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FOREWORD

This report presents results of the expansicn and improvement of the
FORMA system for response and load analysis. The acronym FORMA stands
for FORTRAN Matrix Analysis. The study, performed from 16 May 1975
through 17 May 1976 was conducted by the Analytical Mechanics Department,
Martin Marietta Corporation, Denver Division, under the contract NAS8-
31376. The program was administered by the National Aeronautics and
Space Administration, George C. Marshall Space Flight Center, Huntsville,
Alabama under the direction of Dr. John R. Admire, Structural Dynamics
Division, Systems Dynamics Laboratory.

This report is published in seven volumes:

Volume I - Programming Manual,

Volume ITIA - Listings, Dense FORMA Subroutines,

Volume IIB - Listings, Sparse FORMA Subroutines,

Volume IIC - Listings, Finite Element FORMA Subroutines,
Volume ILIIA - Explanations, Dense FORMA Subroutines,

Volume IIIB - Explanations, Sparse FORMA Subroutines, and
Volume I1IC - Explanations, Finite Element FORMA Subroutines.
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ABSTRACT

This report presents techniques for the solution of structural
dynamic systems on an electronic digital computer using FORMA (FORTRAN
Matrix Analysis).

FORMA is a library of subroutines coded in FORTRAN 1V for the effi-
cient solutisn of structural dynamics problems. These subroutines are
in the form of building blocks that can be put together to solve a large
variety of structural dynamics problems. The obvious advantage of the
building block approach is that programming and checkout time are limi-
ted to that required for putting the blocks together in the proper order.

The FORMA method has advantageous features such as:

1. subroutines in the library have been used extensively for many
years and as a result are well checked out and debugged;

2. method will work on any computer with a FORTRAN IV compiler;
3. incorporation of new subroutines is no problem;

4. basic FORTRAN statements may be used to give extreme flexi-
bility in writing a program.

Two programming techniques are used in FORMA: dense and sparse.
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I. INTRODUCTION

A listing of the source deck of each dense FORMA subroutine is
given in this volume to remove the "black-box" aura of the subroutines
so that the analyst may better understand the detail operations of each
subroutine.

The FORTRAN IV programming language is used throughout with the
exception of MSFC UNLVAC 1108 systems subroutines used in FORMA sub-
routines START, PLOT1, PLOT2, PLOT3 and ZZBOMB.
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II., SUBRQUTINE LISTINGS

The subroutines are given in alphabetical order with numbers
coming before letters.



ﬂﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬂ\

SUBROUTINE "AABB (ALPHA3AyBETA,B4ZsNRyNCoKR)
DIMENSION A(KRs1)s B(KRy1l)y Z(KRy1l)

MATRIX SUMMATION. (ALPHA * A + BETA * B = 7).,
MATRICES A,Z OR ByZ MAY SHARE SAME CORE LOCATIONS.
CODED BY RL WOHLEN. FEBRUARY 1965,

SUBROUTINE ARGUMENTS

ALPHA = INPUT SCALAR.

A = INPUT MATRIX. SIZE(NR4NC).

BETA = INPUT SCALAR.

B = INPUT MATRIX. SIZE(NR,NC).

ya = QUTPUT RESULT MATRIX. SIZE(NRGNC).

NR = INPUT NUMBER COF ROWS IN MATRICES A.B,Z.

NC = INPUT NUMBER OF COLS IN MATRICES A,B,Z.

KR = INPUT ROW DIMENSION OF AsBysZ IN CALLING PROGRAM.

DN 10 1I=1,NR
DO 10 J=1,4NC
10 Z(14+J) = ALPHA*A(I,J) + BETA*B(1.J)
RETURN
END
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SUBROUTINE AB1(A,8,29NRAyNCA,NCB+KRAyKRByKRZ}
DIMENSION A(KRAy1)},R{KRB,1)4Z(KRZ41)

COMMON / LWRKV1 / VI(500)

DOUBLE PRECISION SUM,SS,ZERO

DATA ZERO /0.0D/

AB1 PERFORMS THE MATRIX OPERATION (Z)=(A)*(B) .
ABl CAN ALSOC PERFORM THE OPERATIONS

(2)=(A)*(A) BY CALL AB1(AyA+Zy—ETC—)
(A)=(A)*(B) BY CALL AB1(A4ByAy~——ETC~—~)

IF NRA 1S NEGATIVE AND ABS(NRA) IS EQUAL TO NCB
A SQUARE, SYMMETRIC (2) IS CALCULATED.

MAXIMUM SIZE NCA=500
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION,
FORMA SUBROUTINE 2ZBOMB IS CALLED .

CODED BY JCHN ADMIRE *NASA* JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 1976.

ARGUMENTS
A = INPUT MATRIX (A) SIZE(NRA BY NCA)
8 - INPUT MATRIX (B) SIZE(NCA BY NCB)
z — OUTPUT MATKIX (Z2) SIZE(NRA BY NCB)

NRA — INPUT ABS(NRA) IS THE NUMBER OF ROWS IN (A)
NCA - INPUT NUMBER OF COLUMNS IN (A)

NCE - INPYT NUMBER OF COLUMNS IN (B}

KRA = INPUT ROW CIMENSION OF (A) IN CALLING PROGRAM
KRB — INPUT ROW DIMENSION OF (B) IN CALLIN(. PROGRAM
KRZ - INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERROR EXPLANATIONS
SIZF EXCEEDANCE.
NCN-SQUARE RESULT ASKED FOR.

nN
Hu

NR=TABS (NRA)

IF(NCA «GT. 500 .OR. NR .GT. KRA .OR. NCA .GY. KRB

* ,0R. NR .GT. KRZ) GO TO 999

IF(NRA .GT. G) GO TO 40

IFINR NE. NCB) GO TO 999
DD 30 I=14NR
DO 10 K=1,NCA
VIK)I=A(T,4K)
DO 30 J=1,NCB
SUM=ZERQ

DO 20 K=1,NCA
SS=VIK)*B(KyeJ)
SUM=SUM+SS
Z(T44)=SUM

DO 33 I=1,NR
DO 33 J=1,MNR

NERROR

NERROR

f



33
40
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60
70

999

2(J,1)=2(1,J)
RETURN

DO T0 1=1,NRA
DO 50 K=14NCA
VI(K)=A(T,4K)

Do 70 J=1.NCB
SUM=ZERQ

DO 60 K=1,NCA
SS=V(K)%*B(KyJ}
SUM=SUM+SS
Z(T,J)=5UM
RETURN

CALL ZZROME(6HABL
END

s NERROR)
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SUBROUTINE AB2(A4ByZyNRAJNCAsNCRKRAJKRByKRZ)
DIMENSION A(KRA+1)4B(KRBy1)+sZ(KRZ,41)

COMMON / LWRKV1 / VI(500)

DOURLE PRECISICN SUM,SS4ZERD

DATA ZERO /0.D/

AB2 PERFORMS THE MATRIX OPERATION (Z)=(A)x(EB) .
AB2 CAN ALSC PERFORM THE OPERATIONS

(Z)=(A)*{A) BY CALL AR2(AsA+Z+--ETC~)
(3)=(A)*(B) BY CALL AB2(A4B4By—ETC~—)

IF (B) AND (2) DO NOT SHARE THE SAMFE STORAGE
IT WCULD BF MORF EFFICIENT TO USE SUBROUTINE
ABl TC PERFORM THIS CPERATION.

IF NRA IS NEGATIVE AND ABS(NRA) IS EQUAL TO NCB
A SQUARE, SYMMETRIC (Z) 1S CALCULATED.

MAXIMUM SIZE NCA=500
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
FORMA SUBRCUTINE ZZBOMB 1S CALLED.

CODED BY JOHN ADMIRE %*NASA* JULY 1972 .
LAST REVISICON BY RL WOHLEN. MARCH 1976.

ARGUMENTS
A — INPUT MATRIX (A) SIZE(NRA BY NCA)
B - INPUT MATRIX (B) SIZE(NCA BY NCBR)
r4 = OHTPUT MATRIX (2) SIZE(NRA BY NCB)

NRA - INPUT ABS(NRA]J IS THE NUMBER OF ROWS IN (A)
NCA - INPUT NUMBER OF COLUMNS IN (A)

NCB - INPUY NUMBER OF CCLUMNS IN (8)

KRA -~ INPUT ROW DIMENSION OF (A} IN CALLING PROGRAM
KRE ~ INPUT ROW DIMENSION OF (B) IN CALLING PROGRAM
KRZ - INPUT ROW DIMENSICN OF (Z) IN CALLING PROGRAM

NERROR EXPLANATIONS
SI7F EXCEEDANCE,
MON-SQUARE RESULT ASKED FOR.

N
non

NR=TABS(NRA)

IF(NCA «GTe 500 «CRe NCA oGTe KRB JORe NR GT, KRA
* ,0R., NR .GT. KRZ) GO TO 999
IF(NRA .GT. 0) GO TOD 4«0

IF(NR .NE. NCB) GO TO 999
DO 30 J=1,NCP

DO 10 K=1,NCA

VIK)I=B(K,J)

DG 30 I=1,J

SUM=Z2ERC

DC 20 K=1,NCA
SS=A(1,K)*V(K)

NERROR

NERROR

"



20
30
33
40

50

60
70

999

SUM=SUM+SS
Z(I’J)=SUM

D0 33 I=1,NR
DC 33 J=1,NR
200,1)=2(1,)
RETURN

DO 70 J=1,NCR
DO 50 K=1,NCA
VIK)I=B{(K,sJ)

DO 70 I=1,NRA
SUM=ZERO

DO 60 K=1,NCA
SS=A{T,K)*V(K)
SUM=SUM+SS
2(T1,J4)=5UM
RETURN

CALL Z2BOMB{6HAB2
END

s NERROCK)

AB2

-— 2/ 2




MO OOOOOOOOOOCOHOOOON

COOOOOOOOOOOOOOA

ABRC1

— 17 2

SUBROUTIME ABCI(A+B4Cy2yNRASNCA;NCB sKRA KRB yKRCoKRZ)
DIMENSION A(KRA,1),R{KRBy1).C(KRC,1),2(KRZy1)

COMMON /7 LWRKV1 7/ V(500)

DOUBLE PRECISION SUM,SS

ABC1 PERFORMS THE MATRIX COFERATICON (2)=(A)*(B)+(C) .
ABCY1 CAN ALSC PERFCFRM THE CPERATIONS

(Z)=(A)*(RY+(A) BY CALL ABCI(A4ByAy2y-—~ETC~-)
(Z)=(A)*(C)+(B) BY CALL ABCI(AyByByZy—ETC~~)
(Z)=CA)x(A)+{C) FEY CALL ABCl{A4A+C424y—ETC~-)
(2)=CAY=x(A)+(£) £y CALL ABCl(AyAsA¢Zy—ETC~-)
(AY=(A)=(B}+(C) &Y CALL ABRCI(A4B4CyAy—~ETC~-)
(CI=(A)=(B)+(C) BY CALL ABCI(A;89CyCy—~ETC~-)
(A)=C(AY*(B)+{A} 8BY CALL ABCl{A3ByAsAy—ETC~)

IF NRA IS NEGATIVE AND ABS(NRA) IS ECUAL TC NCB
A SQUARE, SYMMETRIC (Z) IS CALCULATED.

MAXIMUM SIZE NCA=500
INNER PRCDUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
FCRMA SUBRDUTINE ZZBCMEB 1S CALLED.

CODED 8Y JCHN ADMIRE ®NASA%* JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 1976.

ARGUMENTS
A - INPUT MATRIX (2} SIZE{NRA BY NCA)
8 - INPUT MATRIX (8) SIZE(NCA BY NCE)
C - INPUT MATRIX (() SIZE(NRA BY NCB)
4 -~ QUTPUT MATRIX (2) SIZE(NRA BY NCB)

NRA — INPUT ARS(NRA)} IS THE NUMBER OF ROWS IN (A)

NCA - INPUY NUMBER OF CCLUMNS IN (A)

NCR - INPUT NUMBER OF CCLUMNS IN (8)

KRA -~ INPUT ROW DIMENSION OF (A3 IN CALLING PRCGRAM

KPR — INPUT POW DIMENSION OF (8) IN CALLING PROGRAM

KRC = INPUT RCW DIMENSICN OF (C) IN 1IN CALLING PROGRAM
KRZ -~ INPUT KOW DIMENSICN OF (Z) IN CALLING PROGRAM

NERROR EXPLAMATIONS

1 = SIZE EXCEEDANCE.
2 = NON-SQUARE RESULT ASKED FOR.
NR=JABS{(NRA)
NERRCR = 1
IF(NCA .GT. S00 .OR, NR .GT. KRA .CR. NR .GT. KRC
* ,0Re NCA .GT. KRE ,0R. NR .GT. KRZ)} GO TC 999
“IF{NRA GT. 0) GO TO 40
NERROR = 2

IF(NR _NE. NCEB) GO TO 999
DO 30 I=1,NP
DO 10 K=1,NCA

10 VIK)=A{I,K)

DC 30 J=1,4NCE
SUM=C(I,J)



20
30
33
40
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999

DC 20 K=1,NCA
SS=V(KI%*R (KoJ3)
SUM=SUM+S S
ZUI,J33=SUM

DO 33 I=1,NR
DO 33 J=14NR
Z(I,1)=2(T1, )
RETURN

DO 70 1=1,NRA
DO 50 K=1,NCA
VIKY=A(I,K)
DO 70 J=1,NCB
SuM=C(I,J)

DN 60 K=1,NCA
S$5=VIK)*B (Ksd)
SUM=SUM+SS
Z2(14J)=8SUM
RETURN

CALL ZZBOMB{6HABC1
END

#NERROR)

ABC1
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SUBROQUTINE ARC2(A 4B 4C 92 yNRAJNCA,NCB yKRA KRB ,KRC,KRZ)
DIMENSION A(KRA;1),B(KRBy1),C(KRCs1),Z(KRZ51)

COMMON 7/ LWRKVY / V{500)

DCUBLE PRECISION SUM,SS

ABC2 PERFORMS THE MATRIX CPERATION (Z)=(A)X(B}+(C) .
ABC2 CAN ALSO PERFORM THE OPERATIONS

(Z)=(A)*x(B)+(B) RY CALL ABC2lA+848,2y—ETC~-~)
(Z)=tA)*(BY+(A) BRBY CALL ABC2(A4ByAyZy—ETC—-)
(Z)=CA)Y*(A)+(C) BY CALL ABC2(AsAyCyZ¢——ETC—--)
(Z)=tA)Y=(AY+{A) RY CALL ABC2(A,AyAyZy—ETC—-)
{(B)=CA)*X{(B)+(C) BY CALL ABC2{A+4B4CeBy—FETC-=)
(C)=(AY*{B)<+{C) BY CALL ABC2{A4ByCyCy——EYC--)
(B)=(A)*{B)+(B) BY CALL ABC2(A,ByByBy—ETC~-)

IF (B) DOES NOT SHARE STORAGE WITH (C) OR (2) IT WOULD
BE MORE EFFICIENT TO USE ABC1 TO PERFORM THIS 'OPERATION .

