ( N l )  
C A L L  VDCT ( A G E v A Q l E  r A E G 1  t A B E M v A Q 1 E M v C O S A Q I )  
C A L L  VOOT (ABE,AQ2E ,AtiQ2,ABEM,AQ2EM,COSAQ2) 
R A T I Q l  = Af+Ql/A€!€M**2 
R A T I O 2  = APQZ/APEM**2 
I F  ( ( R A T I C 1 . G F - l e O  -AND, R A T I O Z - G E - 1 - 0 1  ,OR- * ( P A T I P I  o L F o O - G  - A N D -  R A T I 0 2 m L E o O - 0 )  ) GO T O  330 

* (Q.ATIQZ,GT,O,O ,AND. R A T I O Z - L T - 1 , O )  1 GO T O  310 
I F  ( ( R A T I C ! l  m G f o O - 0  ,AND- F A T f O l m L T - 1 - 0 )  -AND*  

C 
c ONE POINT I N S I D E  AND o w  POINT OUTSIDE OF AB, 

IF (RATI02 .GT-0 .0  ,AND. R A T I O Z m L T - 1 - 0 )  GO TO 280 
E Q l € M  = S P k T ( E O 1 E  ( 1  ) * * 2 + E C l E (  2 ) * * 2 + € Q l E  (3)**2) 
P A X  = ( E P M / C C O N E ) * ( F Q : E ( l ) / E O I F M )  
P A Y  = ( FPM/CC@NE 1 *( EQ1 E ( 2  ) / E Q l E M )  
GO TO 230 

PAX = ( F P M I C C O N F ) * ( F Q 2 F ( l  ) / E O Z F M )  
P A Y  = ( € P M / C C ~ N F ) * ( E Q Z E ( Z ) / F O ? E M )  

2hO € Q 2 E W  = S O R T ( € Q 2 € ( 1 ) ~ * 2 + E Q 2 E ( 2 ) * * 2 + € Q 2 E ( 3 ) * * 2 )  

290 I F  ( C O S P A - L f o C C O N E )  GO TO 300 
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PBX = (EPM/COSPA)*( € A € (  l ) /EAEM) 
PBY = ( E P H / C O S P A ) ~ ( E A € ( Z ) / E A E M )  
GO TO 320 

300 PBX = (FPM/COSPA)*(EB€(l)/EBEM) 
PRY = ( EPMICOSPR 1 *( €BE ( 2) / € € E M  1 
GO TU 320 

C 
C BOTH POINTS I N S I D E  OF AB 
310 E O l E M  = SQRT~E~lE(1)**2+EO1€(2~**2+FOlE(3)**2) 

EQZEM = SORT(EQ2Ef  1 ) * *?+EC2E(2)* *2+EQ2€(3)* *2)  
PAX = (EPM/CCONE)*(EQlE(l)/EQl€M) 
PAY = (€PM/CC~NE)*IE91E(Z)/EQl€M) 
P R X  = (EPM/CCONF)*(€QZE(l )/€QkEM) 
PBY = ( E P W C C C N E  1 *( EQ2E ( 2  )/EQ2EM 1 

C 
C CONVERT TO O*-TO-Io G R I D  VALUES, AND PLOT- 
320 CONTINUF 

I F  (NVIFW .EQ-1) B I A S  = 0-500 
I F  (NVIFW.EQ.2 ,AND- LEEYEoEQ.1) B I A S  = 0 - 2 5 0  
I F  (NVIEW-€Go2 *AND. LREYE-EQ-2) B I A S  = 0-150 
PAX = PAX*CONVPT+Oo560 
PAY = PAY*CCNVRT+RIAS 

PBY = PEY*CONVPT+EIAS 
IPAX = PAX * FLOAT ( 1 0 2 4 )  
I P A Y  = PAY * FL@AT (10241 
I P e X  = P B X  4 FLOAT ( 1 0 2 4 )  

PBX = PR%*CONVRT+Oo560 

rpsv = PBY * FLOAT ( 1 0 2 4 )  
CALL L I N E V  ( I P A Y , I P A X t r P B Y t I P B X )  
IF (TFNUMoFQ.0 .OR, TFJNUMoEO-0) CU TO 330 
I F  (NAoGTm100 o O P o  NB-GT-100) GO TO 330 
C A L L  PRINTV (3,NUMBER (FIA) T I P A Y T I P A X  
CALL PR INTV (3tNUMBER (NB 'I t I P B Y t  I P B X  1 

330 CONTINUE 
C 
C CLEAR PLDT BUFFER FCR THE FRAME JUST COMPLETED, 

C 
I F  (IFFA-EQ.1) CALL FRAMEV (3) 

R E TURN 

END 
999 C A L L  ZZPDME (6HFLUT3 tNERROR) 



I 
'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

S U B R O U T l N E  P L O T S S  ( Y ~ A X I N ~ Y M I N I N T Y T O P I Y B O T I  

S E L E C T  P L O T  S C A L E  AND C A L C U L A T E  TOPIROTTOM V A L U E S  OF 10 SQUARE 
L I N E A R  PL@T G R I D  FROM Y M A X I N , Y M I N I N o  
C A L L S  FORMA S U P R O U T I N F  ZZBOMB- 
CODED B Y  RF WRUDA, S E P T E H e E R  1967- 
L A S T  R E V I S I O N  B Y  WA B E N F I E L D ,  MARCH 1976- 

S U B R O U T T N E  ARGUMENTS 
Y M A X I N  = I N P U T  M A X I M U M  V A L U E  Til BE P L O T T E D -  
Y M I N I N  = TNPWT M I N I M U M  VALUE TO 6 E  P L O T T E D -  
YTOP = OUTPUT TOP L I M I T  OF G R I D -  
YBOT = CIUTPCJT BOTTOM L I M I T  O F  G R I D -  

NERROR E X P L A N A T I C N  
1 = YMAX IS L F S S  T H A N  V A I N -  
2 = S C A L E  CANNOT BE C A L C U L A T E D -  

YMAX = Y M A X I N  
Y M I N  = Y M I N I N  

NFRROR = 1 
I F  (YMAX ,LT- Y M I N )  GO TU 999 
I F  (YMAX -GT- Y M I N )  GO TO 2 1  

11 I F  ( Y M A X  -LT-  0 - 0 0 )  GQ TO 13 
YMAX = l - O O l * Y P A X  
Y M I N  = . 9 9 9 * Y M I N  
GO TC 15 

V M I N  = 1 . 0 0 1 * Y M I N  
13 YMAX = -9Q9*YMAX 

15 I F  (YMAX -ME- 0-1 GO TO 21 
YMAX = + e 3  
Y M I N  = -03 

C 
2 1  V A L U E  = ( Y M A X - Y M I N ) / I O -  

I F  (VALIJE- oLT- A B S ( Y M I M / 1 0 0 0 0 0 - ) )  GO TU 11 
Is0 23 1 ~ 1 ~ 6 6  
DO 23 3 ~ 1 9 3  
S C A L E  = 2-**(5-2) *10-**(1-33) 
IF  ( S C A L E  -GE, V A L U E )  GO TO 31 

23 CONfINUE 
NERRUR = 2 

GO TO 999 
C 

31 N S T E P S  = Y M I N I S C A L E  
Y B O T  = F L O A T t N S T E P S  ) * S C A L E  

32 I F  ( Y M f N )  3 4 9 3 8 9 3 6  
33 Y E O T  = YBCT-SCALE 
34 I F  (YRCIT - L E -  Y M I N )  GO TO 38 

GO T O  33 
35 Y B O T  = YP,[?T+SCAL€ 
36 I F  (YBf lT -YPTN)  3 5 , 3 8 9 3 7  
37 YBOT = Y R P T - Z C A L F  
38 Y T Q P  = YBOT+ lO l *SCALE 

I F  ( Y T C P  .GE, Y M A X )  R E T U R N  
I F  ( J  - L T e  3 )  GO TO 3 9  



PLOTSS-- 2 1  2 

J = O  
I = f + l  

39 J = J+1 
SCALE = 2-*:*(J-2) *10-**(X-33) 
GO TO 3 2  

C 
993 CALL ZZBOMe (6HF'LOTrS. NERROR) 

END 



PUNCAN 
-I--- 

SURPOUTINE PUNCAN(IATMRVNC,ANAMETKR~ 
DIMENSION IA (KRq1)  

C PRODUCES PUNCHED CARD OUTPUT USABLF FOR SUBROUTINE READAN, 
C CODED BY JOHN ADMIRE *NASA* OCT 19740 
C 
C SUBROUTINE ARGUMENTS (ALL I lvPUTI  
c f A  = MATRIX TO BE PlJNCHEDo S I Z E  (NRpNC) - 
C NR = NUMRER OF ROUS I N  MATRIX A, 
C NC = NUMBER OF CclLS I N  MATRIX A. 
C ANAME = M A T R I X  TDENTIF7CATI@N* ( A 6  FORMAT10 
C KR = ROW DIMENSION OF A IN CALLING PROGRAM, 
C 

4010 FORMAT I A 6 9 1 4 ~ 2 5 )  
4020 FORMAT ( 2 1 5 ~ 1 0 A 6 )  
4030 FORMAT i?~OHOOOOOOQOOO 1 

C 

C 
PUNCH 4010~ ANAMEVNRVNC 

DO 60 S=lqNP 
J S  = 1 

10 J E  = JS+Q 
IF ( J E  oGTo NC) JE=NC 

C SEE IF €LEMENTS ARE ZERO. 
DO 20 J=JC,JE 

GO TU 40 
20 I F ( I A ( I v J )  .NE- 6 H  1 GU TO 35 

35 PUNCH 4 0 2 0 ~  f V J S , ( ' A f I r J ) V  J=JS,JE) 
40 I F  f J E  o E Q o  NC) G@ TO 50 

J S  = J S + l O  
GO TO 10 

60 CONTJKUE 
C 

PUNCH 4030 
R €TURN 
END 



PUNCH ------ 
SUBROUTINE PUNCH t A t  NR .NCt AN AMEvKR I 
DIMENSION A ( K R t 1 )  I C 

C PRODUCES PUNCHED CARD CUTPUT [JSABLE FOR SUBROUTIN€ READ, 
C C O D E 0  RY R L  WUHLEN- DECEMBER 19660 
C 
C SUBROUTINE ARGUMFNTS (ALL INPUT) 
C A  = MATRIX TO BF PUNCHED. S I Z E  (NR1NC)o 
t NR = NUMBEP CF ROWS I N  MATRIX A. 
c NC = NUMBEP SF. COLS I N  MATRIX A. 
C ANAME = MATRIX  IDENTIFICATION^ ( A 6  FORMAT), 
C KR = ROW OIMENSION OF A I N  CALLING PROGRAM. 
C 

4010 FORMAT (A6tI4tI5) 
4020 FORMAT (215t4El7.8) 
4030 FORMAT ~1OHOOOOOOOOOO 

C 

C 
PUNCH 4019, ANAMEtNReNC 

DO 60 I = l t N R  
JS = 1 

10 JE = JS+3 
IF ( J F  oGT. NC) JE=NC 

C SEE IF ELFMFNTS ARE ZERO- 
DO 20 J = J S t 3 E  

20 I F  ( A ( l t J ) ' o N € -  0 , )  GO TO 35 

35 PUNCH 40209 ItJSv(A(ItJ)r J = J S q J E )  
GO TO 40 

40 IF ( J E  ,EQ. NC) GO TO 60 
J S  = 5 5 + 4  
GO TO 10 

60 CONTINUE 
C 

PUNCH 4030 
R€TURN 
END 



LC 
C 
C 
c 
C 
C 
C 
C 
C 

SUBRGUffNE PUNCHO fA,NR,NC tANAP1EvKRI 
D I M E N S I O N  A ( K R , l )  

PRODUCES PUNCKED CARD OUTPUT I N  OCTAL, USABLE FOR S U B R O U T I N €  X E R D O .  
CODED RY CHRYS CHASE. MARCH 1969- 

SUBROUTINE A R G U M f N l S  (ALL I N P U T )  
A = MATP 1% TC B E  PUNCHEC! SIZE f NRsNC) 
NR = VUMBFR OF ROWS I N  M A T R I X  A -  
NC = %!JMRER OF COLS I N  i . 'ATRIX A- 
ANAME = M A T R I X  T D E N T I F T C A T I C N ~  ( A 6  FORMAT) 0 

C KR 
C 

4010 
4020 
4030 

C 

C 

10 

= ROW D I M E N S I O N  OF A IN CALLING PROGRAM. 

FOP. M A T  
FORMAT ( 2 1 5 9 3 ( 3 X 1 U l Z )  1 

( A 6  , I4 , 15  1 

FORMAT ( I OHOOOOOOOCOO 1 

PUNCH 401np ANAME,hA,NC 

DO 60 I=1,NR 
JS = I 
JF = JS+2 
I F  (JF. ,GT. NC) JE=NC 

C SEE I F  ELEMFNTS ARE ZERO. 
DO 20 J = J S v J E  

20 IF f A f 1 , J )  -NE. 0.1 GO TO 3 5  

35 PUNCH 40209 I , J S , ( l . f I v J ) r  J=JS,JEI 
40 I F  ( J E  -€bo b!Ll GO TO 60 

GO TO 40 

JS = J5+3  
GO TO 10 

60 CONTINUE 
C 

PUNCH 4030 
R E T U R N  
E NO 



SU&RCIITINF PUNCIM(IAtNR.NC.ANAHErKR) 
DIMEMSIOM I A ( K R t 2 )  I 

C 
C PPCDUCES PUNCHED CARD CUTPUT USABLE FOP SUBXOWTINE REA3IH-  
C CODED BY JOHN A O M I R E  *NASA* UCT 1934- 
I' 
C SUFRCUTINF ARGWENTS (ALL INPL!?) 
c I A  = M A T R I X  TC 8F PUNCHED- S I Z E  ( N R & C ) o  
C NR = ?.?.VB€R OF ROWS I N  R A T R I X  A, 
c EIC = NUMPFR CF COLS IN HATPIX A, 
C ANAME = M A T R I X  I O F N T I F I C A T I O N ~  (6.6 FORMAT). 
C KR = ROW OIMENZION OF A IN CALLING PROCRAM- 
c .- 
4010 FOPBAT tA6r24.15) 
4020 FbRMAT ( l irI5I  
4030 FORPAT ~ I C H U O O O O O W G O I  

C 

C 
P m C H  40109 ANAME &R*NC 

DO 60 I=I*NR 
J S  = 1 

10 JE = 35+12 
I F  (JF o G T o  N C )  JE=NC 

C SEE I F  ELEMEP:TS APE Z€RO, 
DO 20 J=JS*Jt' 

20 I F t I A I I ~ J )  -4E- 0 )  GO TO 35 

35 PUNCH W 2 0 ,  ItJS,QIk(i,J)r J=3S,JEI 
GO TO 40 

40 IF (JF .EQ, NC) GO ?C! 60 
J S  = 35+'14 
G@ TO 1 C  

60 C@NTINUE 
C 

PUNCH 403C 
RFTURN 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.C 
i '  
1; 
C 
C 
C 
C 
C 
C 
C 
C 

GENERATFS A R I ~ I D - e O G Y - T R A N S F O R M A T I O ~  Th! CARTESIAN C;OORDINATES, 

DFVELPPED PY RF HPUUA, b P R I L  196s 
LAST REVISICfk RY K.4 P E N F I € L D -  MARCH 19'16, 

CALLS FCRMA SUBROUTINES REVADD.ZZ60M6- 

SUBRVUTINK ARGVMFNTS 
X Y Z  = INPUT M A T R I X  O F  X:V,Z CQGRDINATE LOCATIONS FOR EACH NODE 

POINT, S I Z F t  NNCDES 9 3  1 
X Y Z R E F  = INPUT VECTOR OF X v Y r Z  COORDINATE LOCATIONS FOR THE 

FFFERENCF POINT.  S X Z E ( 3 ) .  
JOOF = II?('PUT M & , T R I X -  EACH ROW TS USED A S  AN TVEC TU REVADD XtY .Zr  

T X T T Y T T Z  M@DE DEGREES OF FREEDOM INTC ROWS O F  RET, EACH 
CF THESE DEGREES OF FREEM?H ARE ASSUMED TO BE I N  THE 
SAME D1F!ECTIC?h A S  TTS COPRESPONDING !tEFERENCE DEGREE 

PC?hiDING FG:W OF PET T O  EE ZEaO-  S I Z E  tNNODES.6)- 

D E G P E E S  8 F  FREEDOM INTO COLUMNS PF RBT, NEGATIVE SIGNS 
EWABLES CHANGE FRCK &SSliM€D RYGHT HAND SYSTEM TO ONE YOU 

PF FREEDOM- A NEGPTI'IE VALU; IW JOOF CAUSES THE CORP.€S- 

JVEC = INPUT VFCTQP. USED A S  A JVEC TI) RFVADD X r Y . Z I T X t T Y t T Z  REFERENCE 

W I S E  TT! SPECIFY,  b I Z F  C6)- 
RBT = OUTF\rT P I G I D  DOfjY TRANSFDRHATIDN H A T n I X ,  S I Z E 1 N P R B T ~ N C R B T ) -  
NNOOFZ = IVPUT NUMP.CR O F  NODES- ROW S r z c  OF HATRICES XYZ,JOOF, 
NRRBT = 2UTPUT NL'MF.FR OF RPwS I N  R B T -  EWAL TO NGN-ZEROS IN JDOF, 

K X J  = INPtJT FOW EIMENSION CiF XYZtJDOF I N  THE CALLING PROGRAM- 
KR = I N P W  GCN DIMENSION FF RET T N  THE CALLING PROGRAM, 

NCRBT = OUTPUT NUKRER OF COLS IN RBT-  FQUAL TC NON-ZFROS 1 M  J V E C -  

N E R R O F  E XPLARATICN 
1 = NUKBfR C F  IVCN-ZFRfFS lk M A T R I X  lWAT EXCEEDS 

ROW DIMENSION OF M A T R I X  R B I -  

hl E RR OH = 1 

C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

t 

GENERATE C A R IGID-B@DY-TRANS FORM LTION FRCM 
CYLINDRICAL 113 CARTFSIAN CCORDINATES 

DEVELOPFP PY RF HRVDA, JAN 1970.. 
LAST R E V I S I Q N  6Y WA BENFIELD, MARCH 1976, 

CALLS FOPMA 5UEROUTIMFS RFVADDvZZPOMB- 

SUERCUT TN € AP.C-UMENTS 
X R T  = INPUT 

XYZREF = INPUT 

JDOF = INPUT 

JVEC = INPUT 

RBT = CI!TPUT 
NNUOES = I X P U T  
NRRBT = DUTPUT 
NCRET = OUTPUT 
K X J  = I N P U T  
KR = INPUT 

M b T R I X  OF X,RTTHETAtD€GR€FC) C M ? R @ I N A T E  LOCATIONS 
FDP. EACH NODE POINT-  S IZEfNNCDFSr3)m 
VECTC'P OF X t Y r Z  C@ORDINA?E L P C A T I O N S  FOR THE 
RFFFPFXCF PC'INT- S X Z E ( 3 )  
M A T R I X -  EACH ROW IS USED A S  AN TVEC 'iD REVADD X p R v T ,  

OF THESE D€GREES OF FRFFDOM ARE ASSUMED TO BF I N  THE 
S A M €  D I R € C T I @ N  A S  I T S  CORPFSPVNDING REFERENCE DEGREE 
CF FREEDOM. A NEGATIVE V A L I F  IN JDOF CAUSES ThE CORRES- 

T X , T R , T T  NCOE DFGREES CF FREEDOM INTC ROWS OF RBT- EACH 

F C N D I N G  ROW CF RBT TC BE ZERO- SIZE (NNODES*6)-  
VECTCR- USED A S  A JVEC TO REVADD %,Y*Z*TXwTY*TZ REFERENCE 
DFGREES OF FREFDCM I N T C  COLUMNS OF RRT,  NEGATlVE SIGNS 
ElrlAFLEI CHkNGF FRCIM ASSURED RTGHT HAND SYSTEM TO ONE YOU 
WIcP TC! S P E C I F Y -  SIZE ( 6 ) -  
R I G I D  BCDY TRANSFORMATICN MATRIX-  SIZE(NRRBTINCRB?).  
NUMBER OF NOOE5- ROW S I Z E  @F MATRICES XRT.JD@F- 
NUMEER OF ROWS I N  RBT, FOUAL TO NON-ZEROS I N  JDCF- 
NUMBER OF C O L I  I N  R E T -  EQUAL T O  NCN-ZEROS I N  JVEC- 
RGW DIMENZION CF XRTvJDClF IV THF CALLING PROGRAM- 
RCW DIMENSION CF R B T  I N  THE CALLING PROGRAM- 

NER9CR EXPLANATICN 
1 = NUMRFR PF NRN-ZEROES IN MATRIX IMAT EXCEEDS 

RCW 9IK:FNSION O F  M A T R I X  RET. 

I F  (NPRE'T-GT-KPI GO TO 999 
NERROR=I 

R P D  = 3 - 1 4 1 5 9 2 6 5 3 5 8 9 8  / 1 8 0 -  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C . 

1; 
C 
r. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. C  

I 
I ,  

! C  
C 

SUFRCUTINE READ f AINRINCVKR~KC) 
DIMFNSION A ( K R 9 1 )  ?X(4).1R€MRKf9) 
COMMON 1 i L I N E /  NLINE ~MAXLINIMINI  
DATA NITqNCT/Sr6/ 

READ MATRIX OF REAL NUMBERS FROM CARDS OR TAPE AND PRINT I T -  WRITE 
M A T 9 I X  ON TAP€ I F  SC INDICATED ( 6 Y  HAVING THE WRITE-TAPE NUMB€R I N  
COLUMNS 79-em. 
THE EXPLANATION CF FPPMATS USED PELDW IS eo. 

A - DFNCTEC ARY KEY PUNCH SYMBOL- (EG? A l / * C ) ,  
I - DFNClTES AN INTEGER NUMRER- (EG. 4 3 6 ) -  
E - DENOT€S A Q F b L  NUMBER- (EG? 24.963)-  

**** CARG INPUT **** 
F I R S T  CARD - M A T R I X  NAMF. NUMEFR OF ROWS. NUMBER OF COLUMRS 

W I T h  A 6 , I L r I S  FDRMAT- 
- RFMAPKE I N  COLUCNS 16-69. A-TYPE FORMAT, 
- b I N  CCLUMN 72 FOR WRIT€-TAPE I N I T I A L I Z A T I O N -  
- G'RITE-TAPE CONTROL I N  CPLUMNS 73-78. MAY BE BLANK, OR 

TkE WCRDS REWIND OR L I S T ?  @R (WHEN S I N  COLUMN 7 2 )  
TFF WRITE-TAPE-ID (EG? 112349- 

- WRITE-TAPE NUMPFR I N  CULlJMNS 79-&0. fEG9 2 1 ) .  
MIDDL€ CARES - CATA W I T H  FGRMAT (2159 6€17)0  - I - S T  I 5  I S  THE ROW NUMEFR- 

- 2-ND 15 I S  THE c m  NUMBER OF THE NEXT ~ 1 7  FIELD. - N€XT 4t17 A R E  ELEMENTS OF THE MATRIX- 
LAST CARD - TEN ZEROS I N  CClLUMNC 1-10. 
***e TAPF INPUT **** 
ONE CARD - MATRIX NAME. ZERC OR MINUS THE LCCATIC'N NUMBER GF MATRIX 

OM READ-TAPE? READ-TAPE NUMPFR ( I F  MINUS, NO PRINTOUT)? 
PATSIX R L !  NUMBFR WITH A6,14915rA6 FORHAT, - RFAD-TAPF CONTROL I N  COLUMNS 22-27, HAY BE E L A N K T  OR THE 
WCRDS REWIND OP L I S T ,  

- R F M P R K S  IN COLUMNS 28-69, A-TYPF FCRMAT, 
- 9 IN CCLUMN 72 FOR WRITE-TAPE TNIT3AL IZATION-  - WRITE-TAPE CONTRCL IN COLUMNS 73-78,  MAY BE PLANK? OR 

THE WmDS REWIND OF LIST. r?P (WHEN S I N  COLUMN ?21  
TI'F WPITF-TAPE-ID f EG, 112311. 

- WRITE-TAPE NUMBER I N  COLUMN? 79-80.  (€GI 2 1 ) -  
C A L L S  FORPIA SllPROVTINES INTAPE 9LTAPE 9 PAGEHD TRTAPE ?WR I T E  9 WTAPE ZZBOMB . 
CODED BY RF PRUDA, JULY 1 9 6 8 -  
MODIFIFD FCIR CONTPACT NASb-25922 9 K T O P F P  1970. 
MODIFIET,  P.V JOHN A D M I P F  *NASA* SEPT 1973 
LAST REVISION BY R L  WOHLEN. APRIL 1976- 

SURRCIJTINF ARGUMENTS 
A = OUTPUT MATRIX READ FROM CARDS OR TAPE, 

NC = @ l J f P I ! T  NIIYBFR OF C O L S  IN M A T R I X  A, 
KR = INPUT ROW DIMFNSION OF A I N  C A L L I N G  PROGRAM. 
KC = IQPUT COL DIMENSION OF A I N  CALLING PROGRAM, 

NF = OUTPUT NUMPEP OF ROWS I N  M A T P I P  A. 

NERROR E XPLANATIPN 
I = POW S I Z E  FXCFFLtS F f W  D I M F N S X ~ N  OR 

CCLtJMV Z X Z F  FXCEEDf COLUMN DIMENSIPN, 
2 = RCIW GR COLUMN VALUE CF ELEMENT EXCEFDS MATRIX S I Z E -  



READ -- 2/ 4 
-I_ - 

3 = DATA C!N CARD PAST MATRIX CCLUMN SIZE, 
4 = LOCATION PN TAPE PAST END-OF-TAPE MARK, 

'C 5 = LOCATION CN TAPE PAST END-OF-TAPE MARK- 
C 
1001 FOPMAT ( A 6 7 f 4 ~ 1 5 r Q A 6 7  Z X A l r A b r I 2 )  
IO02 FORMAT ( 2 1 5 ~ 4 E 1 7 , O )  
2001 FORMAT ( / /19H CARD INPUT MATkIX A67 2 X  IH( I412H X 1 4 ~ 2 H  1 

2002 FORMAT ( / / 1 9 H  CARD INPUT MATRIX A b 9  2 X  1H( I492H X I492H 1 

2003 FORMAT ( I /  I X A ~ ~ I ~ T I ~ ~ ~ X  9h6r2X A l i A 6 t I 4 )  
2004 FCRMAT ( 1 X  2 1 5 r l P 4 E 1 7 o 8 )  
2005 FORMAT (13HOEND OF READ,) 

* 2 x  9 A 6 7 2 X  A l r A 6 7 1 4 / / )  

* 3 X  9HCDNTfNUED / / I  

2006 FOPMAT ( 2 S H O S I Z E  CF MATRIX READ IS (1492H X 14r2H ? 1 
2007 FC!RMAT(/r 1 X 7 1 2 3 (  1H-I )  

C 
C READ IN HFADER CARD, 

READ (N IT ,1001?  A N A M E T N ~ ~ N ~ ~ I R E M R K ~ ~ Z ~ ~ ~ Z Z ~ ~ T A P E  
NR = Nl 
NC = N2 

C 
I F ( N 1  .GT- 0) GI? TO 5 0  
IF(MIYT ,N€. L H M I N I )  GO TO 10 
I F 4 N L I N F  .LE, 5 )  GO T E  40 
I F ( N L I N E + 9  *GT- MAXLIN) GO TO 40 
WRITE(NCT72007) 
N L TNE=N L I  NE+2 
GO TU 200 

40 CALL PAG€HD 
GO TO 200 

C 
C CARD READING SECTTC'N. 

50 

60 
70 

105 
l i 0  

I F ( M T N 1  .N€o 4HMINI  1 GO TO 60 
I F ( N L 1 N E  ,LE. 5 -OR- N L I N E  ,GE, M A X L I N )  GO TO 60 
NBC=NC/ 4 

NN=9+NQ*NFC 
I F ( N N  +KLINE .GT, MAXLIN) GO TO 60 

NLINE=NL I N€+2 
GC TU 70 
CALL PAGEHD 
CCNTTNUF 

NL  I M E  =N L I NE +5 

I F (  4 * N B C  ,NE, N C )  N B C = N B C + l  

WRITE(NI7T 9 2 0 0 7 )  

WRTTE ( N G f ~ 2 0 0 1 )  A N A M E t N R ~ N C ~ I R E M R K . I ~ I ~ I Z 2 , N W f A P E  

NEPROR = 1 
I F  (NQ-GTOKR ,CR, NCoGTmKC) GO 7 0  999 
00 105 I = l r N R  
DO 105 J= l7NC 
A ( I 9 J )  = 0 .  
READ ( N I T 9 1 0 0 2 1  I r J 5 r X  
I F  (IoE(3.0 ,AND, JS-EQ-0)  GO TO 300 

NERROR = 2 
I F  (I,LE,(J ,OR, IIGT,NR .OR. JS,LE.O ,OR. JS,GT,NC) GO TO 998 
J E  = JS+3 



READ -- 3 1  4 

IF (JE-LE-NCI  GC! TU 115 
JX = NC-JS+2 

NERROR = 3 
Do 112  J = J X T ~  

112 I F ( A B T ( X ( J ) )  o 5 . f -  0 , )  GO TO 998 

115 N = 0 
JF = NC 

DO 120 J=JSyJE 
N = N + l  

120 A ( I 9 J )  = X(N1 
TF(NL INE+I  OLE- MAXLIN) GO TO 125 
CALL PAGEHD 

N L INE=N L I NE +5 

NLINE=NLIVE+l  
GO TO I10 

WRITE (hCT92002)  ANAMETNR~NC 

125 WRITE ( N I ? f r 2 0 0 4 )  I T J S  T ( A ( I T J ) T J = J S T  JE) 

C 
C TAPE FFADING C E C T I C N m  

200 WRITE (NCT92003)  A N A M E , N ~ ~ N ~ ~ I R E M R K T X Z I , I Z ~ ~ N ~ ~ A P E  
NLINE=NL I N F + 3  
NRTAPE = I b . B S ( N Z )  
I F  (IREMRK(2) -EQ-  6HREWIND) REWIND NRTAPF 
I F  (TREMRKtZ) - E Q -  4HLIST)  C A L L  LTAPE (NRTAPE) 
I F  ( N l m E Q - 0 1  GO TU 250 

C POSITION NRTAPE- 

1 
I READ (RRTAPE 1 TIDTLNTIEUTCK 

I F  (NUM 1 2 0 5~22G~225 
NUM = LY+NI 

235 
I F  (IEOTCK mEQ- 3HEOT)  GO IO 997 
RFAD f NRTAPE 1 DUM 
NUM = -NUM-1 
IFfNUM ,EC. 01 GO TO 240 
DO 210 L = l ~ ! " " Y  
READ (NPTAPE 1 ?IC!*LN 9IEOTCK 

NERROR = 4 

NEPROR = 5 
IF ( IECTCK .EO. 3HFOT) GO TO 997 

210 R E A D  (NRTAPE 1 DUM 
GO TO 240 

220 BACKSPACE NRTAPE 
GO Tf? 240 

225 RFWIND NPTAPE 
NUM = (-N1-1)*2 
I F  (NUM m € Q o  G )  GO TU 240 
DCl 230 L = I , N t ' k t  

230 READ (NRTAPF)  DUM 
240 IF ( IPFMRK(11  O N € -  6H 1 G P  TO 250 

R FAD f Wp ? A PE 1 T 10 LN 9D UM I RF #RK 4 1 1 ANAm 
NERRClR=6 

NFRROR=? 

BACKCPACF NFfAP€ 

I F ( L N + N I  o h E -  0 )  GO TO 999 

fF(ANAM aN€. ANAME) GO TO 999 

250 CALL RTAPF ( l R E M P K ( 1  I r A N A M E , A v N R v N C T K R T K C I N R T A P E )  



WRITE (NOTt2006) NRtNC 
NL INE=NL I NE+2 
I F  (N2 oGT- 0 )  CALL W R I T E  (A,NRtNCvANAME,KR) 

C 
C TAPE WRITING SECTION,  
300 IF (NUTAPE-LE-0) GO TO 400 

IF J I Z l  o E Q o  IHb) CALL INTAPE (NWTAPEtI22) 
I F  (122 0 F Q m  6HREWIND) REWIM) NWTAPE 
CALL WTAPE (A,NRtNCIANAMEtKRtNWTAPE) 
I F  (122 .EQ, 4 H L l S T )  CALL LTAPE (NWTAPF) 

C 
400 WRITE (NOTt2005)  

NL I N E = N L I  NE+2 
RETURN 

C 
997 CALL LTAPE (NRTAPEI 

998 W R I T E  (NOTt2004)  I t J S y X  
999 CALL ZZBOME (6HREAD rNERROR) 

GO TO 999 

END 



READAN-- 1 1  4 
-------u- 

SUPROUTIN€ READAN f IApNR,NC,KR,KC) 
DIMENSIC'N T A (  KR T 1 1 w I X  t 10) wIREMRK(9 
COMMON / LL INE/  NL INE WMAXLINqMINI 
DATA NIT,NPT/5r6/  

C 
C READ MATRIX DF ALPHA-NUMERIC CHARACTERS ( A @ )  FROM CARDS OR TAPE AND 
C PRINT I T -  WPITE MATRIX ON TAPE I F  SO IMDICATFD (BY HAVING THE 

C THE EXPLANATION OF FORMATS USED RELUW I S  --. C WRITE-TAPE NUM€F( IN CPLUMNZ 7 9 - 8 6 ) ,  

C A - DFNCTFS ANY KEY PUNCH SYMRUL. ( E G ,  A I / * C ) o  
C I - DENOTES AN INTEGER NUMBER. (EGw 436). 
C **- C A R 0  INPUT **** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C .. 
* 

C 
c 

FIRST CARD - 

- 
MIDDLE CARDS - - 

- 
- 

LAST CARD - 

M A T R I X  NAME, NlJM8FR CF ROWS, NUMBER OF COLUMNS 
WITH A6.14115 FCIRMAT. 
REMARKS I N  COLUMNS 16-69, A-TYPE FORMAT. 
S TN CCLUMN 7 2  FOR WPITE-TAPF I N X T I A L I Z A T I O N -  
WRITE-TAPE CONTROL I N  COLUMNS 73-78. MAY RE BLANK, CR 
TPE WOPDS REWIND QR L I S T ,  PP (WHEN S I N  COLUMN 7 2 )  
THE WRITE-TAPE-ID (EGv T!234) 
&RITE-TAPE NUMEER I N  CDLIJMNS 79-80. (EG, 21) .  
@ATA W I T H  FCPPlAT (215, 1 0 A 6 ) -  
1-ST I 5  I S  THE ROW NUMBF9- 
?-NE I5 I S  THE C O L  NUMBFV OF THE NEXT 15 F I E L D -  
NEXT l o b 6  ARE FLEMFNTS OF THE MATRIX. 
TEN ZEROS I N  COLUMNS 1-10, **** TAPE I N P U T  **** 

ONE CARD - M A T R I X  N A M F ,  ZERO OR MINUS THE LOCATION NUMBER CF MATRIX 
C'N PEAD-TAPE FEAD-TAPE NUMEER t I F  MINUS, NO PR1NTM;T) 9 

MFTPIX RUN NL'MBFR WITH A6,14,15~A6 FORMAT. - READ-TAP€ CONTFOL I N  COLUMNS 22-27,  MAY BE BLANK, OR THE 
WPRDS REWIND OP L I S T -  

- R F M A R K S  I N  CC'LURNS 26-69. A-TYPE FCRMAT- 
C I N  COLUMN 72 FOR WRITE-TAP€ I N I T I A L I Z A T I O N -  - WRITE-TAPE CONTROL I N  COLUMNS 73-78,  MAY FE BLANK, OR 
THF WC'RDE REWIND OP L IST ,  OH (WHEN S I N  COLUMN 7 2 )  
THF WRIT€-.TAPE--IC (EG, T1234 1- 

- WRIT€-TAPF NUMBER I N  COLUMNS 79-80, (EG, 2 1 ) -  
C A L L S  FCIRMA SUBR@UTINES I N T A P E ~ L T A P E , P A G E H D T R T A P E T W R I T A P E ~ Z Z E O M B ~  
C O D E 0  P Y  JC'HN bDMTRF * N A S A *  VCT 19740 
LAST REVISION BY PL WOHLEN- APRIL 1976- 

SUBROUTINE ARGUMENT5 
I A  = CUTPUT WATRIX READ FROM CARDS OR TAPE- 
NR = OUTPUT NUMBER Z)F ROWS I N  P l A T R T X  I A .  
NC = CWTPUT NUMBEP @F C@LS I N  MATRIX I A .  
K C  = INPUT COL DIKFNSION OF IA rru CALLING PROGRAM. 
KR INPUT ROW DIMENSION OF I A  I N  CALLING PROGRAM. 