IF NRA IS NEGATIVE AND ABS(NRA) IS EQUAL TO NCB
A SQUARE, SYMMETRIC (2} IS CALCULATED.

MAXIMUM SIZE NCA=500
INNER PRCDUCY SUMS ARE PERFCORMED IN DOUBLE PRECISION.
FORMA SUBROUTINE 2ZBOME IS CALLED .

CODED BY JOHN ADMIRE *NASA* JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 1976.

ARGUMENTS
A - INPUT MATRIX (A) SIZE(NRA BY NCA)
8 - INPUT MATRIX (B) SIZE(NCA BY NCB)
C -~ INPUT MATRIX (C) SIZE(NRA BY NCB)
Z - OUTPUT MATRIX (Z) SIZE(NRA BY NCB)

NKa = INPUT ABS(NRA) IS THE NUMBER OF ROWS IN (A)
NCA ~ TINPUT NUMBER OF COLUMNS IN (A)

NCB — INPUT NUMEER OF COLUMNS IN (B}

KRA — INPUT RPOw DIMENSION OF (A) IN CALLING PROGRAM
KRB -~ INPUT ROW DIMENSION OF (B) IN CALLING PROGRAM
KRC -~ IMPUT ROW DIMENSICN OF (C) IN CALLING PROGRAM
KRZ -~ INPUY ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERROR EXPLANATIONS

1 = SIZE EXCEEDANCE.
2 = NON-SQUARE RESULT ASKED FOR.
NR=TABS (NRA)
NERROR = 1
IF(NCA «GTe 500 oCRe NCA GTo XRE +0Res NR .GT. KRC
* o0R. NR .GT. KRA .CR, NR .GT. KRZ) GO TO 999
IF(NRA .GTe. 0O) GC TC 40
NERROR = 2

IF(NR NE. NCB} GO TO 999
DO 30 J=1,NCE
DO 10 K=1,.NCA
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VIK)I=B(K,J)
DO 30 1=1,J
SUM=C(T,J)

DO 20 K=1,NCA
SS=A{I,K)%V{IK)
SUM=SUM+SS
2(I,J)=SUmM

DO 33 I=1,NR
DO 33 J=1,NR
20J,1)=211,J)
RETURN

DO 70 J=1,NCB
DO 50 K=1,NCA
VIK)I=B(K,J)
DO 70 I=1,NRA
sumM=C(I,J)

DO 60 K=14NCA
SS=A(I,K)*V(K)
SUM=SUM+SS
Z(I,J)=SUM
RETURN

CALL ZZBOMB(6HABCZ2
END

#+ NERROR )

ABC?2
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SUBRDUTINE ALODY (PP,DIST,CONC,CONVRT, Z, NPP4NDeNC, KD,KC)
DIMENSION PP(1),DISTIKD1},CONC(KC,1),2(1)

COMMON /ZLLINE /NLINE,MAXLIN,MINI

DATA NiT,NCT/S,6/

REPLACE I"ISTRIBUTED AND CONCENTRATED LATERAL FORCES ON A BEAM
WITH REFESENTATIVE CCNCENTRATED FORCES AT THE PANEL POINTS.
THIS ENTAILS BEAMING BAY FORCE TO ADJACENY PANEL POINTS.

THE DISYRIBUTED FORCE MAY NOT EXCEED THE PANEL POINT LIMITS.
THE CONLCENTRATED FORCES MAY BE OQUTSIDE THE PANEL POINT LIMITS.
OPTION TN OMIT FORCE DATA BY ND OR NC EQUAL ZERQ.

CALLS FOFMA SUBRODUTINES PAGEHD,2ZEQOMB,

CODED BY RL WOHLEN. FEBRUARY 1970.

LAST REY.SICN BY WA BENFIELD. MARCH 1976.

SUBRCUTINE ARGUMENTS
PP = INPUT VECTCOR OF PANEL POINTS. SIZE(NPP),

DIST = INPUT MATRIX OF DISTRIBUTED FOURCE STRAIGHT LINE
SEGMENT CATA. SIZE(ND,4).
COL 1 = X AT SEGMENT END 1.
COL 2 = X AT SEGMENT END 2.
COL 2 = FORCE AT SEGMENT END 1.
CCL 4 = FOQRCE AY SEGMENY END 2,
CONC = INPUT MATRIX OF CONCENTRATED FORCE DATA. S1ZE(NC,2).
COL 1 = X COORDINATE.
COL 2 = FORCE.
CONVRT = INPUT COCNVERSION SCALAR BY WHICH COLS 3,4 OF DIST AND
COL 2 OF CONC WILL BE MULTIPLIED.
z = QUTPUT VECTOR OF CONCENTRATED PANEL POINT FORCES. SIZE(NPP].
NPP = INPUT ! MEER OF PANEL POINTS. SIZE OF VECTORS PP,Z.
ND = INPUT NUMBER OF SEGMENTS (RCWS) IN DIST. CAN BE ZERO.
NC = INPUT NUMBER OF FORCES {(ROWS) IN CONC. CAN BE ZEROC.
KD = INPUT ROW DIMENSICON OF DIST IN CALLING PROGRAM,
KC = INPUT ROW DIMENSICN OF CONC IN CALLING PROGRAM.

MERROR EXPLANATION
LESS THAN 2 PANEL PIJINTS,
PANEL POINTS N™™ IN INCREASING CRDER.

|
2
3 INCORRECT DISTRIBUTED DATA.

nnan

3 XaXaXalalaiaiaXaXakakakammmakaXala ks kalaXakaiaiatataiaXalaXaXakaXaiaks)

2001 FORMAT ( 2./),30X+31HSUBROUTINE ALOD1 USES CONVRT = E15.8, /
-7X933HAND COMPUTES THE TOTAL PROPERTIES /
45X 916HLATERAL FORCE = E15.8, /
40X 9 21HCENTER OF PRESSURE = E15.8)
2002 FOF AT(/1X131(1H-))
c
€ CHELK THAT PANEL FJINTS ARE IN INCREASINC ORDER.

* % *

NERRCR

"
Pt

IF (NPP .'Y. 2) GO TO 999
NERROR

]
N

DO £ X=2,NPP

5 TE PP{K-1) .GE. PP(K)) GC TO 999
C INITIALIZE DATA.
DO 10 I=1,NPP
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10 2(1) = 0.0
NBAYS = NPP-~1

SCLVE
bo
X1
X2
Fl
F2

IF
DO
32 IF
34 XP
FP
36 IF
XQ
FQ
60
38 XQ
FQ

BRANCH TO APPROPRIATE SECTION.
IF(ND .£¢. G} GC TC 00

FOR DISTRIBUTED INPUT.
90 I=1 ,ND

DISTUIL1)

DIST(I,2)
DIST(I,3)%CONVRT
DIST(I,4)*xCONVRT

nwnn

NERROR = 3
(X1 LT. PP} 4ORe X2 -GTa PP{NPP) .0ORe X1 .GE. X2) GO TO 999
32 K=1,NBAYS
(X1 .LT. PP(K+1})} GO TO 34
= X1
= F1
{X2 .LE. PP(K+1)) GO 7O 38
= PP{(K+1)
= F1 + (XQ-X1)*(F2~-F1)/(X2-X1)
TO 39
= X2
= F2

39 BAYL = PP(K+1)-PP({K)
SEGL = XQ-XP
2{x) = Z{K) + SEGLX{FPx(3.%{PP{K+1)-XP)-SEGL)

*

+FQ* (3% (PP (K+1)-¥P) -2, %SEGL) )/ (6.*BAYL)

Z(K+1) = Z(K+1) + SEGL*(FPx(3.%x(XP-PP(K))+SEGL)

*
IF
K
xXp
FP
GO0

+FQ* (3 .2 (XP-PP(K) )42 *SEGL Y}/ (6. *BAYL)
(X2 .LE. PP{K+1)) GO TC 90
K+1
= XQ
= FO
T0 36

90 CONTINUE

c
C SOLVE

FOR CONCENTRATED FCRCE.

100 IF(NC .EQ. 0) GC TO 200

DC
xC
FC
DO
101 IF
K

103 T=1,NC

= CONC(T,1)

= CONC (1,2 )*CONVRT

101 K=1,NEAYS

(XC +LE. PP{K+1l)) GG TO 102
NBAYS

102 BAYL = PP(K+1) — PP{K]}
Z2(K) = Z(K) + FCX(PP(K+1)-XC)/EAYL

103 Z(K+1)

"

Z{K+1) + FC*(XC-PP(K))/BAYL

C COMPUTE AND PRINT TOTAL PROPERTIES.

200 TF
TP
DO
TF
201 TP

= 0.0

201 1=14NPP

TF + 21(1)

TP + Z(X1)4«PP(1)

nn
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cP = TP/TF
TF{(MINI .NE. 4HMINI) GO TC 300
IF(NLINFE oLEe 5 oCRe NLINE .GE. MAXLIN) GO TO 300
IF(NLINE 49 .GT. MAXLIN) GO TO 300
WRITE(NOT,2002)
NLINE=NLINE+2
GO TC 310

300 CALL PAGEHD

310 WRITE(NDT ,2001) CONVRT,TF,CP
NLINE=NLINE+7
RETURN

999 CALL Z22BOMB (6HALODY HNERRCR)
END
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" SUBROUTINE £LCD2 (PPoDIST,CONC,CONVRT, Z, NPP,ND,NCy KD,4KC)
DIMENSION PP(1)4DIST(KDy1) CONC(KC41)4e2Z(1)
COMMON /LLINE /NLINE,MAXLINJMINI
DATA NIT,NCT/5,6/

REPLACE DISTRIBUTED AND CONCENTRATED AXIAL FORCES ON A BEAM WITH
REPRESENTATIVE CONCENTRATED FORCES AT THE PANEL POINTS.

THIS ENTAILS PLACING BAY FORCE AT AFT (+X IS AFT) PANEL PCINTY OF BAY.
THE DISTRIZUTED FORCE MAY NOT EXCEED THE PANEL POINT LIMITS.

THE CONCENTEATED FCRCES MAY BE OQUTSIDE THE PANEL POINT LIMITS.

OPTION TO COMIY FCRCE DATA BY ND OR NC EQUAL ZERQ.

CALLS FORMA SURRQUTINES PAGEHD,Z2ZBOMB,

CODED BY RL WCHLEN. FEBRUARY 1970.

LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBROUTINF ARGUMENTS
PP = INPUT VECTOR OF PANEL PQINTS. SIZE(NPP).

DIST = INPUT MATRIX OF DISTRIRUTED FORCE STRAIGHT LINE
SEGMENT DATA. SIZE(NDy4}e.
COL 1 = X AT SEGMENT END 1.
CoL 2 = X AT SEGMENT END 2,
COL 2 = FORCE AT SEGMENY END 1.
COL 4 = FORCE AT SEGMENTY END 2,
CCNC = INPUT MATRIX OF CONCENTRATED FORCE DAYA. SIZE(NC,2).
CCL 1 = X CCORDINATE.,
COL 2 = FORCE.
CONVRT = INPUT CONVERSION SCALAR BY WHICH COLS 3,4 COF DIST AND
CCL 2 OF COMC WILL BE MULTIPLIED.
Z = QUTPUT VECTCR CF CONCENTRATED PANEL POINT FORCES. SIZE(NPP).
NPP = INPUT NUMBER OR PANEL PCINTS. SIZE OF VECTORS PP,yZ.
ND = INPUT NUMBER OF SEGMENTS (ROWS) IN DIST. CAN BE ZERO.
NC = INPUT NUMBER COF FORCES (ROWS) IN CONC. CAN BE ZERO.
KD = INPUT ROW CIMENSICN OF DIST IN CALLING PROGRAM.
KC = INPUT ROW DIMENSION CF CONC IN CALLING PROGRAM.
CONVRTY = INPUT CONVERSION SCALAR BY WHICH COLS 344 OF DIST AND

NERROR EXPLANATION
1 - LESS THAM 2 PANEL POINTS.
2 PANEL PQINTS NOT IN INCREASING ORDER,
3 INCCRRECT DISTRIBUTED DATA.

non

2001 FORMAT ( 3(/),430X,31HSUBRDUTINE ALQOD2 USFS CONVRY = E15.8, /

* 30X ,2THAND COMPUTES THE TOTAL AXIAL FORCE = E15.8)

2002 FORMAT{/1X131(1H-))

CHECK THAT PaNEL PCINTS ARE IN INCREASING QRDER.
NERRCR

]
[

IF (NPFP LLT. 2) GO 10 999
NERRQR

]
N

DO 5 K=2,4NPP
5 IF (PP(K-1) .GE. PP(K)) GO TO 99¢

INITIALIZE DATA.
DO 10 I=1,NPP
10 2(1) = C.0
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NBAYS = NPP-1

"€ BRANCH TO APPROPRIATE SECTICN.
IF(ND .EQ. O} GO TC 100
c
C SOLVE FOR DISTRIBUTED INPUT.
D0 90 I=1,ND

X1 = DIST(I,1)
X2 = DIST(1,2)
F1 = DIST(I,3)*CONVRT
F2 = DIST(I,4)%CONVRY

NERROR = 3
IF (X1 LY. PP(Y) LCRe X2 «GT. PPI(NPP) .OR, X1 .Gf. X2} GO TO 999
DO 32 K=1,NBAYS
32 IF (X1 LY. PP(K+1)) GO TC 34
34 xXp = X1
FP = F1
36 IF (X2 .LE. PP{K+1)) GO YO 38
XQ = PP(K+1)
FQ = F1 + (XQ-X1)%(F2~-F1)/{X2-X1)

GO TO 3¢9
38 X¢ = X2
FQ = &2

39 Z(K+1) = Z(K+1) + S5¥(FP+FQ)*(XQ-XP)}
IF (X2 .LE. PP{K+1l})} GOC 10 S0

K = K+1
xXp = X0
FP = FQ
GO TC 36

90 CONTINUE
c
C SOLVE FOR CONCENTRATED FORCE.
100 IF(NC .EQ. ©¢) GO TG 200
DC 103 T=14NC
XC = CONC(I,1)
FC = CONC(I,2)%CONVRT
IF (XC oLE« PP(1)) 2(1) = Z(1)+FC
IF (XC .LE. PP{1)) GC TC 103
DO 101 K=1,NBAYS
101 IF (XC .LE. PP{K+1)) GO 70O 102
K = NBAYS
102 Z(K+1) = Z({K+1) + FC
103 CONTIMUE

C COMPUTE AND PRINT TOTAL PROPEKTIES.

200 TF = 0,0
DO 201 1I=1,NPP

201 TF = TF + Z2(I)
IF(MINTI JNF. 4HMINI} GO TO 300
IF(NLINE .LE. 5 .0R. NLINE .GE. MAXLIN) GO TO 30CC
IF(NLINE +7 .GT. MAXLIN} GO TO 300
WRITE(NDT L2002
NLUINE=NLINE+2
GC YO 31¢

300 CALL PAGEHRD
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310 WRITE(NOT200%) CONVRT,TF
NLINE=NLINE+S
RETURN
c
999 CALL Z2BOMB (6HALOD2 ,NERROR)
END
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ALPHAA

SUBROUTINE ALPHAA (ALPHA,A43ZyNRyNC,KR)
DIMENSION AIKR,1}, Z(KRs1)

SCALAR ALPHA TIMES MATRIX A. (ALPHA * A = 7).
MATRICES A,Z MAY SHARE SAME CORE LOCATIONS.
CCDED BY RL WCHLEN. FEBRUARY 1965.

SUBROUTINE ARGUMENTS

ALPHA = INPUT SCALAFR.

A = INPUT MATRIX. SIZE(NR,,NC).

¥4 = QUTPUT RESULT MATRIX. SIZE(NR,NC).

NR = INPUT NUMBER OF ROWS IN MATRICES A,Z.

NC = INPUT NUMBER OF CGLS IN MATRICES As2.

KR = INPUT ROW DIMENSION OF AsZ IN CALLING PROGRAM.

PO 10 I=1,NR
DO 10 J=1,NC
10 Z(1,9) = ALPHA * "A{I,4J)
RETURN
END
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SUBRCUTINE ASSEM (AgIRZ4JCZ4Z4NRAGJNCAJNRZ¢NCZ 4KRAJKRZ)
DIMENSION A(KRA,1), Z(KRZ,1)

MATRIX ASSEMBLY. (MATRIX A INTO MATRIX Z ).

BE SURE MATRIX Z 7 DEFINED BEFORE CALLING THIS SUBROUTINE. FOR
EXAMPLE, CALL ZERC TC CLEAR MATRIX Z.

CALLS FORMA SUBROUTINE ZZBOME.

CODED BY RL WOHLEN. FEB 1965.

LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MATRIX. SIZE(NRA,NCA).

IRZ = INPUT ROW NUMEBER IN MATRIX Z OF FIRST ROW OF MATRIX A.
JCZ = INPUT COL NUMBER IN MATRIX 2 OF FIRST COL QOF MATRIX A,
Y4 = QUTPUT RESULT MATRIX. SIZE(NRZ,NCZ).

NRA = INPUT NUMBER OF ROWS OF MATRIX A.

NCA = INPUT NUMBER OF COLSE OF MATRIX A.

NRZ = INPUT NUMBER [F ROWS OF MATRIX Z.

NCZ = INPUT NUMBER OF COLS COF MATRIX Z.

KRA = INPUT ROW DIMENSION OF A IN CALLING PROGRAM.

KRZ = INPUT ROW DIMENSION OF Z IN CALLING PROGRAM.

NFRROR EXPLANATICN
1 = MATRIX A EXCEEDS MATRIX Z - ROWS.
2 = MATRIX A EXCEEDS MATRIX Z -« CDLUMNS,

NERROR
IF ((IRZ-1+NRA)} .GT. NRZ) GO TO 999

NERROR
IF ({JCZ~-14NCA) .GT. NCZ) GO TOQ 999

DO 10 TA=1,NRA

1Z = IA + IRZ - 1

DO 10 JA=14NCA

JZ = JA + JCZ -1
10 Z{124J2) = A(IA4JA)

RETURN

999 CALL 22BOMB (6HASSEM 4NERROR)
END
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SUBROUTINE ATY(A,ZsNR4NCyKRAyKRZ)
DIMENSION A(KRAy1)3Z(KRZy1)
COMMON / LWRKV1 / Vi500)

ATl PERFORMS THE OPERATION (Z)=({A)TRANSPOSE)
ATl CAN ALSC PERFORM THE OPERATION
(A)=C((A)TRANSPOSE) BY CALL ATI(A9Ay~——ETC—=)
MAXIMUM SIZE NC=500

FORMA SUBROUTINE ZzBOMB IS CALLED
CODED B8Y JOHN ADMIRE *NASA% JULY 1972 .

ARGUMENTS
A - INPUT MATRIX (A) SIZE(NR BY NC)
z - OUTPUT MATRIX (2) SIZZ(NC BY NR)

NR = INPUT NUMBER CF ROWS IN (A)

NC - INPUT NUMBER OF COLUMNS IN (A)

KRA = INPUT ROW DIMENSICN OF (A) IN CALLING PROGRAM
KRZ -~ INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERROR=1

IFINC <GT7. 500 «0OR. NC .GTe KRZ .OR. NR GT. KRA) GO TO 999

N=NR

IF(NC LT. NR)} N=NC
DO 40 K=1,4N

DO 10 J=K,4RC
VIJ)=A(K, D)

DO 20 I=K,,NR

2K I)=Al1,4K)

DO 30 J=K,,NC
Z(JI.K)=V(J)
CONTINUE

RETURN

CALL ZZBRDMBLGEHATY s NERROR)
END
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SUBROUTINE ATRB1(A,BsZ yNRALNCA ¢NCB sKRA 4KRB4KRZ)
DIMENSION A(KRA21),8B(KRBy1)4Z{KRZ,y1)

COMMON / LWRKV1 / VI500)

DOUBLE PRECISION SUM,SSeZERD

DATA ZERC /0.D/

ATB1 PERFORMS THE OPERATION (Z)=((A)TRANSPOSE)I*(B) .
ATBRY CAN ALSC Bt USED TO PERFORM THE CGPERATIONS
(AY=((ADTRANSPOSED)*(B) BY CALL ATB2({AyByAy—ETC—-)
(Z)=((AITRANSPOSEY*(A} BY CALL RI{AyRyZy—ETC—) .

IF NRA IS NEGATIVE AND NCA IS EQUAL TO NCB
A SQUARE, SYMMETRIC (Z) IS CALCULATED.

IF (A) DODES NOT SHARE STORAGE WITH (Zi IT wWOULD
BE MORE EFFICIENTY TO USE ATB2 TO PERFORM THIS CPERATION .

MAXIMUM SIZE NRA=500
INNER PRODUCT SUMS ARE PEKFORMED IN DOUBLE PRECISION.
FORMA SUBRCUTINES ZZBOMB AND AT1 ARE CALLED.

CODED BY JOHN ADMIRE *NASAx* JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 1976.

ARGUMENTS
A - INPUT MATRIX (A) SIZE(NRA BY NCA)
B - INPUT MATRIX (B) SIZE(NRA BY NCB)
y4 - OUTPUT MATRIX (2) SIZE(NCA BY NCR)

NRA = INPUT ABS(NRA} IS THE NUMBER OF ROWS IN (A)
NCA - INPUT NUMBER OF COLUMNS IN (A)

NCB - INPUT NUMBER OF COLUMNS IN (BR)

KRA - INPUT ROW DIMENSION OF (A) IN CALLING PROGRAM
KRB — INPUY POW DIMENSION OF (B) IN CALLING PROGRAM
KRZ = INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERROR EXPLANATIONS
SIZE EXCEEDANCE.

N b
"nou

NON—-SQUARE RESULT ASKED FOR.
NR=zTARS (NRA)
NERROR = 1
IF(NR .GTe 500 «0ORe NR .GT. KRA «CR. NR .GT. KRB
* ,0R. NCR .GT. KRZ .OR. NCA .GT. KRZ) GO 10 999
NERROK = 2

1IF(NCA .NE. NCB) GO TC 999
DO 30 I=1,4NCA
00 10 K=1,4NR
10 VIK)=A(K, 1)
DO 30 J=1,NCB
SUM=ZERC
DO 20 K=1,4NR
SS=V(K)*B (KyJ)
20 SUM=SUM+SS



33
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999

Z(J'I,«:SUM

DO 33 I=1,NR

DO 33 JU=T,NR

Z(I,0)=204,1)

RETURN

DO 70 I=1,NCA

DC 50 K=1,NRA

VIK)I=ALK,1)

DO 70 J=1,RCE

SUM=ZERC

DC 60 K=1,NRA

SS=VIKDIXB (Ko J)

SUM=SUM+CS

2(Jy1)=SUyM

CALL ATYI(2.2,NCB4NCAsKRZ4KRZ)
RETURN

CALL ZZBCMB(6HATBE1l HNERRCR)
END

ATB1
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SUBROUTINE ATB2(A+By2Z yNRAJNCAINCBsKRALKRB,KRZ )
DIMENSION A(KRA31)4B{KRBy1)4Z{KRZ,41)

CCMMCN / LWRKV1 / VvI500)

DOUBLE PPECISION SUMySS¢ZERC

DATA ZERC /0.D/

ATB2 PERFCRMS THE GPERATICON (Z)=((A)TRANSPOSE)*(B)
ATB2 CAN ALSC BE USED TC PERFORM THE OPERATIONS
(R)=((AIXTRANSPOSE)®(E} BY CALL ATB2(A4B3B,—ETC—)
(Z)=((AIXTRANSPOSE}*( A} BY CALL ATB2{AyAyZy—~ETC—)

IF NRA IS NEGATIVE AND NCA IS EQUAL YO NCB
A SQUARE, SYMMETRIC (Z) 1S CALCULATED.

MAXIMUM SIZE NRA=500
INNER PRODUCT SUMS ARE PERFORMED IN DCUBLE PRECISION.
FORMA SUBROUTINE ZZROMB IS CALLED .

CODED BY JOHN ADMIRE ®NASA* JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 1976.

AR GUMENTS
A - INPUT MATRIX (A&) SIZE(NRA BY NCA)
B - INPUY MATRIX (B) SIZE(NRA BY NC&)
Z - QUTPUT MATRIX (2) SIZE(NCA BY NCR)

NRA — INPUTY ABSINRA) 1S THE NUMBER OF ROWS IN (A)
NCA - INPUT NUMBER OF COLUMNS IN (A}

NCB — INPUTY NUMBER OF CCOLUMNS IN (B)

KRA =~ INPUY ROW DIMENSION OF (A) IN CALLING PROGRAM
KRB -~ INPUT ROW DIMENSICON OF (B) IN CALLING PROGF *M
KRZ — INPUT ROW DIMENSION OF (Z) IN CALLING PROCZAd

NERRCR EXPLANATICNS
SIZE EXCEEDANCE.
NON-SQUARE RESULT ASKED FOR.

NR=TABS(NRA)

IF(NR .GTe 500 «0Re NR .GT. KRB LOR. NR .GTe. KRA
«OR. NCA .GT. KRZ) GO YO 999
IF(NRA GT. 0) GO TO 40

IF(NCA .NEF. NCR) GO YO 999
DO 30 J=1,NCBE
DO 10 K=1,NR
VIK)I=B({K,J)
DC 30 I=1,4J
SUM=ZERD

DO 20 K=1,4NR
SE=A{Ky 11 *V(K)
SUM=SUM+SS
Z(I4J)=5UM

DO 33 I=1,4NP
DO 33 J=14NR

NERRCR

NERROR

]
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33 Z(J,1)1=21{T,J)
RETURN
40 DC 76 J=1,NCB
DC 50 K=1,NRA
50 V(K)=B(K,J}
DO 70 I=1,NCA
SUM=Z2ERD
DC 60 K=1,NR2
SS=A(K, T1*V(K)
60 SUM=SUM+SS
T0 Z(1,J)=SUM
RETURN
999 CALL 2ZBOMB(6KATB2 oNERROR)
END
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SUBROUTINE ATBCLUA,BeCyZyNRAJNCAJNCBKRAKRByKRCyKRZ)
DIMENSION A(KRA91)oB(KREB91})4CKRC,Y),Z(KRZ,1}

COMMON / LWRKV1 / v(5C0)

DOUBLE PRECISION SUM,SS

ATECY PERFORMS THE CPERATION (Z)=((A)TRANSPOSE)*(B)+((C) .
ATBCY! CAN ALSO BE USED TO PERFCRM THE QOPERATIONS
(Z)=C(A)TRANSPOSEI* (B)+(A) 8BY CALL ATBC1(A,B3Ay2Zy~-ETC-=)
(Z)=((A)TRANSPOSEI*(B)+{B) BY CALL ATBCI(A4ByByZy—ETC—)
(Z)=((A)TRANSPOSEI*(A}+(C) BY CALL ATBCl(AyA3Cy2s~-ETC—-)
(Z)=((A?TRANSPOSE)I*(A)+(A) BY CALL ATBCI(AyAsAgZy—ETC—)
(A)=C(A)TRANSPCSE)*(R)+(C) BY CALL ATRCI(AsRCyAy—ETC~~)
(A)=((A)ITRANSPOSE)*{B)Y+(B) BY CALL ATBCl(A,B4ByAy~—ETC—)

IF NRA IS NEGATIVE AND NCA IS EQUAL TO NCB
A SQUARE, SYMMETRIC (Z) IS CALCULATED.