NEQRCR EXPLANATICN 
1 = ROW SIZF FXCFEDS ROW DIMENSION OR 

2 = RClW OR C0LUMN VALUF (?F ELEMENT FXCFEDS MATRIX S I E .  
COLUMN S I Z F  EXCEEDS COLUMN DIMFNSI17No 

3 = DATA ON CARD PAST MATRIX COLUMN S I Z E .  
4 = LOCATION C W  TAPE PAST END-OF-TAPE MARK, 
5 = LOCATION ON ThPE PAST €ND-OF-TAPE MARK, 



READAM-- 2/ 4 

IO01 FORMAT ( A b r I 4 9 1 5 r 9 A b r  2 X A l ~ A 6 r I 2 1  

2001 FORMAT (//33H C A R D  INPUT ALPHA-hrUMERIC M A T R I X  Ab* 
1002 F O R M A T  ( 2 1 5 r i O A 6 )  

rD: 2 X  1H( I492H X I492H i 
$: 2X 9 A S 9 2 X  A l r A b r I 4 / / )  

* 2 X  1 H t  1 4 t 2 H  X 14t2H 1 * 3 X  9HCONTINUED / / I  

2002 FORMAT (//33H CARD INPUT A L P H A - N U M E R I C  M A T R I X  A 6 9  

2003 F O R M A T  t / /  IXA6rI4rfSr5X 9 A 6 r 2 X  A l r A 6 r I 4 )  
2004 F O R M A T  ( 1 X  2 1 5 r l O A 6 )  
2005 FORMAT (15HOEND OF READAN-) 
2006 FORMAT (25HOSIZE CF MATRIX READ IS fX492H X I 4 9 2 H  1 1 
2007 F O R M A T ( / r l X r 1 2 3 ( 1 H - ) )  

C 
C R E A D  I N  HEADER C A P O -  

READ ( N I T , 1 0 0 1 )  A N A M E t N 1 ~ N 2 r I R E M R K ~ I Z l t I Z Z ~ ~ U T A P E  
NR = N1 
NC = N2 

C 
I F ( N 1  oGT- 01 GO TO 5 0  
I F ( M I N 1  .NE- I H M I N I )  GO T O  40 
I F t N L I N E  ,LEo 5) G@ TO 40 
I F ( N L I N E + 9  mGT- M A X L I N )  GO TO 40 
WRITFfNCTrZOO?) 
N L IN E=N L I NE +2 
GO TO 200 

40 CALL P A G E H D  
GO 'rc, 203 

50 I F ( M I N 1  O N E .  4 H M I N 1 )  GO TO 60 
IF(NL1NE OLE- 5 e(3R- NLINE &Eo M A X L I N )  GO T O  60 
NBC=NC/IO 

NN=S+NR*NBC 
I F  ( I O*NRC ONE NC 1 NBC=lVBC+1 

IF (NN +MLIFJE -GT- M A X L L N )  GO TO 60 
HRITE(NET~2OO7)  
NL TNE=N L I N E + 2  
GO TU t n  

60 CALL P A G E M )  
f O  CONTINUE 

C 
C CARD REP.D!NG SECTIC'N- 

W R I T E  (NOT92001 1 AN AM E ,NR rNC, I R € M R K  9 I 2 1  , I22 ,NWTAPE 
NLINE=NLINE+~ 

NERROR = 1 
I F  (NR.GT0k.R -OR- N C o G T e K C )  GO TO 999 
00 105 I = l r N P  
DC! 105 J = l 9 h ' C  

105 I A ( 1 , J )  = 6H 
110 R E A D  ( N T f T l ( i 0 2 )  I ~ J S P I X  

I F  (IaE0.0 . A N D -  J S o E Q m G )  GO TC! 300 
N€P.ROR = 2 

IF ( I o L F . 0  -OR, X - G T e N R  -OR- JSeLEoO ,OR- JS-GT.NC1 GO TO 998 
JF = JS+Q 

JX = NC-JS+;S 
I F  ( J F - L E ~ N C I  GO TO 115 



NERROR = 3 

1 GO TQ 998 
Dcl 112 J=3Xt10 

J E  = NC 
112 IF  ( I X ( J 1  .NE- 6H 

115 N = 3 
DO 120 J=JStJE 
N = N+1 

120 I A ( I t J )  = I X t N )  
IF (NL INE+X .LEO MAXLIN) GO TO 1 2 5  
CALL PAGEHD 

N L 1NE =h, L I NE+5 

NLINE=NLINE+l  
GO TO 110 

W R I T  i ( N O T *  2002 ANAMEtNRtNC 

125 WRITE (NOT t 2004 1 I 9 J S  t ( I A  ( I 9; 1 tJ=JS 9 J E  t 

C 
C TAPE READING SECTION, 

200 WRITE ( N U T t 2 0 0 3 )  ANAMEtNltN2t IREMRKt IZ l t IZ2 tNWTAPE 
NL INE=N L I NE+3 
NRTAPE = IABSCNZ) 
I F  (IREMRK(2) m E Q o  6HREWIND) REWIND NRTAPE 
I F  (IPEMPK(2) ,EQ, W L I S T )  CALL LTAPE (NRTAPE) 
I F  ( N l o E C ‘ o O I  GO TO 250 

C POSITION NPTAPFm 
R EA0 ( N!? TAPE 1 

I F  (NUMI 205t2209225 

T ID, LN 9 I ECVCK 
NUM = LN+N1 

205 
I F  ( I E O T C K  -EO. 3 H E O l )  GO TC! 997 
R E A D  (NRTAPE) DUM 
NUM = -NUM-I 

DO 2 1 0  L=I,NUM 
READ (NilTAPE T I O t L N 9 I E O T C K  

IF(N\JM o E Q o  G )  GO TO 240 

NERROR = 4 

NERROR = 5 
I F  (IEOTCK .EQ. 3HtOT) GO TO 997 

210 READ (NRTAPE 1 DUM 
GO TO 240 

220 BACKSPACE NRTAPE 
GO TO 240 

225 REWIND NRTAPF 
NUM = ( -NX-1)*2 
I F  (NUM o F C o  0) GO TO 240 
DO 230 L t l t N U M  

230 R F A D  (NRTAPE) DUM 
ZC’s IF(TRFMRK(1)  ONE- 6H 1 G t  TO 2 5 0  

RFADONRTAPE T I 0  9 LN tGUM 9 IPFMR K f 1) PANAM 
N€RROR=6 

NE R R CP. = 7 
I F ( b . N A M  .NC. ANE,MEi GO TO 999 
BACKSPACE NRTAPE 

IF(CN+N! ONE- 01 GO TO 999 

250 CALL PTAPE t IFEMPK(1 )tANAMEw IAtNRtNC tKPtKC,NRTAPE) 
WR I f F  ( NCTt 2006 1 NR t N C  
NLINE=NLINE+Z 



IF (N2oGT.O) CALL WRITAN (IAsNR,NC,ANAMEvKRI 
I '  
C TAPE WRITING SECTION,  

300 I F  (NWTAPFmLE.01 GO TO 400 
I F  (I21 a € Q o  l H S t  C P t L  INTAPE (NUTAPEgIZ2) 
IF (122 -EQ. 6HREWIND) REWIN3 NWTAPE 
CALL WTAPF (IA,NRr!.rc,ANAME,KRrNWTAPE) 
IF (I22 ,EQ+ 4HLIST1 CALL CTAPE (NWTAPEI 

c 
400 W R I T E  ( N O T ~ 2 0 0 5 )  

NL INF=NLINE+Z 
RETURN 

C 
997 CALL LTbPE (NRTAPE) 

GO TO 993 
9 9 6  W R I T E  (NGT,20041 IrJSrIX 
999 CALL ZZROME (6HREADAN ,NERRORI 

END 



READlM-- I/ 4 
----------I- 

C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
c 
C 
,- " . 
C 
C 
C 
r: 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
c; 
C 

c 

c 
'a 

c 

Y 

t 
C 

SURPO'L'TXNE PEADIM ( I A  ~ N R T N C  vKRTKC 1 
DIMENZION I A ( K P t 1  . , IX(141*1REMRK(9) 
COMMON 1 LL INE/  NLINE ,MAXLINTMINI 
DATA hlITqNOT/5,6/ 

READ MATQIX OF INTEGER NUMB€RS FROM CARDS OR TAP€ AND PRIlVT I T -  WRITE 
MATRIX ON TAPF I F  SO INDICATED ( B Y  HAVING THE WRITE-TAP: NU#RFR I N  
COLUMNS 7 0 - 8 0 ) .  
THE EXPLANATION OF FURMATS bSFD BELOW I S  

A - DENOTES AKY K F Y  PUNCH SYMBOL. (€G, All*db. 
I - DFNLrTES AN INTEGFR NUMBER- ( E G t  4 3 6 ) -  **** CARD INPUT **** 

F I R S T  CARD - MATRIX NAME, NiJMBER OF ROWS, NUMBER OF COLUMNS 
WITH A 6 ~ 1 4 9 1 5  FORMAT, - REMARKS I N  COLUMNS 16-69. A-TYPE FORMAT. - $ I N  COLUMN 72 FOR '.iPITE-TAPE I N f T I A L I Z A T I O N ~  - WRITE-TAPE CONTROL I N  COLUMNS 73-78. MAY BE E t A ' X r  CS 
THE HWDS REWIND OR L I S - ,  OR (WHEN $ I N  COLUMN f 2 )  
THF idRITE-lAPE-ID (EG, 7 1 2 3 4 )  m - WRITE-TAP€ NUMBER I N  COLUMNS 79-80. (EG, 211- 

- I-ST I 5  I S  THE RGW NUMPFP. 
M I D D L E  CARDS DATA 'uITH FORMAT (2159  14151, 

- 2-NO I 5  I S  TH€ COL NUMBER OF THE NEXT 15 FIELD- .- NEXT 1415 APE FLEMFNTS OF THL MATRIX- 
LAST CARD - T E N  ZEROS IN CeOLUMNS 1-10- 
**I* TkPE INPl lT  **** 
ONE CARD - PATRIX N&MF, ZEaft OR MINUS THE LOCATJQN MUMRER OF M A T R I X  

0 1  REATI-TAPE 9 READ-TAPE NUMBER (If YINUS c NU PRINTOUT) 9 

M A T R I X  R U N  NUMBER WITH AhpJLt , f5 t&6 FORMAT-  - RFAD-TAPE CONTPOL I N  COLUMN5 22-27,, MAY BE BLANK, OR ?HE 
WORDS REWIND OR L I S T -  - REMARKS TN COLUMNS 28-69. A-TYPE FORMAT- - $ IN SCLUMN 72 FOR WRITE-TAPE I N I T I A L I Z A T I U N m  

- WRITE*-TAPE C@NTRCfL I N  COLUMNS 73-78. MAY R E  BLANK,  OR 
THtl WORDS RErWIND OR L IST ,  fR (WHEN d IN COLUMN Y2? 
THE WRITE-TAPE-ID l f G ~  1 '1234) -  

- WRITE-TAPE NUMriR I N  COLUMNS 7Q-80- ( € G o  2 1 ) .  
CALLS FZlRMA SUPROUTINES INTAP€,LTAP€pPAGEhD*RTAPt~KR I T I M  9 W l A P E  sZZBUM6. 
CODEP PY P F  FRUDA- JULY 1968. 
M O n I F I E O  FOR CCJNTPACT NAS8-zf;922 9 OCTOPEI; I!'??O. 
MODIFIED R Y  JOHN ADMZRt *NA5A* SEPT 19t3 
LPST REVISIOM BY RL WOHLENe APRIL 19?66 

SUBROUT TNF ARGUMFNTS 
I A  = OUTPUT M A T R I X  READ FROM CARDS @E TAPE. 
NR = CIIIPUT NUMBER OF ROWS IN MATRIX I A .  
NC = OUTPUT NUMREP OF COLS I N  MATRI% I A o  
KR = INPUT RCW IJIMF-NSICIN OF +A I N  CALLING PROGRAM- 
KC = INPUT COL DTYENSIUN OF IA IN CALLING PROGRAM. 

NFRROR FXPLANATIGN 
1 = Pc)W S I Z E  FXCEFDS PcrW DTMtNSInN nR 

COLUMN S I 7 F  TXCEFDS CQLUMK DIMCNSIPN. 
2 = R@W OR CPLUMN VALUE C'F €L€MENT EXCFEDS PIATRIX SIZE. 
3 = DATA C'N CARD PAST MATRIX COLUMN S I Z F -  
4 = L O C A T I O N  ON TAPE PAST LND-OF-TAPE MARK, 



7 f = LOCATION CN T6.PE PAST END-OF-TAPE MARK, 
a 

*C 
1001 FORMAT f A 6 v i 4 r I 5 . 9 A 6 r  2 X A l r A 6 r I 2 )  

2001 F C R M A r  (//27H CARD I M W T  INTEGER M A T R I X  A 6 r  2X 1H( 1 4 9 2 H  X I 4 r 2 H  1 

2002 FORMAT (//27H CARD INPUT INTEGER MATRIX Ab, 2 X  1Ht I492H X I 4 t 2 H  1 

2003 FORMAT I// ~ X A ~ T I ~ ~ I ~ S ~ X  9Abr2X AIsA6rI41 

1002 CC!RMAT (1615)  

t 2x 9 A 6 ~ 2 X  A 1 9  AbrI4//) 

* 3 X  9HCPPJTTh JED / I )  

2004 FORMAT ( i x  1615)  

2006 FORMAT (ZSHOSIZE CF MATRIX READ IS ( 1 4 . 2 ~  x 14.2~ 1 1 
2005 FORMAT (I5HOEND OF R F h D I M o )  

2007 F OR AT ( / 9 1 X 9 1 2 3 ( 1 H- 1 1 
C 
C READ IN HFADER CARD-  

READ ( N I T ~ 1 0 0 1 )  A N A M E ~ ~ l ~ N 2 , I R E M R K s I Z L t I Z Z . N H T A P E  
N9 = N1 
NC = N2 

C 

40 

so 

69 
70 

C 

f F f N 1  OCT. 0) GO TO 5 0  
IF(MIN1 oNF- + H H I N I )  GO TO 40 
IF!NLINF .LE- 5 1  G@ TO 40 
IF (NLTNE+9 oGT- M A X L I I ~ )  GQ TO 40 
WRITE(Nf!T~2007)  
N L IN€ =M L I NF +2 
GC TO 230 
CALL PAGEHD 
GI? TI3 200 
IF(MIN1 -NE- 4 H M I N I I  Gb T O  60 
IF(NLINE .LE- 5 oDR-  NLINE * G E e  M A X L I N )  GO TO 60 
NBC=NC/l4 

NN="+NR *NRC 
I F (  14*NPC -NE- NC) NBC=NBC+I 

TF(NN +NLTNE oGTo M A X I I N )  GO TO 63 
U2 If€ (NOT J007) 
NL INE=N L I N E + 2  
GC 70 70 
CALL PASEHD 
C Oh TIMU E 

C CARD READING ZECTION- 
W R I T €  1 WOT92001)  ANAMEWFtR ,NC, IREMRK 9121 ~122~NWTk! '€  
NLINE=N L I N F  +5 

"FRRQR = i 
IF (NR-GT-KR -OR*  NC-G7-hC) GO TO 99'- 
Dtt i G 5  I = l , N R  
DO 1 0 5  J=l,NC 

105 I A l I p J I  = 0 
110 READ (NIT9lOOZl I 9 J S 9  I X  

I F  ( 1 - E Q - O  ,AND, J S a E 0 o 0 )  GO TO 30@ 
NE-RkCH = 2 

I F  ( I o L F . 0  -CR- feCYoNR ,OR, JS,LE-d eQR0 JSeGToNC) GU TC! 998 
J E  = JS*13 
I F  (JE-LE-MC)  GC TO 115 



NEP.ROR = 3 
DO 112 J=JX?14 

112 I F  ( I X ( J I  ,NE- 0) GO TO 998 
JE = NC 

115 N = 0 
@O 120 J=JS,JE 
N = N + l  

120 I A ( I , J )  = l X ( w )  

CALL PAGEHO 

NLIN€=NLIN€+S 

NLINE=NLINE+l  
GO TU 210 

I F ( N L T N E ' + l  -LE- MAXLIN) GO TO 125 

WRITE (NOf92G02) ANAMEINRINC 

125 WRTTF (N@T,2004) X r J S , ( I A ( I , J ) , J = J S t J E )  

C 
C TAPE P E A O I N G  SECTTON, 

200 WRIT€ (W@T,20C!3) ANAME,~ l rN2 , IREMRK, IZ l r fZ2 tNWTAPE 
NL INE=N L I  NF +3 
NRTAPE = IABS(N2) 
I F  ITREMRK(2) ,EO- 6HREWIND) RECJIND NRTAP€ 
I F  ( I Q E W F K ( 2 )  - E Q -  4HLIST)  CALL LTAPE (NRTAPE) 
I F  (N1-EQ.0) GC TO 250 

C PUSITI@Y NKTAPE, 
READ (NRTAPE 1 TTD,LN r lEUTCK 
Nul? = tru+NI 
I F  (NUM I 2 ( ~ 5 , z z a , 2 ~  

205 
I F  ( I E O T C Y  .€&* 3hECT) G(3 TO 997 
RFAD (VRTI IPEI  CUM 
RUM = - N U P - l  
tF(tJLIP! ,EQ, 0 )  GO Tt '  24G 
DO 210 L=lrNUP 
READ NPTAPE 1 T I  D 9  LN 9 I EOTCK 

N E R R O R  = 4 

NERROR = 5 



NLINE=NLIME+2 
I w CNZ.CT,W caLL WRXTIM ( IA.NR,NC,ANAME,KRI 
t 
C TAPE WRITING SECTION, 

308 I F  (NWTAPFoLEoO) GO TO 400 
IF Q l Z l  ,FQ, IHJI  CALL INTAPE ~NWTRPEIIZE) 
I F  (122 ,EQ* 6HREWIND) REWIND NWTAPE 
CALL WTAPF C I ~ ~ N R I N C I A N A M E ~ K R ~ N W T A P F )  
I F  (I22 oE Q a  4 H L I S T )  CALL LTAPE (NIJTAPE) 

C 
400 W R I T E  (NO1,2@05) 

NLINE=NLINE+Z 
RETURN 

C 
9911 CALL LTAPF (NRTAPE) 

GO TT, 999 
998 W R I T E  (NC!T~2004)  I r J S r X X  
999 C A L L  ZZGOWB ( 6 H R E A D f M t N E R R O R )  

END 



S U P R W l  IN€ FF4DO ~A,NR.NCTKRTKC) 

P I T A  N I T T N C T / ~ T ~ /  
DIt4ENCICR A ( K K 9 1 1  r X ( 3 1  T I R € M R K ( 9 )  

C 
C READ M A T R I X  PF OCTAL NUMBERS FROM CARD: (PUNCHED BY SUBRCUflNE 
C QUNCHO) AIvD PFI%T I T  5 l P E  BY SIDE I N  OCTAL AND DECfHAl,  

C A - D E W T F S  ANY K E Y  PUNCH SYMPCL- l E G 9  A I / * C ) ,  

C c! - DTNCfFS AN CCTAL NUMBER. 
C **** C A C D  IhiPUT **** 
C WITH A6914.15 FPRPAT, 
C - REMARKS IN COLU#NS 16-69. A-TYPE FORMAT, 

C - I -ST 1 5  I S  T H F  ROW NUHBFR, 

C - NFXT 3 012 ARF THE ELEMFNTS OF THE MATRIX, 

C THE EXPLANbTI('R OF FZ'RMATS USED FFLCW IS 0-• 

C I - @EN@TES A N  1NTEGER NUMFtR- (EG, 4361, 

C F IRST CARE - M A T R I X  R A M E T  NUMEFP OF RCWS, NUMFEP OF COLUMNS 

C M I D D L E  CAR@S - DATA WITH FORMAT (215r3 (3X9012) )0  

C - 2-ND I5 I S  TkiE COL NUMGFQ O F  fH€ NEXT 0 1 2  F I E L D -  

C L A S T  CARD - T € N  ZFrRCS IN C@LUMNS 1-10. 
C C A L L S  FCRMA SlIERDl~TINES PAGEHD9ZZEOMB- 
c COD€D P Y  C V R I C  CPA,CE. MARCH 1O69. 
C MODIF IED FOR CnNTPACT NAS8-25'922 9 OCTOEER 1970- 
C LAST REVIS ION BY R L  WCHLEN, APRIL  19'76- 
C 
C SUFRCUTIhE ARGLV€NTS 
C A  = CUTPUT M E T R I X  READ FROM CAPOS. 

NR = OUTPUT NUMBER CF ROWS I N  MATRIX A -  
c NC = OUTPUT NUMBER PF cnLs IN MATRIX A. 
C KP = INPUT RCW DIMFNSIOM OF A I N  CALLING PROGRAM. 
C KC = XNPUT COL DIMENSIEN C F  A I N  CALL ING PROGRAM, 
C 
C NFPQOR EXPLAKATIUN 
C 1 = ROW S T Z E  f X C E F D S  RCW DIM€-NSIC'N OR 

C 2 = POW OF GDLUMN VALUE OF ELEMFNT EYCF€DS M A T R I X  SIZE, 
C 3 = DATA CN CARD PAST M A T R I X  COLUMN SIZ€- 
C 

C COLUMN SIZE EXCZFDC COLUMN D I M E N S I D N ,  

1001 F@RMbf ( b b ~ I ~ r 1 5 p ~ A 6 )  

2001 FGRMAT (/ /19t4 C A F O  INPUT M A T R I X  A 6 9  2 X  It+( 14r2H X I492H 1 

2002 FORMAT ( / / I Q H  CARD INPUT MATRIX A 6 9  2 X  It'( 14r2H X 1 4 9 2 H  1 

2014 FCISKAT ( 1 X  2159 3 X t G l 2 9  35x9 ZXtlPF10.3 1 
2024 FOPMAT ( I x  2 I ~ T 2 ( 3 X ~ ~ 1 2 ) r 2 ~ X , 2 ( 7 x r l ~ ~ ~ o . ~ ) )  
2031 FORMAT ( 1 X  215t3(3Xr012)9 5 X 9 3 ( 2 X 9 l P € L 0 . 3 ) )  

1002 FRPMAT ( 2 T 5 ~ 3 ( 3 X 7 P 1 2 )  1 

* 2 X  ' 3 A 6 / / )  

* 3 X  OHCCNTINUED / / I  

2604 FGki+AT < IcKtOtt-iS Z F  fiE AtG,  j 
c 
c READ rru HFPDER CARD,  

READ t N X T t 1 0 0 1 )  ANAME~MRTNC-,IREMRK 
CALL PAGEHD 

NERROR = 1 



NLINE = 0 
DO 1 0 5  I=I,NR 
DO I05 J=XrRC 

105 A ( I 9 J )  = 0 -  
110 READ ( N I T ~ X O O Z I  I 9 J S v X  

I F  ( X o E Q m 0  -AND- JS.ECoO) GO TC 400 
NERROR = 2 

I F  ( 1 - L E - 0  -OR- T-GT-NR -C?R* JS-LE-C -OR- JS-GT-NCI GO TO 998 
J E  = JS+2 
I F  (JF-LE-NC) GO TO 115 
J X  = NC-JS+Z 

NERROR = 3 
DO I 1 2  J=JX93 

I12 I F  ( X ( J )  -NE- 0-1 GQ TC 998 
J F  = NC 

115 rd = o 
DO 120 J=JStJE 
N = N + l  

NLINE = N L I N E + I  

CALL PAGEHD 

NLINE = 1 

120 A ( I 9 J I  = X ( N I  

I F  (NLINE-LE-4?)  GO TO 125 

WRITE (NOT920021 AMAME9NR9NC 

125 NF = J E + l - J S  
I F  W R I T E  (NOT92014 1 I rJS 9 ( A  (1  tJ 1 rJ=JS 9 JF) t ( A  (1 T J 1 9  J = J S q  JE 1 
I F  WP I TE( NOT92024 11 9 J S 9  ( A  (1  rJ  1 T J=JS 9 JE I t ;A ( I  t J I *J=JS? J€ 1 
IF (NF-EQ-3)  W R I T E ( N O T ~ 2 0 3 4 ) I  tJS9 ( A  ( I t J  ,d=JS*JE) 9 3 )  r J = J S r J € )  

( N f  OEQ -1 1 
(NF. E Q  -2 1 

GO TO 110 
c 

400 WRITE: (NOT920G5) 
RETURN 

C 
998  W P l T E  (NOT12034) I ~ J S ~ X I X  
999 CALL ZZBOME (6HREADC 9 h l E R R O R )  

END 



REVAD@-- 1/ 2 
----I- 

SUPRCUTINE REVAOD ( ALPHA, A t  I V E C  T J V t  C TZTNRA,NC A sNR ZvNCZ T KRA, KRZ ) 
DIMENSION LtKRA, 1 I V E C (  1) T J V K (  1) T Z (Ic-RZ r l )  

'C 
C REARRANGE A;.ID ADD ROWS AND CQLUFiNS OF ALPHA * M A T R I X  A I N T O  
C MATRIX 2 -  
C BE SURE MPT'ITX Z I S  OEFINFD FEFORE CALLING T H I S  SUGROUTIN€, FCR 
C EXAMPCEt C A L L  ZERC TO CLEAR PATRIX 2- 
C C A L L S  FORMA SUlt'OLlTINE ZZEOMR- 
C CC'DED BY RF hRUDA- J U L Y  196.5- 
C L A S T  REVIS ION 6Y WA BENFIELD- MARCH 1976, 
C 
c SUBROUTINE ARGUMENTS 
C ALPHA = INPUT SCALAR THAT M U L T I P L I E S  HATRI?! A -  
C A  = INPUT M A T P I X  TO PE APPANGED AND A D W D -  SIZE(NPATNCA)-  

C XVEt(I)=ROW PGSITIOh' OF A ( R U W  1 )  I N  Z ,  
C IVEC = INPUT VFCTC'P- S I Z E ( N R A ) -  

C I F  I V F C ( 1 )  IS P L U S  vZ=Z(R@W I V E C ( I ) ) + A L P H A * A ( R O W  1)- 
c IF I v w n  IS MINUSTZ=Z(RW IVEC(I))-ALPHA*A(RUW 1 1 -  
C I F  n w t r )  IS Z E R O  , A ( P W  I) IS WITTED IN z -  
C JVEC = I X P U T  VFCTCR, S I Z E ( N C A ) -  - C - -  - 3 V E f I J ) - 5 f , O t  P C S I T l C N  OF Q(CDb J )  I N  2 ,  
C I f  J V E C f J l  IS PLUS v Z = Z ( C C L  J V € C f J ) ) + A L P H A * A ( C C L  J ) o  
C I F  JU€C (3) ' IS M I N U Z T Z = Z  (COL J V E C (  J )  )-ALPHA*A(COL J1- 
C I F  J V E C ( J I  I S  Z E R O  A(CCL J )  1 5  OMITT€G I N  2- 
c z  = INPUT/WTPUT H A ? R I X  TO WhICH ALPHA*A 1 5  ADDED- S I Z E ( N R Z t N C 2 )  

, C  N R A  = INPUT NUMPER (?F QCWS I N  MATRIX P .  
: N C A  = INPUT h!URP.FR DF C C L I  I N  MATRIX .4, 
C N R Z  = XNPUT NLiMPER OF ROWS I N  M A T R I X  20 
C MCZ = INPUT NUMBER CF CC'LS 1N MATRlX 2- 
C K R A  = INPlIT ROW DIMENSTCh OF A I N  C A L L I N G  PROGRAM- 
C KRZ = INPUT ROW DIHENSIUN IF Z IN CALLING PROGRAM- 
C 
C NUEPRnP EXPLANATIPN 
C . I  = ROW LCCATION CNJTSICF MATPXX 2, 
C 2 = COLUMN LOCATXOI\ CUTSIDE MATRIX Z -  
C 

i 

DO 30 T A = I ? N R A  
I7 = I A B S ( 1 V E C I I A ) )  
I F  (12 - E G O  0 )  GO TO 30 

NERROR = 1 
I F  (IZ .GT, N R Z )  GC T f  YSC, 

J Z  = I A P S ( J V E C ( J A i r  
DC' 25 J b = l r N C A  

I F  ( J Z  - E a ,  01  GC! T O  25 
NERRUR = 2 



REVADD-- 2/ 2 ---------- 
END 



R E V I J  -- 1/ 2 

SUPROUT IN€ REV13 ( A2 9 I VEC, JVFC T N R A  .NCA&RZ &CZ 9 K R A Z )  

COMMCrN I LWRKVl / V ( S O 0 )  
DIMENSION k t 4  KPAZ 9 1  ) 1 IVEC (1 1 JVEC( 1 1 

C 
C REARRANGE ANC ADD R W S  AND COLUMNS OF MATRIX ( A )  INTO 
C MbTRXX ( 2 ) -  RQTH MATRIX ( A )  AND ( 2 )  S H A P F  TPE S A M €  STOPAGE, 

C C A L L S  FORMA ROUTINF ZZBPMB. 
C COD€D EY JOHN ADMIRE *NASA* AUG 19730 
C 
C S UBR PUT I N  E ARGUMENTS 
C Ai! - INPUT MATRIX ( A )  TC B E  ARRANGED AND ADDED TO M A T R I X  ( 2 ) -  

C I V E C  - INPUT INTEGER VECTOR ( N R A I  

C I F 1 I V E C ( I )  NEGATIVE)  THE S I G N S  IN POW I O F  ( A )  ARE 

C MATRIX (Z) IS SET EQUAL TO ZERO I N I T I A L L Y  BY THE ROUTINE- 

C A 2  - C'UTFUT MATRIX (2) RFSULT OF ARRANGING AND ADDING ( A I  TO (2). 

e A 6 S ( I V E C ( I ) ) = R @ W  OF ( 2 )  TO WHICH RCW I OF ( A )  I T  ADDED. 

C CHANGEG BEFORE 6 E I N G  ADDED INTC' ( 2 1 0  
C f F ( I V E C ( I 1  Z F R C )  THE ROW I I N  ( A )  I S  OMITTED FROM ( 2 1 -  
C J V E C  - IKPUT INTFGCQ bECTOR ( N C A )  
C AGS(JVEZ(J))=CCLUMN OF (2) TO WHICH COLUMN J OF ( A )  I S  AaDED 
C IF(JV=:.(Jl NEGATIVE) THF CIGrYS I N  COLUMN J @F ( A )  ARE 

C I F ( J V € C t J )  ZERO)  TH€ COLUMN J I N  ( A )  IS OMITT€.D FROM ( 2 1  
c N R A  - INPUT NUMPER OF ZOWS I N  M A T R I X  ( A )  
C N C A  - INPUT lVUMPFR OF C@LUMNZ IN M A T R I X  ( A )  
.C N R Z  - UUTPUT NUMPER OF RCIWS I N  M A T F L X  ( 2 )  

NCZ - CUTPUT NUMBER OF COLUMNS I N  M A f R I X  ( Z )  
ii KRAZ - INPUT RDW DIISEhSION O F  AZ I N  CALL ING PROGRAM 
C 

NERROR = I  
I F ( K R A 2  oGT. 500 - O R -  N R A  oGTo KRAZ -OR* NCA .GTo 5 0 0 )  GO TO 999 
NrlZ=O 
N t Z = C  
DO 10 I= I ,NPA 
I F f I A E  5 f I VEC ( I 1 1 -67. NRZ 1 NR Z=IAE 2 ( I VEC ( I )  1 

C CHANGED BEFOR€ BEING ADDED IN?(? ( 2 ) .  