IF (A) DOES NOT SHARE STORAGE WITH (Z) OR (C) IT WOULD
BE MORE EFFICIENT TC USE ATBC2 TO PERFORM THIS OPERATION .

MAXIMUM SIZE NRA=500
INNER PRCQUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
FORMA SUBROUTINES ZZROMB AND AT1 ARE CALLED .

CODED BY JCHN ADMIRE *NASA* JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 1976.

ARGUMENTS
A - INPUT MATRIX (A) SIZE(NRA BY NCA)
e - INPUT MATRIX (B) SIZE(NPA BY NCB)
C - INPUY MATRIX (C) SIZE(NCA BY NCE)
Z - QUTPLT MATRIX (Z) SIZE{(NCA BY NC8B)

NRA — INPUT ABS{NRA) IS THE NUMBER OF ROWS IN (A)
NCA ~ INPUT NUMBEP OF COLUMNS IN (A}

NCB — INPUT NUMBER OF COLUMNS IN (BR)

KRA - INPUT ROW DIMENSICN OF (A} IN CALLING PROGRAM
KRR - INPUT ROW DIMENSICx OF (B) IN CALLING PROGRAM
K?C -~ INPUT RCW DIMENSION OF (C) IN CALLING PROGRAM
KRZ - INPUT kOW DIMENSION OF (Z) IN CALLING PRCGRAM

NERROR EXPLANATIONS
SIZE EXCFEDANCE.
NON-SQUARE RESULT ASKED FOR.

[
N

NR=TABS (NRA)
NERRCOR = 1
IFINR .GTe 500 «CRe NR .GT. KRA 0OR. BCAR 4GT. KRC
* JCRe NR GT. KRB .CR. NCB ' 'oGYs KRZ ,.ORa. NLA LGTe KRZ) GO TO 999
IF{NRA .GT. 0) GC TC 40
NERROR = 2
IFINCA .NE. NCB} GO TO 999
DG 30 I=1,NCA
DC 10 K=1,NR
10 ViK)I=A(K,y 1)
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999

DO 30 J=1I,NCB
SumM=C(1,J)

DO 20 K=1,4NR
SS=VIK)*R (KyJ)
SUM=SUM+SS
2(3,7)1=SUM

DO 32 1=1,KR
DO 33 J=1I,NR
ZUI,)=2(3,1)
RETURN

DO 70 I=1,NCA
DC S0 K=1,NRA
VIK)=A{K, X}

PO 70 .i=1,NCB
SUM=2(1,J)

DC 60 K=14NRA
SS=VIKI*BIK,3)
SUM=SUM+SS
2(J,1)=SUM

CALL ATY( Z’Z,NCBQNCA,KRZ'KRZ,

RETURN

CALL ZZBCMEB(6HATEC1 ¢NERROR)

END

ATBRCY -~ 2/ 2
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SUBROUTINE "ATRC2(AyByCsZeNRASJNCAJNCEB3KRALKRB,KRC,KRZ )
DIMENSION A(KRA,l),B‘KRB,I),C‘KRCQ!):Z(KRZ’l)

COMMON 7/ LWRKVY / V(500)

DCUBLE PRECISION SUM,SS

ATBC2 PERFORMS THE OPERATION (Z)=((A)TRANSPOSE)*(B)+(C) .
ATBCZ CAN ALSO BE USED TO PERFCRM THE OPERATIONS

(Z)=({A)TRANSPNSE)*(B)+(A) BY CALL ATBCZ(A,ByAsZy—ETC~)
(Z)=({AYTRANSPOSEN*®(B)+(B) BY CALL ATBC2(AyBeByZy——ETC—)
(Z)=((A)TRANSPOSE)*(A)+(C) BY CALL ATBC2{AyA4CyZy——ETC~~)
(Z)=((A)TRANSPOSE)*(A)+{A) BY CALL ATBC2(AysA4AsZ,—~ETC—)
(B)=({A)TRANSPOSE)*(B)+(C) BY CALL ATBCZ(A4B4CyBy——ETC~—)
(CI=C((A)TRANSPOSE)*(B)+(C) BY CALL ATBC2(A;B4CyCy~-ETC—)
(B)=((A)TRANSPOSE)}*(B)+(B) BY CALL ATBC2(A4B4ByBy—ETC~)

IF NRA IS NEGATIVE AND NCA IS EQUAL TO NCB
A SQUARE, SYMMETRIC (Z) IS CALCULATED.

MAXIMUM SIZE NRA=500
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISICON.
FORMA SUBROUTINE ZZEOME IS CALLED,

CODED BY JOHN ADMIRE *NASA* JULY 1972 .,
LAST REVISION BY RL WCOHLEN. MARCH 1976.

ARGUMENTS
A = INPUT MATRIX (A) SIZE(NRA BY NCA)
g - INPUT MATRIX (B) SIZE(NRA BY NCEB)
C - INPUT MATRIX (C) SIZE(NCA BY NCB)
z = CQUTPUT MATRIX (2) SIZE(NCA BY NCB)

NRA - INPUT ABS(NRA) IS THE NUMBER OF ROWS IN (A)
NCs -~ INPUT NUMBER OF COLUMNS IN (A)

NCE = INPUT NUMBEF OF COLUMNS IN (P)

KRA - INPUT ROW DIMENSION OF (A) IN CALLING PROGRAM
KRB — INPUT RGW DIMENSION OF (B) IN CALLING PROGRAM
KRC - INPUT RCW DIMENSICN OF (C) IN CALLING PROGRAM
KRZ - INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERRCR EXPLANATIONS
1 = STZE EXCEEDANCE.

2 NON-SQUARE RESULT ASKED FCR.
NR=TAES(NFA)
NERROR = 1
IFINR ,GT. 500 .OR. NR .GT. KRB OR. NCA .GT. KRC
* ,O0R. NR .GT. KRA .OR. NCA .GT. KRZ) GO TO 999
IF(NRA .GT. 0) GG TO 40
NERROR = 2

IFINCA JNEF., NCB) GO TOQ 999
DO 30 J=1,NCB

DO 10 K=1,NR

VIK)I=R(K,J)

B0 20 1=1,4

SUM=C(1,4J)
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DO 20 K=1,NR
SS=A(K,T1)2VIK)
SUM=SUML+SS
2(1,J)=SUM

DO 33 I=1,NR
DO 33 J=1,4NR
28Js1)1=211,4)
RETURN

DO 70 J=1,NCB
DO 50 K=1,NRA
VIKI=B(KJd)

DO 70 I=1,NCA
SUM=C(1,J)

DO 60 K=1,4NRA
SS=A(K,1)*V(IK)
SUM=SUM+SS
2(1,J)=SUM
RETURN

CALL ZZ2BOMB{6HATBC2 ,NERROR)
END
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SUBRROUTINE ATXBAl (AZ4B,NRE,NCE,KAZ,KB)
DIMENSICN AZ(KAZ,1),y, B(KB,1)

COMMON /LWRKV1I/W(500)

DOUBLE PRECISICN S,SS,ZERC

DATA ZERC /0.D/

SPECIAL MATRIX MULTIPLICATION. A{TRANSPOSE) * B = Z.
Z WILL BE SYMMETRIC.
USES TWC MATRIX SPACES. RESULT (Z) IS PLACED IN A.
AZ MUST BE DIMENSIONED LARGE ENCUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER OF A OF 2.
INNER PRODUCT SUMS ARE PERFORMED 1IN DOUBLE PRECISION.,
CALLS FCRMA SUBRQUTINE 7ZBOMB.
THE MAXIMUM SIZE 1S
NC8 = 500
DEVELOPED BY RUL WOHLEN. SEFTEMEER 1972.
LAST REVISICN BY RL WOHLEN. MARCH 1976.

SUBRCUTINE ARGUMENTS

AZ = INPUT IS8T MATRIX. SIZE(NRB,NCR}.
= QUTPUT RESULT MATRIX. SIZE(NCB,NCB).

B = INPUT 2ND MATRIX. SIZE(NRB,NCB).

NRB = INPUT NUMBER OF ROWS OF MATRIX By COLS OF MATRIX A(TRANS).
NCB = INPUT NUMBER COF COLS OF MATRIX By ROWS OF MATRIX A(TRANS),

SIZE COF MATRIX Z(SQUARE). MAX=500.
KAZ = INPUT ROW DIMENSICN CF AZ IN CALLING PROGRARM.
KB = INPUT ROW DIMENSION OF B IN CALLING PROGRAM.

NERRCR EXPLANATICN
1 = SIZE LIMITATICN EXCEEDED.

NERROR = 1
IF (NCE.GT.500 «CRe NCB.GTLKAZ .OR. NRB.GT.KB} GO TQ 999

D0 40 1I=14NCB
DC 35 J=1,NCB
S = ZERC
DO 30 K=1,NRE
§S = AZ (K ,I)*B(K,J)
30 S = S+SS
A5 Wily) = S
DO 40 J=T,NCR
40 AZ(Js1) = WLI)
DO 50 1=1,NCE
DC S0 J=1,NCEB
50 AZ(14J) = AZ{J,1)
RETURN

999 CALL 27ZBOMB (6HATXBALlyNERRCR)
END
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SUBRDUTINE ATXBB (A,BZyNRAT,NRB,NCB,KA,KBZ)
DIMENSION AtKA+1), BZ(KBZ,1)

COMMON 7/ LWRKVY / wW{(500)

DCURLE PRECISION S,SS42ERC

DATA ZERQO /0.D/

MATRIX MULTIPLICATION. A(TRANSPQOSE) * B = 2.
USES TwO WCORK SPACES. RESULT (Z) IS PLACED 1IN B,
B2 MUST RF DIMENSIONED LARGE ENOUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER OF B (R Z.
INNER PRODUCT SUMS ARE PERFORMEC IN DOUBLE PRECISION.
CALLS FNRMA SUBRQUTINE ZZBOMB.
THE MAXIMUM STZE IS
NRAT = 500
DEVELOPED BY W A BENFIELD. NOVEMBER 1971.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MATRIX. SIZE(NRE,NRAT).
Bz = INPUT MATRIX. SIZE(NREZNCR).
= QUTPUT RESULT MATRIX. SIZE (NRAT,NCB).
NRAT = INPUT NUMBER CF ROWS OF MATRICES A(TRANS),Z. MAX=500.
NRB = INPUT NUMBER CF ROWS OF MATRIX B, COLS OF MATRIX A{TRANS).
NC8B = INPUT NUMBER CF COLS OF MATRICES B,2.
KA = INPUT ROW DIMENSION CF A IN CALLING PROGRAM.
KBZ = INPUT ROW DIMENSION OF BZ IN CALLIRNG PROGRAM.

NERROR EXPLANATICN
1 = SIZE LIMITATION EXCEEDED.

OO MOOOACOOOOANOANEOOOOO

NERRCOR=1
IF (NRAT.GT500 «ORs NRATAGT.XBZ .ORa. NRB.CT.KBZ) GO TC 999

DO 40 J=1,NCB
DO 35 I=1,NRAT
S = ZERQ
DO 30 K=1,NRB
SS = A(KZIN*BZ(K,yJ)
30 S = S+S85
35 wlI) = S
DO 40 I=1,NRAT
40 BZ(1I,J) = W(I)
RETURN

999 CALL ZZH6OMB (5HATXBB,NERRCR)
END
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SUBROUTINE ATX8B1 (AyBZ yNRBJNCHB,KA,KEZ)
DIMENSION A(KA,1), BZ(KEZ,])

COMMON / LWRKV1 / W{500)

DOUBLE PRECISION S4S5S,ZERQ

DATA ZERQ /0.D/

SPECIAL MATRIX MULTIPLICATION. A(TRANSPOSE) * B = 2.
A IS ASSUMED UPPER TRIANGULAR, SQUARE.
USES TWO WCORK SPACES. RESULT (2) IS PLACED IN B.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBROUTINE ZZ2BUOMB.
THE MAXIMUM S1ZE IS

NRB = 500
DEVELOPED BY R L WOHLEN AND W A GENFIELD. MAY 1972.
LAST REVISION 8Y RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MATRIX. SIZE(NREB,NRB).
Bz = INPUT MATRIX. SIZE(NRE,NCE).
= QUTPUT RESULT MATRIX. SIZE (NRB,NCB).
NRB = INPUT NUMBER CF RCWS CF MATRIX 8, SIZE OF MATRIX A(SQUARE).,
MAX=500.
NCB = INPUT NUMBER OF COLS OF MATRICES RByl.
KA = INPUT RCW DIMENSICN OF A IN CALLING PROGRAM.
KBz = INPUT ROW DIMENSICN OF BZ IN CALLING PROGRAM.

NERROR EXPLANATICN
1 = SIZE LIMITATION EXCEEDED.

NERROR=1
IF (NRR.GT.500 0OR. NRB.GT.KBZ) GO TC 999

DO 40 J=1,NCB
DC 35 I=1,NMRB
€ = ZERC
DO 30 K=1,1
S$S = A(K,I,*BZ‘K’J,
30 5 = S4S5§
35 wlI) = ¢
DO 40 I=1,NRE
40 BZ(I,J) = W(I)
RETURN

999 CALL ZZBOMB {6HATXBR14NERROR)
END
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SURROQUTINE ATXBE2 (AsBZ,NRENCByKA,KBZ)
DIMENSION A(KAs1), HZ(KBZ,1)}

COMMON /7 LWRKVY / WI(500)

DOUBLE PRECISION S4SS,ZERD

DATA ZERC /0.D/

SPECIAL MATRIX MULTIPLICATION. A(TRANSPOSE) * B = Z,
Z WILL BE SYMMETRIC. UPPER HALF CALCULATED, REFLECTED TO LOWER HALF.
USES TWC WORK SPACES. RESULT (Z) IS PLACED IN R,
BZ MUST RE DIMENSIONED LARGE ENOUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER OF B (R Z.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SURROCUTINE 22B0OMB.
THE MAXIMUM SIZE 1S
NCE = 500
DEVELOPFD BY R 1L WOHLEN AND W A BENFIELD., MAY 1972.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBRCUTINE ARGUMENTS

A = INPUT MATRIX. SIZE(NRByNCB).
B2 = INPUT MATRIX. SIZE(NRB,NCB).
= QUTPUYT RESULT MATRIX. SIZE (NCE,NCE).
NRB = INPUT NUMBER CF ROWS OF MATRIX B, COLS OF MATRIX A(TRANS).
NCB = INPUT NUMBER OF CCLS CF MATRICES ByZ, RCOWS OF A(TRANS).
MAX=500.
KA = INPUT ROW DIMENSION OF A IN CALLING PROGRAM.
KBz = INPUT ROW DIMENSION OF B2z IN CALLING PROGRAM.

NERROR EXPLANATION
1 = SIZE LIMITATION EXCEEDED

. NERROR=1
IF (NCB.GT.500 +OR. NCE.GT.KBZ .OR. NRB.GT.KBZ) GO T2 999

DC 40 J=1,NCB

DO 35 I=1,J4

S = ZERQO

DO 30 K=1,NRB

SS = AlKLI)*BZ(K,d)

30 & = S4S€

35 W(I) = S
DO 40 I=1,J
BZ(J,1) = W(1)

40 BZ(1,J) = W(1)
RETURN

999 CALL Z2BOMB (6HATXBEZ yNERROR}
END
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SUBROUTINE AXBA1 (AZyByNRAyJNCA,KAZ,KB)
DIMENSION AZ(KAZ41)y EUKB,41)}

COMMON 7/ LWRKVY / WI500)

DOUBLE PRECISICN S,5S4ZERO

DATA ZERC /0.0/

MATRIX MULTIPLICATION. A * 8 = Z.
MATRIX P IS ASSUMED UPPER TRIANGULAR, SQUARE.
USES TWO WORK SPACES. RESULT (2) IS PLACED IN A.

INNER PRCDUCT SUMS ARE PERFORMED IN DOUBLE PRECISICN,

CALLS FORMa SUBROUTINE ZZBCMB.
THE MAXIMUM SIZE IS
NCA = 500
DEVELOPED BY P A PHILIPPUS. MAY 1972.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

—— o g gt o

AZ = INPUT MATRIX. SIZE(NRA,NCA)}.
= QUTPUT RESULT MATRIX. SIZE(NRANCA).
B = INPUT MATRIX. SIZE(NCA,NCA).
NRA = INPUT NUMBER OF ROWS OF MATRICES A,2Z.
NCA = INPUT NUMBER OF COLS UF MATRICES A,Z, SIZE OF B (SQUARE).
MAX=EQG.
KAZ = INPUT ROW DIMENSION CF AZ 1IN CALLING PRNGFAM,
KB = INPUT ROW DIMENSION OF B IN CALLING PROGRAM.

NERRO® EXPLANATIOCN
1 = SIZ2E LIMITATION EXCEEDED.

IF (NCA .GT. 500) GC TO 999

DO 40 I=1,NRA
DO 20 K=1,NCA
20 WIK) = AZ(I,4K)
DO 40 J=1,4NCA
S = ZERC
DO 30 K=1,J
SS = W(K)*E(K,J)
30 £ = § + SS
40 AZ(I4J) = S
RETURN

999 CALL Z2DOMB (6HAXBAl 4NERRQOR)
END

NERROR=1
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SUBROUTINE AXPAZ (AZ,8,NyKAZ,KB)
DIMENSION AZ(KAZ,1), B(KB,1)
COMMON / LWRKV1 / W(500)

DNUBLE PRECISION S,SS4ZERC

DATA ZERDO /0.D/

MATRIX MULTYIPLICATION. A * B = Z,
B IS ASSUMED UPPER TRIANGULAPR, SQUARE.
Z WILL BE SYMMETRIC. LCWER HLLF CALCULATEDs REFLECTED TO UPPER HALF.
USES TWO WORK SPACES. RESULT {(Z) IS PLACED IN A.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBRCUTINE 22B0OMB.
THE MAXIMUM SIZE IS
N = 500
DEVELOPED BY R L WOHLEN AND W A BENFIELD. MAY 1572.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

AZ = INPUT MATRIX. SIZE(NeN).

= QUTPUT RESULT MATRIX. SIZE(NsN).
B = INPUT MATRIX. SIZE(N,N).
N = INPUT SIZE OF MATRICES AsBe2Z (SCQUARFE). MAX=500.
KAZ = INPUT ROW DIMENSION OF AZ IN CALLING PROGRAM.
KB = INPUT ROW DIMENSICN OF B IMN CALLING PROGRAM.

NERROP.  EXPLANATIOCN
1 = SI1Z2E LIMITATICON EXCEEDED.

NERROR=1
IF (N .GT. 5C0) GO TC 999

DO 40 I=1,N
DO 20 K=1,1
20 WK) = AZ(I,4K}
DO 40 o+~i4]

S = lERC
DO 30 K=1,4J
€S = WiKIAB(K,L,J)
30 £ = S + i
AZ(J,I) = S
40 AZ2(14J) = S
RETURN

999 CALL 22B0MB (6HAXBAZ JNERROR)
END
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SURRQUTINE "‘AXBA3 (AZ,BsNRByNCBsKAZ 4KE}
DIMENSION AZ(KAZy1l)y B(KB,y1)

COMMON / LWRKVY / W(500])

DOUBLE PRECISION S,SS,2ERQ

DATA ZERU /0.D/

MATRIX MULTIPLICATION. A * E = 2,
A IS ASSUMED UPPER TRIANGULAFR, SQUARE.
USES TWO WORK SPACES. RESULT (Z) IS PLACED IN A.
AZ MUST Bt DIMENSIONED LARGE ENOUGH IN MAIN PROGRAM T0' CONTAIN
LARGER CF A ™R 2.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FCRMA SURKOUTINE ZZBCMB.
THE MAXIMUM SIZE 1S
NRR = 500
DEVELOPED BY R L WOHLEN AND WA BENFIELD. MAY 1972,
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBRCUTINE ARGUMENTS

AZ = INPUT MATRIX. SIZE(NKByNRE).
= GUTPUT RESULT MATRIX. SIZE(NRB4NCE),.
B = INPUT MATRIX. S1ZEINRB,NCB).
NRB = INPUT NUMBER OF ROWS OF MATRICES ByZ, SIpLc OF MATRIX A(SGUARE).
MAX=500.
NCB = INPUT NUMBEP OF COLS OF MATRICES ByZ.
KAZ = INPUT RCW DIMENSION OF AZ IN CALLING PRGGRAM.
KB = INPUT ROCW DIMENSICON QOF & IN CALLING PROGRAM,

NERROR EXPLANATION
1 = SIZE LIMITATION EXCEEDED.

THE

NERR3R=1

IF (NRB .GT. 50G) GO T0 999

DO 40 I=1,NRB
DO 20 K=T,NRE
20 WIK) = AZ(1,4K)
DO 40 J=1,NCB
S = ZERO
DO 30 K=T,NRB
SS = WIK)I*B(K,J}
30 S = § + &S
40 AZ(1,44) = S
RETURN

999 CALL ZZBOME (6HAXBA3 (RERROR)
END
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SUBROUTINE BABT (AyByZ,NRE,NCB,KAyKB)

DIMENSICON A(KA,1)y B(KBelly Z{KB,1)
COMMON /LWRKVY/ W({50C)
DOUBLE PRECISICN S,SS.7ERO
DATA ZERQC /0.D/
SPECIAL TRIPLE MATRIX PRODUCT. B*AXE(TRANSPOSE) = 2.

INNER PRODULCT SUMS ARE PFERFORMED
CALLS FORMA SUBRTDUTINE Z2F0MB.
THE MAXIMUM SIZE IS

NC8 = 5CC
DEVELOPED RY CARL BODLEY. JANUARY 19665.
LAST REVISION BY Rt WOHKLEN. MARCH 1676.

IN DOUBLE PRECISION.

SUBROUTINE ARGUMENTS

e

A = INPUT INNER MATRIX. SIZE(NCB,NCB},

8 = INPUT CUTER MATRIX. SIZE{(NRE,NCB).

y A = CQUTPUT RESULT MATRIX. SIZE(NRB,NFB).

NRB = INPUT NUMBER CF ROWS OF MATRIX By SIZFE OF MATRIX 7.

NCB = INPUT NUMBRER OF COLS OF MATRIX By SI2E OF MATRIX A. MAX=500.

KA = INPUT RCW DIMENSION OF A IN CALLING PROGRAM,

KB = INPUT RCW GIMENSICN OF B,Z IN CALLING PROGRAM.
NERROR EXPLANATICN

1 = SIZE LTMITATICON EXCEEDED.

NERRCR=1

IF (NCE .GTa 300 «CRe NCR .GT. KA oCR. NRB .GT. KB) GO TO 999
D0 40 J=1,NRE
DO 20 L=1,iCH8
S = ZERC
DO 10 K=1,NCB
SS = A(L,K)XB{S,4K)

I0 § = S+8§

20 W(L) = S
DC 40 Y=1,NRB
S = ZERC
DO 30 L=1,NCE
SS = BUI,L)*W(L)

30 S = S+S°€¢

40 Z(1,J) = S
RETURN

999 CALL Z2ZRCMB (6HBAET NERRQOR)

END
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SUBRCUTINE BABTA (AZ,ENRE,NCB4KAZHKE)
DIMENSION AZ(KAZ,1)y BEKB,s1)

CCMMON /LWRKV1Z W(500)

DOUPLE PRECISION S,SS,2EROD

DATA ZERC /0.D7s

SPECIAL TRIPLE MATRIX PRODUCT. B*A%B{TRANSPCSE} = Z,
USES TWO WORK SPACES. RESULT (Z) IS PLACED IN A.
AZ MUST BE DIMENSICNED LARGE ENCUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER OF A OR Z.
INNER PRCDUCT SUMS ARE PERFORMED IN DCUBLE PRECISION.
CALLS FORMA SUBROUTINE ZZBCMB.
THE MAXIMUM SIZE 1S
NCB = 500
DEVELOPED BY CARL ECDLEY. JULY 1965.
LAST REVISICN BY RL WOHLEN. MARCH 1976.

SUBRCUTINE ARGUMENTS

AZ = INPUT INNER MATRIX. SIZE{(NCB,NCE).
= QUTPUT RESULT MATRIX. SIZE(NRBosNRR]).
B = INPUT QUTER MATRIX. SIZE{NRB,NCEG).
NRB = INPUT NUMBER OF ROWS OF MATRIX B, SIZE OF MATRIX Z.
NCB = INPUT NUMBER CF LOLS CF MATRIX B, SIZE OF MATRIX A, MAX=500.
KAZ = INPUT ROW DIMENSICN OF AZ IN CALLING PROGRAM.
KB = INPUT ROW DIMENSICN OF & IN CALLING PROGRAM.

NERRCR EXPLANATICN
1 = SIZE LIMITATICN EXCEEDED.

NERRCR=1
IF (NCR.GT 00 +ORs NRB.GT.KAZ ORe NCBGT.XKAZ .OR. NRB .GT. KB)
L G 1C 9992

DC 30 I=1,NCE
DO 10 K=1,NCB
10 WIK) = AZ(I,K)
00 30 J=1.NRE
S = ZERO
DO 20 K=1,NCB
SS = WIK)*R(J,,K)
20 S = § + SS
30 AZ(TI,4) = S

DO 60 J=1,NRB
DO 40 K=1,NCB
40 WIK) = AZ(K,4J)
DO 60 TI=1,NRB
S = ZEFRO
DO 50 K=1,NCB
SS = B(I,K)*W(K)
50 § = S+ S§
60 A2{1,4) = S
RETURN

999 CALL 2ZBOMB (6HBAETA JNERROR)
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END
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SUBRCUTINE BTAB (A,B4Z+NRB,NCByKAB,KZ)
DIMENSION A(KAER,1)y B(KAB9Y)y Z(KZ,1}
COMMON /LWRKV1/ W(S00)

DOUBLE PRECISION S,SS,ZERD

DATA ZERO /0.D/

TRIPLE MATRIX PRCDUCT. B(TRANSPOSE) * A * R = 7,
INNER PRODUCT SUMS ARE PERFORMED IN DOUEBLE PRECISION,
CALLS FORMA SUBRCUTINE ZZBCMB.
THE MAXIMUM SIZE IS

NRE = 500
DEVELCPFD PY RL WORLEN. FEBRUARY 1965.
LAST REVISICN BY RL WCHLEN. MARCH 1976.

SUERCUTINE ARGUMENTS

A = INPUT INNER MATRIX. SIZE(NRE,NFB).

B = INPUT CUTFR MATRIX, SIZE(NRE,NCE}.

z = OUTPUT RESULT MATRIX. SIZE(NCBoNCB).

NRB = INPUT NUMBER COF RCWS OF MATRIX &, SIZE OF MATRIX A. MAX=500.
NCB = INPUT NUMBER OF COLS OF MATRIX P, SIZE OF MATRIX 2.

KAB = INPUT ROW DIMENSION CF A,B IN CALLING PROGRAM,

KZ = INPUT ROW DIMENSICGN OF Z IN CALLING PROGRAM.

NERROR  EXPLANATICN
1 = SIZF LIMITATION EXCEEDED.

NERROR=1
IF (NRB.GT.500 +0R. NRB.GT.KAB ,OR. NCB.GT.KZ}) GO TC 999

DO 40 J=1,NCE

DC 20 L=1,NRE

S = ZERC

DO 10 K=1,NRR

SS = AlL.K)*B(KgJd)
10 § = S + S¢S
20 WiL) = S

DO 40 I=1,NCE

S = ZERC

DC 30 L=1,NRB

SS = B(L,I1*W (L)
30 S = S + SS
40 2(T,4J) = S

RETURN

999 CALL 22BOMB (6HBTAB  oNERRCR)
END
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SUBROUTINE RTAB1(A9ByZyNRByNCByKRA9KRByKRZ)
COMMON / LWRKYY / V{(500)
ION AIKRAL,1),B(KRBy1),Z(KRZy1}
DCUBLE PRECISION SUM,SS,ZEKRO
£ER0 /0.D/

DIMENY

DATA 2

ETABY PERFORMS THE CPERATION

BTARY

IF NRB

CAN ALSQC PERFORM THE QOPERATION
{A)=({B)TRANSFOSE)X{AIR(B) EBY CALL BYABY(A,BsAy—ETC—) .