I O  CCNTINUE 
DO 20 J=l,NCA 
I F ( I AR S ( JVFC ( J 1 1 A T ,  NCZ 1 MCZ=I ABS ( JVEC ( 3 1 

20 CONl INUF 
N E P P @ F = ?  

M A X  T=NP A 
M A X  J=WC A 

XF(NR2 OGT- K R h Z  o C R o  NCZ oGT- 5 0 0 )  GO TO 999 

I F ( N R Z  o G T -  hlRC.1 MAXI=NRZ 
IF(NC2 oGT. NCAl MAXJzNCZ 
[3@ 70 J=l,NCA 
DC: 30 I = l r M R A  

DC 4 C  I = I T F ~ A X I  

DO 71! T=l,NPA 

1 F ( ' IVEC ( I 1 1 50 970 9 60 
P Z  ( IX 9 3 ) = A 2  (I I ,J ) - V (  I 1 

30 V ( I ) = A Z ( I T J )  

40 A Z ( X r J ) = O .  

X I = I A @ : ( I V F C ( ? ) )  

50 
GO TO 76 



R E V I J  - 2 1  2 ------- 
60 A t  (111 J )=AZ(IIvJ ) + V ( I  1 

DO 120 T=lTNRZ 
DCI 80 J = l T N C A  

DO 90 J= l  , M A X 3  

DO 120 J = I p N C A  

I F  ( J V E C  ( J  1 )  1 0 0 1 1 2 0 ~  110 
100 A 2  t Iv JJ ) = A Z (  I TJJ )-V(  J 1 

110 A 2  ( IvJJ )=AZ I IeJJ )+V(J) 

70 CONTINUE 

80 V(J)=AZ(IvJ) 

90 A Z ( I T J ) = O -  

J J = I A F S f J V E C ( 3 ) )  

GO TO 130 

120 CONTINUE 
R ETllSN 

E ND 
999 CALL Z Z E O M B ( 6 h R E V I J  vNERRUR) 



ROWMLT --- 

I 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

MULTIPLY FACH fLEMENT I N  R O W ( I 1  RF MATRIX 6 BY ELEMENT(I1 LiF 
VFCTOR AVEC, 
MATRICES BIZ MAY SHAKE SAMF C@RE LOCATIONS. 
CODED BY RL WOHLENe FEBRUARY 1965- 

SUBROUTINF ARGUMENTS 
AVEC = INPUT VECTCR SIZE (NP) 
B = INPUT MATRIX. S I Z € ( N R T N C ) -  
2 = CUTPlJT RESULT MATRIX, SIZE(NRTNC)- 
NR = INPUT NUMPER @F ROWS I N  MATRICES 8.2-  ELEMENTS I N  \rECTOR AVEC- 
NC = INPUT NUMBER OF COLS I N  MATRICES B.2-  
KR = INPUT ROW DIMENSION OF 892 I N  CALLING PROGRAM- 

oc 10 I = l , N R  
DO IO J=l,NC 

10 Z ~ I I J )  = AVEC(I1 * B ( I 9 J )  
RETURN 
END 



C 
C R E A D  MATRIX A FROM TAPF BY IDENTIFICAl IOb '  @F IARUNOsXANAMEr 
C CALLS FC)KMA SUI?R@UTINES LTAPE*PAGEHD~ZZBQMB- 
C CODED f?Y WA FFNFIELD- JUNE 1966, 
C REVISFD BY RF HRUDA, JULY 1968, 
C R E V I S E D  BY R A PHILIPPUS, APRIL 19690 
C MODIFIED FUR CONTRACT NAS8-255'221 CCTUBER 1970. 
C 
C SURRUUTINE ARGUMtNTS 
C fARUN@ = INPUT RUN NUMBER OF M A T R I X  A ,  ( A 6  FORMAT), 
C I A N A M E  = INPUT MATPIX IDENTlFICATION. ( A 6  FORMAT), 
C A  = OUTPUT MATRIX R€AD FRCM TAPE- S I Z E ( N R A 9 N C A ) -  
C N R A  = GUTPVT NUMPER CF RCWS OF MATRIX A -  WILL BE READ FROM TAPE, 
C NCA = OlJTPUT NUMGEK O F  COLS OF MATRIX A -  WILL PE READ FROM TAPE, 
C KR = lNPI!T POW DIMENSION M: A I N  CALLING PROGRAM- 
C KC = INPUT C@L D I M E N S I O N  OF A I N  CALLING PROGRAM. 
C NTAPE = INPUT N U M B E R  OF TAPE- (E-Gr 10)- 
C 
C NERRCR EXPLANATION 
C 1 = MATHTX RFOUESTED IS NOT D E N S E -  
C 2 = ROW OR CC'LUMN C I Z E  EXCFEDS DIMFNSIClN SIZE-  
C 3 = MATRIX/RUNNO REQUESTED NOT FOUND ON TAPE- 

3001 FORMAT (29HYRTAPE CANNOT FIND RUNNU = A b  / 
P 
I *  21X 8HANAME = A 6  f 29X 6H----- 1 
C 

C SEARCH TAPF FOP CORRECT HEADING- 
NTIMF = 0 

5 P FAD ( NTA PE ) TAPE I D  *L N 9 I€ P T C K  , ITRUN09 ITNAME TNR A r N C A  *DATE T I YYPE T NNZ 
I F  (ITRUNC' -EQ, IAKUNO -AND- ITNAME -EQ- IANAME) GO TO IO 
I F  ( I E O T C K  - E Q 0  3HEUT) GO TO 20 
PFAO (NTAPE) DUM 
BO TO 5 

C 
C MATRIX HAS P € E N  FOUND, 

10 NERROR = 1 

NERROR = 2 
IF  f I T Y P E  *NE* 5HDENSE -ANDs NNZ .NE- 0) GO T O  999 

I F  ( N R A o G T o K R  o O R m  N C A - G T - Y C )  G O  TU 990 
RFAD 
RETURN 

(NTAPE 1 ( ( A  (I ,J 1 T 1 = l r N R ~ )  *J=l,NCA 1 

-~ 
I MATRIX C A N N C T  RE FOUND- SLARCH TAPE ONCE MORE- 

20 NTIME = N T I M E + L  
NERRfR = 3 

I F  (NTIMF .GO. 2 )  GL TO 998 
R E W I R D  NTAPE 
GO TO 5 

998 W R I T E  f N 0 7 , 3 0 0 1 )  IARUNOTIANAME 
CALL LTAPF ( N T A Y F )  

999 CALL hZOOMe ( t H K T A P E  (NERRC'R) 



END 



SUBROUTINE RHND (NTAPE 
G 

"C RFWIND TAP€,  
C CODED BY R L  WQHLLN- MARCH 19760 
C 
C SURROUTINF ARGUYFWT ( I N P U T )  
C NTAPE = NUMBER CF TAPE, 1EG 1 0 ) -  
C 

R E h  ,.dD NTAPE 
RETUTN 
END 



SIGMA 

. . 1. 
C 

SUBROUTINE ' IGMA ( Z t N t K R l  
DIMENSION Z ( K R T I )  

GENERATE A M A T P I X  OF ONES ON AND BELOW THE D I A G O N A L -  
COCFD B Y  RL WOHLEN, FE8 1965, 

SUR POUT I N F ARGUMFNT S 
2 = OUTPUT MATRIX GFYFRATED. C I Z F ( N T N ) -  
N = Ih'DUT SIZE C,F M A T R I X  2 (SQUARE) ,  
KR = INPUT ROW CIMENqION OF M A T R I X  2 I N  C A L L I N G  ,PROGRAM, 



jc 
C 
C 
C 
C 
C 
C 

S K I P  NREC LCGLCAC RECOPOS !FORWARD OR BACKHARD) ON NTAPE. 
CODED RY RL WHLEN. YARCk ?Q16* 

t 
20 L R E C  = I A F S ( h ( R € C )  

DC 25 TFrEC=I .LREC 
35 B A C K S P A C E  KTAPE 

R E TURN 
EN(? 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
t 
C 
C 
C 
C 

C 
c 

SOLUTTCN CF LINEAR SIMULTANFOUS A L G E B R P I C  E Q t ! A f I ( l l \ Z S T  &*2 = B o  
GAUtS F L I M I N A T I C N  M€THCID- FORWARO SOLUTION TRANSFORMS O R I G I N A L  SYSTEM 
INTC TCIANT-L'LAfr FnAM- P A C K  SPLUTI@N THEN G I V E S  RFSULT, 
LARGEST F I V f T A L  DIVISOF IC USEE TC A V O I P  D J V T S I O N  BV SMALL NUMBERS-  
THE RCWS A R E  INTERCPANGED WHEN NECESTARY TC ACCC*PPCIZH THlI- 
IF tu0 PIVCT C b N  YF FC ?ID E X C F E D I N G  1-E-159 THE M A T R I X  I S  C W S I D E R E D  
SINGULPR AND TPF FRCGkAM STDPPED, 
CALL: C n F M P  ZUFRCtUTINF ZZE!UMB. 
D€V€LPPF9 F Y  CARL PUSCfYo AUGCCT 1 9 6 P o  
LAST R E V I S I O N  € Y  W A  b€NFIELD- MARCH 1076- 

SUBRCUTINE ARGWVEMTS 
A = TNPCY SCWARL MATRIX CF COEFFICIENTS-  S I Z F f N T N ) .  *DESTROYED* 
8 = TRPL'T FXGHT HAf'JIC C I D E  VECTCF- S f Z E ( N ) -  *DEETRt!YSD* 
2 = CUTPUT RESULT VFCTCR, S I Z E ( N I -  
N = TNPU? NCMBEP C F  EQtIC,lICN5o 
K R  = IhiPtfT kGW C'IMCNSIGN OF A IN CALLING PRQGRAH- 

i \ i f?FUP E XpLbNATION 
1 = M A T R I X  I C  NClV-PO5ITIVE O E F I N I T E  FGR SIZE = 1 .  
2 = M A T R I X  IS NON-POSITIVE D E F I N I T E -  

RERROP. = 1 

NERRUR = 2 





SRED1 -- 1/ 2 
-----A- 

/ 

C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

SUERC’UT?NE S R E n l  ( A  y R  y T v N p N R y  IFTyKART) 
D IMENS I C N  
DATA EPS/ l -E-15/  

A (KARTy l1  yR (KART* 1) , T ( K A R T v  11 

REDUfF 5TTFFNFCS MATPIX ( A )  TO FORM REDUCED STIFFNESS MATRIX ( R I  AND 
REDUCING TRAY5FORMATLfW (TZ. 
DEGREES PF FREEDOM TC bE RECUCED MUST RF PC?SITTONED LAST IN M A T R I X  A -  
M A T R I X  ( A )  ft’CUL0 PE P O S I T l V E  OEFIN lTEv  SYIVrM€TRIC- LOWER HALF OF 
MATRIX ( A I  I S  USED- 
M A R I N  (1) M A Y  B E  A SCALAR ARGUMENT I F  THE REDUCING TRANSFORMATION 
I S  NOT FOkMED, 

C O M B I N A T I O N S  PClSSIELt COMGXNATIONS OF INPUT ARGUMEIVTS ARE SHOWN 
BELOW WITH THF RESULTING OUTPUl FROM TW SUPROUTINE. 

*CALLING ARGUMENTS* *RESULTING [?UT PUT* 

MATRICES ( A l p  ( “ 1 9  AUD ( T I  M A Y  SbARE THE 5AME COR€ LGCATIGNS I N  A R Y  

CALL 5c F 0 1 ( A  V P  y T yPSyNR 9 1 y K A P T  1 A = A p  R = R y  T=T 
CALL Z R F O l  ( A y C p T  y N y N P v  I p K b F T  1 A=R, T=T 
CALL S F F D I  ( A I T P T I N ~ N ~ ~ ~ ~ K A R T )  A=A y T =T 
CALL S R F D l  ( A q A q A y N y N E , l y K A R T )  A=T 
C A L L  S R F D I  ( A  y R  y A yhl y h l ?  y l p  K A R T  1 R=Rv A=T 
CALL S S F D 1  ( E ,  y F  y T p N  p N R p  0, KART 1 A = A *  R=R 
CALL C C  E D 1  ( A q A y T  IN q N P y O y K A R T  1 A= R 

CALLS FPRMA ClIBPCClTINE ZZPOMb.  
OEVEL@PFD E Y  C S  EODLFY AND WA eEYFIELD- OCTOBER 19710 
L A S T  Q E V I S I O N  BY W A  GENFIELD- MARCH 1976- 

SUPKCUTTNE: 
A = TNPL’T 
R = OUTPCT 
T = CUTPUT 
N = INPUT 
NR = TNPUT 
IFf = I k P U T  

KART = INPUT 

AR GUM F NTS 
ZTIFFNESZ M A T R I X  TO B E  PFDUCEP- ~ I Z € ( N I N ) -  
GFDUCED STIFFNESS MATRIX SX ZE (NRvNR 1, 
RFOUCING TRANSFORMbTICN MATRIX- S I Z E ( N t N R 1  
5 1 7 ~  OF MATRIX A.  
5IZE O F  FEDUCFD M A T P I X  R. 
= G I  TRPNSFGPMATICN MATRXY T WILL NQT E F  CALCULATED ANQ 

T h E F 0  NPT BE DIMENSIONED I N  CALLING PROGRAM- 
= I t  TFPNSFDPMA1ION M A T R I X  T WILL R E  CALCULATED- 
RCh’ DIMFrNSICN t?F A t R v T  I N  C A L L I N G  PROGRAM- 

NFP PnC F XPLANATI ON 
1 = MATRIX IS NON-POSlTIVE DEFINITE. 

N ERP. OR = 1 





c 
C 
C 
C 
c, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
.c 
ic 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

t 

REDUCF S T I F F V F S S  M A T R I X  ( A )  TO FORM REDUCED S T I F F N E S S  MATRlX ( R I  AND 
REDUCIP!G TRANZFORGATTON (1) 
D E G R F € S  C'F FPlEPOM T O  BE R E D U C E @  MULCT EE P O S I T I O N E D  F I R S T  I N  M A T R L X  ( A ) ,  
M A T R I X  ( A )  SP'CULD RE P O S I T I V E  D E F I N I T E ?  S Y M M E T R I C -  UFPER H A L F  OF 
MATRIX ( a )  1 5  USED- 

M P T R X C E S  ( k )  ( s ) ~  a m  (TI M A Y  SHARE THE S A M E  CORE LOCATIONS I N  ANY 

M A T R I X  (1) MAY E E  & S C A L A R  ARGUMENT I F  THE i l E D U C I N G  T R A N S F O R K A T I O N  
IS N@T FORWFD- 

CPHRINATIOhS P C S S X P L E  C Q M P I N A T I O N S  OF I N P U T  ARGUMENTS ARE SHOWN 
BELOW W I T H  THF R E 5 U L T I k G  C U T P U T  FRCM TI'€ SUPROUTINE,  

* C A L L I N G  AFGL;MENTS* *RESULTING OUTPUT* 
C A L L  5 C E D 2  ( A ~ F , T ~ N ~ N P , ~ T K A P T )  A = A t  R=R, T=T 
C A L L  SEED2 ( A  p Ap TINTNRT I T  K A R T  1 A = R t  T=T 
C A L L  S R E D ?  ( P  , T , T , X ~ N P T I , K A R T I  A = A  9 T=T 
C A L L  ,CRF@2 ( A ~ S - ~ T N I N R , ~ T K A ~ T )  P. =T 
C A L L  SF € 0 2  ( A  T R  , A  rN t N R p  1,KART I R=R, A = T  
C A L L  Z ' F D 2  ( L ~ P T T T ~ V T ~ F , O T K A F ? )  A=A, R=P 
C A L L  : P E D 2  f b p A p ' I  pN,NF,G,KAFT) A= P 

C A L L S  FC'RMk SUERDlrTIkE 22E.OMb- 
DEVELC'PED b Y  CC b C C L E Y  AND W A  f i E N F I E L D -  J U N E  1972- 
LAST REVTSIPF' BY WA E t N F l E L D .  MARCH 19760 

SVRP OUT 1 N E 
A = I N P U T  
R = CUTPUT 
T = @CTPUT 
N = I N P U T  
NP = INPlrT 
IF1 = I N P U T  

KART = INPUT 

AVG:!MENuT C 
' T I F F N F S S  M A T R I X  TC' F €  R € O U C E D o  SIZE(M,N). 
REDI IC€L,  S T I F F N E S C  M A T R I X  S I Z E  (NPrNR) 
PFDUCING T R A N S F O R M A T I O N  M A T R I X -  SIZE(N,NR), 
5I2€ @ F  M A T R I X  A -  
C I Z E  C'F PEDUC€D F?ATRIX  R o  
=Or T R A N S F O R M P T I O N  M A T R l X  T WILL NOT BE CALCULATED AND 

T hEED N O T  BF O I M E N S I ~ N E D  I N  CALLING PROGRAM- 
= l r  T R b N S F O P M A T I O N  M A T R I X  T WILL BE CALCULAT€Do 
RCW DIMEIVSIOF:  OF A,R,T rrv CALLING PROGRAM, 

NEDROQ E X P L A N A ?  I O N  
5 = M A T R I X  I S  N@N-POSI?IVE D € F I N I T E -  



10 CONT?YUF 
11 CONTINUE 

IF ( I F T  ,FQ. 0 )  GO TO 5 0  
C 
C CALCL'LATF R E D U C T I O N  TRANSFGRMATION M A T R I X -  

D C  2 0  L = l r N D  

DO 15 K=LrN 
5 = P f L T L )  

15 R ( L r K )  = R ( L 9 K ) / S  
I F  ( L  - E Q -  1) G(? TO 2 0  
LMI = L-1 
L P I  = L + l  
DO 16 I z l r L M 1  
DC 16 J z L P l r N  

16 K ( I , J )  = R ( I q 3 )  - R ( I T L ) * R ( L T ~ )  
20 CONTINUE 

DO 2 0  I = N D P l r N  
DC 2 9  J=l,F;R 

IMPC = I - NE 
2 9  T ( I v J 1  = 0-0 

30 T ( I I I M N D )  1 - 0  
50 DO 60 L=NT 19N 

J = L - NO 

DO 65 K=NPPlVN 
C SYMMFTRIZF R A N 0  START I N  1 9 1  LOCATICN- 

I = Y - vr 
I F  (I oC7- J I  GO TO 66 
R ( I 9 J I  = R ( K 9 L I  

66 R I ' l r J I  = R ( L 9 K I  
GC TC 65 

6 5  CONTINUF 
C START T I N  1 9 1  LL3CATTCIN. 

I F  (IFT .EC'. 6 )  GO TO 6 G  
DO 67 I=;*MD 

6? T ( I , J I  = - R ( I q L )  
60 CL'NTINIIE 

RETURN 
C 

999 CALL ZZBCMB ( 6 h S R E D 2  9NERRGRI  
END 



S R F 0 3  -- 11 2 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 

1. 

S U B R C U T I N E  ; C  REDUCE M k T R I X  ( A )  TO FORM REDUCED S T I F F R E S S  M A T R I X  ( R )  

ROWS AND CDLUMhZ T 2  B t  REDUCED O U T  MAY BE ANVWHERE I N  ( A )  AND ARE 

THE O R I G I N A L  NUMEER LbF ROWS AND COLUMN: IN ( A )  A P E  THF SAME FOR f F )  
WITH ZERO P@W AND CPLUPN € L E M E N T S  FOR TPE P F D U C F D  ROWS AND COLUMNS, 
ThE REDUCIVG T R A N S F @ R M A T I O M  ( T I  L I K E W I S F  UXLL BE SQUARE, 
HATRXX ( A )  S W U L D  BE P C S I T I V E  D E F I N I T E ,  SYMMETRIC, 
A L L  OF M A T R I X  ( A )  IS U S E G -  

A N D  QLDUCINC- T R A N S F C R M A T I U N  (1). 

SPECIFIFO r y  THE INTFGEF VECTOR ( I V I ,  

M A T R I X  ( T I  M A Y  B t  A SCALAR ARGUMENT I F  THE R E D U C l N G  T R A N S F O R M A T I O N  
IS NOT FORMED, 
M A T R I C E S  ( P I T  ( R ) T  AND ( T I  M A Y  S h A R f  THE SAME CORE L O C A T I O N S  IN ANY 
T O M B I N A T T O N S  P C S S I F L E  C U M G I f % b 7 I O R S  OF IWUr ARGUMENTS ARE SHUWN 
BELOW W I T H  T P F  R E C U L T I h ' G  O U T P U T  FROM TP'F SIJFRCUTINF,  

* C A L L I Y G  APGUf'€NTS* *RES UL T I N G  CUT PUT+ 
C A L L  SR E D 3  f k 9 I'd 9 R  v i  1 N v N ?  7 ? KAPT 1 A = & *  R=P*  T = l  
C A L L  S P E D 3  ( P ~ T V T P T T T ~ ! T N P T Y T K A R T )  C = R I  T=T 
C A L L  S K F C 3  ( A T I V T P  T A T N T N R T ~ ~ K A R T I  R = R *  A = T  
C A L L  St' FD r. ( A ? ? ? A  S A  TN TNR T 1 v KbQ T I A=T 
C A L L  s R F D 3  f A v I V r R , R r ~ v N N R r 1 r K A R T )  A =b R =T 

C A L L  I F  9 3  ( A T  I V T A  T T  T N  T N F T  G T  KAFT) A= R 
C A L L  5 F E D 3  ( A v I V v P  T T , N I N P ~ O ~ K A P T I  A = A v  R = R  

C A L L S  FORHA S l l ! ?R@UTINE ZZbUM6- 
DEVELCPF9 b y  WE 6 E ; : F I E L G .  J A N U A R Y  1974, 
LAST REVISICN BY h'A B E N F I E L D ,  M A P C H  1916, 

SUEROUT I N  F ARGl fR ENT 5 
A = INPUT CTXFFNESS M A T P I X  TC EE RFCUCFD,  5 I Z F f N . N ) -  
I V  = INPL'T I M T F M F  K O k  M A T R I X  C P N T A I N T M G  THE R€W-COLUYN 

L P C A T X C N S  ?C! P E  FECUCEP, S I Z E ( N R ) .  
R = OUTPUT R F O U C F G  S T I F F F ' E S 5  M A T R I X -  S I Z F  (NvN). 
T = O U T P r f l  FFDULIFIG 7 F A N S F O P M A t I O N  M A T R I X  SIZE (NvN 1 0 

N = I N P U T  S l 2 E  C'F MLTRICFC A r R , T o  MAL)r=5@Oo 
NH = INPUT W Y E F F  DF RCW-COLtlMNS T@ B E  REDUCED, 
I F T  = I N P U T  =C. TRANSFCJPVAf l r?N M A T R I X  T W I L L  NOT BE C A L C U L A T E D  

AND T NEET' ' '* B E  D I M F N S I O N E D  I N  C A L L I N G  PROGRAM, 
= l ,  TF;ANSF7cFIA - AI M A T P I X  T WILL B E  CALCULATED,  

KART = INPUT WOW D I M E N c f O h  CF . f ,RtT I N  C A L L I N G  PROGRAM- 

M F H P @ R  F YF.LArJA7 ITN 
1 = ROW Nl lkFFR Y S  N€GP' I?VF,  
Z = M A T R I X  IS N G N - P O S I T l V E  D E F I N I T E ,  

N ERROR= 1 



S R E D 3  -- 2/ 2 

N ERROR=Z 



C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 

C 
C 
C 
C 
C 
C 
C 
C 
C 

SUPROUTINE 5TART 
COMMPN 
COMMON /LLINE I N L I N F t M A X L I N t M I N I  
DATA NITtNGT/5t6 /  

/L STAR T/IRUNNU 9 0  ATE 9 NPAGE TUNAME ( 3 1 *TITLE 14 12 J 1 T f  TL E2 ( 12 1 

E A C H  T I N  THIS ROUTINE IS C C L L E D  THE COMPUTER rs INTEREGRATED TO 

PRINTEP CIN A MW PAGE, NPAGC AND NLmE A R E  THEN SET EGUAL TO ERG. 
OBTAIN THF DATF9 TIME C!F DAY9 AP'O THE C P U  TIME, TIME CF DAY AND CP 

CARD 1 IS 9 E A D  PIGXT T O  OBTAIN IRUNNO, M I N I 9  AN@ UNAME. 
I F  IRUNNC=4iSfCP : , iF  PROGRAM IS STOPPFD AT THIS P@INT,  
If- IRUNNO=6kRFTURN P RETURN I S  MADF TO THE CALLING PROGRAM, 
I F  IRUNNC IS NCT EQUAL TC STOP OR RETURN TWO ADDITIONAL CARD': ARE R 

C A R D  3 J5 FFAD NEYT FOR TITLEZ,  
LAST A RETUGN I S  MADE TO THE CALLLNG PROGRAM. 

CARD 2 IS R E A D  NEXT FOR T ITLE1,  

I ARE 

:AD, 

T I  TLEI 
T I T L E 2  

IRLINNO 
DATE 
N P A G E  
UNAMF 
TITLE1 
T I T L E 2  
NLINE 
M A X L I M  
M I N I  

CARE INPUT 
AR'JNNO~~'!INITUNAME FCRVAT ( A 6 t A 4 r 3 A b I  

FORMAT ( 1 2 A 6 )  
FORMkT ( l 2 A 6  1 

DE F I N  I T  I f N  2 
= RUN NUMBER 
= DATE- 
= PAGF NUMEEG 
= U F F P S  NAME 
= F I R c T  717LE 
= SECC'ND TlTCE 
= LINF NUM6EP 
= MAXIWUM NUMPER CF LINFS YRINTFD PFR PAGE 
= PPINJ'I O P T I O N  ( I F  MXNI-- tHPINI  OTHER FOQMA ROUTINES N I L L  

ATTFMP? f C  M I N I M I Z E  THE NUMBER OF PAGES PRINTED e Y  PRINTING 
NURE TWAN L'NE SET I1F DATA PER PAGE) 

MODIFIED AUG, 1373 h Y  JOhN A C M I R E  *NASA* 

1001 F O R M A T  ( A ~ , A ' + T ~ A ~ )  
1002 FOPMAT ( 1 2 A C )  
2002 FORMAT ( 1 H I  6(/) 55X 1OHTIME SHFFT / 38X 4 5 t I H - 1  11 

* 3 C X  3OhC\lRKENT TIME OF DAY Iw H t M t S  = A 6 // * 3 R X  2 6 H T O T A C  CPTIME USFD TU NOW = I 5 r  OH SECONDS, // 1 
2003 FORMAT ( 3 6 H l E f " D  OF I N P U T  DATA HAS BEEN REACKECo) 

C 
CALL SCLOCI' .  ( ~ ~ ~ F F , T I M E , € ~ L ' C ~ E ~ G S E C )  
C A L L  CPUTIM (ICTZME 1 
YC T J M= I C T I M F /  1 CrOOOOO 
W R I T E  (NCT92002)  T I M E V I C T I M  

C 
NPAC-: =@ 
NLINE=O 
MAXLIN=52 



I F  (IRUNNU .EC. 4HSTCIP 1 STOP 
TF(IRUNN0 *EQ. 6HRETURN) RETURN 

C 
10 RFAD ( N I T ~ 1 0 0 2 )  T I T L E 1  

REkD I N I T , 1 0 0 2 )  TITLE2 
RETURN 
E NO 



“c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

C 
C 

C 
C 

CALCULA’CE STIFFNESS MATRIX (FREE-FREE 1 FOR A LONGITUnINAL kODo 
ASSUMES CONSTANT F O R C E  6LTWEEN CCNSECUTIVE PANEL POINTS- 
TRANSLATION AT FACH PANEL POTNT ARE THE G€NERALIZ€D CCORDINAWS 
INPUT I S  D l S T R I ? U T € D  S’IIFFNESS ( A € )  . 
SUBROUTIYF I F  A L S @  ADPLICAhLF FOR TORSICNAL POD, THFN ROfAT:@N A T  
EACH PANFL P 0 I N l  ARE -fhE GtNEKALIZED CC?C!RD1NATES 9 DISTRIBUTED 
STTFFNESS IS C.J. 
CALLS FORMA SUPKPUTINE ZZPPMB- 
COD€D BY C 1 PDLFY, F€PRUARY 1966. 
LAST R E V I S I O N  BY WA BENFIELD, MARCH 1976. 

SUBRCUTINF ARGUMENTS 
PP = INPUT VFCTCR OF PANEL POINTS- SILEIMPPlo 
DAE = XNPUT MATRIX OF DISTRXBUTED STIFFNESS STRAIGHT L I R E  

SEGMENT DATA 5IZE t N T J A € r 4 )  
CPL 1 = X AT CFGMFNT END 1, 

CPL 3 = STIFFNESS AT SEGMENT END 1 .  
COL 2 X AT SEGMENT END 2. 

COL = STIFFNESS AT SEGMENT EF!D 2- 
Z = OUTPUT STTF FNESS MATP I X  SY ZE tNPP &PP 1 o 
NPP = INPUT NUMFFP O F  PANEL POIN’.?S, SIZF ct6 VECTOR P P I  M A T R I X  2, 
N D A E  = INPUT NUMRFR O F  SEGMFNTS (!?COWS) IN DAE, 
KOA€ = INFCIT PCW DIMENSION I?F DAE I N  CALLING PROGPAM- 
K Z  = TNPt’T ROW DIMENSIGN OF 2 I N  CALLING PRGGRAM- 

NFRhFR. EXPLANATION 
1 = LES9 THb.9 2 PANEL POI!i:S, 

3 = D I Z T K T P U T t D  D A T A  MUST S T A R T  AND END ON FIRST 

4 = D I S T P I D l l f F C  DATA HAS GAPS, 

2 = PAhEL PCINTS NCT I N  INCREASING ORDER. 

AND LAST PANEL PC’INTSo 

5 = NEGATlVF STIFFNESS IS NOT ALLOW€D. 

CHECK THAT PANEL PClNTS ARE I N  Il\ lCREASING CRDER, 
GJEKRGR 1 

IF ( w p  . L L  2 1  GI; Ta 999 
NERKCP = 2 

DC‘ 5 K=PpI’!PP 
I F  (PPEK-1) o G t o  PP(KI1 GO TO 999 

5 COFlTINUF 

C 



NFKROR = 4 
I F  ( X 1  OGEo X 2  ,OR- X 1  -NE- X Z S A V E )  GO TU 999 

IF ( V 1  - L E *  0- o @ R -  V 2  -LE- 0-1 GO TC 999 
X2SAVE = YZ 
GC 32 K z 1 , N B A Y S  
I F  ( X I  .LT. PP(K+I)) GO TO 34 

32 CClNTXNUF 
3 6  XP = Y 1  

VP = V l  

X Q  = P P ( K + l l  
VQ = v 1  + ( X Q - X I ) ~ ( V 2 - V I ) / ( X 2 - X 1 )  
Gn TO 3 9  

38 X Q  = X 2  
VQ = v2 

39 8 = ( V Q - V P ) / ( X Q - X P I  

36 I F  ( x z  .Lr. P P ( K + I ) )  GO TO 38 

70 I F  ( X 2  . L E O  PP(K+l)) GO TO 90 
K = K + f  
XP = YQ 
VC’ = v5. 
G@ TC 3 .  

90 CUMTIMU!- 

NERROR = 4 

NERROR = 3 

999 C A L L  ZZROMB ( 6 H Z T I F 1  ,NERROK) 
E NO 



1 

C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C. 
C 
C 
c 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

+-. 
L 

c 
0. 

I 

CALCULATF CTIFFIVESS M A T R I X  ( F F F F - F R E E )  FOR A PFAMe ASSUMES CONSTANT 
SHFAR AND L I P F A R L Y  V g S Y l k G  BENnIWG MCMFNT FFTWEEh :~Ob4SECUI I \ 'E  PANEL 

G € N F R A L l Z f D  CCIORDINATES. T R k N S L A T I O N  COOROINC 'ES ARE GROUPED FIRbT 

S I G N  CflfUVFNlYPN IC ROTbTlCJhJ = - 0 1 L A T E R 4 L  D I S P I I Q ( A X 1 A L  CCORDINATE) .  

P O I M T S o  LATEPbL TRPNSLATIPN AND R C T A T I I j N  A I  FACH PANEL P O I N T  AGE T H E  

FULLCWEC QY RCTATIUN C M R C ? N A T E S  m 

INFWT I S  Df5TPIPUTFD E L E X U R E  S T I F F N E S S 1  F I T  AND Oh( O P T I C &  
(NDKAG 0G-T. (I) D I S T R I P U T E D  SH€AR S T I F F N E S S T  KAG- 
CALLS FPRMC 51rEROUTlhrE ZZECIMB. 
CODF7 PY C PODLFYo FFbRUAR'. 1966. 
L A S T  RFVTC,;C?N 'OS' WA B E N F I E L D -  MARCH 1976. 

PP 
DKAG 

@E1 

Z 
NPP 
NQKAG 
N3F I 
NZ 
KDKAG 
KDE I 
KZ 

= INPUT 
= I N P U T  

= INPUT 

= OU" \.!l 
= IN!.'I:T 
= Ih lpUT 
= INPLrT  
= CUTPIIT 
= I R P " 7  
= I h ' P U f  
= INPUT 

VFCTPR OF P P W I  PCIINTS. SIiCfNPP), 
M A T P I Y  OF O I S T F I U W T E D  SHFAP STIFFNESS STRAIGHT ' "RE 
CEGMFNT DPTA. Si Z E  (NDKAG.4 I 

COL 2 = X A T  5FGMFNT FNG 2. 

CCL 4 = S T I F F N E S S  A I  SEGMENT END 2, 
M A T R l X  OF D I Z T R I R U T E D  FLFXUPE STIFFNESS STRAIGHT LINE 
SFC-MtPI!T D A ? A  S I Z € ( N D E I T ~ )  . 

C@L 1 = X AT SFGMFNT FN9 1. 

CPL 3 = S T I F F N F S S  A T  CFGMEN" FND '1. 

COL'JhNlr A R F  5 I M I L b P  TCI DKAG- 
S T 1  FFrYESS MATH J X  S I Z F  ( N Z T N Z  1 
Ilt'CIFFR CF PANEL PU?NT?. S I Z F  OF VECTCR PP, 
f"UFIPFR OF SEGt4tfVT5 (RC'WC,) TN OKAG- C k N  B E  ZEREo 
NUElFEP OF CEGMFNTS ( R C W C !  IN D E I .  
:I;!€ CF M L T P I X  2. (NZ=2*NPP) .  
Pf'IJ C t X M E N Y I C I i V  t'F DKAG i N  C A L L - N G  PROGRAM- 
RClJ r I M f N S I C ? h  CF D E I  CALLfb;C~ ? A @ C , G A Y e  
R W  D I V E N S X 9 N  CJF 2 IF3 C A L L I h G  PROGRAM- 

NER PC#R F YPLANA T 1 CY\( 
1 = LFSS T Y A N  2 PAWFL PGIMTC.., 
2 PAFfF-L PCINTS NPT I N  I N C P t A C f N G  DPDFQ.. 
3 = D Y S T R I P U T F D  D A T A  MUST STAR4 ANP END C!N F I R S T  

AND L A 5 T  PAKEL PnIiUTS. 
4 = D l S T R I P U ' l E D  [ i A l A  h A S  G A r ' S .  
5 = N E G k T l V E  STIFFNESS I C  NOT ALLUWED. 