IS NEGATIVE A SYMMETRIC (Z) IS COMPUTED,

MAXIMUM SIZE NRB=500

INNER PRODUCT SUMS ARE PERFCRMED IN DOUBLE PRECISION,

FORKMA SURRCUTINE ZZBOMB IS CALLED,

CCDED BY JOHN

LAST REVISICN BY RE WOHLEN.

NRE -
NCB -
KRA -
KRR ~
KRZ -

INPUT
INPUT

ADMIRE *NASA* JULY 1672 .

MARCH 1976.

ARGUMENTS

MATRIX (A)
MATRIX (B)

CUTPUT MATRIX (2)

INPUY
INPUY
INPUY
INPUT
INPUT

SIZE(NRB BY NRE)
SIZE(NRE BY NCB)
SIZE(NCR BY NCBR)
ABSINRB) IS THE NUMBER OF ROWS IN (B)
NUMEER OF COLUMNS IN (R)

ROW DIMENSICON CF (A) IN CALLING PROGRAM
ROW DIMENSICN OF (B) IN CALLING PROGRAM
ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERROR EXPLANATIOCNS
1 = S1ZE EXCEEDANCE.

NR=TABS (NRK)

IF(NR
* JOR,
IF(NRBR

«GTo

00 «NR. NR .GT.

NR .GT. KRZ .CR. NCB

«GT.

G) 60 TC 76

CO 30 I=1,NR
DC 10 K=1,NR
VIK)=A(I,K)
DO 30 J=1,NCE
SUM=ZERC
DO 20 K=1 4NR

SS=VIK)*R (K,oJ)
SUM=SUM+S S

Z(1,J)

=SUM

DO 60 J=1,NCB
DO 40 K=1,NR

VIK)=Z
pC 60
SUM=ZE

(KeyJ)
I=1,4
RO

DC 50 K=1,4NP
SS=B{K,I)Y%V(K)
SUM=SUM+S5S

KRA

+ORe NR .GT. KRE
KRZ) GO T0O 999

(Z)Y=({B)TRANSPOSE}*(A)*(B) .

NERROR

1



60

63
70

80

90

100

110

120
130

Z(I4J0)=SUM

DO €63 1I=1,NR
DO 63 J=I,4NR
20Js1)=2(1,4d)
RETURN

D0 100 I=1,NRP
DO 80 K=1,NRB
VIKY=A(I,4K)

DC 100 J=14,NCB
SUM=ZERC

DO 90 K=1,NRB
SS=V(K)I*E (Kyd)
SUM=SUM+ES
2(1,4)=SUM

DC 130 J=1,NCE
D0 110 K=1,NRB
VIK)I=2(Ks )

DO 130 I=1,NCE
SUM=ZERC

DO 120 K=1,NRR
SS=R(K,I)*V(K)
SUM=SUM+SS
Z{I.,J3)=SUM
RETURN

CALL ZZBCOMB(6HETAB1 4NERRCR)

END

BTARY — 2/ 2
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SUBROUTINE BTAFPA (AZyPyNREB,NCE.KAZ+KB)
DIMENSICON AZ(KAZ+1)y B(KB,41)

COMMON / LWRKV1 / WI(5060)

DOUBLE PRECISICN S,5S,2ERQ

DATA ZERO /0.0/

TRIPLE MATRIX PRODUCT. B(TRANSPOSE) * A * E = 2,
USES TWD WORK SPACES. RESULT (Z2) IS PLACED IN A,
AZ MUST RE DIMENSIONED LARGE ENCUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER CF A CR 2. :
INNER PRNDUCT SUMS ARE PERFCFMED IN DCUBLE PRECISION.
CALLS FORMA SUBRDUTINE ZZEOME.
THE MAXIMUM STz:-S ARE

NRR = 500

NCE = 500
DEVELCPED 8Y W A EENFIELD. MAY 1572.
LAST REVISION BY FL WOHLEN. MARCH 1976.

SUBRCUTINE ARGUMENTS

AZ = INPUT INNER MATRIX. SIZE(NRB,NRE]}.

= QUTPUT RESULT MATRIX. SIZE(NCB4NCB}.
B8 = INPUT (QUTER MATRIX. SIZE(NRB,NCB).
NRP = INPUT NUMEER CF FOWS OF MATRIX 8, SIZE OF MATRIX A. MAX=500.
NCR = INPUT NUMBEK CF COLS CF MATRIX B, SIZE OF MATRIX Z. MAX=500C.
XAZ = INPUT ROW DIMENSION OF AZ IN CALLING PROGRAM.
KB = INPUT ROW DIMENSION OF B8 IN CALLING PROGRAM.

NERRCO® EXPLANATION
1 = SIZS LIMITATION EXCEEDED.

NERRCR=1
IF (NRR.GTe500 o0Re NCBAGToa500 oCRe NRBGTOKAZ oORa NCB.GT.KAZ)
* GO TC¢ 999

DC 20 I=1,NRB
DO &% K=1,NRB
5 WKL = AZ({T.,K)

DO 20 J=1,.NCE
S = ZEFN
DC 10 K=1,NRB
SS = WIKYXBEIK,J)

10 S =S + SS

20 A2(1,J0) = S

DC 36 J=1,NCPR
DO 27 I=1,NCB
§ = ZERO
DC 25 K=1,NRB
SS = BUK,I)*AZ(KeJ)
25 § = S + S§
27 W(l) = §
DO 30 1=1,NCE
30 £Z2(1,3) = w(I)
RETURN
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999 CALL 22BOMB (6HBTAEA HNERROR)
END
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SUBROUTINE BTABA2 (AZ,B4N,KA)
DIMENSICN AZ(KA,1)y, B(KA,1)
COMMCN / LWRKV1 / W(S500)
DCUBLF PRECISICN S5,SS,.ZERC
DATA ZERD /0.D/

TRIPLF MATRIX PRODUCT. BU(TRANSPDSE) * A * B = Z,
A MUST BE SYMMETRIC TC GET CORRECT ANSWER,
B IS ASSUMED UPPER TRIANGULAR.
Z WILL RE SYMMETRIC. UPPER HALF CALCULATED, REFLECTED TQO LOWER
USES TWO WNRK SPACES. RESULT (Z) 1S PLACED IN A.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SURROUTINE ZZBOME,
THE MAXIMUM SIZE IS

N = 500
DEVELOPED BY R L WOHLEN AND W A BENFIELD. MAY 1972.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

AZ = INPUT INNER MATRIX. SIZE(N,yN}.
= QUTPUT RESULT MATRIX. SIZE(N,N}.
B = INPUT CUTER MATRIX. SIZE(N,N).
N = INPUT SIZE CF MATRICES A,ByZ. MAX=500.
KA = INPUT ROW DIMENSION OF AZ AND B IN CALLING PROGRAM.

NERROR EXPLANATION
1 = SIZE LIMITATION CR DIMENSICN SIZE EXCEEDED.

NERRCR=

IF (NeGT.500 .OR. N.GT.KA) GO TO 999

DO 20 I=1,N
DO 5 K=14N
5 WIK) = AZ(1,4K)
DO 20 J=14N
S = ZERC
DO 10 K=1,J
SS = WIK)*B(K,J)
10 S = S + SS§
20 AZ(I,J) = S

DO 30 J=1,N

DO 28 J1=1,J

S = ZEFO

DO 25 K=1,I

SS = B(KsI)#AZ(KyJ)
25 S = § + S§

28 wWlI) = S
DO 30 1=1,J
AZ2(1,3) = WD)
30 AZ(Jy1) = W(I)
RETURN

999 CALL 22B0MB (6HBTABAZ sNERROR)
END

HALF.

1
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SUBROUTINE BTABC1(A+ByC+ZsNRB,NCB,KRA KRB KRC 4KRZ )
DIMENSTON A(KRA31),E(KRB,1),C(KRCy11),Z(KRZ,1)
COMMON / LWRKV1 / V(5G0)

DCUBLE PRECISICN SUMySSeZERC

DATA ZERQ /0.D/

BTABCY1 PERFORMS THE OPERATION (Z)=((B)TRANSPOSE})*(A)*(B)+(C)
BTABCY CAN ALSO PERFORM THE OPERATION

(CY=((E)TRANSPOSEI* (A)*(B)+(C) BY CALL BTABC1(A4B;C,Cy~——ETC—-)
(A)=((B)TRANSPOSEI*(A)*(B)+(C) BY CALL BTABCl(AyBsCoAy—ETCL—~)
IF NRB IS NEGATIVE A SYMMETRIC (2) IS COMPUTED.

MAXIMUM SIZE NRE=500

INNER PRODUCT SUMS ARE PERFORMED 1IN DOUBRLE PRECISICN.

FCRMA SUBROUTINE ZZBNMB 1S CALLED.

CODED BY JOHN ADMIRE *NASA* JULY 1972 .
LAST REVISICN BY KL WOHLEN. MARCH 1976.

ARGUMENTS
A - INPUT MATRIX (A) *DESTYRCYEDx* SIZE(NRB BY NRB)
B - INPUT MATRLX (B) SIZE(NRB BY NCB)
c - INPUT MATFIX (C) SIZE(NCR BRY NCR)
4 - CUTPUT MATRIX (2) SIZE(NCE BY NCB)

NREB - INPUT ABS(NRB) NUMBER CF ROWS IN (B)

NCB - INPUT NUMBER OF CCLUMNS IN (R)

KRA — INPUT ROW DIMENSION OF {4) IN CALLING PROGRAM
KRE — INPUT ROW DIMENSION OF {B) IN CALLING PPROGRAM
KRC - INPUT POW DIMENSION CF {C} IN CALLING PROGRAM
KRZ -~ INPUT ROW DIMENSION OF (2) IN CALLING PROGRAM

NERROR EXPLANATIONS
1 = SIZE EXCEEDANCE.

NR=TABS(NRE)
NERROR =

TF(NR «GT. 500 .CR. NR .GT. KRA .OR. NR ,GT. KRB .OR. NCB
* .GT. KRC .OR. NCB GT. KRZ) GO TC 999

IF(NRS .GT. 0) GO TO 70

DO 30 I=1,NR

DO 10 K=1,NR

VIK)I=A(I,K}

DO 30 J=1,4NCE

SUM=ZERD

DO 20 K=1,NR

SS=VIK) =B (KyJ)

SUM=SUM+SS

A(T4J)=SUM

DO 60 J=1,NCB

DO 40 K=1,4NR

VIK)I=A(K,J)

DO 60 1=1,J

SUM=C(I,J}

1



50
60
63
70

80

90

100

110

120
130

994

DO 50 K=1,NR
$S=8(K.1)%VIK)
SUM=SUM+SS
Z{I,J)=5SUM

DO 63 I=1,NR
DO 63 J=1,NR
Z(J,1)=2(1,3)
RFTURN

DO 100 I=1,4NRR
DO 8C K=1,NRB
VIKI=A(I4K)

DO 100 J=1,NCE
SUM=ZER(

DC 90 K=1,NRB
SS=V(K)I*R (K ,J}
SUM=SUM+SS
AlI,J)=SUM

DO 130 J=1,NCE
DO 110 K=1,NRB
VIK)=A(Ks D)

DO 13C I=1,NCB
suM=Ct{1,J)

DO 120 K=1,,NRE
SS=B{K,I)*V(K}
SUM=SUM+S S
Z(T4J)=SUM
RETURN

CALL ZZBOMB(6HETABC1,NERRCOR)

END

8TABCl1~~ 2/ 2
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SUBROUTINE BTDB1{(DyByZyNRByNCRKKByKRZ)
DIMENSION D{l},B(KREy1}4Z(KRZ21)

COMMON 7/ LWRKV1 7/ V(500)

DOUBLE PRECISION SUMySS,ZERQ

DATA ZERO /0.D/

ev0B1

BTDB1 PERFORMS ThHE CPERATICN (Z)=((B)TRANSPOSE)(-D-)1*(E)
WHERE (-D-) IS A DIAGONAL MATRIX AND THE INPUT VECTGR (D)

CONTAINS THE DIAGONAL ELEMENTS .

MAXIMUM SIZE NRB=500

INNER PRCDUCT SUMS ARE PLRFORMED IN DOUBLE PRECISION.

FORMA SUBRCUTINE ZZROMBR IS CALLED.
CODED RY JOHN ADMIRE *NASA* JULY 1972 .
LAST REVISION Y RL WOHLEN. MARCH 197¢.

ARGUMENTS
D - INPUT VECTOR CONTAINING THE DIALONAL ELEMENTS OF (-D-)
B - INPUT MATRIX (B) SIZE(NRR BY NCB)
ya - QUTPUT MATRIX (2) SIZE(NCE BY NCBR)
NRB - INPUT ABS{NRB) NUMEBER OF ROWS IN (B)
NCB - INPUT NUMBER OF COLUMNS IN (B)
KRR — TINPUT RCW DIMENSION OF (B) IN CALLING PROGRAM
KRZ — INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM
WERROR EXPLANATIONS
1 = SIZF EXCEEDANCE.
NR=JABS {NRB)
NERROR =

IF(NR .GT. 500 «0R. NR 4GT. KRB OR. NCB .GT.
DO 30 J=1,NCB

D0 10 K=1,NR
VIK)=D(K)*BE(K,J)

DO 30 I=1,4J

SUM=2ERC

DO 20 K=1:NR

CSS=R(KyI)%V(K)

SUM=SUM+SS

Z(1,J)=SUM

DO 33 I=1,4NR

DO 33 J=T1,NR

2{9,1)1=2(1,4)

RETURN

CALL ZZBOMB(6HRTDBY HNERRCR)
END

KRZ) GO TO 999

1
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SUBROUTINE BTCECYI(D,84C42 {NRByNCEB KRB 4KRCoKRZ)
DIMENSICN D(1)yB{KRBs1),C(KRCs1)9Z(KRZy1)
COMMON / LWRKVY 7/ V(500)

DOUELE PRECISION SUM,SS

BTDBCY PERFORMS THE OPERATION (Z)=((B)TRANSPOSE)*(-D~)*(B)+(()
WHERE (-D~) IS A DIAGONAL MATRIX AND THE INPUT VECTOR (9)
CONTAINS THE DIAGONAL ELEMENTS .

BTDRCI CAN ALSO PFRFORM THE OPERATICN
(CI=((B)ITRANSPCSE)*(-D=)*x(B)+(C) BY CALL BTDBC1(DyB5C+Cy—=ETC~—)

IF NRB IS NEGATIVE A SYMMETRIC (2) 1S COMPUTED.
MAXIMUM S1ZE NRB=50Q0

INNER PRCODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
FORMA SUBRCUTINE Z2ZBOMB IS CALLED.

CODED BY JCOHN ADMIRE *NASA%x JULY 1972 .
LAST REVISION BY RL WOHLEN. MARCH 31976,

ARGUMENTYS
D - INPUT VECTCR CONTAINING THE DIAGONAL ELEMENTS COF (-D-)
a - INPUY MATRIX (B) SIZE(NRB BY NCB)
C - INPUT MATRIX (C) SIZE(NCR BY NCB)
2 - QUTPUT MATRIX (2) SIZE(NCE BY NCB)

NRB - INPUT ABS(NRB} NUMERER OF R[COWS IN (B?

NCB -~ INPUT NUMBER CF COLUMNS IN (B)

KRB ~ INPUT RCW DIMENSION OF (B) IN CALLING PROGRAM
KRC - INPUT ROW DIMENSION OF (C) IN CALLING PROGRAM
KRZ -~ INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERROR EXPLANATIONS
} = SIZE exXCEEDANCE.

NR=TABS (NRR)
NERRCOR =1
IF(NR .GT. 500 oCP. NP .GT. KRB oORe NCB GTe KRC

* ,0R. NCB .GT. KRZ) GO TO 999

IF(NRR .GT. 0) GO TC 40
DC 30 J=1,NCH
DD 10 K=1,NR
VIK)=D(K)*P (K ,4J)
DO 30 1=1,J4
SUM=C(1,J)

DO 20 K=1,NR
SS=R (K, I1)%V({K)
SUM=SUIM+S S
Z(I4J3=SUM

D0 33 I=1,NR

DO 33 J=1,NR
20Js1)=2(1,4J)
PETURN

CO 70 J=14NCB

DO S50 K=1,4NR



50

60
70

999

VIK)Y=D(K)%®P (K ,Jd)

DO 70 T1=1,NCB

SUM=C(1,J)

DO 60 K=1,4NPR

SS=B(K,I1%*V{K])

SUM=SUM+SS

2{1,J)=SUM

RETURN

CAr' 22BOMB{6HBTDBC1oNERRCR)
ENL

8TOBCl~~ 2/ 2
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SUBRCUTINE CCLMLT (AVEC 8,47 4NRyNC,KR)
DIMENSION AVEC(1), B(KRyl)y Z(KR,1)

MULTIPLY FACH ELEMENT IN COLUMN(JY: OF MATRIX B BY
ELEMENT(J) CF VECTOR AVEC.

MATRICES 8,42 M2AY SHARE SaAME CCRE LOCATICNS.

CODEN AY RL WCHLEN. FEBRUARY 1665,

SURRTUTINE ARGUMENTS

AVEC = INPUT VECTCR. SIZE(NCY.

8 = INPUT MATRIX. SIZE(NR,NC).

¥4 = QUTPUT RESULT MATRIX. SIZE(NR,NC).

NR = INPUT NUMBER CF ROWS IN MATRICES BR,Z.

NC = INPUT NUMEEP OF CCLS IN MATRICES B,2. ELEMENTS
KR = INPUT ROW DIMENSION CF 6,2 IN CALLING PROGRAM.

DC 10 I=1,NR
D0 10 J=1,4MC
10 2(I,3) = AVEC(J) * B(I.J)
RETURN
END

COLMLTY

-yt g

IN VECTOR AVEC.



COMENT

SUBRCUT INE COMENT

DIMENSION TREMRK(12)

COMMON /LLINE/ NLINEoMAXLIN,MINI
DATA NITNOT/S,.6/

READ COMMENT CARDS AND PRINT THEM UNDER PAGE HEADING OF FORMA
SUBROUTINE PAGEHD. COMMENT CARDS MAY HAVE ANY KEYPUNCH SYMBOL

IN CARD COLUMNS 1-78.

IF IT IS DESIRED TC HAVE ANY GIVEN COMMENY CARD PRINT CR A NEW

PAGE, SUPPLY THE LETTER P IN CCLUMN 80 ON THAT CARD.

ROUTINE IS ENDED BY SUPFLYING A CARD WITH ZERCS IN COLUMNS 1 THRU 10.
CALLS FORMA SUBRQUTINE PAGEHD.

CODED BY RF HRUDA. MARCH 1966,

LAST REVISICON BY RL WOHLEN. MARCH 1976.

alalaEzNalsNaNaNalale

1001 FORMAT (13A641X,4A1)

2001 FORMAT (///)

2002 FORMAT (22X,13A6)

2050 FORMAT (/ 1x 123(1H-) }

Cc
N =0
1 READ (NIT,1001) (IREMRK(I}41=1,13),1PGHD

IF (IREMRK{1) .EQ. 6HOCO0000) RETURN
N = N+]
IF (NJNF.1 .AND. IPGHO.NE.1HP) GG TC 2
IF (MINY JNE. 4HMINI) GG TC 800
IF (NLINE .LE. 5 .OR. NLINE .GE. MAXLIN} GO TO 800
IF ((NLIME+2) .GT. MAXLIN)} GC TO 80C
WRITE (NOT,2050)
NLINE = NLINE + 2
GC TC €10

800 CALL PAGEHRD

810 WRITE (NCT,2001)
NLINE = NLINE + 3
N =1

2 IF ((N+8) EQ. MAXLIN) N = Q

WKITE (NCT,2002) (IREMRK(I),1=1,13)
NLINE = NLIME + 1
GC 10 1
END
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SUBRQUTINE CCMPAR (AsRyNR,NCNDIG,GVOLsANAME JRNAMEs KA 4KR)

DIMENS
COMMCN
DATA E
DATA N

ION A(KA,1), RP(KR,1)
JLLINE/ NLINEMAXL INJMINI
PS/C.0/

ITSNCT/5,46/7

COMPARE TWO MATRICES ELEMENT BY ELEMENT. PRINT OUT ELEMENT DATA WHEN
ELEMENTS DO NCT COMPARE TO SPECIFIED NUMBER COF DIGITS (NDIG).
ELEMENTY VALUES EBEELOW TCLERANCE (GYOL) ARE IGNCRED.

MAXTMUM OF 1000 NONCOMPARABLE ELEMENTS ARE PRINTED.

DEVELCPED EY JOW ERNST, RL WOHLEN. CCTORER 1971.

LAST REVISION BY RL WOHLEN. MARCH 1976.

A

A
R
NR
NC

NDIG
GTOL

ANAME
RNAME

KA
KR

2001

SUBPOU

TINE ARGUMENTS (ALL INPUT)

MATRIX TC BE CHECKED. SIZE(NR,NC).

MATRIX CONTAININC REFERENCE VALUES. SIZE(NR,NC}.
NUMBER CF ROWS OF MATRICES A,R.

NUMEER OF COLS OF MATRICES A,F.

NUMEBER OF DIGITS TO BE COMPARED EBETWEEN (A) AND (K]},
GAKRAGE TCLERANCE. MATRIX ELEMENTS (ABS) LESS THAN CR
EQUAL TC THIS VALUE WILL BE IGMDORED.,

NAME OF MATRIX A.

NAME CF MATRIX R.

FOW TIMENSION OF A IN CALLING PROGRAM.

ROW DIMENSICN OF R IN CALLING PROGRAM.

FORMAT (///7 10X 34HSUBROUTINE COMPAR COMPARES MATRIX ,Aby

¥-

* % % %

2002 FORMAT

*

2003 FORMAT
2004 FORMATY
2005 FORMAT

10

20

WRITE
NLINE
ATOL =
NEL =
bDCe 20
DC 20
IF (AR
IF (AB
IF (AR
IF (NE
NLINE
NEL =
IF (NE
WRTTE
NLINE
CONTIV
IF (NE

21H TC REFERYNCE MATRIX ,A6920H ELEMENT BY ELEMENT.
/ 44X bH-————=3 21X 6H——-——-— ’
/ 10X 25HELEMENTS ARE COMPARED TO ,12, 10H DIGITS.
24HELEMENTS (ABS) LESS THANSE10.3,13H ARE IGNORED.
/ 35X 2t==y 35X OH=—~———= -
{ /7 15X 48HDISAGREEMENT WAS FOUND AT THE FOLLOWING ELEMENTS
/ YEX 1HIs 3X 1HJy 6X THMATRIX 4A6s 5X 11IHREF MATRIX ,A6)
(15X 214, 2E19.8)
{ /7 15X THMATRIX A6, 30H AGREES WITH REFERENCE MATRIX ,A6)
( /7 10X 25HEND OF SUBROUTINE CCMPAR.)

(NCT,2001) ANAME,RNAME,NDIG,GTOL
= NLINE + 7
10.xx({~NDIG)
G
J=1,NC
I1=1 oNR
SIAUT4J))eLE.GTOL .AND. ABS(R{ILJ)Y.LE.GTOL) GO TC 20
S(R{I,J)) .LE. EPS) GC TO 10
SULAGTZU)-RIT,J))I/R(I,4)) LLE. ATOL) GO TO 20
L +ECa C) WKITE (NOT,2002) ANAME,RNAME
= NLINE + 3
NEL+41
L .GT. 1000) GO TO 3C
{NCT.2003) 1.Jd98(1,J),R (1,4}
= NLINGC + 1
UE
L «FCe. 0O) WRITE (NOT42004) ANAMEJRNAME
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NLINE = NLINE + 2
30 WRITE (NCT,2005)

NLINE = NLINE + 2

RETURN

END
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SUBROUTINT DRI(D«FyZ+NREB,NCE,KRB,KR2Z)
DIMENSION D(1)4B{KREy1)42(KRZH1)

DR1 PERFCRMS THE CPERATION (Z)=(-. -)x(R)

WHERF © IS A VECTCR THAT CONTAINS THE DIAGONAL ELEMENTS OF (-D-)

DBl CAN ALSO PERFORM THE CPERATION
(B)=(-D-)*(E)} EY CALL DB1(ByBy—~ETC~—)}

IF NRE IS NEGATIVE AND ABS(NRB) IS EQUAL TC NCB
A SQUARE, SYMMETRIC (Z) IS CALCULATED.

FORMA SUPRMUTINE ZZBOMB 1S CALLED .
TCDED BY JOHN ADMIRY *NASA* JULY 1972 ,
LAST REVISIUN BY RL WOHLEN. MARCH 1976.

ARGUMENTS
D - INPUTY A VECTOR THAT CONTAINS THE OIAGONAL ELEMENTS OF (-D-)
B - INPUT MATRIX (B) STZEI(NPR BY NCB)
¥4 ~ QUTPUT MATRIX (2) SIZE(NRB BY NCB)

NRE - INPUT ARS(NRB) IS THE NUMBER CF ROWS IN (8)
KRR — INPUT ROW DIMENSION OF (B8) IN CALLING PRCGRAM
KRZ - INPUT ROW DIMENSICN OF (2) IN CALLING PROGRAM

NERROR EXPLANATICNS

1 = SIZE EXCEEDANCE.
2 = NON-SQUARE RESULT ASKED FCR.
NR=IARS (NFE)
NERRQOR
IF(NK .GT. KRB .OCR. NR .GT,. KRZ) GO 10 999
IF(NRB .GT. C) GO TC 20
NERROR

IF(NR .NE. NCB) GO TQ 999
DO 10 J=1,4NR

o0 10 1=1,J
Z{1,,J)=D(T)%E(1,J)
JARESOEYAREN) |

RETURN

D0 20 J=1,NCHB

DO 30 TI=1,NRB
Z(1,3)=0(1)*B(1,J)

RETURN

CALL ZZEOMB{6HDB1 o NERROR )
END

tH

"
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SUBROUTINE DCCMY (As24NyKR)
DIMENSION A(KR,1), Z{KR,s1)
DCURLF PRECISION DM,DS

DATA EBPS/ G0 /

DATA NIT,NOT/546/7

DECOMPOSE MATRIX (A) TO FORM UPPER TRIANGULAR MATRIX (Z) SUCH THAT
A = Z(TRANS) * 2, CHOLESKI SQUARE ROOYT METHOD.

MATRIX (A) SHOULD BE RFAL, SQUARE, SYMMETRIC, POSITIVE DEFINITE.
UPPER HALF CF MATRIX (A) 1S USED.

MATRICES (A) AND (2) MAY SHARE SAME CORE LOCATICNS.,

INNER PRCODUCT SUMS ARE PERFORMED IN DCOUBLE PRECISION.

CALLS FORMA SUBRQUTINE ZZBOMB.

CODED BY PRL WCHKLEN. CCYOBER 197C.

LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBRROUTINE ARGUMENTS

A = INPUY MATRIX TC BE DECOMPOSED. SIZE(N,N).

Z = OUTPUT MATPIX. SIZE(N,N).

N = INPUT SIZE OF MATKICES A,Z.

KR = INPUT RCW DIMENSION OF A,Z IN CALLING PRCGRAM,
NERROR EXPLANATICN

1 = MATRIX 1S NON-POSITIVE DEFINITE AT A(l,1).