S T I F 2  -- 2f 4 ------- 

DO 00 I = l , N S E G S  
GO TO (21,223.  N f  

2 1  X 1  = D K A G ( T , ? )  
X? = D K A G ( T T Z )  
v1  = @ K A G ( I , 3 )  
V 2  = D K A G ( I 9 4 )  
GO TU 3C! 

22 X l  = D E 1 ( 1 ~ 1 )  
X 2  = DEI(I,2) 
V I  = OEI(I,31 
V 2  = DE1(114) 

30 NERROR = C 

I F  ( X I  - G E *  X2 oOKo X 1  -NE- XZSAVE) GO TO 999 
NERROR = 5 

IF ( V 1  m L € o  0 -  -OR, V 2  -LE, 0-1 GO TU 999 
XZSAVE = X2 

I F  ( X 1  ,LT, P P I K + l ) )  GO f O  34 
DO 32 K = l t N @ A Y C  

32 CONTINUE 
34 X P  = X I  

V P  = V I  
36 IF ( X 2  o L € o  PPfK+l)) GC TO 38 

X O  = P P I K + l )  
VQ = V I  + ( X Q - X l ) * ( V Z - V l ) / f X 2 - X 1 )  
GC! TO 3 9  

vo = vz 
39 PL = XQ-%P 

H P  = X P - P P I K )  
HQ = Xb-PPIK)  
A = (VP*HQ - VP*HP) /PL  
a = f V Q - V P I f P L  
VLOG = A L C G f V O / V P I  
GO TO ( 5 0 t 6 O ) ~ N T  

38 X Q  = x 2  

C 
50 I F  ( B  oFQ. 0 s )  GO TO 5 5  

Z ( K t K )  = Z ( K t K )  + VLI?G/b 
GO TO 76 

55 Z ( K t K 1  = Z ( K 9 K )  + P L / V P  



STIF2  - 3f 4 --- 



STIF2 -0 4/ 4 

999 CALL ZZBOM6 (BHSTIFZ rNERROR1 
END 



SYMLH 

- c  
C 
C 
C 
C 
C 
C 
C 
C 
C 

S U B P O U T I N E  SYMLH ( A t N , K R I  
D I M E N S I O N  A ( K R 9  1 I 

S Y M M E T R I Z E  MATRTX A @Y PLACING V A L U E S  FROM 
ABOVE T H E  D I A G O N A L  6ELOW ?HE D I A G O N A L -  
CODED BY R L  HOHLtN- FEB 1965-  

SUB ROUTIN F ARGUMENTS 
A = INPUT, CWTPUT S U P P L I E D  AND RESULT MATRIX-  S I Z E ( N , N ) -  
N = INPUT SIZE @F M A T R I X  A (SQUARE).  
KR = INPUT RON DIMENSION OF A IN C A L L I N G  PROGRAM- 

DO 10 f = l r N  
DO 1C J= I ,N  

R €TURN 
END 

IO A ( J t 1 )  = A t I t J I  



"C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE SYMUH (A,N,KR) 
DIMENSION A ( K R g 1 )  

SYMMETRIZE M A T R I X  A BY PLACING VALUES FROM 
BELOW THF PIAGUNAL ARQVE THE DI....GONAL- 
COOED BY RL WMILENe- FEL! 1965. 

SUEROUTINE: ARGUMENTS 
A = INPUT, OUTPUT SUPPLIED AND RESULT MATRIX- S fZE(N,N) *  
N = INPUT S I Z E  O F  MATRIX A (SQUARE)- 
KR = INPUT ROW DIMENSION OF A I N  CALLfNG PROGRAM. 



-' C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUT I N  E TE R P I  
DIMENSION XA( 1 ) T X Z t  1 )  T Y A ( K A T L  )TYZ(KZI X) 

( X A 9 X Z  T Y  A T YZ ,NX A TN XZ 9NCA TK A T  KZ 1 

L I N E A R  X N T F R P D L A t  I O N .  
VALUES OF X Z  MAY 6E 0 U T S I I ) E  OF XAo  i E X f R A P 0 L A T I O N ) o  
CODED BY R F  hRUDA. SEPTEMBER 1965. 
L A S T  R E V I S I @ N  BY J ERNST. UCT 19730 

SUBPOUT I N E  PRGUMENTZ 
X A  = I N P U T  VECTOR @F X-COORDINATES FQR ROUS OF YA, MUST BE I N  

X Z  = I N P U T  VECTOR f2F X - C O O R D I N A T E S  FOR I N T E R P O L A T E D  VALUES, 
T N C K E A S I N G  ORDER-  S I Z E ( N X A 1  

SIZE(NX2) o 
YA = I N P U T  M A T R I X  OF Y-COORDINATES TI1 BE SNTFRPOLATED, 

S I Z E  ( N X A T N C A )  
Y Z  = OUTPUT M A T R I X  OF I N T t R P O L A T E D  Y-COORDINATES- S I Z E f N X Z v N C A )  

FACH COLUMN OF YZ H A S  I N T E R P O L A T E D  VALUES OF THE 
R E S P E C T I V E  COLUMN OF Y A o  

N X A  = I N P U T  NUMBER OF X A  STATIONS9 ROWS OF M A T R I X  Y A o  
N X t  = INPUT FJWMFER OF X Z  STATIONS, ROUS OF M A T R I X  Y Z .  
NCA = INPUT NUMBER OF COLUMN VECTORS I N  MATRXCES YATYZ,  
K A  =L INPUT ROW D I M E N S I O N  OF YA I N  C A L L I N G  PROGRAM. 
K t  = I N P U T  ROW D I M E N S I O N  OF Y f  I N  C A L L I N G  PROGRAM- 

C 
RETURN 
END 



C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUFROUTINF l E R P 2  (XATXZIYAt  YZINXAINXZINCAIK~~KZ) 
DIMENSIGN X A ( l l r X Z ( l )  T Y A ( K A I ~ ) v Y Z ( K Z , ~ )  

DIPARABCLI  C INTERPELATION- 
(PASA6C)LIt  INTERPOLATICN I N  FIRSTILAST RAYS AND OUTSIDE XA). 
VALUES CJF X Z  MAY FE OVTSIDE OF X A -  (EXTRAPOLATION)- 
CALLS FPRMA Sl1PRCUTINE ZZEOMB- 
CODED BY R F  PRUDA- F€BRUAR'Y 1965- 
LAST R E V I S I O N  BY WA BENFIELD- MARCH 1976- 

SUBRCWT TN € bP GVMENT 5 
XA = INPUT VECTOR PF X-COORDINATES Flrp: ROUS OF YA- MUST BE I N  

INCREASING ORDER- S IZE(NXA1 
XZ = IhPUT VFCTCR OF X-COORDINATES FOR INTERPOLATED VALU€S- 

SIZE ( N X Z )  
YA = INPUT MATRIX OF Y-COORDINATES TU BE INTERPOLATED- 

Z!Z€ (NXkrNCA) 0 

YZ = OUTPUT M A T R I X  OF INTERPOLATFD Y-CCDRDINATESm SIZE(NX2,NCA)- 
E A C H  CELUMN OF YZ HAS TNTERPOLATED VALUES OF THE 
RESPFCTIVE COLUMN OF Y A -  

N X A  = INPUT NUMPFP OF X A  STATIONS, ROWS OF MATRIX YA. 
NXZ = INPUT NUMPER OF X Z  STATIONST ROWS OF MATRIX YZ- 
NCA = INPUT NUMBER C'F COLUMN VECTORS I N  MATRICES YAtYZ-  
K A  = INPUT POW DIM€NSICN OF YA I N  CALLING PRUCPAM- 
KZ = INPUT ROW DIMENSION OF YZ I N  CALLING PROGRAM- 

C 

C 1 = LESS THAN 3 STATIONS- 
C 

N€RF?@R FXPLANATlEN 

N€RROR = 1 
I F  (NXA .LT- 3 )  GO TO 999 

C 
DO 4G0 K = l r N X Z  
I F  ( X Z ( K ) o L € - X A ( Z ) )  GO TC 100 
I F  (XZtK)mGE-XA(NXA-1)1 GO TO 
DO 50 T=39NXA 
I F  ( X Z ( K ) - L E - X A ( f ) )  GO TO 200 

50 CONTINUE 
C 
C F I R S T  BAY C'k LEFT EXTKAPOLATIONo 

100 BAYL = X A ( ? ) - X A ( I )  
H = ( X Z ( K ) - X A ( l I ) / P A Y L  
D f ( % A f 3 ) - X A t l ) ) / B A Y L  
D@ 102 J = l I N C A  

300 
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202 Y Z  f K e  J )=  
+ 
+ YA ( I 

Yfa f 1 - 2 ~  3 I *  (H**3-2*O*H**2+H I/  f C - C * * 2  1 
Y A  ( I-1 9 J I* f H+*3* f C-D 1 +H**Z*f 2 . W D - C  1 -H*( D+C*D 1 +C*D )If C*D 1 

( f 1 -0-c I+( 100-0 I 1 

* * * * 
9 J I* (H**3* (D-C )+H**Z*( 1 oO-2,O*O+Cl +*C* f 1.0-D) )I 

+ YA ( I +1 e J 1 * (-H+*3 +H** 2 ) I (  D-D**2 1 
GO TU 400 

C 
C LAST e-AY OR RTGhT EXTRAPOLATION- 

300 R A Y L  = X A f M X A ) - X A ( N X A - l )  
H = ( X Z f k )  -X A f N X A - 1 )  1 I B  AY L 
C = ( X A f N X A - 2 ) - X A ( N X A - l ) ) / B A Y L  
DO 302 J = I i N C A  

302 Y Z ( K , J ) =  YA(NXA-2 .J )~ ( -H* *2+H) / fC-C~*2 )  * + YA(NXA- l rJ )~ (H**Z -H* ( l .O+C)+C) /C  * + Y A (N X A 9 J 1 * t H**Z-H* C 1 / 1 0 Q-C 1 
C 

400 CONTINUE 
RE TURN 

C 
999 CALL ZZBOMR. (6HTERP2 TMERRUR) 

END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

SUPPOUTINF TIMCHK(YAMCHKI 
COMMON /LTIM€ / N T M , N O C K ( ~ O ) , N A H ~ ~ O ) T T C J T T ( ~ O )  rTLAS(10)  
COMMON /LLINE f NLINE ,MAXLINTMINI 
DATA NIT tNPT/Sr6 /  
DATA KT/ lO/  

THF PURPOSE nF THIS ROUTINE IS TC DETERMINE THE ELAPSED CPU TIME 
BETWFEN DEFINFD POXNTS I N  A PROGRCM- UPTO 10 DEFINED TIME CHECKS 
C A N  GE OPTPINFD USING TkXS ROUTINE- WE ROUTINE I S  USED BY CALLING 
I T  AT THE PCINT I N  THE P R C G R A M  WHERF lH€ TIME CHECK IS TU START AND 

THE TIME CHECK IS IDENTIFIED BY THE ARGUMENT NAHCHK AS AN A& VARIABLE 

SAMF NAMF FUR TH€ ARGUMENT NAMCHK THE SUM OF THE ELAPSED TIMES WILL BE 

THEN CALLING 7 1  AGblN AT THE PC'INT WHFRE THE TIME CH€CK I S  TO END- 

(IE NAMCHKz6HTIME 1)- I F  M O R E  THAN ONE TIME CHECK IS MADE USING THE 

RECORDED, 

BEFORE THIS ROUTINF CAN BE USED I T  IS NECESSARY TO I N I T I A L f Z E  I T -  
THIS DONE RY CALLING I1 WITh NAMCHK=6HTEEGIN- 

THE RESULTS OF THE TIME CHECKS MADE BY THIS ROUTINF ARE PRINTED 
BY CALLING I T  WITH NAMCHK=6hTPRINTo THF DATA PRINTED CONSISTS OF 
A TABLE CONTAINING THE NAMES OF THF TIME CHECKS, THE TOTAL ELAPSED 
CPU TIM€ FOR EACH NAMED TIME CHECK, THE NUMBER OF TIMES EACH NAMED 
TIME CHECK WAS MADE9 AND THE AVERAGE CPll TIME FUR EACH NAMED TIME 
CHECK ( I E  TOTAL ELAPSED TIME DIVIDED BY THE NUMBER TIMES THE TIME 
CHECK W A S  MADE) o 

AR GUM € NT 
NAMCHK - INPUT ( A b  FORMAT) 'IME CHECK IDENTIFICATION 

IF(NAMCHK=6HTEEGINI ROUTINE I S  I N I T I A L I Z E D  
IF(NAMCHK=6HTPRINT) RESULTS ARE P R I N T E D  

FORMA SUBROUTINES CALLED ARE PAGEHD AND ZZBOMBo 

CODED BY JOHN ADMIRE *NASA* AUG 1973. 

2000 FCIPMAT ( 1 1 x 1 2 3  ( LH- 1 )  
2010 FORMAT( / /a l%24(1H+) /51~24h*  CPU TIMF CHECK TABLE *, 

*/37X50 ( 1 H* )  /37X 
*50ti* NAME OF * TOTAL * NUMBER OF * AVFRAGF * / 3 7 X t  
*SOH* T T Y E  CHECK * CPU TIME 4: CRECKS MADE * CPU TIME */37x5a~iw)) 

2020 FORMAT(37Xv 
*4H* r A 6 r 5 b  * vF8-2,ZH *SX,I3,SX2H* 9F8-292H * 
*/3?X50(1H*))  

IFtNAMCHK ,EQ. 6HTBFGIN) GO TO 60 
IF(NAMCHK ,FQ, 6HTPRINT) GO TO 80 
L =NTM+l 
CALL CPUTIM( IC7IM)  
C I= ICTTM 
c1=c1/1oocfJoo 0 

11 'NTM .Nt, 0 )  GO TO 30 
10 N€RROR=f 

I F t L  oGT. KT)  GO TO 999 
NAM (1 I =NAMCHK 
NfM=L 



20 T L A S ( L ) = C l  
P ETUPN 

L L = I  
IFtNAMCHK .EQo NAM(1))  GO TU 50 

40 CCNTINUE 
GO TO 10 

50 L=LL 

30 DO 40 I = l t N T M  

I F ( T L A S ( L 1  mLT- 0 , )  GO TO 20 
TUTf(L)=T(?TT(L)+(C1-1-LAStL) 1 

NCCK (L 1 =NOCK ( L  )+I 
RETURN 

TLAS(L)=- l -  

60 NTM=O 
DO 70 I = l r K T  
NOCK ( 1) =O 
NAM ( I )=hH 

70 TLAS( I )= -1 -  
TOTT ( I 1 =O 

RETURN 
80 I F ( M 1 N I  ,NE, 4HMINI )  GO TO 90 

IF (NL1NE .LE- 5 *OR, NLINE o G E o  M A X C I N )  GO TO 90 
NN = 1 0 + N TM :z f 
IF(NLINF+NN -GTo MAXLIN3 GO TO 90 
W R I T €  (NOT 92000 
NL I N E = N L  TIVF+2 
GC TO 100 

90 CALL PAGEHn 
100 HR I T E ( N ~ T 9 P O Z O )  

NL I NE=NP I NE +8 
NEP R OR = 2 
IF tNTM .€bo 0 )  GO TO 999 
DO 120 I = l r N l M  
I f ( N L I N E + Z  .LE, M A X L I N I  GO TO 110 
CALL PAGEHD 
WR I T E f  NOT ,2010 1 
NLIN€=NLf NE*R 

C l = T @ T T ( I  ) / C Z  

120 IUL IFIE=N L I NE +2 
RETURN 

€ND 

110 CZ=NCKK 4 I 1 

W R I T F ( N ~ T ~ 2 O Z O )  NAM ( I  1 rTOTT 4 I) tNOCK ( I  1 rC1 

999 CALL fZBOMB(6HTIMCHK~NERROR) 
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C 
C 
C 
C 
c 
C 
C 
C 
C 

- ic 
=I; 

C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

; a  

C 
C 

5 -  

I 

SUBROUTINE TRAEZ ~ I X R U N O ~ I X N A M E ~ I F A t A t I F B t 6 ~ I F C t C t I F D t O t ~ F E t E ~  
* ZTMM rSTARTTtENDTo~LTXTPtNWRITE tZIDENTtSTAw * ZN PME 9 NZ t K  Z 9NXTAPE t N  ZTAPF t STOREZ 1 

DIMENSION A ( K Z t  1 1 *E! ( K Z  9 1 )  TC f K Z t  1) t D  ( K Z t  1) ,E f 1 1 rZTMM(KZt l1  t$"$ a 1 I v 
2 ID ENT ( 1 1 t STOREZ ( KZ 9 1 1 * 

DIMENSION ?TORETI(>) 
COMMON /LWRKVl/ XDD(250) t  X O t 2 5 0 )  
COMMON /LWRKVZ/ X ( 2 5 0  I t  Z (250 1 
COMMON /LWPKV3/ F ( 5 0 0 )  
COMMON /LSTAF.T/ I Z R U N O ~ Z D A T E ~ N P A G E ~ U A M E ( 3 ) ~ ~ 1 T L E l ~ ~ 2 ~ ~ T I T L E 2 ~ 1 2 ~  
COMMON /LL IN€ /  NL IN€ tMAXLINqMlNI  
DOUBLE PRECISI@N StSSwZERO 
OATA ZERO/OmD/ 
DATA NITtN@?/5,6/ 
DATA NLPPtRUFt EO?/ * 5 4  9 Oot3HEOT/ 

SCLVE THE MATRIX EQUATION 
Z t ? )  = A*XDD(T) + B*XDf 1 + C*X(T) + D*F(T) + E 

THAT 1 s t  THF ADBXTIONAL EQUATIONS TO GET SHEAR9 BENDING MOYENTt ETCo 
TtXDDtXDtXpF ARE OBTAINEO FROM NXTAPE (OUTPUT OF TIME RESP SUBRTI- 
NXTAPE IS POSYTIONED BY SEARCHING FUR RUN NUMBER (IXRUNU) AND 

THE ANSWER Z I T )  WILL B E  WRITTEN ON NZTAPF EVERY MLTXTP*XOELTA (OF 
;+JAM€ ( IXNAME 1 - 
TIME P F S P )  AND ON PAPER E V E R Y  NWRITE*(MLTXtP*XDELfA) 
NZTAPE MUST HAVE PEEN I N l T I A l I Z € C J  WITh SUBROUTINF INTAPEo A HEADERS 
TIME POINT DATA9 AND END-OF-FILE WILL PE WRITTEN ON NZTAPE HER€- 
THE MAXIM'JM AND MINIMUM VALUES OF 2 WILL BE DETERMINED AND OUTPUT 
THRU M A T R I X  ZTMMo 
COMMGN /LSTART/ I S  CIEFINFD I N  SUBROUTINE START- 
INNER PRODUCT SUMS ARE PFRFORMED I N  DUUBLE PRECISIONo 
CALLS FORMA SUBROUTINES PAGEHD 9 ZZBOMB 
THE MAXIMUM SIZES AKF (BASED ON DIMENSIONS OF XDD~XDFX~F,Z )  

NX = 250 
NF = 500  
NZ = 250 

CODED BY RL WOHLFN. MARCH 19650 
LAST REVISION BY R L  WffHLENo MARCH 1976- 

SUPRClUT I N  F ARLUMENT S 
IXRUNO = INPUT RUN NUMBFR OF TIM€ RESPQNSF DATA TO BE READ FROM 

IXNAME = INPUT IDERTIFICATION OF TIME RESPONSE DATA TO BE R€AD FROM 

I F A  = INPUT A NEED NOT BE DIMFNSIONED I N  MAIN PROG FOR 1FA = 0 

I FB = INPUT R NEED NC'T R E  DIMENSIONFD I N  MAIN PROG FOR I F B  = 0 

I FC = INPUT C NEED NOT BE DfMENSIONtD I N  MAIN PROG FOR I F C  = 0 

I F D  = INPUT D NFEO NO' B F  GIMFNSIQNED I N  MAIN PPOG FOR I F 0  = 0 

I F5 = INPUT E NFFO NOT * E  DIMENSIONtD I N  MAIN PROG FOR I F €  = 0 

NXTAPF (A6 FORMAT) 

NXTAPEo ( A b  FORMAT), 

A = INPUT MATPXX COEFFICIENT OF RDDe SIZE (NZtIYX)o 

8 = INPtIT M A T R I X  COEFFICIENT OF XD- SIZE (NZtN)O- 

C = INPUT MATRIX COEFFICIFNT OF X -  S I Z E  fNZtNX1- 

D = INPUT MATRIX CC';gFlCIENT OF Fa SIZE (NZrNF), 

E = INPUT VECTDRo S I Z t  ( N Z ) o  
ZTMM = OUTPUT MATRIX OF Z M A X 9  MIN AND T I M F S ,  S I Z E  ( N Z t 4 ) o  
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CDL 1 = 2 MAX, COL 2 = TIME AT Z Max, 
C O L  3 = 2 MIN, COL 4 = TIME AT 2 MIN- 

*'i STARTT = INPUT STkRT TIMF FOR ADDITICINAL €QUATIONSO MAY BF GREATER 
C THAN START TIME USED I N  TIME RFSPONSEm IF LESS, 
C T I M F  RESPONS€ START TIME IS USED- 
C ENDT = INPUT END TIME FUR ADDITIONA' FOUATIONSe MAY BE LESS 
C THAN €NO TIME USED I N  TIME PCSPONSE- I F  GREATER, 
C TIME RESPONSE €NO TIME IS USED, 
C MCTXTP = INPUT MULTIPLE O F  TIME RESPONSE POINTS TO USE FOR ADD. E 6 S o  
C MLTXTP = '1 US€ EVERY TIME RFSP POINT ( I t 7 r 3 r o o o )  
C MLTXTP = 2 USE EVERY SECOND TIM€ RESP POANT ( l t 3 ~ 5 t o o s )  

C NWRITE = INPUT MULTIPLE OF ADDITIONAL FQS POINTS TO WRITE ON PAPER. 
C NWRITE = 1 WRITE EVFRV POINT t I ~ Z t 3 t o o o )  
C NWRITE = 2 WRITE EVERY SECOND POINT ( l r 3 r 5 r m o . )  

C ETC 

C ETC 
C ZIDENT = lNpUT HEADING FCR 2 I N  PRINTED OUTPUT, (12Ab FORMAT). 

C ( A 6  FORMAT), 
C ZNAME = INPUT IDENTIFICATICN O F  ADDITIUUAL EQS DATA TO B E  WRITTEN 

C STA = INPUT STATIONS FUR ROWS OF 2 I N  PRINTED OUTPUT, SIZE (NZ). 

C ON NZTAPFo ( A 6  FORMAT), 
c NZ = INPUT NUMBEP OF ROWS IN A,BIC~DTETZTMMTSTOREZ- MAX=Z50o 
C K t  = INPUT ROW DIMENSION OF A ~ B ~ C ~ D ~ Z T M M ~ S T O R E Z  IN CALLING PROGO 
C NXTAPF = INPUT NUM6E.R O F  TAPE FROM WHICH TTXDD~XD,X~F WILL BE READ- 
C ( E G  1 ) -  

= INPUT NUMeER O F  TAPF ON WHICH T92 WILL BE WRITTEN, (EG I C '  
IF NZTAPE = 0 9  BYPASS WRITING 2 ON NZTAPEo 

C STOREZ = INPUT WCRKSPAC€ F S A T R I X  TO STORE F I X  COLUMNS OF Z FOR 
C 
C 
C THE nUTPUT DATA (TO B E  W R I I l E N  ON NZTAPE AND PAPER) I S  
C T  = TIME 
c z  = SHEAR, BENDING MOMENT, ETCo SIZE(N2) -  
C 
C N ER ROS F XP LAN AT I ON 
C 1 = SIZt  EXCFFDANCF. 

PRINTING. SIZE (NZtb). 
jc NtTAPE 

C 2 = X AN2 2 DATA CANNOT SHARE SAM€ TAP€- 
C 3 = RFQUFSTFD RUN NUMBER OR NAME CANNOT bE FOUND, 
C 4 = N X  OR NF EXCEEDS ALLOWABLE S I Z E ,  
C 

2010 FORMAT ( /  1 5 x 9  12Ab // QX,6HTIME = F I 4 0 6 ~ 5 F 1 7 0 6 )  
2011 FOQMAT ( ~ X T ~ H R ! % ~ ,  3X*?HSTATXON) 
2012 F O R M A T  ( I 5 ~ 4 X t A 6 ~ 6 € 1 ? m 8 )  
2050 FORMAT ( /  1 Y  123(1H-) 1 

C 

I F  (NZ oGTo 2 5 0 )  GO T O  999 
NERROR=l 

NE RROR=2 
I F  (NXTAPF m E Q *  NZTAPE) GO TO 999 

C 
C SEARCH NXlAPE FOR CORRECT HFADING- 

REWIND IJXTAPF 
2 READ fNXTAf'F 1 I T ~ U N O , I T N A M € t I F O T C K t X S T A ~ T t X D E L T A ~ X € ~ ~ ~ N X ~ N f  TNXTP 

I F  ( ITRUNQ~fQoIXRUNO *AND, ITNAMEoEQofXNAME) GO TO 5 
NE R R OR =3 
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C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

I F  ( IEPTCK o F Q o  3H€OT) GO TO 999 
DO 3 IXTP=IwNXTP 

3 READ (NXTAPE) 

5 
GO TO 2 

IF (NX oGTo 250 .OR* NF oGTo 5 0 0 )  GU TU 999 
ZSTART = START7 
ZEN0 = €N@T 
I F  (ZSTART .Lf. XSTART) ZSTART = XSTART 
I F  (ZFNC ,GT. XFND 1 ZEND = X.ND 
HXOEL = oS*XDELTA 

FIND X-TIME POINT NUMBER FOR ZSTARTo 
DO 6 IXTP=IVNXTP 
X T I M E  = XSTART + FLOAT( IXTP-1 )*XDELTA 
I F  (ARZ(ZSTART-XTIME1 OLEO HXDEL) GO TO 7 

6 CONTIrVUE 
7 IXTPZS = lXTP 

ZSYART = XTIME 

NE RR O R = 4  

FIND X-TIME POINT NUMBER FOR ZENDO 
I Z T P  = 1 

X T I M E  = XSTART + FLOAT( IXTP-1 )*XDELTA 
I Z T P  = I Z T P + 1  

IXTPZF = IXTP-MLTXTP 
ZEN0 = XSTART + FLOAT(IXTPZE-l)*XDEtTA 
NZTP = I Z T P - I  
ZDELTA = FLCATtMLTXTP )*XDELTA 

8 I X T P  = I X T P  + MLTXTP 0 

I F  (XTIME oLF* fZEND+HXDEL)) GO TO 8 

S K I P  RECORDS ON NXTAP€ UP TO X-TIME POINT NUMBER FOR ZSTAR?. 
I F  "XTPZS -EO. 1) GO TU 10 
1 X Z S p . i  = IXTPPS-1 
DO 9 1 = 1 ~ 1 x Z S M l  

9 READ (NXTAPE) 

SEARCH NZTAPF FOR END OF HRITTEN DATA- 
10 I F  (NZTP.PF OLE. 0) GO TO 20 

REWIND NZTAPE 

IF l t F O T C K  .€QO 3HEUT) GO TO 17 
DC 16 IRFC=l tNkEC 

16 R E A D  (NZTAPE) 
GO Tn 1 5  

I? GACKSPACE NZTAPE 
UP, I T E  ( NZTAPE 1 

15 READ (NZTAPE) ~ U F I N T R U F I N ~ I  FOTCK, ( B U F I N 9 I = l r 4 1  TFIREC 

I ZRUNO 9 2 NAK€ 9 ZDAfF T ZSTA? f 9 ZDEL TA T 2 FND T NZ TNZTP 9 

(6UF 9 1 = 1 g I  1 )  9 ( ZIDENT( I I 9 I=Lw 12 I t  (STA ( I I T I = l  9 NZ 1 * 
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ZTMH(I12)  = T 

Z T H M ( I t 3 )  = Z ( I )  
Z T M M ~ I I ~ I  = T 

152 I F  ( Z ( I )  oGEo ZTMM(I.3)) GO TO 155 

1 5 5  C O N T I W E  
C 
C SEE I F  DATA SNCULD BE PRINTED, 
C COLLECT ,C IX  CCLUMNS OF T AND 2 BEFORE PRINTING, 

I F  (TXTPoLToIXTPZE -AND* NH-LT-NHRITEI GO TO 210 
190 NCOL = NCOL + 1 

STORET(NCOL1 = T 
DO 200 I = l , N Z  

200 STOREZ(XtNCUL) = Z ( I )  
NW = 0 

210 NU = NW + 1 

N Z F  = 0 
381 NZS = NZE + 1 

N Z F  = NZ 

I F  (IXTPoLToIXTPZE ,AND, NCOLoLTo6) GO TO 309 

I F  ( INZE-NZS)  -GT- (NLPP-11)) NZE=NZS+(NLPP-lY.) 
IF (MINI o N € -  4HMINI) GO TO 8CO 
IF (NLINE OLE, 5 oCJKo NLINE o G E o  MAXLIN) GO TO 800 
IF ((NLTNF+2+5+NZ) oGTo MAXLIN) GO M 800 
WRITE (NOT72CSC') 
NLINE = NLINE + 2 
GC TC eio 

800 CALL PAGEFD 
810 W R I T E  (NOTp2010) (ZIDENT(1)  7 1 = 1 7 1 2 ) 7  (STORET(I1t  I=lsNCOL) 

WRJTF (NPT12011) 

DO 387 I=NZSINZE 

387 WRITE ( NOT12013 1 

NLINE = NLlNE + 5 

NLINE = NLINE + 1 
I ,STA( I )  7 ( STORE2 ( I7 J 1, J=l*NCOL) 

I F  (NZ oGT, NZE) GO TO 3 8 1  
NCCL = 0 

399 CC!NTINUE 
C 

I F  (NZTbPE -LFo 0 )  RETURN 
WR I T E  ( NZ TAPE 1 BUF 7 BUF . EOT. (BUF- I = l  ,161 
ENOFILE NZTAPE 
RETURN 

C 
999 CALL ZZbOMB (6HTRAEZ 7NERRORI 

END 



"C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TRANSPOSE MATRIX A INTU M A T R I X  2, 
CODED BY RL WOHLEN- FEB 1965. 

SUPROUTIN € ARGUMENTS 
A = INPUT M A T R I X -  S I Z E 1 N R A ~ N C A ) -  
z = OUTPUT RESULT M A T R I X -  S I Z E ( N C A ~ N R A ) -  
NRA = INPUT WHRER OF POUS OF M A T R I X  A. COLS OF MATRIX 21 
NCA = INPUT NUMBER OF COLS OF MATRIX  A. ROWS OF H A T R I X  2- 
KR A  = XNPUT ROW DIMENSION OF a nu CALLING PROGR'RPI. 
KRZ = INPUT ROW GIMENSSON O F  2 IN CALLING PROGRAM- 

DO 10 T = l r M R E  
DL? 10 J=l,NCA 

RETURN 
END 

10 Z ( J i I 1  = A ( l r J )  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUP POUT 1 N F TR MM ( I XRUNQ IXFIAHE XTMMt STAR ,E NDTt NX K X  N X T  APE 
DIMFNSSCN X T M M ( K X . 1 )  
CffMMPN /LWPKV1/ Y D D I 2 5 O ) r  X D ( 2 5 O I  
C@MHON /LWRKVZ/ X ( 5 0 0 )  

FINO XDD. XPr X MAXIMUMS, MINIMUMS, AND 71KE QF OCCURRENCE FRCM T I M E  
RESP@NS€ TAP€,  
N X T K P E  IS P O S I T I U N E D  RY S E A R C H I N G  FOP. RUN NUMBER ( I X R U N O )  AND 
N A M E  4 I X N A M E  1. 

N X  = 250 
THE MAXIMUM S I Z E  IS (St'ED ON DIMENSIONS OF XD0.XD.X) 

OFVFLCPFCI PY R L  WC'HLEN- N W E M R E P  1975- 
L A S T  R€VISI@N BY WA E E N F I E L D .  MARCH 1976- 

SUPRCUT XNT ARGUMENTS 
I X R U N C  = INPUT RUN NUMBER OF TIME RESWNSE DATA TO BE READ FROM 

I X N A M €  = INPUT I D F N T I F I C A T I C N  O F  T I M E  RESPONSE D A T A  TO BE READ FROM 
NXTAPE ( A 6  FORMAT) 

N X T A P E  - (Ab  FGRHAT) 
XTMM = UUTPUT HATRIX OF MAXI MINS AND T I M E S -  S X Z E ~ N X T I Z ) -  

CCL 1 = XDD MAX COL 2 = T I M E  AT XDD MAX 
C O L  3 = XDD R I c u  C O L  4 = T I M E  AT XDD W I N  

COL 7 = XC M I N  COL 8 = T f h E  AT XD WIN 
C O L  9 = X MAX C O L  10 = T I M E  A T  X MAX 
CClL 11 = X M I M  C O L  12 = T I M €  AT X WIN 

COL 5 = XD M A X  c m  6 = TIME AT XD MAX 

S T A R T T  = INPUT S T A R T  T I M E  FOR MAXIMUM, HXNIWMS- MAY BE GKEATER 
THAN S T A R T  T I M €  USED I R  T I M E  RESPONSE, I F  LESS. 
T I W E  RFSPQNSE S T A R T  TIME IS U S E D -  

END1 = INPUT €%!? T I M E  FOR MAXIHUM. M I N I M U M S -  MAY BE LESS 
THAN €ND T I M €  USED IN T I M E  RESPONSE- IF GREATER. 
T I M E  RESPONSE EN@ T I M E  I5 USED- 

N X  = C'UTPlIT NUMBFR CF ROWS IN M A T R I X  XTMM- MAX=ZL;O- 
KX  = I N P U T  ROW O I M E N S I O N  CF XTMM I N  CALL ING PROGRAM- 
N X T A P E  = INPUT NUMBFR O F  TAPE FROM WHICH T9XDD.XD.X WILL RE READ- 

(EG 1 ) -  

NEPROP F X P L A N A T I P Y S  
1 = PEQLIESTED RUN NUMBER OR NAME CANNOT BE FOUND- 
2 = SIZE EXCEEDANCE- 

SEARCH N X T A P F  FPR CORRECT H E A D I N G -  
RFWINI! N X T A P F  

2 RE Al! 4 NXT A PF 1 1TRtIN0, I T N A M E  9 I EUTCK 9 XSTA RT TXDE LTAt XEND t FIX NF 9 N X T  P 
IF ( I T R U M O - E Q - I X R U M O  -AND, I T N A M E - E Q - I X N A M E )  GO T O  5 

NERROR=I 
I F  ( I E O T C K  m F Q -  3HECT) GO TG 999 
DP 3 I X T P = l , N X T P  

3 REAP (NXTAPF) 

5 
GO 713 2 

I F  (NX -67 .  2 5 0 )  GO TC 999 
S T R M M  = STARTT 
ENDMM = FNCT 
IF (STRMM ,LT, X Z T A R T )  STRMM = X S T A R T  

NERROR=2 
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I F  (ENDMM ,G1, XEND 1 ENDMM = XEND 1 , HXDEL = - 5 I X D E L T A  
'C 
C f IN0 X - T I M E  WIN1 NUMBER FOR M A X - M I N  START, 

DC 6 IXTP=l.NXTP 
X T I M E  = X S T A R T  + FLCAT( X X T P - I  )*XDELTA 
TF (ARS(5TRMM--XTFM€) -LEU HXDELI GO 70 ? 

6 C @ N T I W E  
7 I X T P S  = IXTP 

c 
C F I N D  X-TIME PPINT NUMBER FOR MAX-MFN END- 

8 IXTP = TXTP + 1 
XTIME = XSTAPT + FLOAT( I X T P - 1  )*%DELTA 

I X T P E  = I X T P  - 1 
IF ( X T I M E  ,L€, ( E N D W + H X D E L ) )  GO TO 8 

C 
C SKIP RFCORL'S CN N X T A P E  UP TC X-TIME POINT MUMBER FtR HAX-HIN START, 

I F  f I X T P S  -€Qa 1 )  GO TO 100 
I X T S M l  = IXTPS-1 
DO 9 I = f r  I X T S M 1  

9 READ (NXTAPE) 
c. 
4 FIND MAXIMUMS AND M I N I M U M S -  PLACE I N  XTMMm 
C COL 1 = XED H A X  COL 2 = T I R E  AT XDD HA% 
C COL 3 = XDD MIN COL 4 = TIME AT XDD MIN 

- f  COL 5 XD #AX COL 6 = TIME b T  XD MAX 
CUL 7 = YC HIN COL 8 = TIME AT XD H I M  
CPL 9 = X RAX CPL 10 = TIME Rf X MAX - c  

C C O L  I1 = X M I N  CGL 12 = T I M E  A T  X M I N  

1 

100 DC? 39' l X T P = I X f P S ~ I X T P E  
READ (NXfAPE) T, (DUM,J=lrNFI p (XDD (I 19 I=ItNX ) *  ( X D ( 1  I , I = I t N X  1, 

4 ( X (  I )  ,I=lrNX) 
IF (IXTP ,GT, r x i w  GO m zoo 
DO 110 I=lrNX 
Y T M M ' l t  1 )  = XDD(1)  
X T M M f T r  2) = 1 
KTMM(1 .  3) r XDD(f) 
: < T M M ( I ,  '-1 = 7 
X T M M ! I ,  5 )  = X D ( 1 )  
XTKH 1 ,  6 )  = T 
X ? 1 . 4 ( 1 ,  7 )  = XC(II 
' \ ' f M M ( I ,  8 )  = 1 
X T M M ( 1 ,  9 )  = X t I )  
X l M M f 1 ~ 1 0 )  = 7 
X T M M ( ' I i l 1 )  = X ( X 1  

1x0 X T M M ( l t l . 3 1  = 1 

200 DO 2940 I = l p N X  
GO fft S49 

I F  ( X D D f I )  .LE. XIMM(lr1)) GC TC 215 
X t M M t I t  P I  = XnDtIl 
XTMMIT. 2) = T 

X T M M ( 1 r  3 )  = XDD(f) 
X T M M ( f V  4) = 7 

215 I F  ( X D D 4 I )  eGF. X T M M I I T ~ ) )  GO TU 2 2 0  

220 If' {XD ( 1 )  .LE. X T M M ( I t 5 ) )  60 TO 225 



1 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

t .  
id 
c 
C 

2- 

SUBPOUTINE TRPSD ( fXPUN0,IXNAME 9 IRA€ 9 1  €XP rSTARTT,MLTXTP,ZPSD, 

DIMENSICIN ZPSD( 1 )  W R K V ( 1 )  
* NF P EQ 9 T I  MP ER, NXTAPE, WRKV ) 

COMMON /LWRKVl /  X ( 5 0 0 )  

CALCULATE PSD OF @NE ROW OF TIME RESPONSF ADDITIONAL EQUATIONS 
(ADD E Q )  DATA FPOM SUEROUTINE TRAE20 DEFINE X = ADD FQ9 2 = PSD. 
X IS CBTAINJFD FR@M NXTAPE (OUTPUT OF ADD EO SUBROUTINE TRAFZ), 
NXTAPE IS PUSITICNED BY SEARCHING FOR RUN NUMBER (IXRlJNO) AND 
NAME IXNAME 1-  

THE MAXIMUM SIZE IS (8ASED ON DIMENSION OF X I  
CALLS FORMA SU@RC?UTlNUE ZZBOMEm 

NX = 500 
CODED BY RL WCIHLEN, JANUARY 1976- 
CAST REVISION ey W A  BENFIELD. MARCH 1976, 

SUBROUTIN€ P.RGUMENTS 
I X R U N O  = fNPWT PWU NUMEER O F  ADD EQ DATA TO BE READ FROM NXTAPE, 

(A6 FORMAT), 
IXNAME = INPUT IDENTIFICATICN OF ADO EQ OATA fa  BE READ FROM 

NXTAPE o (A6 FORMAT) 0 

IRAE = INPUT ROW NUMBER QF ADD EQ USED I N  PSD CALCULATION- 
IEXP = INPUT EXPONENT OF 2, GIVES NUMBER OF TIME POINTS USED 

IN PSD CkCCULATIUNm NZTP=2**IEXPo MAX IE%P=13, 
EG, IEXP = 59 109 1 1 9  12. 130 

NZTP = 32, 10249 20489 4096, 8192- 
STARTT = INPUT START T I M E  FOR PSD CALCULATION, MAY BE GREATER THAN 

START TIME USED I N  ADD Ego I F  LESS, ADD EQ START TIME 
I E  USED, 

MLTXTP = 1 US€ EVFRY ADD EO POINT ( 192.3t.o 1 
MLTXTP = 2 USE EVERY SECONI! ADD EQ POINT ( 1 , 3 r 5 , - * - )  

MLTXTP = I N P U T  MULTIPLE O F  ADD EQ POINTS TO USE FOR PSD CALCULATION, 

€T C 
ZPSD INPUT WORKSPACE VECTnRo MUST BE DIWENSIONED AT LEAST 2*NZTP 

WHERE NZTP=Z** IEXP,  
= (JUTPUT VFCTOR OF PSDS AT VARIOUS FREQUENCIES FOR ROH I R A E  

(3F ADD EO, 
f P S D ( 1 )  AT FRFQ=O 
ZPED( 21 AT FPEQ=I/DATA T I M E  PERIOD 
ZPSD( 31 AT FREQ=Z/DATA TIME PERIOD 

E TC 
ZPSD(NZTP/Z 1 AT FREC=(NZTP/Z-l )/DATA TIME PEKIODo 

NFREG = OUTPUT NUMBER O F  FREQUENCIES AT WHICH PSD IS CALCULATED. 
N F P E Q  = NZTP/2 WHERE NZTP=2**?€XPo 

T IMPER = (IUTPIJT ' T I M E  PFRIOD OF DATA USFD FOR PS[? CALCULATIONm 
NXTAPE = INPlIT MtIMBER O F  TAP€ FPOM WHICH X MILL BE READ, ( E G  1). 
WRKV = INPUT W@PK VECTURo DIMENSPCN AT LEAST NZTP/2-1 I N  CALLING 

PSOGRA Me 

NE P ROR € X P L AM AT I ON 
1 = M A X I M I J M  ALLOWAIILr FXPC'NENT S IZE FXCFEDFDm 
2 = R€QUESTFD RUN NUMBER OR NAME CP.NMOT BE FOUND. 
3 = S I Z E  EXCELDANCE. 

DEFINITlC!N..o X IS ADDITIONAL EQUATIONS, 2 TS P S D o  
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C 
C 

C 
C 

c 

C 
C 

C 
C 

I F  ( I E X P  oGTo 13) GO TO 999 
NZTP = 2**IEXP 
NXTP = NZTP + (NZTP-l)*(MLTXTF-l) 

NE RR OR =1 

S€ARCH NXTAPF FOR CORRECT HEADING- 
R E W I N D  NXTAPE 

2 READ (NXTAPE) ITRUNOW ITNAME, I FOTCK WXSTART WXDELTAWXFNDWNX~NXREC 
I F  (ITRUNO.EQ-IXRUNQ -AND- ITNAME-EQ-IXNAMEf GO TQ 5 -  

NERROR=2 
I F  (IEOTCK o t Q o  3HEOT) GO TO 999 
DO 3 IXR€C=XiNXREC 

3 READ (NXTAPE) 

5 NERROR=3 
GO TO 2 

I F  (NX -GTo 5 0 0 )  GO TC 999 
HXDEL = oS*XDELTA 

FINO X-TIM€ POINT NUMEER FOR ZSTARTo 
ZSTART = CTARTT 
I F  (ZSTRRT oLT- XSTARTI  ZSTART = XSTART 
DO 6 IXTP=l,NXTP 
XTIME = XSTART + FLOAT( IXTP-l)*XDELTA 
I F  (APSIZSTART-XTIME) -LE, H X D E L )  GO TO 7 

6 CONfINUE 
7 IXTPZS = IXTP 

ZSTART = XTIME 

FIND X-TIM€ POINT NUMBER FOR ZENDO 
ZEND = ZSTART + FLQAT(NXTP-l)*XDELTA 

NERROR=C 
I F  (ZFNCI -GT- XEND) GO TO 999 
IXTPZE = IXTPZS + NXTP - 1 

SKIP P,€CnPDS ON NXTAPE UP TO X-TIME POINT NUMBER FOR ZSTART- 
I F  ( IXTPZS o F Q o  1) GO T O  10 
I X Z S M l  = IXTPZS-1 
DO 9 I = Y r I Y Z S M l  

9 READ (MXTAPE) 

READ ADDITTC!NAL EQUATIONS DAfA. 
IO SUM = 0.0 

I Z T P  = 0 
LXTP = MLTXTP-I 
DO 399 IX TPtTXTPZS, IXTPZE 
LXTP = LXTP+l  
I F  (L%TP .EQo MLTXTP) GO TO 25 
R E A D  (NXTAPE) 
GO TO 399 

LXTP = 0 
SUM = SUM + X(3RAE) 
I Z t P  = l Z T P + l  
Z P S D t I Z T P l  = X ( 1 R A E )  
I Z T P  = T2TP+1 

25 R € A D  (NXTAPE) T, (X(I)tI=IrNX) 
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ZPSD(I2fP) = 0 - 0  
” 399 CONTINUE 

C SUBTRACT AVERAGE VALUE FROM O R I G I N A L  DATA. 
‘C 

AVRG = S U M I F L O A T ( N Z f P  1 
NZTP2 = 2*NZTP 
DO 5 1 0  I2 =19NZTP2,2 

510 ZPSD(T2) = ZPSO(I2)  - AVPG 
C CALCULATE F@URIER COEFFICIENTS,  

CALL F @ R T  (ZPSD,  lEXP.WRKVp-1,IERR) 

T I M P € R  = ZEND-ZSTART 

NFREQ = NZTP/2 
DO 520 I = l , N F R E G !  
1 2  = 2*I 

RETURN 

C FORM PSD VALUES- 

TWOPFR = ?.*TIMPER 

520 Z P S D ( 1 )  = TWOPER*(ZPSD( I2-1)**2 + ZPSD( I2)**2) 

C 
999 CALL ZZBUMB (6HTRPSD 9NERROR) 

END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

!' 

C 
C 

m 

?d 

SURROWTINF TRSPl ( A l e  TCtD,TABTvTABF 9x00 ~XOTSTARTT,OFLTA?TENDTT 

DIMENSION 
8 N WR 1TE 9 NX SN F 9 NTF 9 XN AM E 9 KA ,K F p NT APE 9 NUT1 1 

A ( K A , I )  rB  ( K A W 1 )  r C ( K A t 1 )  rD (KAT 1) ,TABT(KFII) tTARF(KF,l) 9 * X DO 1 1 XO ( 1 1 
DTMENSIClN P ( 4 )  
COMMON /LWRKVl/ XDD (250 I ,XD ( 2 5 0 )  
C@MM@X /L WRKV2/ QD ( 2 5 0  T O  (2 50 
COMMON /LWRKV3/ X(250) ,A IDF(250)  
COMFON /LWKV4/  F (500  1 
COMMON /LSTART/ IRUNNO,DATETNPAGE,UNAME ( 3 ) ~ T I T L E 1 ( 1 2 ) ~ T I T L E 2 ( 1 2 )  
COMMON /LLTNE/ NLINETMAXLIN,MINI 
DOURLE PR EC I S  ION S 9 SS 9 ZERO 
DATA ZERO/O.D/ 
DATA N I T 9  NOT/5 96/ 
DATA NLPP,BUF,DIVTCLv EOT/ 

*: 54 T Om,IoE+35r3HEOT/ 

RESPONSE ROUTINF TO SOLVE THE SECOND OPDFR OIFFFRENTIAL EQUATION 

FOURTH ORDER RUNGE-KUTTA ( G I L L  MODIFICATION) NUMERICAL INTEGRATION 
IS USED. 

(AIXDI? + (E)XD + (CIA = ( D I F  FOR XDD, XDt X o  

VECTOR F IS OPTAINEG B Y  LINEAR INT€RPOLATIf lN USING TABTTTABF- 
MATRICES A , R T C , D  SHOULD NUT S H A R E  SAME CORE LOCATION (DUE TO MULTB). 
THE ANSWEPC (T~F,XDD,XDTX) WILL BE WRITTFN ON NTAPE EVERY DELTAT AND 
ON PAPER E V E R Y  NWRITE * DELTAT- 
NTAPE MUST HAVE RFEN I N I T I A L I Z E D  WITH SUGROUTINE INTAPE- A HEADER, 
TIME POINT DATA9 AND END-OF-FILE WILL @F WRITTEN ON NTAPE HERE, 
C@MHON /LSTAPT/ IS D€FIN€D I N  SUEROUTINE START- 
XNNER PRODUCT SUMS ARE PERFORMED I N  DOUBLE PRECISION. 
CALLS FORMA SUbROUTINES I N V l  tMULTe,PAG€HDv ZZBCMB 
ThE MAXIMUM SIZES ARE (BASED ON DIMENSIONS OF XDDwXDzXrF) 

NX = 250 
NF = 500 

CODFD P V  PL WOHLEN- MARCH 1965- 
LAST REVISION bY RL W Q H L E N -  MARCH 1976- 

SUBROUTINE ARGUMENTS (ALL INPUT) 
A = MATRIX CO€FF?CIENT OF XOD- S I Z F  (NX,NX)o * DESTROYED * 
B = MATRIX COFFFICIENT OF XDm S I Z E  (NXvNXI-  * DFSTROYED * 
C = MATRIX COFFFICIENT OF X. S I Z E  (NXINX). * DESTROY€D * 
D = M A T R I X  COFFFICIENT OF F. SIZE' (NXvNF). * DFSTROYED * 
TART = TAbLfi  CF TIMES FOR FCRCE I N  TABF. SIZE (NF,NTF). 
TARF = TAbLF GF FORCFS. S I Z E  (NF,NTF)m 
XDO = VFCTI?R OF I N I T I A L  VELOCITIES. SIZE (NX), 
xo = VECTOF I?F I N I T I A L  DISPLACEMENTS. SIZE. ( N X 1 o  
START?= STAR7 TIME. 
DFLTAT= INTFCFATION STEP S I Z E -  
ENDT = FNl' TIME. 
NURITE= MIJLTIPLF PF lNTEGRATIf3N POINTS TO WRITE ON PAPER. 

NWPITF = 1 WRITE EVERY POINT f 1 T ? T 3 , m o . )  

NWPITE = 2 WRITE EVERY SECOND POINT ( l v 3 ~ 5 v - o - 1  
FTC 

NX = SIZE' OF MATRICES ATBTC (SQUAR€)-  NUMBER OF ROWS I N  0- MAXz250. 
NF = NUMFEF OF ROWS I N  TAPfrTAPF- NUMBER OF C O L S  I N  Do M A X = 5 0 0 -  
NTF = NUMGER OF COLS I N  IAET,TAGF. 



- - = - 'C KF - 
C NTAPE = 
C NUT1 = 
C 
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IDENTIFICATION O F  DATA TO BE WPITTEN ON NTAPEo ( A 6  FORMAT). 
ROW DIMENSION CIF A I B ~ C ~ D  I N  CALLING PROGP.AMo 
ROW DIMFNSION OF TABTwTABF I N  CALLING PROGRAM. 
NUMREH OF TAPE ON WHICH ANSWERS k ILL  BE WRITTENa ( E e G -  10). 
NUMBFR OF TH€ U T I L I T Y  TAPE, ( E - G ,  410 

C THE OUTPUT DATA (TO B E  WRITTEN ON PAPER AND NTAPE) IS 
C T  = T I M E  
C F  = FOPCE OBTAINFD B Y  LINEAR INTERPOLATION ON TABF, SIZE (NF)o 
C XDD = ACCELERATION, SIZE (NXI, 
C XD = VFLOCITY. S I Z E  (lux). 
c x  = D I F P L A C € M f N T .  SIZE (Nloo 
C A lDF = A**-I*D*Fo S I Z E  (NX),  (WRITTEN ON PAPER ONLY), 
C 
C NEQRCR FXPLANATIQN 
C 1 = SIZE EXCFFDANCEo 
C 2 = START TIMF L E S S  THAN TABLE BWNDS. 
C 3 = END T I M E  GREATER THAN TABLF BOUNDS- 
C 4 = RUN H A S  DIVERGED. 
C 

2 O Q l  FORMAT !f//!1-5XTL2H THE INPUT SCALARS T O  SUBROUTINE TRSPl ARE, 
1 / /23X, 10H STARTT = FlO-6, 
2 //2 3 X  T 10H DELTAT = F10o6t  
3 / / 2 3 X T  10H END1 = F10169 
4 / / 2 3 X ~  10h NURITE = I5 1 

2040 F0PMP.T (//qX,8H TIME = F10.6)  
2050 F@RMAT ( / / 9 X ~ 1 5 H  APPLIED FORCES / ( 1 0 x 9  5 F 1 6 - 8 ) )  
2060 FORMAT ( / /  9Xvbh ROW, 6X913H ACCELERATION, ~ X T ~ H  VELOCITYT * 1 0 X ~ 1 3 H  DISPLACEM€NT, 4 X ~ 1 9 H  A** - l  * D * FORCES // * (10x9 139 4E20.8)) 
2250 FORMAT ( /  1 X  123flh-) 1 

C 
RE RROR= 1 

I F  (NX -GT* 25Q *OR. NF DGT- 5 0 0 )  GO TO 999 
C 
C PRINT INPUT SCALARS. 

I F  ( M I N I  ONE.  oHMIN1) GO TU IO 
IF (NLINE .LE, 5 ,OF. NLINE a G E o  MAXLINI  GO TO IO 
I F  ( (NLINF+2+13)  DCT. MAXLIN) GO TO 10 
WP JTE t N@T* 2250 1 
NLINE = N L I N E  + 2 
GO TO 11 

!O CALL PAGEHD 
11 WR I f E  ( N O l t 2 0 0 1 )  STARTTIDELTATIENDT,NWRITE 

NLlNE = MLINE + 13 
C 
C SEARCH NTAPE FOR END OF WRITTEN DATA, 

HFWIND N T A P F  
5 R E A D  (NTAPF 1 ~ ~ l F I M ~ B U F l N ~ I E ~ T C K ~ ( B U F I N l f = r , S )  9NREC 

I F  ( I E C ' f C K  D F Q ,  3HECll) GO TO 7 
DO 4 XRFC=l,NREC 

6 P E A D  (NTAPE) 

7 BACKSPACE NTAPE 
G@ TO 5 

C 



CHECK TIME TABLE (TAGTI, 
DO 18 I = l , N F  

NERROK=2 
I F  (STARTT .LTm T A B T ( 1 r l ) )  GO TO 999 
DO 12 J=29NTF 
I F  ( T A b l ( l r J - 1 )  ,GEm T A B T ( I t J ) )  GO TO 14 

12 CONTINUE 
J = NTF+1 

14 f F  (€NDTh.LE. TABT(1.J-1)) GD TO 18 
NERROR=3 

GO TO 999 
1 8  CONTIMUE 

C 
C CALCULATE NUMPFR OF T I M E  POINTS TO BE USED, 

C 
C CALCULAT€ A * * - 1 * 6 7  A--l*Cv A**;-I*D- 

NTP = (FNDT-STARTT)/DELTAT + 1.1 

REWIND NUT1 
W R I T E  (PUT1) ( ( ~ ( I T J ) T  I= l rNX) ,  J = l r N X I  8=6 
C A L L  I N V I  ( A T  61 NXt K A )  B = A I  
DO 45 J = l * N X  
DO 45 I=1vNX 

45 A(1.J) = e ( I T J )  A = A I  
REWTND NUT1 
READ (NUT11 ( ( B ( T ~ J ) T  I = I t N X ) t  J = l r N X )  B=B 
CALL MULT@ ( A T  B T  NXT N X T  NXT KAT KA) B = A I B  
C A L L  MULTB ( A ,  C T  NXT N X T  NXT KAI K A )  C=AIC 
CALL MULTB ( A T  0 9  NXt  NXT N F t  KAT KA) D=AID 

C 
C $El INITIAL VALUES. 

WR I TE ( NTAPE ) IRCINNOt XNAMEt DATE 9 START11 DELTAT, END TtNX , NFt NTP t 
* ( ~ U F T I = ~ ~ ~ O )  

T = STARTT 
NW = NWRITE 
DO 80 I = f t N X  
Q D ( 1 )  = 0.0 
Q ( 1 )  = 0.0 
XD(1)  = X D O ( 1 )  

80 X ( I )  = X O  (1) 
DO 86 I = l * N F  
DO 84 J=l,NTF 
I ;  ( T  .LE. TART(I ,J+ l )  ,OR, (J+l)oEQoNTF) GO TO 86 

e 4  CONTINIJE 
86 F ( I )  = T A R F ( I t J 1  + fT-TABT(I ,J))  * ( T A @ F ( f T J + l ) - T A B F ( I t J ) )  / * ( T A B T ( I t J + 1 ) - T A B T ( I t J )  1 

DO Q6 T = Y  TNX 
ss = Z € K l  
DO 94 J=I ,NF 
5 = D ( I T J ) * F ( J )  

94 s s  = 5 2  + s 
96 A I D F ( X )  = SS 

97 XDD(1) = RIDF(1) 
Do 97 I = l  TNX 

DO 99 I = I  ,NX 
S S  = ZERO 
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s s  = ss + s 
5 = C ( I t J I * X ( J )  

148 SS = SS + S 
149 XDD(1)  = X D D t I )  - S S  
150 CONTINUE 

C 
C WRITE ANSWERS ON ?(TAPE FOR LATER USE:. 
340 WRITE (NTAf'E) T, ( F ( I ) T I = ~ ~ N F ) T  ( X D D ( I ) r I = 1 q N X ) r  ( x D ( I l T I = 1 T ~ . i ~ S  * ( X ( 1 1 p I = l r  NX 1 

C 
C S€E I F  OATA SWOULD EE P R I N l t C ,  

IF (TTP-LT-NTP :.AND:. NW-LT.NWRITC) GO T O  345 
NFC = NF/5 
IF ( ( N F L * 5 )  ON€, N F I  NFC = N F t + I  
IF (MINI .NE. 4 H M I N I )  GO TO 800 
IF rNL1NF ,LE, 5 :.OR:. NLINE OGE- MAXLIN) GO TO 800 
I F  I (NL IN€+2+3+3+NFL+4+NX 1 :.GT- MAXLIN) GO TO 800 
WRITE (NOT,2250) 
NL INE = NLINE: + 2 
GO TO 810 

800 CALL PAGEHD 
810 WRlTE tNUTt204G) 1 

!/RITF (NOT,2050) (F  ( I  I t  l = l t N F )  
NLINE = NLINE + 3 + 3 + NFL 
NXS = 1 
N X E  = NX 
NFLN = (NF-9) /5+1 
I F  ( (NXE + NFLN) .GT0 (NLPP-15))  NXE=(NLPP-l5)-NFLN 

NLINE = NLfNE + 4 + (NXE-NXS+I) 

NXS = W E  + 1 
NXE = NX 

CALL PAGEHO 
GO TO 342 

343 NW = 0 
345 NW = NW+1 

342 WRITE (NOTt2060)  ( 1 9  X D D ( 1 i t  XDtZ) ,  X ( I ) .  A I D F ( I 1 ,  I=NXSTNXE) 

I F  (NX mEQ. NXE)  GO TO 343 

I F  ((NXE-NXS) .GTo (NLPP- 9)) NXE=NXS+(NLPP- 9) 

C 
C SEE I F  RUN HAS DIVERGED- 

Off 350 X=lrNX 
I F  ( A B S f X ( 1 ) )  o G Y o  D I V T O L )  GO TO 999 

350 CONTIMUF 

399 CONTINUE 
C 

C 
WP XTE (NTAPE) BUF ~ 6 u F  tEOT 9 (RUF,I=I  T 16 
ENDFILF N l 'APt  
RElURN 

C 
999 ENDFILF NTEPE 

CALL ZZEOMB ( tHTRSP1 9NERRCIR) 
END 
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C 
C 
C 
C 
c 
c 
C 
C 
C 

- ,c 

- _  ~ L 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C . _  

r 
1 -  
C 
C 

f h f S  MTPIF I C k f 1 O N  OF W S P l  USFS ( I -C05) /2  FORCING FUNCTION- 
RESPCNSE ROUTTNE TO SOLVE THE ZECOND ORDER DIFFERENTIAL EQUATION 

FOURTH C'R3ER RU%GE-KUTTA ( G I L L  M C G I F I C A T I E M )  NUMERICAL INTEGRATION 
I S  USED. 
THE FOPCIhG FUNCTTi'Nv F 9 IS A SXNGLE PERIC'D ( l - C O S ) / 2  F U N C T I O N  
BEGINNING AT T=START1 bND FORWARD PP, THE CCQRDINATES ARF FORCED 
SIMULTANEPUZLY I SUDDFN ENV€LOPM€NT) I F  VECTOR PP IS CCNSTANT, CR AS 
A ? E M E T R A f I N G  FUNCTIGN (EACH CC?FPDINAT€ FORCE LAGS ITS PRFDECESSOR 
OEPENDSNG C'N PFNETRATION RATE AND S T A T I O N  SPACING) I F  VECTOR PP 

( A I X D D  + ( F I X D  + ( C ) X  = (D)F FOR XDDt XDt X -  

IS N@T CCNSTAHTo 
H. .XIC€S A 9 P t C t D  SHOCLL NET SHARE SAME CmF LCCATION (DUE TO MULT6)- 
THE ANSWER? (T,FtXDFvXDwX) WILL 6 E  WRITTEN ON KTAPE €VERY DELTAT AND 
ON PAP€Q E V E P Y  NWPITE * DELTATo 
NTAPF MUST HAVE 6FFN INXTIALIZFD WITH SU@ROUTINE INTAPE- A HEADER9 
T I R E  POINT DATA9 AND FND-OF-FILE WlLL BF WPITTEN ON NTAPE HERE. 
COMMON /LSTAFT/ I S  D E F I N E D  IN SUBRC'UTINE S T A R T -  
INNER F R P O U C T  SUMS A R E  PFRFCRMED I N  OUC!BLE PRECISIUN- 
CALLS FCPMA SUbSCUTINtS I h V 1 , M U L T E ~ Q A G E H D t Z Z ~ O M B o  
?HE M h X I M U M  SIZES A R E  (GAS€D ON DIMENSIONS OF X D O t M ) . X t F I  

NY = 25c1 
NF = 5 0 0  

CCDED FY Q L  HOHLEN- APRIL 1965-  
CAST REVISICN BY RL WUHLENo MARCH 1976, 

SUPPOL'TXNE APGUMENTS (ALL INPUTT) 
M P T R I Y  COFFFICIFNT CF XDU, SIZ€ ( N X I N X I -  * OFSTRC?YED * 
M A T R I X  C P F F F I C I € N T  OF XD. SIZE (NX,F!X)- * DFSfRCWED * 
M A T R I X  C O t F F I C I E N T  OF X -  SIZE (rJX9NX)m * DESTR@Y€D * 
N A T R I X  CC'EFFIC IENT CF f-0 S I Z E  ( N X 9 N F ) -  * DESTROYED * 
VFCT@Q OF COCPDIIYATE FORCE MAGFSITUDES SUBJECT TO (1-C0S1/2 
VAR I A? ION. 
VECTOR CIF CC:CIRDINA:t STATICNS, (CONSTANT I F  SUDDEN 

E I2 € (  NF 1 

ENV€LCPM€NT)-  P I S X T I V E  DIRECTION FUR SrATIONS IS OPPOSITE 
T C  VFL E IR I .G ' ION.  S I Z E ( N F ) o  
PFNFTPATIDN PhTE 
G U 5 f  LFNGTH. PER 100 PF ( 1-COS) 1 2  FUNCTION, 
VECTL'f L'F I N I T I A L  VELOCITIESo SIZE (NX), 
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xo = VECTGR CF I N I T I A L  DXSPLACEWFNTS- SIZE (NX), - STARTT= START TIMFo FORCING FUNCTION 8EGINSo 
'C DELTAT= INTEGRbTION STEP S IZE-  
C ENDT = FN@ TIME- 
C NWRITE= MULTIPLE OF 1NTEGRATION PDXNTS T O  WRIT€ ON PAPER- 
C NWEITE = 1 WHITE EVERY PEINT ( 1 , 2 ~ 3 ~ o o o )  
C NWRZTE = 2 WRITE EVERY SECOND POINT (1.3.5.o-o) 
C E TC 
c N X  = SIZE CF MATRICES A 9 6 9 C  (WUARF), NUMBER OF R t W S  I N  0 -  MAX=250-  
C IYF = SIZE O F  VECTOR W A G 9  NUHPEP OF COLS I N  0-  M A X = 5 0 0 -  
C XNAHE = IDFNTIFICATIC'N OF DATA TO 6E WPITTEN ON NTAPE- ( A 6  F O W A T I -  
C K A  = RCIW DIMENSION OF A,BTC,D I N  C A L L I N G  PRCGRAMm 
C NTAPE = NL'MRER I F  TAPE ON WHICH ANSWERS WILL @ E  WRITTEN- (EoCo 10)- 
C NUT1 = NUMBER OF THF U T I L I T Y  TAPE- (EDGO 4)- 
C 
C THE OUTPUT DATA !TO B E  WRITTEN ON PAPER AND NTAPE) I S  
C T  = TIM€ 
C F  = FClRCF FVALUATED BY (1-COS1/2 EXPRESSION9 SXZE (NFI-  
C XDD = ACCELEPATION- SIZE (NX), 
C XD = V€LUCITY- SIZE ( N I O -  
C X  = DI'PLACEMFNT. SIZE (NX)- 
C A I D F  = A**-I*D*Fo S I Z E  ( N X )  (WRITTEN @N PAPER O N L Y ) ,  
C 
C NEPRCS EXPLANATION 
C 1 = SIZ€ EXCEFDANCE- 
C 2 = PUN H A C  DIVERGEC- 

2001 FORMAT ( / / / / 1 5 X 9 4 3 k  THE INPUT SCALARS T O  ZUBRUUTINE TRSPIA ARE 9 
I: 

1 //? 3x 9 10k STARTT = F l O - 6 .  
2 //2 3x 9 I O H  DFLTAT = FIO-6, 
3 / / 2 3 X t  10H ENDT = F I O i 6 q  
4 / / 2 3 X T  10H NWRITE = 'I5 i 

5 1 1 2  3 X  9 10H VEL = E l 5 - 8 ,  
6 1 / 2 3 X t  10H C C  = €15.8 J 

2040 FOPMAT ( / / Q X 9 8 k '  T I M €  = F10-6 )  
2050 FCRMAT ( / / ~ X T I ~ H  APPLIE@ FORCES / ( 1 0 x 9  5E16-8 ) )  
2060 FORMAT ( / /  9 X v 4 H  POW, 6X913H ACCELERATIONS 8 X s 9 H  VELOCITY9 

* l@X913H CISPLACEMENT, 4 X s 1 9 H  A**-l * 0 * FORCES / I  
* ( 1 O X ,  13, 4 F 2 0 - 8 ) )  

2250 FORMAT ( I  I X  123(1H-) 1 
C 

NERROR = 1 
IF (NX OGT- 250 -OR. NF OGT- 5 0 0 )  GO TO 999 

C 
c PRINT x w r i  ZCLLAPL 

I F  ( M I N I  ONE- 4)IMINI) GO TO 10 
I F  (NLINF -Lko 5 oOQ- NLINE o G E i  MAXLIN) GO TO 10 
I F  ( ( N L I N F + 2 + 1 7 )  -GT- M A X L I N l  GO TO 10 
WQITE (f'~C?T,2?501 
NLINF = NLINF + 2 
GO TO I f  

10 CALL PAGEHF 
11 W R I T E  (NOT12001 1 S T A R T T T D € L ? A T S E N D ~ ~ N U R I ~ E , V ~ L  TZL 

N L I N E  = NL lNE + 17 
C 



e =e 
6 = A I  

A = A I  

E =E 
6 = A l E  
C = A I C  
D = A I D  





800 
8 1 G  

347 

343 
345 

C 

IF ( ITP-LT-N IP  oANl3- NWoLT,NWRTTE) Gt? TC 345 
N f L  = NF/5 
IF ( ( N F L * 5 )  ,NE, NF) NFL = NFL+1 
I F  (MlN? ,NF0 ;* i iMIM?I GD TC 800 
IF (rULX?E .LE, 5 S R .  N L I W  CF, MAXLIN) Go TO 800 
TF ( fNLTNF+2+3+3+KFL+4+NX) -GT. M A X L I N ;  6 2  TD 800 
WPXTE fNOf,225C) 
NLINF = NtINE + 2 
SG TO E Y C  
CALL PAGEWD 
W R I T E  t'tlI?TV2040) T 
WRITF fNCT,?OC;O) ( F ( I I .  I = l . N F )  
NLINE = N L I N €  + 3 + 3 + NFL 
N X S  = x 
N X t  = PJX 
NFLN = (NF-1) /5+1 
IF ( [NXF + NFLt4) ,GT- (NLPP-15) 1 NXE=tNLPP-lJ)-NFLM 
W R I T E  (N@T,2060) ( 1 9  X D D I I I T  X D t I ) .  X ( 1 ) .  A I D F ( I ) r  I=NXS*NXEI 
NLINE = P L I N E  + 4 + (RXE-NXS+l) 
IF (NX ,EGO NXEt Gr3 ?D 343 
N X S  = N X E  3. I 
NXE = Nk 
TF ((NXE-NXS) 0GT- (NLPP- 9 1 )  ?-lXE=NXS+(NLPP- 91 
CALL PAGEHD 
GC TO 342 
NW = 0 
Nk' = NW+P 

C SFE I F  RUN HAS DIYERCED,  
NERROR=2 

00 353 I=IsNX 
IF ( A P S ( X ( I ) )  oCfo  D I V T O L )  GO TO 999 

350 CON?INUE 

399 COYTINUE 
C 

C 
W R I T €  (NTP.FE) EUFT~UF*EOTI( EUF,I=:I T 16) 
ENnFILE NTAPE 
RETURN 

c 
999 E N D F I L E  NTAPE 

CALL Z280Me (6HTRSP1A,NERRUR) 
END 



I 

C 
C 
C 
C 
C 
C 
C 
C 
C 

r- c 

,C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1: 

SUBRCUTINE TRSPlB ( 99 C, 0, TABT TTABF XDOt  XO *START1 ,DFLTAT,ENDft 

DIMENSICN 
It 

* 
NWRITE ,NX, NFtNTF rXNAM€,KAt KFtNTAPE 1 

Ei(KAw1) T C ( K A ~ I )  t D ( K A t 1 1  tTABT(KF.1 ).TABF (KFt11  t 
xco (1  1 t XO ( 1  ) 

DIMENSION P ( 4 )  
CUMM@N /L WRKV1/ XDD 1250 1, XD 4 250 1 
CCMMOV /LWRKVZ/ Q D ( 2 5 0 ) t Q ( 2 5 0 )  
COMM@N /LWPKV3/ X ( 2 5 0 ) t A I D F ( 2 5 0 )  

COMMCM /LSTART/ TRUWC,DAT€ ~NPAGEWUNARE ( 3 ) t T I T L E 1 ( 1 2 ) t T I T L E 2 ( 1 2 1  
CVHMON / LL INE/  ML IN€ T M A X L  IN .MINI 
DOUELE PR FC IS I O N  S 9 SS ,ZERC 
DATA ZFRC/G*D/ 
DATA NI T t N f T / 5  r 6 /  

COMMON /LWRKV4/ F ( 5 G O  1 

DATA NLPP,FUFICIVT@Lt ECT/ * 5 4  T O-tl-E+35r3HEOT/ 

T H I S  MODIFYCATION OF TRSP1 ASSUMES COEFFICIENT OF XDD I S  UNITY SU 

RESPOMSF ROUTINE TI! SOLVE THE SECOND ORDER DIFFERENTIAL €QUAT104 

FOURTH ORDER RUNGE-KUTTA ( G I L L  MODIFICATION) NUMERICAL INTEGRATION 
IS USED, 

THAT (?NE LFSS MATRIX SPACE I S  REQUIRE@* 

XDD + (R IXD + ( C I X  = (D)F  FOR XDDt XDT X -  

VECTOR F IS @ETAIh!!FD BY LINEAR INTEt?PQLATION USING TABT,TABFm 
THE ANSWERS (T,FTXDD~XD,X) W I L L  BE WRITTEN ON MTAPE EVERY DELTAT AND 
ON PAPFR EVERY NWRITE * DELTAT- 
NTAPE MUST H A V E  f3EFN I N I T I A L I Z E D  WITH SUBROUTINE INTAPE. A H€ADER, 
TIME POINT DATA, AND END-OF-FILE WILL RE UPITTEN ON NTAFE HERE- 
COMMCN /L tTART/  I S  OFFlMED IN SUBROUTINE STAPT, 
INNER P R P D U C T  SUMS ARE PERFORMED IN DEURLE PRECISION- 
CALLS FOGMP SUPROUTTNFS PAGEHDtZZ@OMPm 
T!iE MAXIMUP SIZES ARE (BASED ON DIMENSIONS OF X D D t X D t X t F )  

NX = 2FO 
NF = 500 

CODED l iY  F L  WWLEN- FEBRUARY 1967, 
LAST R E V I S I O N  BY RL WOHLEN- MARCH 1976- 

SUBROUTINF ARGUMFNTS (ALL I N P ' f T )  - - C B  
c c  - 
c o  - 
C TABT = 
C TABF = 
C XDO = 
c. xo - 
C STARTT= 
C DELfAT= 
C ENDT = 
C NWRITE= 
C 
c 
c: 
c NX 
C N F  - 
C NTF = 

- 

- 

-. - t. 
- 

MATPIX CDFFFICIENT OF X D o  S I Z F  ( N X r N X I -  
MATPIX C O F F F I C I E N T  OF X m  SIZE ( N X t N X I m  
M A T R I X  CC€FFICIENT OF Fm S I Z E  (NXtMF)- 
TABLF CIF TIMFS FOR F@RCE I N  TARFo SIZE ( N F r N f F I -  
TAPLE OF FORCES. ZIZF I N F 9 N T F ) r  
VFC1E"R CF I N I T I A L  V E L O C I T I E f -  S I Z E  fNX)m 
VECTC'R OF I N I T I A L  DISPLACEMENTS- SIZE (MXI .  
S T A R T  T T M F .  
INTF GPATTON STEP SXZFm 
END T I M E -  
MULTIPLE OF INTEGRATIVN POINTS T@ WRITE ON PAPER- 
NWPITE = I W R I f E  EVFRY POXNT t 1 ~ 2 v 3 , - * 0 1  
NWRXTE = 2 WRITE E W R Y  SFCOND POINT (1 ,3 ,59 - *0 )  

ETC 
S I Z E  CF M A T R I C E S  R r C  (SQUARE), NUMPFR OF ROWS I N  Do MAX=250. 
NUMPFF OF ROWS I N  TARTvTAPF- NUMBER OF COLS IN [so NAX=SOO* 
NUMBfiR OF C O L S  I N  TABTqTABF. 
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J 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

XNAME = IDENTIFICATIVN O F  DATA TO RE WRITTEN ON NTAPEo ( A 6  FORMAT), 
KA = ROW DIMENSION OF B 9 C t D  I N  CALLING PROGRAM- 
K F  = R U H  DIMFNSION OF TRETvTAErF IN CALLING PROGRAM, 
NTAPE = NUMeER QF TAP€ @M WHICH ANSWERS WILL B E  WRITTEN- (€.Go 10) -  

THE OUTPUT D A l A  (TO B E  NRXTfEN ON PAPER AND NTAPE) IS 
T = Y I M E  

XDD = ACCELFRATION, S I Z E  (NX) .  
F = FORCE ORTAlNEO B Y  LINEAR INTERPQLATIGN ON TABF. SIZE (NF), 

XI) = V€L@ClTY.  S I Z E  t N X ) o  
X = DTSPLACEMFNT, S I Z E  (NXI -  
AIDF = A**-I*D*F. S i Z E  (NX),  (WRITTEN C!N PAPER ONLY), 

NFRRCR €XPLANATIGN 
1 = SIZE EXCFFaANCEo 
2 = ?TART TJRF LESS THAN TABLE BWNDS- 
3 = EN@ ? i V E  GREATFR THAN TAeLE BOUNDS- 
4 = RUR HAS DIVERGED- 

C 
2001 FORMAT 

1 
2 
3 
4 

2040 FOPXAT 
2050 FORMAT 
2066 FORMAT 

*: * 
2250 FORMAT 

C 

IF (NX 
C 
c PRINT INPUT SCALARS.  

X F  ( M I N I  ,NE, 4rrurx~1) GO TG i o  

WR  IT^: ( N O T ~ Z ~ ~ O )  

I F  (NLINF OLE. 5 ,OR0 NLINE o C E o  MAXLTN) GO TO IO 
I F  ( fNL lNF+2+131  -67- PAXLIN) GC TU 10 

NLINF = NLINE + 2 
GO TO 3 1  

10 C A C L  PAGFHD 
11 W R I T E  ( P f C T , 2 ~ @ 3 )  START? *DELTAT9ENDT9NWRTTF 

NLINE = N L f N E  + 13 
C 
C SEARCh Nl'bPE FOR f N D  O F  WRITTEN DATA, 

REW IN0 FJTAPE 
5 R E A D  (NTAPF) RUFIM,f,UFXN,I€CTfKt(BUFfN1T=lrS)tNREC 

IF  (TFC'TCK .FQ* 3HEOT) GO TO 7 
DO 6 T P € C = ~ T N P € C  

6 REAP (NTAPt-1 

7 OACKSPACE NTAPE 
GO TC 5 

"C 
C CHECK TIME: TARL€ ( Y A 6 T ) .  

NE RRUR = 1 
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NERROR=2 

C 
C 

C 
C 

C 
C 

C 
C 

I F  (STARTT -LT. T A B T ( I i 1 ) )  GO TO 999 
DO 12 J=ZyNTF 
I F  (TABT( I IJ - I )  -GE- TABT( IvJ1)  GO TO 14 

12 CGNTINUF 
J = MTF+1 

14 I F  (ENDT -LE- T A B T ( T t J - 1 ) )  GO TO 18 
PIERROR =3 





I F  ( M I N I  ,NE, 4 H M f N I I  GC! TO 800 
I F  (NLINE .LE, 5 .@R- NLINE o G E o  MAXLIN) GO TO 900 
IF ((NLlNE+2+3+3+NFL+4+NX) -GT. MAXLIN) GO TO 800 
WRIT€ (NOTt2250) 
NLINE = NLINE + 2 
GO TO 810 

800 CALL PAGEHD 
8 1 0  W R I T E  (NOT.2040) T 

WRITE (NOT*2050) (F(I 1. I = l + N F )  
NLINE = NLINE + 3 + 3 + NFL 
NXS = 1 
NXE = NX 
NFLN = (NF-I)/5+1 
I F  ( (NXF + NFLN) -GT- (NLPP-13)) NXE=(NLPP-I5)-NFLN 

342 URITE (NOT*2060)  (11 X D D t I ) .  X D ( f ) r  X ( 1 ) .  A I D F ( 1 ) .  I=NXSwNXE) 
NLINE = NLINC + 4 + (NXE-NXS+l) 
I F  (NX o F Q o  NXE) GO TO 343 
NXS = NXE + 1 
NXE = NX 
IF ( ( N X E - N X S )  -GT0 (NLPP- 9)) NXE=NXS+(NLPP- 9) 
CALL PAGEHD 
GC TC 342 

343 NW = @ 
345 NW = NW+1 

C 
- $  SEE I F  RUN HAS DXVERGEDo 

NERROR=4 
DO 350 l = l , N X  
I F  ( A R S ( X I I 1 )  oGTo DIVTOL) GO TO 999 

350 CONTINUE 

399 CONTINUE 
c 

C 
WRITE (NT PPE 1 RUF ,eUF 9EOT 9 (BUF,f=lv 16)  
ENDFILE NTAPE 
R E TU P. N 

C 
999 ENDFILE NTAPE 

CALL ZZBOMB (6HTRSPlB +NERKOR) 
END 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

- .c 
.k 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C . -  
! 
I d  

C 
C 

S UBRUUT I N  F TR SP IC ( B 9 C t D 9 FM AG ,PP t VE L, GL 9 XDO 9 X 0,  STAR TT t DELTA TI * ENDTrNWR ITF,NXTNFTXNAMETKA tNTAPE) 

* X D O ( 1 1  r X O ( 1 )  
DIMENSION P(KA,l)  TC ( K A t 1 )  TO ( K A t 1  )TFMAG( 1) tPP( 1) t 

DIMENSION P ( 4 )  
COMMON /L WRKV 1 / XDD ( 2 50 1 T XD 4 2 50 I 
CUMMnN /LWPKVZ/ QD(250),Q(250) 
COMMON /LWRKV3/ X ( 2 5 0 ) r A I D F ( 2 5 0 )  
COMMCV /LWRKV4/ F ( 5 0 0 )  
COMMON /LSTARTI IRUNNOTDATE~NPAGE~UNAME ( 3 ) . T I T L E 1 ( 1 2 ) r T I I L E 2 ( 1 2 )  
COMMC!N /L LINE/  NL I N €  T M A X L  I N  r M  I N 1  
DOUBLE PPCCISION S,SS,ZERO 
DATA Z E P @ / O e D /  
DATA NIT,NOT/5,6/ 
0 ATA NL P P 9 BUF 9 DIVTOL 9 P I  9 EOT/ * 5 4  T 0ot~-E+35r3-1415927,3HEOT/ 

THIS MnDIFICATION OF TRSPl USES (l-COS)/Z FORCING FUNCTION ( L I K E  
TRSP' IA)  AN@ ASSUMES CUEFFICIENT OF XDD TS UNITY SO ThAT ONE LESS 

RESPONSE ROUTINE TO SOLVE THE SECOND ORDER DIFFERENTIAL EQUATION 

FOURTh ORDER RUNG€-KUTTA (GILL MCDIFICATION) NUMERICAL INTEGRATION 
IS USFD. 
THE FORCING FUNCTION, F T I S  A SINGLE PFRIOD (l-COS)/Z FUNCTION 
BFGINNTVG AT T=STARTT AND FORWARD PP, ?e€ CCTRDINATES A R €  FORCED 
SIMULTANEOUSLY (SUDDEN ENVELOPMENT) I F  VECTCR PP I S  CONSTANT, OR AS 
A PENETPATTNG FUNCTION (EACH COUR9INATF FORCE LAGS I T S  PREDECESSOR 
DEPENDING ON PFNETRATLUN RATE AND STATION SPACfNti) I F  VECTOR PP 

MATRIX SPACE IS REQUIRED THAN TRSF'IA- 

XDD 4 ( P i x 0  + ( C I X  = (D)F  FOR XDO, XD, XI 

I S  NOT CONSTANT, 
THE ANZWFR5 (TTFTXDD,XGIX) WILL BE WRITTEN ON NTAPE EVERY DELTA? AND 
ON PAP€R E V E R Y  NWRIT€ * DELTAT- 
NTAPE MUST h A V E  PEEN I N I T I A L I Z E D  WITH SUBROUTINE INTAPE- A HEADER, 
TIME PGINT DATA, AND END-OF-FILE WILL PF WRITTFN ON NTAPE HERE. 
COMHnN /LZTAP7/ I S  D€FINED I N  SUBROUTINE START. 
INNER PRODUCT SUMS A R E  PFRFORMEG I N  DOUBLE PRECISION, 
CALLC FORMA 5U6ROUTINEL PAGEHD~ZZBOMG~ 
THE MAXIMUM SIZES &RE (BASED ON DIMENSIONS OF XDDtXD,X,FJ 

NX = 25G 
NF = 500 

CODED EY R L  WBHLENo FFFPUARY 1967, 
LAST REVISION BY R C  WOHLEN, MARCH 1976, 

SUBROUTTNE ARGUMENTS (ALL INPUT) 
€3 = MATRIX COEFFICIENT OF XD, SIZE- (NX,NX)- 
C = M A T R I X  CPEFFICIENT OF X o  S I Z €  (NXqNXI- 
D = MATPIX C@€FFICI€N? OF F. SIZ€ (hiX,NF), 
FMAG = VECT@R @F COORDINATE FCRCE: MAGNITUDEE SUBJECT TO (1-C0S)/2 

VARIATIDN. S l Z € ( N F  1 -  
PP = VECTCR OF CC'OKDINATF STATIClNSe (CQNSTANT I F  SUDDEN 

FNVELPPVFNT) POSITIVE DTKECTICN FOR STATIONS 1s OPPOSITE 
Y C l  V E L  DIRFCTICN'J, SIZE(NF1. 

VEL = PENFTPPTION RATE, 
GL = GIJST LENGTb, PERICJD I7F O-COS)/2 FUNCTION, 
XDO = V E C f O R  OF I N I T I A L  VtLOCITIESo SIZE (NX). 
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- XO - E STARTT= 
'C DELTAT= 

C ENDT = 
C NURITE= 
C 
C 
C 
C NX - 
C NF - 
C XNAME = 
C K A  - 
C NTAPE = 
c 

- - 

VECTOR OF I N I T I A L  DISPLACEMENTS- SIZE (NX). 
STAPT T IME,  FORCING FUNCTION BEGfNS- 
INTEGRATION ST€P S I Z € o  
FND TIME, 
MULTIPLE OF INTEGRATION POINTS TO WRITE ON PAPER, 
NWRITF = 1 WRITE EVERY POINT ~ ~ T 2 T 3 T o o o )  

NWRITE = 2 WRIT€ E M R Y  SECOND POINT ( 1 , 3 t 5 t o o e )  
ETC 

SIZE OF MATRICES 6 9 c  (SQUAREIo NWMBFR OF ROWS I N  Do  MAX=250- 
SIZE OF VFCTOR FMAGt NUMBER OF COLS I N  0, MAX=50OO 
IDENTIFICATION OF DATA TO BE WRITTFN ON NTAPFo ( A 6  FORMAT), 
ROW DIMl-NSION OF BvCtD I N  CALLING PRCGRAH- 
NUMBER OF TAPE @N WHICH ANSWERS WILL BE WRITTEN, (EoG- 1U)o  

C THE OUTPUT DATA (TO 6 E  WRITTEN ON PAPER AND NTAPE) I S  
C T  = TIMF 
C F  = F O R C F  EVALUATED BY tl-CCS)/Z EXPRESSION, S I Z F  (NF)- 
C XDD = ACCELERATION, SIZE (NX).  
C XD = VELOCITY, SIZE (NX). 
c x  = DISPLACEMENTo S I Z €  (NX),  
C AIDF = A**-l*D*F- SIZE ( N X I e  (WRITTEN ON PAPER ONLY), 
C 
C NERRClR EXPLANATION 
C I = S I Z E  EXCIEFDbNCE. 
C 2 = RUN H A S  DIVERGED, 
C 
J2001 FORMAT (////15X,43H THE INPUT SCALAPS TC, SUBROUTINE TRSPlC ARE t 

1 / / 2 3 X ~  1 0 H  STARTT = F I O o 6 9  
2 / /23Xt 10H DELTAT = F 1 0 0 6 t  
3 / /23Xt  I O H  €NOT = F10o69 
4 //23X T 10H NWRITE = 15 9 

5 / /23Xt 1CH VEL. = €15089 
6 //23Xp 1GH G L  = E1508 I 

2043 FCRMAT ( / /qX98H TIMF = F l O . 6 )  
2050 FORMAT ( / /QXt15H APPLIED FORC€S / ( l o x ,  5 E 1 6 - 8 ) )  
2060 FORMAT ( / /  9 X t 4 H  R @ W t  6X113H ACCELEFATIONt 8X99H VELOCITYt * l O X t 1 3 H  DISPLACEMFNTt 4X919H A**-1 Y D * FORCES // 

* ( 1 0 x 9  131 4 E 2 0 - 8 3 )  
2250 FORMAT ( /  1 X  123(1H-1 1 

C 
NERROR=I  

I F  (NX - G f ,  250  -OR, N f  .GT, 5 0 0 )  GO fa  999 
C 
C PRINT INPUT SCALARS. 

I F  (MINI .NE, 4HMINI) GO TO 10 
I F  ( N L I N F  .It. 5 .OR. NLINF oGF- MAXLIN)  (;o T C  10 
I F  ( (NLXNF+2+17) o G T o  MAXLINI GO TC! 10 
WRITF ( N C ' T ~ 2 2 5 0 )  
NLINE = NLINE + 2 
GO TU 11 

10 C A L L  PAC-FPn 
11 WRIT€ ( N O T ~ 2 0 0 1 )  STAR?T,DELTAT~ENDTTNWRITETVELTGL 

! N L I N E  = NLINE + 17 
C 
C SFARCH NTAPE FOR END OF WRITTEN DATA, 



C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

_ c  
.c 

REWIND NTAPE 
5 READ (NIAPE)  R U F I N , B U F I N r I € O l C K ~  ( B U F I N ~ I = l , S )  rNREC 

I F  CIFOTCK e E Q m  3JHEOT) GU T O  7 
CO 6 l R E C = l r N R E C  

6 RFAD (NTAPE) 

' I  BACKSPACE NTAPE 
GO TO 5 

CALCULATE NUMPER OF TIME POINTS TO BE USED. 
NTP = (€NDT-STARlT)/DELTAT + l o 1  

FIND F I P S T  STATION (FORWARD P P I  TO ENTER GUST, 
FWOPP = P P ( I )  

I F  t P P f 1 )  ,LT, FWDPP) FWDPP = P P f I )  
DO 50 I=l TMF 

50 CONTIMU€ 

INTEGRATION LOOPo ( K - l r H A L F  STFP)? fK=?rHALF STEP AGAIN), 
(K=3 *FULL STEP 1 9  (K=4,END OF Sf€P) 

G I L L  FACTCR = 0 5  
D O  3QQ LTP=l,NTP 
I F  I I T P  * F Q m  1 )  GO TO 340 
DG 1.59 K = 1 , 4  
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NERROR=Z 
DC 35G I= f .NX 
IF (APS(X(II) .GT- CIVTGL) Go TO 999 

350 CONTIN'JE 

[ 399 CGNTfNltE 
1 

W R I T E  t N T A P E  1 BUF ,BUF *€UT 9 (BUF,I=l p 16.1 
ENDFILE MTAPE 
R E  -um 

C 
999 ENDFILE NTAP€ 

CALL ZZBCMP ( ~ H T R S P ~ C I N E R R O R )  
FND 
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C 
C 
C 
C 
C 
C 
f 
C 
C 
C 

- c  

-i 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - 
. 

C 
C 

R€SP@NS€ RCUTTNE TO SCLVE THE S € C C N D  CWFR CIFFERFNTIAL €QUATIUN 
(AIYDI) + I F I X D  + ( C ) X  = ( D ) F  FOR XGDT XDT X -  

T H I P C  ORDEr NCUMAFK-CkAN-BETA NUMEPICAL INTEGRATION IS USED, 
VECTOR F IC CFTAINED EY LINEAR INTERPOLATIQN USING TABT.TAEF- 
M A T R I C E S  AI~TCTD SHOULD NOT SHARE SAM€ CORE LOCATIIXU (DUE 70 HULT6)- 
THE ANSWEPS ( T ~ F T X D D T X D S X )  WILL BE WRItTEN ON NTAPE € W R Y  DELTA+ AND 
ON PAPFR F V E K Y  NWRITE * DELTAT- 
NTAPE #US1 HAVE 6EEN I N I T I A C I L t D  WXTH SUBRCIUTINE INTAPE- A HEADER, 
TIME PCINT DATA9 AND FND-OF-FILE WILL PF WRTTTfN CN NTAPE HERE- 
COMMON / L S T A P T /  IS DFFlNED IN LUPRCUTXME START, 
INNER PRPOUCT W M S  ARE PERFORMED I N  DOUBLF PRECISION, 
CALL; FC'SWA SltPQCUTINES IhVI TMULTTMULT~TPAGEHI?TZZP~ *?r 

THE N A X I Y U M  SIZES ARE (BASED ON O I M E N S I O N S  OF XDD~XLIX IF )  
NX = 2 5 0  
NF = 2 5 0  

CCOES EY "L WWLFN. M A Y  1 9 t 5 .  
LAST REVISION BY KL kCHL€N, MARCH 1976, 

SUEROUTTNE ARGUMFNTS (ALL INPUT) 
A = M A T F I X  CDEFFICIENT OF XDO- SIZF (NX,NX)- * DFSTROYED * 
6 = M A T R I X  C C F F F I C I E N T  OF X D o  SIZF ( N X T N X ) ,  * DESTROYED * 
C = M A T Q I X  CnEFFICIENT C'F X -  SIZE (NXTNXI -  * DESTROYFD * 
0 = MATRiX CCFFFICIENT CF F -  SIZE (NXTNF), * DESTROYED * 
TAFT = TAFLF CF TIME? FCP FORCF IFC TAFFo S I Z F  (NFINTFI-  
TAFF = TAFLF OF FCPCES- SIZE (NF,NTF)- 

xo - VFCTCR CF I N I T I A L  DISPLACEMENTS, SIZE (NX), 
XDO = VECTOR CF I N I T I A L  V E L P C I T I E S ,  SIZE (NX) .  

STARTI= S l k P T  TIME, 
DELTAT= IXTEGFPTION STEP S IZE.  
ENOT = E N D  T I M € .  
P E l A  = PAPAVFTER CF CtNFRAL lSED ACCELEPATTC'N (R€TWE€N 00 &NU ,251- 
NWRITE= M U L T I P L E  OF INTFGRATIUk  POINTS T@ WRITE ON PAPEko 

N W p I f F  = I W F I T E  EVF-PY P O I N T  ( 1 9 3 9 3 9 0 0 0 )  
NWRIfF = 2 WRITE EVERY SECOhfQ POINT ( 1 9 3 9 5 9 - 0 - 1  

FTC 
NX = T I Z F  f'F M A T R I C E S  A t @  ,C (SQUARE 1- NllMBER CF ROWS I N  0, MAX=250, 
NF = NltMPFR (?F ROWS IN TAPT:TARF, NUMREP OF CDLS I N  0 -  MAX=250, 
NTF = NUF".FfR nF COLS I N  TAPT~TABF.  
XNAME = IDENTIFICATION OF DATA TO et UPITTEN ON NTAPE. ( ~ 6  FORMAT).  



= !??GI DIMENSION C'F A v R , C v D  I N  C A L L I N G  PRCGQAM- 
= POW f'IMFN$I@F( OF TABTTTAPF I N  CALLING PROGRAFt, 

C NTAPF: = NUMFCh CF TAPE ON WHICF ANSWERS WILL BE WRITTEN, (E.C. 101. 
C NUT1 = NUNEEk CF THE U T I L I T Y  TAPE- (€-Go 4 ) -  
C 
C TFE CUTPUT DATA (TC 8 E  MRITTEN cn\: PAPER AND NTAPE) IS 
C T  = T I P €  
C F  = F@FCF OETAINFD F Y  LINEAR INTERPOLATION ON TAEF. S I Z E  tNF1- 
C XDD = ACCEL€RATICNo C I Z E  ( N X ) o  
c XD = vccucrn.  SIZE ( N X I O  
c x  = 5ISPLACEMENT- 5IZE (NX), 
C 
C N E R R  C'"a E X P I A N A T  I @N 

C 2 = STAQT T I M E  L E S S  WAN TABLE B@UNDZ, 
c I = srzF E X C F F O A N C F ,  

C 3 = END TIME C-REATFP THAN TAGL€ POUNDS, 
C 4 = RUN HAS DIVERGED- 
C 

2001 FORMAT ( / / / / 1 5 X 1 4 2 H  THE lNPUT SCALARS T O  SUBROUTINE TRSP2 ARE 9 

1 1 1 2 3 x 9  f W  STARTT = F1006p 
2 //23X 9 1 G h  D€LTAT = F10-6. 
- 7 112 3x , 3GH €NOT = F10-6,  
4 //2 3x 1 1OH R F T A  = F10-61 
5 / / 2 3 X  9 1Oh NWRITE = 15 1 

204C FC'RMAT (/!QR*t?h T I M €  = F l O o b )  
2050 FC'RMAT (//VX.lSH APPLIED F@RCES / ( I G X ?  5EI6-8)) 
2060 FC!?MbT ( / /  9 X 9 4 I 1  R a W v  6 X 1 1 3 H  kCCELEPRTICN. 6X.9h VELOClTVt  

1 1  

C 

l O X s 1 3 H  DISPLACFNENT // (10x1 13. 3 E 2 0 A  1 
2250 FORMAT 1/ 1 X  123(1H-) 1 

CIIERROR=1 
I F  (NX oGTs 2 5 0  -OR- NF -GTo 2 5 0 )  GO TI2 999 

C 
C PRINT INPUT SCALARS,  

I F  ( M I Y I  -NE- b H M I R I )  GG TO 10 
I F  (NL INF oCF. 5 oOPo NLINE - G E o  MAXLXN) GO T O  10 
I F  ( ( Y L I Y € + 2 + 1 5 )  -GTo MAXLIN) GO TC 10 
W R I TF ( h i P T ~ 2 2  501  
NLINE = N L I N E  + 2 
GO T O  11 

10 CALL PAGFHP 
11 W P I T E  ( N O T 1 2 0 0 1  1 START? rDELTAT,ENDT1e€TAlh~RITE 

NLINE = N L I N E  + 1 5  
C 
C SEARCH NTAPE FOR END O F  WRITTEN GATA-  

REhIND NTAPF 

I F  ( I F C ? C K  .FQ. 3HEU'I) GO TO ? 
5 P E A D  (NTAPF) E U F I N ~ ~ U ~ I N ~ I E O T C K I ( B U F I N I I = ~ ~ ~ ) ~ N R E G  

DC' 6 I R t C = I r N R E C  
6 P € k D  (NTAPF) 

7 B A C K S P A C E  NTAPE 
GC TC 5 

C CHECK TIME TkPLE (TAE.T)o 
00 18 I=IrNF 
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NE RR OR =2 

C 
C 

C 
C 

i 

C 
C 

GO TO 999 
18  CONTINUE 

CALCULATE NUMPEP OF T I M E  P@INTS 1-0 BE USED- 
NTP = (ERCT-SIARTTI/DELTAT + 1.1 

B=P 
E = A I  

e.=B 
E = A I 6  
C=ATC 
D=AID 

C 
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P = A I P  
D = A I D  
C = A I C  
A = A I B A I C  

A=P 



f R S P 2  - 5 1  7 

8 = S  
C=SI 

A = S I P  
X M l = A X O  

B = A I B  
A = A I  R A  1 B ' 

A=G 
A = S I Q  
x w = a x m  
O=SIAI9 
F M2=D F l  

B =R 
B=21R 
D = A I D  
O=S II? A IO I 
X=DFO 

x = x 1  
xo=xc1 

B=AIE! 
D = A I O  
C = A I C  

6 =1 
A = S I  
B = S I T  



A = A I B  

c =u 

A = S I  
C = S I U  
D=SIAID 



34.0 W R I T E  (NTAPE) TI (F(I)rI=lrNF)? ( X D D ( I ) . I = 1 t N X ) ,  tXD(I)pI=ltNX)r 
r(r ( X ( I 1 9 I=  1 t NX 1 

C 
C SEE IF DATA SHOULD BF PRINTED. 

I F  ( ITPoLT-NTP -AND- NW-LToNWRITE) 60 TO 345 
NFL = NF/5 
IF ( tNFL*S) ONE- MF) NFL = NFL+1 
IF (MINI ON€- 4PMINI) GO TCI 800 
I F  ( N L I M E  o L t o  5 -OR, NLINlr o G € o  MAXLIN)  GO TO 8OC 
I F  ( (NLTN€+2+3+3+~FL+4+NX) ,GT- MAXLIN) GO TU 800 

NLINE = NLINE + 2 
GC TO 8 1 0  

W R I T E  (N@T,225Cl 

800 CALL PAC-€I-Cl 
8 1 G  WRI'IF  ( N ' C 7 * 2 C 1 4 ( ~ )  T 

W R I T E  (b~OT910501  ( F ( l 9 r  X=l,NFl 
NLINF = NLlNE + 3 + 3 + NFL 
N X S  = 1 
MXE = NY 
NFLN = (rUF-1)/5+2 
I F  ( ( N X F  + NFLN) ,GT, (MLPP-15) 1 NXE=(NLPP-15 I-FIFLN 

NLlNE = N L I M E  + 4 + (NXE-NXS+l)  

NXC, = NXE -E 1 
NXE = NY 
I F  ( ( N X E - M X S )  -GTw (NLPP- 911  NXE=NXS+(NLPP- 9) 
CALL P A G E h D  
GO TO 342 

343 NW = 0 
345 NW = kW+1 

342 WRTTE (NOT,2060)  (I, XDD(Ij9 XD(I), X ( f 1 ,  I = N X S s N X E )  

I F  (NX 0FC- NXE)  GO TO 343 

c 
C SEE I F  PUN H A S  G I V € R G E D -  

DO 350 l = l t N X  
I F  ( A R S ( X ( 1 ) )  *CT* D1VTOL) GO TO 990 

350 CONTINUE 

399 CGMTINlJi  
c 
C 

WRIT€ (N? APf 1 BUFtElrF ,€UT 9 t EUF,I=l, 16 1 
ENOFILE NTAPE 
RETURN 

C 
999 FNDFILE NTAPE 

CALL ZZbOMb (6HTRSP2 TN€.P.RUR) 
END 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- c  

" C  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 

.. 
C 
C 

THIS MC'DIFICATION OF TPSP2 USES (I-COS )/2 FORCING FUNCTION- 
RESPCNSE ROUTINF TC! SOLVE THE SECOND ORDER DIFFEPFNTIAL EQUATION 

THIRG OR9ER NEWMARK-CHLN-EETA NUMFRICAL INTFGRATICN IS U S E D .  

BEGINNING AT T=STARTT AND FORWARC PP. THE COORDINATES ARF FCRCED 

A PENETRATING FUNCTIUN (EACH COORDINATF FORCF LAGS I T S  PREDECESSOR 
DEPENDING ON F€N€TRATIUN RATE AND STATION SPACING) I F  VECTGR PP 

(A)XDD 4 (PIXD + ( C ) X  = ( D I F  FOR Y D D t  XDt X .  

THE FPPCTNG F~WJ(TIENS F I S  A SINGLE PFRIRO (1-COS)/2 FUNCTION 

SIMULTANEOUSLY (YUDDEN ENVELOPMENT) I F  VECTOR PP IS COYSTANT9 OR A S  

IS NOT CONSTANT- 
MATRICES A , R * C t D  SHOULD NOT SHARE SAME CC9E LOCATION (Cut? TC MULTBIo 
THE ANSWERS ( T , F I X D D S X D S X I  WILL B E  WRITTEN ON NTAP€ EVERY OELTAT AND 

NTAPE MUST HAVE. B€€N I N I T I A L I Z E D  WITH WBROUTINF INTAPE- A H E A D E R S  
TIYE POINT DATA, AND END-@F-FILE WILL BE WPITTEN ON NTAPF HERE- 
CC'MMCN f L 5 T A R T /  I S  D E F l N t D  I N  SURPOUTINE STAPT- 
INNER PRUDUCT SUMS ARF PFRFORMED I N  DOUBLE PRECISION- 
C A L L S  F O R M A  'UPPOUTINES I N V l  SMULTSMULTPT FAGEHD T Z Z ~ L ~ M ~ O  
ThE M A X I M U M  SIZES ARE (BASED ON DIMENSIONS OF XDD,XDTXIFI 

ON PAPER FVERY NWRITE * DELTAT, 

NX = 25c! 
NF = 2 5 0  

CODED R Y  RL WOHLFIV. M A Y  19650 
LAST R l r V I S 1 U N  FY PL WQHLCN- MARCH 1976s 

ALL SUPRPUTINE ARGUMENTS ARF INPUT 
A = MATRIX COEFFICIENT OF XDD. S I Z E  (NXSMX), * DESTROYED * 
B = M A T P I X  CCFFFICIEMT OF XDo S I Z E  (NXTNX), * DESTRC'YED * 
C = M A T F I X  COEFFICIENT @F X o  S I Z F  (NXTNXI- * DESTROYCD 3 
0 = M A T R I X  CPFFFICIFNT OF F .  S I Z F  ( N X T N F ) ~  * D F S T P O Y E D  * 
FMAG = VECTOR OF COORDINATE FORCE MAGNITUDES SU6JECT TO (l-C05)/2 

VARIPTICN- S I Z F (  NF 1 
PP = V€C,TPc OF COORDINATE STATI fNSc (CONSTANT I '  SUDDEN 

E N V F L D P M E N ? ) .  P13SITIVE DXRFCTIGN FOR STATIONS IS OPPOSITE 
TC VEL nXRCCTICN- SIZEtNF) .  

VFL = PFNEfPPTfCN RAT€- 
GL = GUZf L€Nc'dlH- P € R I O D  CF (I-CFS)/Z FUNCTION, 
YDO = VFCTFR nF l N T T I A L  V F L O C I T I I S .  S l Z F  ( N X ) ,  
xo = VEClLj!? OF I h l T I A L  DISPLACFMFNT'. SIZF- (NX) .  
STARTT= S T A R T  TIMF. FORCING FUNCTION B F G I N S -  
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DELTAT= ! ENDT = 
'C @ETA = 
C W R I T E =  
C 
C 
C 
C NX 
c NF - 
C %NAME = 
C KA - 
C NTAPE = 
C NUT1 = 
c 

- - 
- 

- 

INTFGRATICN STEP SIZE, 
END TIME. 
PAYAMErTER O F  GFNERALIStD ACCELERATIC'N (BFTWEFN 00 AND 0 2 5 )  
MULTIFLF OF INTEGRATIBN POINTS TO WRITE ON PAPER, 
NWPTTC- = 1 WRITE € V E R Y  POINT ( 1 9 2 9 3 9 - - - )  
NWRITE = 2 N P I T E  EVERY S€COND POINT ( IT~T~T-O- )  

S I Z E  CF M4TRICES A v B 9 C  (SC?UARF)o NUMBER OF ROWS I N  D o  MAX=250- 
SIZE OF VECTOR FMAG9 NUMBER B F  COLS I N  D- M A X = 2 5 0 o  
IDENTIFTCATICN OF DATA TU RE WPITTEN ON NTAPE- ( A 6  fURMAT)o 
P.nW DIMENSION Of  A T B T C T D  I N  CALLING PROGRAM- 
NUMPER OF TAP€ ON WHICH ANSWERS WILL EE WRITTEN- (EoG. 101- 
NUMBER OF THE U T I L I T Y  TAPE- ( E - G -  4). 

FTC 

C THE OUTPUT DATA (7C! BE WRITTEN ON PAPER AND NTAPE ) IS 
C T  = TIME 
C F  = FCIFCE FVALUATED BY (Y.-COS)/2 EXPRESSION.  S I Z E  (NF)-  
C XDD = ACCELFPATION- SIZE ( N X I -  
C XD = VELOCITY. S I Z E  (NX), 
c x  = DISPLACEMENT, SIZE ( N X l o  
C 
C NEPROS EXPLANATICM 
C 1 = S I Z E  FXCEFDANC€, 
C 2 = RUN HAS D?'/ERGEDo 
C 

2 0 0 1  FORMAT (/ / / /15X943H THE INPU? SCALARS T O  SURREUTINE TRSPZA ARE 9 

1 //2 3x 9 1 0 H  STARTT = f l O 0 6 ,  
2 / / 2 3 x v  10H DFLTAT = F1O-69 
3 / /23x 9 l O i 4  €NOT = F10-69 
4 / /23X9 !CH BETA = F10o6. 
5 I /?  3x 9 10H NWHITE = I 5  T 

6 //2 3 X  9 I O H  V E L  = E 1 5 0 8 t  
7 //23Xv 10H G L  = €15.8 1 

2040 FPRMAT ( / / 9 X p 9 H  TJMF = F l Q - 6 )  
2050 FOPMA1 ( / /3Xs15H APPLIED F O R C E S  1 (10x9 5 E 1 6 - 8 ) )  
2060 FORMAT ( / I  Q X T * W  R @ W T  6 X ~ 1 3 H  ACCELERATION9 t X w S H  VELOCITY9 

1 10X913H DISPLAC€MENT // (10x9 13, 3€28-6)  1 
2250 FORMAT ( I  1 X  123(1H-)  1 

C 
NERR O R = l  

I F  (NX oGT-  250 .OR, NF oGT. 250) GO TO 999 
C 
C PRINT INPUT SCALARS- 

I F  (MINI *NE* 4HMINI) G[? TO 20 
I F  (NL INF OLE- E .OR- NLINE oCFo MAXLIN) GO TO 10 
I F  ( ( N L I N F + 2 + 1 9 )  .GT. MAXLIN) GO TO 10 
WR I T €  (N@Tv 2250 1 
NLINE = NL INE + 2 
GO TU 1 1  

10 CALL PAGEk'D 
11 WR 17 F 4 NOT 9 2001 1 S T A R T 1  TDELTATTENDT ~ E E T A T N W R I  TE ,VEL,GL 

N L I N E  = M L I N E  + 19 
! 
;- 
C SEARCH NTAPF FOR FND OF WRXTTkN DATA, 

REWIND PIT APE 



TRSPPA-- 3/ ? 

C 
C 

C 
C 

C 
c 

C 
C 

C 
C 

C 
C 

CALCULATE NUMPER O F  T I M E  POINTS TO R E  USED- 
NTP = (ENDT-STARTT)/DELTAT + 101 

FIND FTQST S T A T I O N  (FORWARD P P I  60 ENTER GUST- 
FWDPP = P P ( 1 )  

I F  ( P P ( T )  .LT. FWDPP) FWDPP = P P ( 1 )  
DP 50 I = l , N F  

50 CONTINU F 
TPLGL = 2o*PI /GL 

PRINT DATA AT START0 
NFL = NF/5  
I F  ( ( N F L * 5 )  .NEo N F )  FSFL = N i L + 1  

I F  (NLINF ,LE-, 5 ,CR. NLINE ,GE, MAXLIN) GO Tt? 70 

Wi: I T E  

I F  ( M I N I  oNFo 4HMINI) GO TO 7 0  

I F  ((NLINF+2+3+3+NFL*4+NX) oGTo MAXLIN) GO TQ 70 
NOT 9 22 50 1 

B=P 
6 = A I  

A = A I  

R=H 
O = A I B  
C=AIC 
D=AID 



T R $ P P A - -  4/ 7 
--------I- 

/ 

A = P  

B=S 
d=S1 

A = $ I P  
X M l = A X O  



TTtSPZA-- 7 

E , = A I B  
A = A I B A 2 b  

P = O  
A = S X Q  
X M2=A XDO 
U = S I A I D  
F M Z = D F l  

8 =R 
6 = S I Q  
D = A I D  
D=SIPAI@ 
X=LFO 

x = X I  
XD=XD 1 

P = A I P  
O = A I @  
C = A I C  

B=T  
A = S I  
R = S Z T  

A = A I B  

c=u 



fRSP2A-- &/ 7 

A: I 
c-ssu 
D=S 1 A I D  



I F  (&LINE -LE- 5 -OR- NLINE +GE- M A X C I N )  GO T O  800 
IF I (NLIRF+2+3+3+NFL+4+NXI -GTm MAXLIN) G@ T@ 800 
W R I T E  (htCT12250) 
NCINC = NLIME + 2 
GI2 TO E 1 0  

800 CALL PA6Et-fl 
819 W R I T E  ( W T ~ Z O W )  T 

WPITE w n T , t w o )  ( F t I  iT I = I  ,NF) 
NLINE = NLlNE 3 + 3 + NFL 
NXS = 1 
YXE = NX 
NFLN = (NF-P)/5+1 
I F  ((NXE + N F L N )  ,GT, (NLPQ-15)) NXS=(NLPP-l5)-NFLN 

NLINF = NLIN€ + 4 4 (NXE-NXS+l) 
I F  (NX . € Q ,  NXE) GO TO 343 
N X C  = NXE + 1 
NXE = %vx 
TF ( ( N X E - N X S )  ,GT- (NLPP- 9)) NXE=?;XS+(NLPP- 9) 
CALL PAGcHII 
GT! TP 342 

343 NW = 0 
345 NW = NW+1 

342 HSITF  (NC'T,2C6@) [ I T  XD@(I)r XD(I)r X ( I l T  I=NXSgNXE)  

C 
C SEE I F  RUN H A S  D I V E R G E D -  

DO 350 I=I,NX 
I F  ( A P S ~ X ~ I M  .GL IIIVTOL) GC TO 999 

350 C O N T I W E  
c 
C 

399 t c r m t w  

W R I T E  (NT.  P f  1 EUF,EUFttOT* 16UF91=1,36) 
ENCtFILF NTAPE 
R ETUhN 

C 
999 ENOFILF NTAPE 

CALL ZZRCME ( ~ H T R S P ~ A , ~ U E R R O R ~  
END 



TRSPS -- I /  6 

C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

. 

Jc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c 
c 
C 
C 

' : r  

RESPCNS I R W V I N F  TC SOLVE THE SECCND ORDER DIFFERENTIAL EOlJATlGN 
(AIXDD + ( F I X P  + ( C 1 X  = ( C I F  FOR XDOt XPT X -  

A T  6p PN!! C A S F  \iNCOUDLED OIAGCNAL MAIPICEC I N  VECTOP. FORM, 
CLOSED FCRM s c L i t n c w  I S  USED TO FINO XDOT X O ~  AND u. 
V€CTCR f I S  CFTAXRED F Y  LINEAD INTERPELATION U c l N G  TABTTTAE-F- 
THE A N S W E R S  ( T t F ? X C D , X D , X )  WILL 6 E  WRITTEN ON IUTAPE EVERY DELTAT AND 

NTAPE MUST HAVE E F E N  I P ~ I T I A L I Z F D  WITH SUBR03TINE INTAPE A. HEADER, 
TIME POINT D ~ T A T  ANC FND-CIF-FILE WILL PF WRITTEN ON NTAPE hERE* 
COMNPN / L q 7 A P T /  IC DFFlNEO IN SU'JRCNJTINF START. 

ON PAPER E V E p Y  NWQITE f DELTAT. 

INNEP PPF:CIt!CT SUPS AFF PFRFPPMFD IN DOUBLE PRECISION, 
C A L L S  FCQHA 5UPRVUTIFE5 PAGEhDTZZPOMB- 
THE PilPXIMUM S I Z E S  ARE ( B A S t D  ON DIMENSIONS OF XDDTXD,X,FI 

NX = 2 5 0  
h F  = 5 0 0  

THE MAXIMUM NUMFER OF UhIQU€ T I M E S  PAST fTARTT I N  TAB1 = 250 .  
CCDED E Y  W A  PLNFIFLD AND K L  WPHLErUo FEPRilARY 1967, 
LAST REVISION EY R.L WOHLkN, M A R C h  1976- 



TRSP3 -- 2 1  b 

- -. NF - 
. NTF - 

C XNAME = 
C KD - 
C K F  - 
C NTAPE = 
C 

- 

L 

1 
- 

NUMFEK PF ROWS I N  TAE.?,TABF. NUMBER OF COLS I N  Do MAX=SOG- 
NUMFFP OF CPLC IN TAPT9TABFo 
I ~ F N T X F I C A T l C ! Y  OF DATA TO t .E WFITTFN @N NTAPE- ( A 6  F O R M A T I -  
ROW PIMrFhSLCN @ F  D I N  CALLlIvG PROGRAM, 
9 C k  D I M E k Z X O N  CF TAFTp TkEF I N  CALLINC PRPGRAM,  
N U M B € K  OF TAPE ON WHICH ANSWERS WILL BE WRITTEN- (E-G- 10)- 

C THE CVTDWT D A T A  (TO B E  W R I l T E N  QN PAPER A M )  N f A P E )  15 
C f  = T I k F  
C F  = F C R C E  PRTAINECI E Y  LINEAR INTERPOLATICN ON TAEF- SIZE (NFl-  
C XED = ACCFLE'ATION, SIZE ( N X I -  
c X t  = VELOCITY, SIZE (NX) ,  
C X  = D I f P t P C F M E N T o  S I Z E  ( f ' l X ) o  
C A I D F  = L**-l*D*F, SIZE (NX), (WRITTEN (3 PAPER ONLY), 
c 
t NEPRCT FXPLANbTIPY 
C 1 = ZTZF E X C E F D S  D I M € N Z I C N e  
C 2 = YT4KT T I M €  L E S S  THA! TPFLE EVUNDS, 
C 3 = €hi0 T I M €  GDFRTER THAN TA€LE EOUNDS- 
C 4 = MORE ThAN 200 T I R E  6P.fAKS- 
c 

2001 FCSMAT ( / / / /15Xt42h Th€ JNPCT CCALARS T P  SUf3RCUTIME TRSP3 AR€ t 

1 / / 2 s x 9  10H STARTT = F l C - 6 .  
2 //23Y * lCIH OFLTAT = F I O - 6 ,  
3 / / 2 3 x 1  ICF ENDT = F l 0 - 6 9  
4 /123x9 1Qh NWRITE = f5 1 

3340 F O R M A T  (//e.Xtf3i+ TIME = F 1 0 - 6 )  
2050 FPRMAT ( / / 9 X 9 1 5 H  APPLIED FCRCES I ( l o x ,  SFJ.6-8)) 
2060 FORMAT (11 4 r X T h h  ROW? b X ~ 1 3 H  ACCELERATICINT B X 9 9 ) H  L'€LC?CITYt * 1 0 X 1 1 3 K  DK:PLAC€M€NTt 4 X v 1 9 f I  P.**-l * 0 * f*URC€S / I  

* ( 1 O ) r ~  3 1 9  '+€20-5)) 
2250 FLlRMAT (1 1 X  123(Ih-l 1 



CHECK TIME TAFLE (TABT). 
DE 1 8  I = l , N F  

N€RROR=2 

c 
C 

C 
C 

C 

i 
c 
C 
C 

N€RROR=3 
GO TO 399 

'18 CONTINUE 

CALCULATE NllME.FR OF TIME POINTS TO BE USED, 
N I P  = (E~DT--S~ARTT)/DELTAf + 1-1 

FIND i lN IOLrE 1 l M E  E R E A K S  ( T G R K I  IN TABT AFTER S7ARTTo M A X z 2 5 0 -  
$!TRFK = c\ 
DO 5 5  I=I ,NF 
DC 54 Jz2rlVTF 
I F  ( T A L : T ( I , J )  OLE- STARTTI GO TO 5 4  
I f  (TAP?(ITJ-I) o G f o  T A P T ( I + J l )  GO TO 5 5  
I F  (YTRRK -€Q, 0) GO TO 52 
Do 5 0  K = l r N T P R K  
IF ( T A P T ( I t J 1  oEQ. TbRK(K)I  GC TO 5 4  

50  tf?E'TIWUF 
5 2  NTRRK = N f 9 R K + I  

IF (NTGPK -LE- 250) GO TO 53 
NE R R OR =4 

D = A I D  



TRSP3 -- 4/ 6 ---------- 

C IRTEGSATION LO@Pe 
DO 349 ITF=lrNTP 
I F  ( I T P  m F 6 e  1) GP I@ 340 
f X  = STARTT + FLOAT(ITP-l)*DELTAT 

TMTP = ?-?E 
105 T = TX 

C 
C SEE I F  ?KERF I C  A TIME BR€AK (TB)  IN TERK B€-fWEEN PREVIOUS T I M E  
C BREAK AND CURRENT TTME ( T I -  

IF ( I 6  oGT* NTFSRKI GO T G  390 
I F  ( T  .LT- T P R K ( I k 1 )  GC TO 110 
T = T P P K ( I B 1  
TMTB = f-Tfi 
TP = T 
IE = 1E.+1 

110 Df l l t .  I = l , N F  
00 113 J = l  qF’TF 
I F  ( T  - L E -  T A B T ( I * J + l )  ,OR, ( J + l ) o E Q - N T F )  GO TO 116 

113 CONTINUE 
116 F t X )  = T A f % F ( I r J )  + (T-T&6T(IvJ))  * ( T A B F ( I , J + l ) - T A @ F ( T r J ) )  1 * (TAB T ( I s J+I)-T ABT ( I T J 1 1 

DO 1 1 8  I = I r N X  

D O  117 J = l r N F  
S = D ( I , J ) * F ( J )  

SS = Z L R C  

117 S S  = S !  + C 
118 AIDF(I) = SS 

C 





TRSP3 -- 6/ 6 
e----..-- 



I 

"C 
C 
C 
f 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

GEN€RATE f R A M F C R M A 7  ICF: RELATING I N E R T I A  PLUS APPLIEO LOADS TO 
APPLIFb LOADS FGR INERTIALLY RESTRAINED SYSTEM. 
CALLS FOPMA SUFROUTINES BAET ,ItTABt I N V l  rMULTB tPAGEHC9 ZZBOMB- 
THE M R X I H l l N  S I Z E S  ERF 

N = 500  (hASED Ob! BTAf5,WLTBl 
NRPM = 6 

DFVFLOPED P Y  C A R L  ROELEY JANUARY 19650 
LAST R E V I S I O N  t3Y U A  6 E W Z E L D a  MARCH 1976- 

SUGPOUTINF ARGUMENTS 
A = IRPUT K k S S  M A T P I X -  S I Z E f N t N I e  
RBM = INPUT M A T R I X  DF R I G I D  BODY MODES9(RE€DNT BE QRTHORNORMAL) 

UMAM = ULlTPUT (UNITY M I N U S  A MESS), S X Z E ( N t N ) -  
N = INPUT S I Z E  CF S Y S T E M  (NI_IMP€P T!F C O n R D I N A T E S ) .  

S I Z F ( N t N R B M ) o  

NRBM = TVPl IT  NlfMbFR OF R I G I D  EOOY HOOFS, MAX=6.  
K = INPUT ROW D I M € N S I C N  C F  AIRBM~UMAM IN CALLING PROGRAM- 

NFRROR FXPLANATTCN 
1 = WORE THAN 6 R I G I D  6ODY MODES- 

C 
999 CALL PZBCIMB (6HUMAN1 INERROR) 

E NO 



'C 
C 
C 
f 
C 
C 
C 
C 
C 

GENERATE A UNITY M A f R I Y .  (EN€S ON THE DIAGONAL)- 
CODED BY RL WOHCEN- FEE 1965-  

SUPRCUTINF ARGUMENTS 
2 = CIUTFUT M A T R I X  GfNERATED. S I Z € ( N , N ) -  
N = INPUT 5IZE QF M A T R I X  2 (PQUARE). 
KR = INPUT ROW OIMENSXON OF NATRIX 2 IN CALLING PROGRAM. 



SUBROUTINE UPDATE 

-i 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - 

I 
L 

C 
C 

UPDATF TAPE PROGRAM (PROGRAMMFD TO WORK WIfh D I S K  UNITS) 
YAXIMUM SIZE = GOO00 ELEMENTS FOR A DENSE MATRIX, 
LALLS FORMA SUBROUTINES 0 - e  NONE USED- 
LODED PY RF HRUDA- APRIL 1969- REVISED NOVEMBER 1970- 
4ODI F I E D  FOR CONTRACT NAS8-2 5922 9 MAY l 9 f l o  

INPUT --- 
CARD 1 = l F f N T T ~ T A P E I D ~ M T l ~ M T 2  FORMAT ( 2 A 6 ~ 1 3 9 I 5  I 
CAPD 2 = LFIS*LN€ FORMAT (2151  
CARD N = 10 Z E R O S  ( R E S T  OF CARD BLANK) FORMAT (110) 

V A R I  ABLF S 

I N I T I L  9 NT2 WILL PE I N I T I A L I Z E D  AND UPDATE WILL 

N P I N I T  9 UPDATF WILL BEGIN AT END OF DATA ON NT2- 
STOP 9 PROGRAM WILL RE STOPPED- 
TAPE 1.D- FOR TAPE THAT I S  TO FE I N I T I A L I Z E D  !EG TL234)- 
L F G I C A L  NUPBER OF THE TAPE TO BF READ FROM ( E G  11)- 
LVGICAL NUMPER OF TNF TAPE TO RE WPlTT€N ON ( E G  10)e 
STARTING LOCATION NUMBER O F  AN UPDATE BLCKK- 

START AT PEGINNING OF NT2- 

ENDING LOCATION NUMGER O F  THE UPDATE BLOCK, 

(MATRICES WITH LOCATION NUMBERS LNS THRU LN€ WILL RE UPOATEOI 
0, INEICAT€S END CF TAPE. 

I M I T I L 7 1 2 3 4  11 10 UPDATE FROM I1 ONTO YO A M )  I N I T I A L  10 AS T1234-  
5 9 UPDAT€ FROM M A T R I X  5 THRU MATRIX 9 9  

2 2 UPDATE ONLY M A T R I X  29 

0000000 000 RETURN TC CALLING PPOGPbM. 
19 0 UPDAT€ FROM MATRIX 19 THRU END OF TAPELO- 

NOINIT 12 10 UPDATE FROM 12 dNT0 10 (IF REQD) 
14 2 4  
3 7 
9 1 2  

0000000000 
STOP 
BE?A-CARD. 



"i: 
C 
C 
C 

DIMENSION A(40000)  
DATA NIT? NCIT/5?6/ 
DATA ZpNSMAX, EOT? I D E N S E I  * 0 . 9 4 0 0 O O  r3HEOT,5HDENSE/ 
DATA NLPP/54/ 

C 
1001 FORMAT (2A6rI3915)  

2001 FCPMAT (1H1 4 f X  6kUPDATE 2 1 X  BHPAGE h'Po I31 
2002 FFRMAT ( /  ZbX35HLISTING OF MATRICES CN L@GICAL UNIT I3q7H.  T'PE A 6 )  
2003 FORMAT (I  20X3SHLISTTNG OF MATRICES ON L O G I C A L  U Q I T I ~ ~ ~ H I  TAPE- A 6 9  

1002 FORMAT ( 2 1 5 )  

* 1 2 H  (CONTINUED) 1 

-+ 
* 27X 3H---SX6H------ 4x6H-0- -4x5)i---- 
* 4X5H---- 3X6H----- 

2004 FORMAT ( 26X 5 1  (3H-I  f 27X3HNOo3X7HRUN NQ-4X4HNAMESX5HNROWS 
4 x 5  HNCO LS 4 X  4H DA TE 1 

2005 FORMAT ( 2 5 X ! 5 ? 3 X A b ? 4 X A 6 9 3 X I 5 , 4 X I 5 , 4 X A 6 )  
2006 FORMAT ( /  27X l4HEfvD nF UPDATE.) 
2007 FORMAT ( / /27X b l h T H F  FOLLOWING DATA W A S  UPDATED FROM 1 k P E  A b  /I  
2008 FORMAT ( 2 C X  63 (1H-1 / 27X3HF?0,3X?tiRUN N0-4X4HNAfltSX5HNROWS * * 

* 4 X 5  H----- 3XbH------ / I  

* / 12X 5HLNS = 1595X 5HLNE = 159  
* 1 27X 35HUPDATF CUNTINUFS FOR RFST OF INPUT./) 

4 x 5  HNCULS 4X 4H DA fE 1 
2 7 X  3 H ---3 X 6  ti----- 4X6H---- -4X5H---- 

3001 FORMAT (/ /2SX 42HTYE FOLLOWING INPUT DATA HAS NOT EXECUTED? 

3002 FORMAT ( / /27X 42HMAX S l Z E  EXCEEDED I N  THF FOLLOWING MATRIX, 
* / 25X 15 9 3 X A 6  9 4 X A 6 r  5 x 1 5  94x1 5 14X A 6 9  
* / 27X 28HTHIS M A T R I X  WAS NOT UPDATED, * / 27X 38EUPDAlE CONTINUES FOR REST OF MATRICES./) 

C 
C 
C 
C READ I N  HFADEF CAPO AND I N I T I A L T Z €  CONSTAKTSo 

READ ( N I T ~ l ( i 0 1 )  f F I k I T ~ T A P E I D ? N T l ? N T 2  
I F  ( I F I N I T  . E Q o  4HSTOP) STOP 
L N l  = 6 
LN2 = 1 
NPAGF = 3 
W R I T E  (NOT92001 N P A G E  

C 
C REWIND TAPES, DEFINE N T I  TAPEID, AND I N I T I A L I Z E  NT2 I F  NECESSARY. 

REWIND N T l  
RFWIND N 1 Z  
RFAD ( N f l )  T 1  
REWIND N T I  
IF  ( I F I F J I T  ,NE. 6 H l N I T I L )  GO TO 111 
W9 IT€ ( NTZ 1 TAP€ I D ,  LN2 EUf? (2 ? I = l r  2 6  1 
REWIND NT2 



UPDATE-- 3/ 4 ------------ 
L I S T  ANY E Y X S T I N G  MATRICFS ON T20 

111 RE6@ (NT2)  T2 
REWIND NT2 
WRITE (NOT92002) NT2112 
WRIT€ (NCT92004) 
NLINF = 1 
GO T O  113 

112 NPAGE = F l P A G E * l  
WRITF ( N C T ~ 2 0 0 1 )  frPAGE 
% R I T E  ( N C T t 2 0 0 3 i  NT2tT2 
W R I T F  (NOT9.2008)  
NLINE = 1 

I13 READ (Nu72 1 T2rLN291FOTCK9 IRUNNOiANAME rNRtNC,ICATE 
IF ( IEC'TCK oEOo 3hE0T) GO ?O 116 
REbD (NT, 1 

ICHK = I P l W N O  
NLINF = N L I N E + l  

I F  (IRUNNC' .€Q- ICHk) GO TO 115 

WRITE fMOTp1001) 
115 WRITE (NOTw2005) L N ~ ~ I R U N N O T A N A M € ~ N R I ~ . T I D A T E  

NLINE = NLINE+P 
I F t N L I N E  .GT. (NLPP-7)) GO TO 112 
GO TO 113 

116 RACKSPACE F(T2 
WRITF (NOT92007)  11 
N L I N E  = N C T N € + 4  

-C 
C 
C 
C READ I N  DATA CARD AND POSITION T 1 -  

200 READ (NJJTi?OOZ) LNZrLNE 
I F  (L!US-EG.C)) GO TC' 500 
IF (LNSoLT.0) GO TO 401 
L N E l  = LMF 

NMATS = LNFI-LNS+I 
IF (LNEIoLToLNS) L N E l  = 9000 

1F (LNS.EO.LNl+l) GO TO 300 
I F  (LNS*GToLNI+l )  GO TO 201 
REWIND NT1 
L N I  = 0 

201 NUM = LNS-LNI-1 
I f  ( N t 1 M o F C o O )  GO TC! 300 
D@ 202 NC'=lrNUM 
R E A D  ( N T I  1 T I  r L N l  TIfiOTCK 
IF ( IEPTCK o L Q o  3HEOT) GO TO 401 

202 R E A D  ( N T 1 )  
C 
C UPDATE A R L O C K  OF &MATS M A T X l C F S  FROM fl ONTO TZ,  
300 DO 305 N=ltNMATS 

IF(NLIN€ .LTo (NLPP-7))  GO TO 301 
NPAGE = N P A G E + I  
W R I T E  f N @ t  92001 1 N P A G f i  
dRlTE (MPT92003)  NT2eT2 
WRIT€ ( N O T r 2 0 0 8 )  



UPDATE-- 41 4 
--------I_- 

NLINE = 1 
301 READ ( N T l )  T l ~ L N l ~ I E O f C K ~ I P U N N O r A N A M E , N R ~ ~ ~ I D k T E  

I F  (XEOTCK .EO, 3HEOT) GO TC! 2GO 
I F  f I C H K  -EQ. IRUNIYOI GO TO 302 
NLINE = NLINL_’+I 

I C H K  = IPLINNO 
WRITE (N@T,1001)  

302 NS = NR*NC 
I F  (NS.GT,NSMAX) GC TCI 304 
WR T T E  
READ (NT11  ( A ( I ) r I = 1 , N S )  
WPTTE I N T Z !  ( A f I ) r J = l , N S )  
W R I T E  (N@T,2005) LN2t IRUNNDvANAMErNR,NC TIDATE 

I FIT2 1 T2r L H 2 r  Zr IRUNNOIAMAME rNR,NC r IDATE t IOENSE 9 t i :  9 I=lr10) 

LN2 = LN2+1 
NLlhSE = N L I N E + l  
G@ TO 3C5 

READ ( N T I )  
N L I N E  = NLXNE+8 

GO TO 200 

304 W R T T F  : :m~,3002)  LN~,IRWN~+ANAME,NR,NC ,IDATE 

305 CONTINUE 

C 
C 
C 
C ERROR MESSAGF.  

401 W R l T F  (NOT93OO11 CNSpI-NE 
REWIND N T I  
L N l  = 0 
NLINE = NLIME+S 
GO TU 2CO 

C 
C EN@ OF UPDATE. 

500 WRTrE f N T 3 )  T 2 t L N Z , € O i ~ ~ Z ~ l = l r l b )  
ENDFILE NT? 
PEWXND MTZ 
W R l f E  (N07 ,1801)  
W R I T E  (NOT,2005)  LN2,EOT 
W R I T E  (NOT,2006) 
R E TUkN 
END 



L 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 

-i 
C 
C 
C 
C 
C 

UTAUl FFPFOPMS THF OPERATION ( Z ) = (  ( ~ ) f R F ~ S ~ C S € ) * ( A ) * ( U )  

UTRUl CAN ALSO PERFORM THE GP€RATIUN 
WHFRF U I S  PN U P P E R  T Q I A N G U L A R  M A T R I X  

( A 1= ( (11 )TRANSPUS E I*  ( A  )* QU 1 BY CALL UTPU! ( A, U TA~--ETC--) 0 

I F  N TS NFGATIVE A SI'MMfrTRIC ( 2 )  IS CC!MPUTED- 

M A X I M U M  SIZE N = 5 0 0  

INNER PRODUCT SUMS FQE PERFORMED I N  DOUBLE PRECXSION- 

FOPMA 5UFROUTINE ZZFCtMF 1 5  CALLED- 
CODED B Y  JC!E-;N ADMIRE * N A S A *  AUG lQ72 
LAST REVlSlCN 6 Y  RL WOHLEN- APkIL 1976- 

ARGUMENTS 
A - INPUT M A T R I X  ( A )  S I Z E ( N  BY N )  
U - INPUT UPPER TRfANGULAR MATRXX (U)  S I Z E ( N  P Y  N)  
2 - CUTPWT M A T R I ! '  f Z )  SIZF(N by N )  
N - I N P V T  E@S(N!  NUMBER OF KUUS AND CULWMNS IN ( A ) ,  tu) AND (2) 
K R A  - TNPUT P.OW DIMEN5ION OF ( A )  I N  CALLING PROCRAM 
KRl '  - INPUT ROU O I M E N S f ? N  PF ( V I  I N  CALLING P R C G P L M  
K R Z  - INPUT ROi i  n1MENSION OF. (2) I N  CALLING FKQGRAM 

NEPROR EXPLANATIONS 
1 = SIZE FXCEELJANCE, 
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c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.C 

L 
c 
C 
C 
C 
C 
C 
C 
C 

UTAUCI PF W O R M S  THE OP€RATION (2 1 = I (U) TRANSPOSE) * ( A  I * (  U) +( C) 
WHERE (I!) IS AN UPPFR TRIANGULAR M A T R I X  
U lAUCI  CAN ALSC' PFRFORM THE OPEZATIONS 
( A I =  ( ( L1) TRANSBGSE I* ( A  ?* (U )+ (C 1 RV CALL UT AUC X ( A  rU rC * A  +--ET(;-- 1 
t C 1 = t ( U I TRANS PCS f )* (A  I* (U 1 + ( C  1 EY CALL UT A U C  1 ( A  *C ,C ,-E?C-) 

IF N IS N E G A T I V E  A SYMMETRIC (2) IS COMPUTED- 

M A X I M U #  SIZE N=500 

INNFR PRCDUCT SUMS ARE PERFORM€[: IN DCUBLE PRECISION.  

fCPMA SUI3RC'UTIME ZZPCME IS CALLFDo 
CODED BY JC'HN ADMIRE *VASA* AUC 1972 o 

L A S T  REVISION @Y RL WCIHLENo APRIL 1976, 

A - INPUT 
U - I M P U T  
C - INPUT 
2 - 0tiTPL:T 

K R A  - I R P U T  
KPU - INPUT 
KRC - INPrfT 
K R Z  - IRPUT 

N - r w u ?  

AR GUM€ NT S 
M A T P l X  ( A )  *DESTROYED* SIZEIN BY N )  
UPPER TRIANGULAR M A T R I X  (Ut S I Z E I N  B Y  N )  
M A T R I X  (C) S X Z E t N  BY N )  
M A T R I X  (2) SIZE(N EY N) 
A B S t N )  NUMBER OF R[MS AND CFLUMNS INIA)t(U)r(C) AND IZ) 
ROW DIMFNSION OF ( A )  I N  CALLING PROGPAM 
P @ W  D I M E N S I O N  OF (U) I N  CALLING PROGhAM 
RCM DIMENSIQN OF (C) IN C A L L I N G  PROGRAM 
ROW O l M E N S I O N  OF (21  I N  CALLING PROGRAM 

N€RPOR EXPLANATIONS 
1 SIZE EXCEEDANCE- 

IVM=IABS l N ) 
NERROR = 1 





"C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

VECTRR (3-DIMENSICNAL) CR@SS PRODUCT- ( V A ) C R Q S S ( V B I  = ( V Z ) *  
CODED P.Y R F  HRUDA- OCTOBER 1966. 

SUGROUT 1 N € ARGUMFNTS 
VA = INPUT VECTOR A -  
VB = INPUT VECTGR € 3 -  
V Z  = @ U T P U T  VECTCIR 2 -  
VAMAG = O U T P U T  MAGNITUDE OF VA-  
VfiMAG = O U T P U T  M A G N I T U D F  OF VEo 
VZHAG = OUTPUT MAGNITUDE @F VZo 
S I N A B  = OUTPUT SINE OF THE ANGLE BETWEEN VA AND V 6 0  

C 
S A  = 0.0 
se  = 000 
S Z  = G - G  
DO 10 I=IT3 
SA = S A  + V A ( I ) * * Z  
SP = se + VP. (? ) * *2  

10 sz  = YZ + VZ~I)**2 
VAMAG = S O R T ( 5 A )  
VPMAG = S Q P T ( S B 1  
VZMAG = S O R T ( S Z )  

S ? N A 6 = VZMAG /I VA MA W VE MA G 1 
I F  (VAMAGoLT.1 -E-30  -OR- VRMAGoLT.1-E-30) GO TO 20 

I F  (S iNAP. .GT.+ ImO)  SINAB = + l o @  
I F  ( Z I N A B - L T o - I o G )  SINAB = -1-0 
RETURN 

C 
20  SINAP = 01 

RETURN 
END 



"C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- 
L 

VECTOR (3-DIMFNSIVNAL) DOT PRODUCT- (VAlDUTtVB)  = PRU'DCT- 
CODED BY RF bRUDAo OCTOGER 1968. 

SUPROUTIN E ARGUMENTS 
VA = INPUT VECTCIR A o  
VB = INPUT VECTOR 8 ,  
PRODCT = CUTPUT SCALAR PRDDUCT OF (VAIDOT(V6)o 
VAHbG = OUTPUT MAGNITLID€ OF VA, 
VBMAC = PIjTPUT MAGNITUDE PF VSo 
COSAG = CUTPUT CDSIME O F  THE ANGLE BETWEEN VA AND Vlr. 

SA = 00 
SP = 0 ,  
PROflCT = 0, 
D@ 10 I = l r S  
5 &  = SA + V A I l t * s c * 2  
s e  = SB + V@(I)**Z 

VAMAG = S C F T I C A )  
VEMAG = S C f t T ( S S 1  

COSAP = PRCDCT/(VAMAG*VBMAG) 

10 PRnDCT = PFfOCT + V A I I I W B ( 1 )  

I F  ( V A M A G - L T - I  ,E-30 *@Re V P M A G - L T - I - E - 3 0 )  GO TO 20 

IF ( C P S A P o G T . + l . O )  C W A 6  = + Y e 0  
I F  ( C O S A B o L T o - 1 - 0 )  CCSAG = -1.0 
RETURN 

20 CCSAB = 0 -  
RETURN 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

SUERCUTIVF TC INTEGRATF PREZSIIRE OR WEIGHT DISTRIBUTION TC O B T A I N  
SHEAR AND MOMFNT AT k SET OF PRFSCRIBED STATIONS I X V E C ) ,  W E  PRESSURE 
OR WT D I S T 2 I B U T I O N  IS b.MPLIFI€D € Y  AN AMPLIFICATION D lSTRIEUTICN ( A M P )  
CONCENTRAfFD M A S S  ITEMS ( C C N )  USE 2 AMPLIFICATICN FUNCTIONS IN GENERAL 
AMP A L W A Y S  AND TDD -ITFETA DCUf3LF 301)- I N  THE EVFNT CF THERE BEING 
A NON-ZFRD DISTAMCE FETWEEN ATTACH POINT AND CG, OR I F  TEERE I S  LOCAL 
CONCENTRATFD INEPTIA.  IN ANY C A S E ,  AMP AND T G f *  MUST ALWAYS BE DEFINED 
(FOR EXAMPLE -. M A Y  6 E  UNITY Ck ZERO I N  COLUMNS 3 AND 4). 
NOTE 5, * 

1) THE DISTRIBUTED DATA (DISrAt.'*pAND TOO) RUST HAVF THEIR SEGMENT 
L I M I T 5  I N  ASCENDING OFDERT THE SEGMENTS MUST NOT OV€RLAP AND 
PUST FIE I N  ASCENDING ORDER, 

(GAPS FETWEEN S€GhYIENTS). THE VALUES CN THE INTERVAL ARE ASSUME3 
2) CN ANY INTERVAL WHERE DISTRIBUTED DATA I S  NOT DEFINED 

TC RE ZFR@, 
3 )  TPF CnNCFNTPATFD IT€l'tC MAY BE SUPPLIED I N  ANY ORDER (ROHWISflo 

CALLS FCWA susmin~tw Z Z E O M E .  

LAST REVISION &Y W A  e E w x E L o .  MARCH 1076, 
CODED BY C L R L  BODLEV, AUGUST 1966, 

SURRCUTINE ARGUM€MTS I XVEC 
G 
C D I S  
C 
C 
C 
C 
C 
C CON 
C 
C 
C 
C 
C AMP 
C 
C 
C TDD 
C 
C 
C CUNVRT = 
C 
c t V  
C ZM 
c NX 
C N3 - - NC - 
i 
1 NA 

c MTnO = 
C K D I S  = 

- - 
- - 
- - 
- 
- 
- - 

= INPUT VECTOP OF STATIONS WHEPE fHEAR fiND MWENT ARE DESIRED- 
S I Z E I N X ) ,  5TATIONS MUST @E I N  ASCENDING ORDER. 

= I N P U T  MATRIX CF DISTRIPUTEO WEIGHT (OR PR€SSURE) STRAIGHT 
L I N E  SFGNENT DETA. S I Z E ( N D t / r I r  SEE NOTES 1920 
CGL 1 = X AT SEGMENT END :e 

COL 2 = X AT 5EG;4ENT €NO 2, 
CCL 3 = WEIGHT AT SEGMFM? FND 1, 
CCL 4 = W€lGk!T AT SE-GHFNT FND 2- 

= INPUT MATP,IX O f  CCNCENTRATEC ITEF! DATA. SIZE(NC9+), NOTE 3- 
CPL 1 = ATTACH STATION QF XTEM. 

CCIL 3 = CENTER OF GRAVITY OF ITFM. 
CCL 4 = MOMFNT QF INERTTb A$(?UT CG OF TTEM. 

CFL c = M A S S  O f  ITEM, 

= INPUT MATRIX OF DISTRXeUTEO AMPLIFICATION STRAIGHl  L I N E  
SEC-iYENT DATA, S I Z E ( N A 9 4 ) -  SEE NOT€S Lt2- 
CCLUhNS AR€ S I M I L A R  TO O X S -  

= 1!+4?tlT MATRIX OF SUPPLFMENTAFY 01 STPIBUTED AKPLIFICATION 
ZTRAIGPT L I N E  YECMFNT DATA, S I Z E ( N T D D 9 4 ) -  NOTES 1 ~ 2 -  
COLUMNS ARF S I M I L A R  TO 01s- 

I R P U T  

nlJTPU7 
DUTPVT 
'INPUT 
IYPb 'T  
JNFUT 
INPLrT 
TNPVT 
INPUT 

CONVERFION SCALAR- (MULTIPL IES COL 394 OF DIS AND 
c r L  2.4 t l ~  CON) ,  
VECTCK O F  SHEAPS AT THE STATIONS XVEC-  S I Z E ( N X ) .  
V € C T O R  O f  MOMENTS AT THF STATlONS XVEC- S I ? E ( I Y X ) e  
S I Z E  OF VECTOR' XVECt 2 V v  AND ZM, 
NUMPFR OF SEGMENTS ( R @ W S )  CIF DXS,  
NUMErFR O F  CC'NtFNTRbTED ITFMSr  (SCW5 GF CON), 
NUMP€R GF SEGMENTS ( R O W S )  CF AMP. 
NUMPFP OF SEGMENT: ( R O W S )  PF TDD, 
ROW D I M E N S L G N  QF DIS I N  CALLING PROGRAM, 



c .. 
'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
c 

KCUN = INPUT PC7W D I M E N S I O N  OF CON IN C A L L I N G  PROGRAM- 
KAMP = INPUT ROW DIMENSION OF AMP I N  CALLING PROGRAM, 
KTDD = INPUT ROW DIMf5NSIUN CF TDD I N  CALLING PROGRAM, 

NFR RCR EX PLANATICN 
1 = NON-POSITSVE SIZES-  
2 = SlATTONS NOT 1N ASCENDING C?RDER, 
3 = INCCRRECT DATA I N  MATRIX AMP. 
4 = I N C O R R E C T  DATA IN MATRIX AMP- 
S = INCORRECT DATA IN M I t l R I X  TOO-  
6 = INCCRRFCT DATA I N  FATRIX TOD. 
5 = I N C O R P F C T  DATA I N  KATRIX 01s-  
8 = INCORRECT DATA I N  HATRIX D1S. 

OC' 10 K = l r K X  
Z V ( K )  = 0-0 

10 Z M i K )  = (1.0 
NERROR= 1 

I F  (NX eLF- 0 -OR- NA -LE- 0 -OR- NlDD oLEo 0 )  GO TO 999 
IF (NX - E € -  1) GC TO 47 

NE RROR =2 
LC' 40 I = 2 t N X  
K = I - 1  
I F  ( X V F C t K )  OGEO X V E C ( 1 ) )  GC TU 999 

40 CONTINUE 
4'7 NERROR=3 

I F  ( A M P ( l r 1 )  - G F o  A P l P ( l r 2 ) )  GO TO 999 
I F  (NA -EC'e  1 )  GO TU 48 
NAMl = NA - 1 

DO 30 T = l  , N A M l  
K = I + l  
I F  ( A M P ( I v 2 )  oGTo A M P ( K r l 1  -OR- AMP(Kt11 &Eo AMP(Kt2))  GO TO 999 

N€RROR=4 

3 C  CONTINUE 
48 NERROR=5 

IF (TDD(1, I )  DGE- T D D ( l 9 2 1 )  G O  TO 999 
I F  (NTDD''-FQe 1) GO T O  49 
NTMl = NTDD - 1 

NE KROR =6 
DO 35 I = l  vNTM1 

I F  ( T D n t I v ? )  OGT- TDD(Kt1)  oOR- T O D t K r l ~  oGEo T D D ( K t 2 ) )  GO TU 999 
K = 3 + 1  

35 CCNTIVUE 
49 I F  (ND o E 6 . m  0 )  GO TC 85 

NE RROR =? 
I t  ( D I S ( I r l 1  - G F -  D I S ( 1 , P ) )  GO TO 999 
I F  (NC . t O -  1 )  GO TO 5 1  
N O M 1  = ND - 1 

N E R R O k = 8  
DO 20 I = l , N D M X  

I F  (OTS(It21 -GT- D I S ( K r 1 )  -OR- D I S ( K t l 1  - G E *  D I S ( K t 2 ) )  GO TO 999 
K = I + l  

20 CONTINtrT- 

D ISTR IRUTE 0 DATA 
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V M T R I  

'C 
C 
C 
C 
C 
C 
C 
C 

GENERA?€ TFANSFORMATXON M A T R I X  T O  G I V E  SHEARS AND BENDING MOMENTS IN 
TERMS OF FORCFS AND MCMFNTS, 
C A L L S  FORMA S l lBROUTINE ZZBOMB. 
CODFD BY C BC'DLFY- J U L Y  19650 
L A S T  R E V I S I O N  6Y HA BENFIELD- MARCH 19760 

5 UB R OUT I N  E AR GlIM FNT S 
C PP = I N P U T  
C 2 = OUTPUT 
C NPP = INPUT 
C NZ = OUTPUT 
C KZ = I N P U T  
C 

VECTOR OF P A N E L  P O I N T  STATIONS. S I Z E ( N P P ) o  
SHFARtMOMENT TRANSFORMATION- SIZE (Z*NPPTZ*NPP)- 
hrUMBER @F P A N E L  POINTS,  
C I Z E  nF SH€AR*M@MLNT TRANSFORMATION- (NZ=2*NPP). 
ROK D I M F N S I O N  OF 2 IN C A L L I N G  PROGRAM- 

C N t  PREP E X P L A N A T I C N  
C 1 = L E S S  THAN 2 P A N F L  P O I N T S -  
C 2 = PANEL P O I N T S  N O T  I N  I N C R € A S I N G  ORDER- 
C 

NERROR=l  

NE RR OR =2 



WRITAN-- I /  2 
--.)---I-- 

SURROUTINr WP.TTAN ( IA ,NFi,NC ,ANAME,KRI 
DIMENCIQN TP(KR,1) 
C CM M ON 
DATA N I T , W T / S ? 6 /  

t L L I NE /N L 1 N E, MA XL I N  ? M I N  1 

C 
C HRITE MATPIX Cf- ALPHA-NUMFRIC CHAQACTEPS ( A 6 1  ON PAPFR, 
C REQUIRFS 1 3 2  CCLUMN ( M I N I M U M )  PRINTER. 
C UP TO 20 DATA F I F L D S  PER LINE- PRINTS ONLY NUN-BLANK FIELD ROW50 
C CALLS FORMA S U R R O U T X N E  PAGEHD- 
C CODED BY JOHN ADMIPE *NAS* O C f  1914- 
C 
C SLlEROUTINF A R G t J M F F T S  :ALL I N P l I T )  
C I A  = M A T R I X  TO R E  PRINTED- SIZE(NRcNC)m 
C N R  = NI'Y€'?p C'F RCWS IN hATPIX I A .  
c NC = NUMBER OF C C L S  I N  MATRIX I A -  
C ANAME M A T R I X  IDENTIFICATION- ( A 6  F O R M A T I -  
C K R  = RGV GPMEP'YION 3F I A  IN CALLING PROGRAM. 
C 

2010 FORMAT (.'/15H PUTPUT MATRIX A C ~ T L ~ X  I H ( T 4 r Z H  X 14r2h 1 // 

2020 FORMAT (/ /15H C'UTPUT M A T R I X  A 6 t 2 X  y H ( 1 4 ~ 2 H  X 1 4 t 2 H  1 * 3)r T 9 H C O R 1 I N U E t J  / / 1 2 X , Z O ( L X , l H (  I2rLH) ,I% ) / I  
1030 FORMAT ( 1 X T 214 T ~ X  r2UA 6 

* 1 2 x 9 2 0  ( 1 x  T 1H ( I2 t l H )  1x ) f * )  

2040 FOPMAT (15WEND 01 WRITAN.) 
2050 FORMAT 4 11x131 ( 1 H - I  1 

C H E C K  I F  NFW PAGE NEEDED 

U R I T ' E  M A T R . Z X  
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WR?TE -- 1/ 2 

SUBROUTINE WRITE ( A ~ N R I N C ~  ANAMEvKR 1 
DIMENSICIN A ( K Q q 1 )  
COMMON /LL 1 N E  /NLINE9MAXL I N  9 M I f d l  
DATA 14 I f pNOT/596 /  

C 
C WRITE MATRlX DF REAL NUMBERS DN PAPFRo 
C REOUlPFS 123 COLUMN (MINIMUM) PPINTERo 
C UP TO 30 PA’I’A FXFLCIS PFR C I N F o  PRINTS ONLY NWV-ZERO FIELD ROWS- 
C C A L L S  FL’RMA SUqROUTXNE PAGFHDo 
C COD€?, P Y  P L  WOHLEK. PECEMBEH 196P- 
C MCDIFIEG P Y  JOHN A D M I R E  *NASA* SEPT 1973 
C 
C SUBRWTINE APGUMENTS (ALL INPUT) 
C A  = MATRIX TO DF PRINTED. S I Z F ~ N R I N C ) ~  
C NR = NUMREF OF RCIWS I N  MATRIX A ,  
c NC = NUMPEF O F  CO1.S I N  MATRIX A o  

C ANAME = M A T R I X  IDFNTXFXCATION- ( A 6  FORMAT), 
C KR = RiJW DIMENSIOPi OF A I N  CALLXNG PROGRAM- 
C 

2010 FORMAT ( / / 15H CUTPUT MATRIX A 6 , Z X  l H ( I 4 p P H  X 1492H 1 // 

2020 FORMAT ( / /15H OUTPUT MATRIX lH(149lH X I492H 1 
* 1 0 X t 1 0 ( 7 ~ 9 1 ~ !  I 2 ~ l H l  )/I 

* 3 x 9  9HCCNTlNUFD / / I O X 9 1 c ( ? X , l H (  1 2 ~ 1 H )  ) / I  
2030 FOPMAT 
2040 FORMAT (14HOEND OF WRITE, 1 

( 1 )I 9 21 5 ~ 2 %  9 1  P1 OE 11 -4) 

2050 FORMAT l l I X 1 2 3 ( 1 H - l )  

i 
C 

CHECK IF $JEW PAGE NtEDEU 

I r - (MTNl  ONE* 4HMINI )  GC TI2 10 
IF (NL1NF -LEO 5 - O R -  NLINE o G E o  MAXLIN) GO TC! 10 
NRC =NC/ X 0 
lF(NBCs1O ,NE. NC) iJBC=NEC+I 
NNL=IO+NR 
I F l N R C  .GTo I )  NNL= 9+NR*(NPt+ l )  
IF(NNL+NLINE .GT- MAXLIN) GO T@ IO 
WRITT(NCT,205O) 
NL INE=N L 1  NE+2 
GO TO 20 

10 CALL PAGEHD 
C 
C WRITt M A T P I %  
C 

20 KK;TF (NET ,701 C 1 ANAME TNRT NC ( L T L = I  9 LO 1 
NLINE=NL I N F + 6  
DC 90 I = I s V P  
N 2 € P  n=u 
JS=I 

30 JF=J5+? 
I F ( J E  oGT. h‘C) JE=NC 
DO 40 J=J!rJF 

40 I F ( A P c ( A ( X 1 J ) )  .GI. 0.1 GO Tfl 5C 
GO Tf l  70 

5 0  NLINE=fVLINF+l 
IF(NLIE:C .LE- M A X L I N )  GC? TC 60 



C A L L  YAGFPD 
W R I T E  (MOT120201 ANAMETNRTNC, ( L T C = ?  ,101 
NL INE =NL I YE +6 

NZER@=l 

JS=JC+l C 
GC TI3 30 

?!I XNE=NLINE+l 

60 W R I l E  ( N O T t 2 0 3 0 )  I T J S I ( A ( I T J )  rJ=JS,JE) 

70 I F t J E  o F Q o  N C )  GO TO 80 

80 fF(NC .L€ -10  oOR-  NZER@.EO* 0 .OR. I eEC'e NR) GO TO 90 

W R I TF i :!OT, 2030 1 

WRITE (N'3Tv 2040 1 
YO CONTIRUF 

NLINF=NLINE+Z 
RETURN 
END 





WRIT IM- -  21  2 
u_---- 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
.c 

- 
L 

C 
C 

C 
C 

WRITE WATPlY A ON TAPE, 

REWIND TbPF F.€F@P€ F l R S T  USE DF THIS SUPRCUTINE,  
NOTE,,,THIL RfUT?'.k XS O € S I G N ' t D  SPECIFICALLY FOR W R I T I N G  CN A D I S K  

I N T T I R L f Z E  TAP€ WITH SUPRCUTINE INTAPE 

(FG CDC-c. -00 D I S K ) .  UbING THIS PC'UTTNF TO WRITE ON A PHYSICAL 
T A P €  DIPECTLY ( I €  WITHWT UC,IF(G THE L I I S k  AC AN I N T € R M E D I A R Y )  

CHAERCTFRISTICS OF A TAPE DRIVE 1 ANF SWULD B E  AVOIDED IF AT 
w r L L  P F r m t u  GIVE POCR RFWLTS ( D U E  TO WE T~XERANCF 

ALL P C S S I P L € c  
CALLS FCRMA 5UPRCL)TINF ZZF@MBo 
CODED RY H A FENFIFLD, HAFCH 1966- 
REVISFD EY F F  VRUDA, NCVEMBEh 1970, 
MEDIFlEU FCR CONTRACT NASb-25922, MAY 19710 

SUF.R@UTINF AQGUMENTS (ALL I N P U T )  
A = M A T P I X  TO P F  WRITTEN C'N TAPE. SXZE(NRA,NCA)- 
N R A  = NUMFFF PE- ROWS CF MATPIX A -  
NCA = NlIWFFR (?F COL? OF M A T R I X  A ,  
ANAME = WATRXX I D € N T I F I C A T l C N ,  ( A 6  F O R M A T ) .  
KR = FCW DIYFNSIfY! O F  CI I N  CALLING PROGRAh, 
NTAPF = NUMPFR OF TAPE, (€.Go 10)- 

NEPRCP FXPLENATIDN 
1 = NON-POSITIVE R@W OR COLUMR SIZE- 

1P;TERNCIL V A R I A P L E S  TI;AT ARE PUT ON TAPE (TRANSFERRED THRU COMMGN), 
XRUNNC I5 R U N  NUMPFR CF PRCBLFM, ( A 6  FCPMRT),  
DATE I S  DATE. ( A 6  FORMAT) ,  FOR EXAMPLE 1 5 F E 6 5 -  

FlERROR = 1 
I F  ( N R A  oLT- 1 -DR. NCA OLT- 1) GO TO 499 

SEARCH TAPF FPR €20 @F WRITTEN DATA- 
10 R E A P  ( \ !TAPE)  TAPEIII~LN,IEGTCK 

IF ( I F P f C K  -FQ- 3HEOT)  GO T(3 20 
PEAP (NTAPE) 
CG T(? 1 C  



RETURN 

999 CALL ZZBCMR (6HMTAPE rNERROR) 
END 



SUBRCNITIYF XLORD ( V I L V ~  LASWNNZA 1 
D IMENS I C N  
DATA h T T p W 1 / 5 1 6 /  

V (  1 1 p L V ( 1 ) .  W (2561 tLW ( 2 5 6  p I U (  1619 I L  (16) 

DATA LWDIM#256# 
C 
C ARRANGE FL€M€NT L W A T I P N S  ( L V )  INTO I N C R E A S I N G  ORDER- 
C RFARRLNGr FLCMENTC ( V I  ACCORDINGLV, 
C DEVEL@P€f, 1?Y P. A P t ' I L I P P U S o  OCTOPER 1 9 6 8 ,  
C L A S T  R E V I S I C N  BY UA F E W I E L D ,  MARCH 1916, 
C 
C SUbPOUTINF AKGUMfNTS 
c v  = INPL'T VECTCP- A ELEM€NT5,  *DESTROYED* 
C = OlITPtIT VECT@R, A ELEMENTS, ( A Q R A N G f D )  
c LV = INPU-.  VECTCR, ELEMENT L W A T I O N S  OF A, +D€STR@YED* 
C = nUTPUT VFCTOR- ELEMENT LCCATIONS O F  A- (ARRANGED) 
C LAS = TNPUT 5TART LCCATIC'N CF A I N  Vo 
C NNZA = I k P U T  NUMBEK CF NC!N-ZEROS I N  A D  
C 
C NER PC?P FXF L6VA.T I ON 
C 1 = TWC L T K E  LCCATION NUMRFRS FNCC'UNTEPED, 
C 2 = TWO L I K E  LCCbTIOPJ R ! M B ! 2 S  ENCC'UNTERED- 
C 3 = TWC L I K E  LOCATICN NUMBERS ENLCUNTERED, 
C 

3001 FZ'PMAT t S C b l T W D  L I K F  L C C A T I C N  NUMBERS ENCOUNTERED IN XLGRD ATI11/ )  
3005 FORMAT ( 5 ( 1 1 2 r E 1 2 0 3 ) 1  

C 
I F  (NNZAILE.l 1 RETURN 
L A F z L A 5  -1+R!NZA 
L A € M l = L A E - l  
NZEG-1 

C 
C QUICK S € k G C H  FOR 1 OR 2 C,EGrvi€NTSr 

NE RR OR =I 
00 5 I -LASpLAEMl  
I F  ( L V ! I I - L T . L V ( I + l ) l  G l l  TO 5 
I F  ( L V ( I I - F 2 ~ L V ( I + 1 ) )  GC TC 980 
NS F G=hlSE C + 1  
IA=T 
IF (NSEG-CT02)  GO TO 6 

5 CCNTINWE 
I F  (NTFGoFO.11 RETURN 
NMi S=I A-LAS+1 

C 
C CHOCSF F+:TWFFN M € S H  AND SINGLETON F?ETHC!DS 

FYNZA = NNZA 
FhNJtS = NNZC 
)r = FYNZS/fNNZA 
DESCID = 6LQO./ (FNNZA + 1 4 2 G o )  
I F  ( X  m C - 1 ,  G E S C T D )  GO TC! 6 

C 
C MESHXIuG M E T H C G  - 

L B S  = L A 5  
LF.E=LPC-l + R N Z S  
LCS=t.r?F + l  



t.C€ = LAE 
IR=L@S 
I C = L C S  
I W = C !  
IZ=LBS-l 

50 

55 IW=IW+l 
IF ( Lv  m I -LV ( rc 1 t 65,992.55 

w ( I W  )=V ( IC 1 
LwtIw)=LV(xC) 
I c=  IC+1 
NN= 1 
I F  ( J W e E Q o L W D I M )  GC' TO 95 

60 I F  (IC-GT.LC€) GO T O  75 
GO TD 5 0  

w t 'Iw )=V ( I8 ) 
LW ( I W ) = t V (  IE) 
I P = ? P + 1  
NN=2 
I F  ( IWeEQoLkDIM) GO T O  95 

GO TO 5 0  

I=IC-l 
DO 80 J=l*NELTM 
V t I ) = V (  LPF 1 
LV(I)=LVfL6E) 
L B E = L E E - l  

65  IW=IW+l 

70 I F  ( IBeGT.LbEi  GO TO 85 

75 NElTM=LFE-IP+I 

8 0  I=I-I 
85 I F  ( 1 W e E C . C )  RETURN 

DC! 90 I=l t f W  
I Z = I Z + l  
V(IZ)=W(I 1 

90 LV(IZ)=LW(I) 

95 NFLTM=LEE-IB+l  
R E  TURFJ 

I = IC-1 
DO 100 J = 1  rNELTM 
V (  1 ) = V (  L R E  1 
L V (  I ) = L V (  L B E )  
LSF=LR!E-l  

I P = I F  +I -LEE 
L BE= IC -1 

IZ=IZ*Y 
v ( 1 2 1 = u 1 I 1 

I w=o 
GC T c  (mr7w,m 

100 I = I - 1  

o r  l o a  I=I,LWGIM 

105 L V ( T Z ) = L W ( i )  

7 
i 
'. SfNGLtTON WETiiCG 

6 M=I 

NE RROR=2 



I=LAS 
J=LAS-l+NNZA 

7 I F ( I o G E o J )  GO 7 G  170 
110 K = I  

I J = ( J + I ) / 2  
I T = L V ( ? J )  

LV(  I J)=LV ( I  1 
L V ( I ) = I T  
I T = L V (  I J )  
TG=V(IJ) 
V ( I J ) = V (  I )  
V ( I )=TG 

I F ( L V i I ) . L F m I T )  GO TO 120 

120 L = J  
I F ( L V ( J ) o G F - X T )  GC TO I40 
L V ( I J ) = L V ( J )  
L V (  J ) = I T  
IT=I .V(  1 3 )  
TG=V(  I J 1 
V (  1 J  ) = V (  J ) 
If ( J  1 =TG 

L V (  I J ) = L V ( I  1 
L V ( I ) = l T  
T T = L V ( I J )  
TG=V( I J 1 
V ( I J ) = ’ / t I )  
V ( I )=TG 
GG TO 160 

130 L V ( L ) = L V ( K I  
LV ( K ) =  TTT 
f G = V  ( L  1 
V ( L  ) = V ( K )  
V(K ) = T G  

i ( L V ( f ) o L E . I T I  60 TO 140 

140 L=L-I  
I F ( L V ( L I o G T - I T )  GO TO 140 
I TT=LV( L ) 

I F ( L V ( K ) . L T . I T l  GC TC 1 5 0  
150 K=K+l  

I F ( K o L E . L )  GO TO 130 
IF(L-1oL.E-J-K) *C TO 160 
fL(M)=I 
I U ( M ) = L  
1 =K 
M=M+I 
G!2 TO 1EO 

160 I L ( M ) = K  
I U ( M ) = J  
J= L 
M = M + I  
GC T( 1 C C  

170 M=M-1  
I F ( M o F S e G )  GO TI! 2 I b  
I = I L ( M )  
J=YU(M) 



180 

190 

200 

C 
210 

215 

C 

I F ( J - I e G E e l 1 )  GO TO 110 
IF( IoEQ.LAS1 GO TO 7 
I=L’-l 
I = I + l  
I F ( 1 e E Q - J )  GO 7 0  170 
I T = L V ( T + I )  

T G = V f f + : I  1 
K = l  
L V f K + l ) = L V ( K I  
\ ‘ ( K + l  ) = V (  K )  
K=K-1 

1 F f L V I I ) o L E m I T )  GO TO 190 

I F ( I T m L T o L V ( K I 1  GO TO 200 
L V t K + l  )=IT 
V f K+l 1 =TG 
GO TQ 190 

DO 215 I=LAS,LAEMI 
NE RROR=3 

IF ( L V f T 1 m E Q o L V ( I + l l l  GO TO 990 
CON TT VU E 
R€TURN 

C ERRCK STATFPFNTS 
990 WRITE fNPT130011 L V ( I )  

992 W R I T E  (’1ZiT~30011 L V ( I B )  
995 WRIT€ (NOT130031 ( L V ( L 1  T V ( L ) T L = L A S T L A € I  

GO TO 995 

CALL ZZEQMS (ShXLURD 9NERROR) 
END 



ZFRO 

“C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

GENEPATE A M A T R I X  OF Z E R O E S -  
CODED BY RL !!OHLEN, FEE 1965, 

SU 8 I? OUT I N € AR GUM E NT 5 
2 = OUTPUT M P T R I X  GENFRATED- SIZ€(NRINC)~ 
NR = INP’JT NUMBER (?F ROWS IN MA’fRTX 2, 
NC = INPUT NUMBER OF COLS I N  M A T R I X  2- 
KR = INPUT ROW D I M E N S I O N  OF MATRIX  Z I N  CALLING PROGRAM- 

DI! 10 I = l t N R  
DO 10 J=l,NC 

10 Z ( I t J 1  = 0.0 
RETURN 
END 



2FROLH 

SUGRWTINE ZFRI\LH (AtN.KF.1 
DIMENSION A ( K R t 1 )  

‘C 
C SET LOWER HALF OF SQUARE M A T R I X  4 TU ZERO- 
C CODED BY RF HRUDAI FEB 1965. 
C 
C 
C A  
C N  
C KR 
C 

10 

SUBROUTINE ARGUMENTS 
= INPUT,  OUTPUT S U P P L I E D  AND RESUL? M A T R I X -  S IZE(NIN) -  
= INPUT S I Z E  CF M A T R I X  A (SOUARE) .  
2 INPUT ROW DIMENSION OF CI IN CALLING PROGRAM. 

DO 10 I = 2 r N  
T M 1  = 1-1 
00 10 J = l v I M 1  
A t l v J )  = 0-0 
R E TURN 
END 



"'c 
C 
C 
C 
C 
C 
C 
C 
c 

SF7 UPPFR HALF C F  S Q U A R €  M A T R I X  A TO Z F R O -  
CODED BY P F  HPUDAe FEB 19650 

SUBR@UT I N € ARGUMFNTS 
A = INPUT,  OUTPUT SUPPLIED AND RESULT MATR!Xo SfZE(N,N)- 
N = TMPUT S I Z F  OF M A T R X X  A ( S Q U A R F I -  
KR = INPUT R O W  DIMENSION OF A IN CALLING PROGRAM- 

DO 10 J=29N 
JM1 = J-1 
DO 10 Z t l t J M l  

IO A f X . 3 )  = 0.0 
F E T U R N  
END 



S?1BRWTINk 2 2 8 0 M B ( S U e N A M , N L R R O R )  
DATA ~ ~ I T T N O T / ~ ~ ~ /  

C 
\. ZZHClMB IS CALLFD WHFN AN E-RKCR HAS BEEN ENC,OUNTERED 
C Ih‘ A M A I N  PROGPAM CR SUPROUTINE. 
c ZZBC‘MR F€KF@RMC TH€ FOLLOWING 
C ( 1 )  PPINTS 7HE PROGRAM NAME AND FRRQR NUMBER WH. <E 
C E P R P K  OCCIJFRED, 
c ( 2 )  A WALK BACK I S  PRCDUCED 

C (4) PROGRAM IS TEP.MINATF@ 
C C n D F D  P Y  JL’HN A D F l I R F  * N A S A *  AUG 1972. 
c M O O I F T E D  5Y JOHN A D M l R F  *NPSA* DEC 1575 
C 
C ARGUMENT3 
C SUbNAM - TVPI’T StJC RQUTINF NA”E WHEPf ERROR OCCURREC, 
G NEKRCK - JFtPUT ERROR NUMbEK FROM SUBROUTINE WhLRE EkROR CCCURREL- 
C 

C 

C 

C ( 3 )  A r+tWP IS PRCIDUCED 

3001. F U R M A T ( Z O H 1 5 T O P  I I J  SbBH3!f11Nt A 6 9  13)i A T  NERRQR = I31 

W R I T E [ N O T , 3 0 0 i )  S U 6 N A M , N E R K @ R  

C P L L  S T P A C T  
CALL DUMP 
STnP 
END 