2 = MATRIX IS NON-POSITIVE DEFINITE,

i 300 FORMAT (5H11 = I3}

NERRCR=1
IF (A(1,1) .LE. EPS) GC TO 999
2(1,1) = SORT(A(1,1))
IF (N .EQ. 1) RETURN
DC 5 J=2,4N
5 2(14J) = A(144)/2(1,1)

NERROR=2
OO 30 I=2,N
M1 = I
IP1 = 1+1
DS = AlI,1)
DN 10 K=1,1IM1
OM = Z(KyY)*%2
10 DS = NS - DM
2(1,1} = DS
IF (2(1I,1) .LE. EPS) GO TC 998
2(1,1) = SGRT(Z2(1,1))
IF (1 .EQ. N} GO TO 40
DC A0 J=1P1,N
DS = A(I,J)
D0 20 K=1,1IM1

DM = Z (K, IV*Z(KsJ)
20 DS = NS -~ DM
7(1,J) = DS
30 Z(14Jd) = Z(193)/2(1,1)
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40 D0 50 I=2,.N
M1 = I-1
D0 50 J=1,1IM1
50 2(1,J) = 0.0
RETURN

998 WRITE (NOT,3001) 1
999 CALL 228BCMB (6HDCOM1 HNERROR)
END
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SUBROUTINE DIAG (AVEC yZ4N4KR)
DIMENSION AVEC(1l}, Z(KR,1)

DIAGONALIZF A VECTOR (ROW CR COLUMN MATRIX) INTO ‘A SQUARE MATRIX.
CODED BY RL WOHLEN. FEB 1965.

SUBROUTINE ARGUMENTS

AVEC = INPUT VECTOR. SIZ2E(N).

/4 = QUTPUT RESULT MATRIX. SIZE(N,N).

N = INPUY SIZE OF MATRIX Z (SQUARE), LENGTH OF VECTOR AVEC.
KR = INPUT ROW DIMENSION CF Z IN CALLING PROGRAM.

DO 20 1=1,N
DO 10 J=1,N
10 Z(1,J) = 0.0
20 Z(1,1} = AVEC(])
RETURN
END
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SUBROUTINE DIFFY (XAsXZyYAeZoNXANXZHNCAJKAKZ)
DIMENSTICN XAC1)9XZC1)YA(KA,1)4ZIKZ,41)

LINEAR DIFFERENTIATICN.

VALUES OF XZ MAY FE QUTSIDE OF XA. (EXTRAPOLATION}.
CODED BY RF HRUDA. SEPTEMBER 1965.

LAST REVISION BY J ERNST, OCT 1973.

SUBROUT INE ARGUMENTS
XA = INPUT VECTCR CF X~COORDINATES FOR ROWS OF YA. MUST BE 1IN
INCREASING ORDER. SIZE{NXA).

X2 = INPUT VECTCR OF X-~COCRDINATES FOR DERIVATIVES. SIZE(NXZ}.

YA = INPUT MATRIX NOF Y-COORDINATES TO B8t DIFFERENTIATED.
SIZE(NXA,NCA).

z = QUTPUT MATRIX OF DERIVATIVES. SIZF(NXZ,NCA).
EACH CCLUMN OF Z HAS DERIVATIVES OF THE RESPECTIVE
COLUMN CF YA,

NXA = INPUT NUMBER OF XA STATIONS, ROWS CF MATRIX YA.

NXZ = INPUT NUMBRER OF XZ STATICONS, POWS OF MATRIX Z.

NCA = INPUT RNUMBER OF COLUMN VECTORS IN MATRICES YA,2.

KA = INPUT RCW DIMENSION OF YA IN CALLING PROGRAM,

K2 = INPUT ROW DIMENSION OF 2 IN CALLING PROGRAM.

DC 30 K=1,NXZ

DC 10 TI=1,NXA

IFIXZIK)oLEXA(I+]1) JOR. (I+1).EQ.NXA) GO TO 20
1C CONTINUE
20 DO 30 J=1,4NCA
30 2{Ksd) = (YA(I+]1,0)-YA(I,,J) )/ (XALI+1)-XA(T))

RETURN
END
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SUBROUTINE DIFF2 (XAeXZ3YAsZyNXANXZ9NCAgKAKZ)
DIMENSICON XA(1)4XZ(1) o YA(KAS2)4Z(KZ,H1)

—

DIPARABCLIC DIFFERENTIATICN.

(PARAROLIC DIFFERENTIATION IN FIRSTLLAST BAYS AND OQUTSIDE XA).
VALUES OF XZ MAY BE CUTSIDE OF XA. (EXTRAPCLATION]}.

CALLS FORMA SUBROUTYINE 22BOMB.

CODED BY RF HRUDA. FEBRUARY 196%,

LAST REVISICGN BY WA EENFIELD. MARCH 1976,

SUBROUTINE ARGUMENTS
XA = INPUT VECTOR OF X-COORDINATES FCR ROWS OF YA. MUST BE 1IN
INCREASING ORDER., STIZE(NXA).

XZ = INPUT VECTOR CF X—COCRDINATES FOR DERIVATIVES. SIZE{(NXZ).

YA = INPUT MATRIX CF Y-CCORDINATES TO BE DIFFERENTIATED.
SIZE(NXAsNCA).

z = QUTPUT MATRIX CF DERIVATIVES. SIZE(INXZ,NCA).
EACH COLUMN OF Z HAS DERIVATIVES OF THE RESPELTIVE
COLUMN CF YA,

NXA = INPUT NUMBER CF XA STATIONS, ROWS OF MATRIX YA.

NXZ = INPUT NUMBER CF X2 STATIONS, RCWS OF MATRIX Z.

NCA = INPUT NUMBER COF CCLUMN VECTCRS IN MATRICES YA,2.

KA = INPUT ROCW DIMENSION CF YA IN CALLING PROGRAM.

KZ = INPUT ROW DIMENSION CF Z IN CALLING PROGRAM.

AOOOOOOOOOOOOOOOOOOOOOO0

NERRCR  EXPLANATIOCN
1 = LESS THAN 3 STATIONS.

NERROR = 1
IF (NXA L. 37 GO TC 999

DO 400 K=1,4NXZ
IF (XZ(K).LE.XA(2)) GG TO 100
IF {IXZ(K).GE.XA(NXA-1)) GO TO 300
DC 50 I=3,NXA
IF (X2(K).LE.XA(I)) GO TO 200
S0 CONTINUE
c
C FIRST BAY (R LEFT EXTRAPOLATION.
100 BAYL = XA(2)-XA(1)
H (XZ(K)-XA(1))/EAYL
D (XA(2)-XA(1))}/BAYL
DC 102 J=1,NCA
102 Z(KqyJd)=( YA(l4J)%(2.0%H-1.0-D)/D

"tn

* +YA(2,3)%(2.0*%R-D)/(1.0-D)
* +YA(39J )X (=2, 0%H+1.C) /(D~D*%*2) )/BAYL
GO TC 400

C
C INTERTOR BAY.
200 BAYL = XA{I)=-XA(1-1)

H = (XZ(K) -~XA{I-1))/tAYL
C = (XA(I-2)=XA(1-1))/RAYL
D = (XA(I+1)-XA(I-1})/BAYL

DC 202 J=1,NCA
202 Z(K 4=l YA(I=Z2,90)%(3 0%H*%2-4,0%H+1.0) /7{C~-C%x%2)
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* FYA(TI-14J )% (3 .0%HF*2% (D) +2,0%H* (2 ,0%D~C)-D*(1.+C)}/7(C*D)
* +YA(I 5 J)¥ (3 0XHAX2%(D-C)+2.0%H*¥{] 0~2.0%D+C)—C*(1.0-D)}/
* (t1.0-C)*{1.0-D1})
* AYA(T+1 40 )% {=3 . "*HEX242.0%H )/ (D-D*x2) )/BAYL

GO TC 400

C
€ LAST RAY OR RIGHT EXTRAPOLATION,
300 BAYL = XA(NXA)-XA(NXA-1)
H = (XZ(K) ~XA(NXA-1))/BAYL
C = (XAINXA-2)-XA(NXA-1)})/BAYL
DO 3062 J=1,NCA
302 Z(Kyd)=0 YAINXA-29J)%(-2.0%H+1.0)/(C~Cx*x2)
* +YA(NXA=1,0)*(2.0%H-1.0-C)/C
X +YA(NXA  2J)*(2.0%H-C)/7(1.0-C) }/BAYL
c
400 CONTINUE
RETURN
C
999 CALL ZZ2BOMB (6HDIFFZ LNERROR)
END
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SUBRNUTINE DISA
DIMENSTION A(KRA,1), Z(KRZ,1)

MATRIX DISASSFMBLY. (MATRIX 2 FROM MATRIX A).

CAL
coD
LAS

A
IRA
JCA

NPA
NCA
NR2
NCz

N
non

10

999

LS FORMA SURROUTINE ZZEBDMB.
ED BY PL WCOHLEN. FEB 1965.
T REVISION BY WA BENFIELD. MARCH 1976.

SUBRCUTINE ARGUMENTS

INPUT MATRIX. SIZE(NRA,NCA).

INPUT  RCOW NUMBRER IN MATRIX A OF FIRST ROW CF
INPUT CCL NUMBER IN MATRIX A OF FIRST COL OF
OQUTPUT RESULT MATRIX. SIZE(NRZ,NCZ).

INPUT NUMBER OF ROWS OF MATRIX A.

INPUT  NUMBE” OF COLS OF MATRIX A.

INPUT NUMBER COF RCWS OF MATRIX Z.

INPUT NUMBER OF COLS OF MATRIX 2.

INPUT RCW DIMENSION CF A IN CALLING PROGRAM.
INPUT ROW DIMENSICN OF Z IN CAcLING PROGRAM.

NNy

NERROR  EXPLANATION
LOOKING FCR DATA CUTSIDE OF MATRIX A ROWS.
LOOKING FOR DATA OUTSIDE OF MATRIX A COLUMNS.

IF ({IRA-1+NRZ) .GT. NRA) GO TO 999
IF ({JCA-14NCZ) -GT. NCA) GO TO 999

DO 10 IZ=1,4NKR2Z

IA = 12 + IRA -1
DO 10 J2=1,NCZ

JA = JZ + JCA -1
2(12,4,J2) = A(IA,JA)
RETURM

CALL ZZBCME (6HD1SA  4NERROR)
END

DISA

—— - - -

(Ay IRAJJCAZyNRA9NCAJNRZ¢NC2Z +KRASKRZ)

MATRIX 2.
MATRIX 2.

NERROR

NEPROR

L
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SUBROUTINE EIGNY  (AyVAL,VEC,NINsFODINyKR)
DIMENSION  A(KR,1)s VAL(1)y VEC(KR,1)
DATA NIT4NOT/5406/

CALCULATE EIGENVALUES / EICENVECTCRS OF (AM(VEC) = (VEC)(-VAL-).
JACOBI MFTHOD, THRESHOLD VERSION., PROGRESS FROM PIVOT ELEMENT
(IPIVOT,JPIVOT) TO ELEMENT (IPIVOT,JPIVGT+1l) AFTER A PIVOT.

THE (A) MATRIX SHOULD BE REALy SYMMETKIC. UPPER HALF IS USED.
CALLS FORMA SUBROUTINE Z2ZBOMB.

CODED RY RL WOHLEN. APRIL 1969,

LAST REVISICN PY RL WCHLEN. JANUARY 1575.

SUBROUTINE ARGUMENTS

A = INPUT MATRIX TO BE DIAGONALIZED. SIZE(N,N). *DESTROYED*

VAL = QUTPUT VECTOR CF EIGENVALUES. SIZE(N).

VEC = QUTPUT MATRIX OF EIGENVECTORS. SIZE(N,N).

NIN = INPUT ABS(NIN!=N IS THE SIZE OF MATRICES A,VEC, VELTOR VAL.
IF NIN IS NEGATIVE, INITTAL VEC MATRIX IS ASSUMED TO
BE SUPPLIED FRCM ARGUMENT.

FODIN = INPUT FINAL OFF-DIAGONAL VALUE FOR DIAGONAL IZED A.
IF FCDIN oLF. O.y FOO=TRACE(A)*10*%-21 WILL BE USED.

KR = INPUT ROW DIMENSION OF A,VEC IN CALLING PROGRAM.

NERROR EXPLANATICN
1 = SUM OF THE DIAGONALS IS NOT POSITIVE.

OO0

“2001 FORMATY (//// 54X ,18H{SUBRROUTINE EIGN1) )
2002 FURMAT (//41X,26HFINAL OFF-DIAGCNAL (FOD) =F10.3, 8H (INPUT))
2003 FORMAT (//39X426HFINAL OFF-DIAGONAL (FOD) =E10.3,13H (CALCULATED))

N = TABS({NIN)
IF (NIN .LT7. O) GC TO 10
C SET INITIAL VEC MATRIX TO UNITY.

DO 6 I=1,4N

DO 5 J-’-I,N
5 VEC(I.J) = 0.0
6 VEC(I,I) = 1l.0C

10 IF (N .EQ. 1) GO TO 60

FIND LARGEST OFF-DIAGONAL ELFMENT (THRESH) OF A.
CALCULATE SUM OF DIAGONALS (TRACE) OF A.
TRACE = 0.
THRESH = AES(A(1,2))
NM1 = N-1
DO 15 1=1,NM]
TRACE = TRACE + A(I,1}
IP1 = 141
DO 15 J=1P1,N
15 IF (APS(A(T,J)) .GY. THRESH) THRESH=ABS(A(I,J))
TRACE = TRACE + A(N4N)
FuD = FODIN
IF (FOCIN .LF. O.) FOD=TRACEX],E-21
WRITE (NOT,2001)
IF (FODIN .GT. 0.} WRITE (NOT,2002) FCD

e XaXal o
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IF (FODIN .LE- 0.} WRITE (NOT,2003) FOD

NERRCR=1
IF (FOD .tE. Cu) GO TC 999
IF (THRESH .LE. FOD) GO TO 60

SCAN UPPER QFF-DIAGONAL ELEMENTS OF MATRIX A BY ROWS UNTIL A VALUE
GREATER THAN THKESH 1S FOUND. PIVCYT ON THIS ELEMENY (I=.JP),
20 THRESH = THRESH/10.

IF (THRESH LT« FOD) THRESH=FOD
22 IRE0 = O

DO 41 1P=1,NM1

IPM1 = IP-1

IPP1 = IP+1

DL 40 JP=1PP1,N

IF (ABS(A(IP,JP)) .LT. THRESH) GO TO 40

IREDC = 1
CALCULATE ROTATION VALUES.

DEL = A(IP4IP) ~ A(JP,JIP)

RAD = SGRT (DEL*%2 + 4. *A(IP4JP)%%x2)

IF (DEL .LT. C.) FAD=-RAD

TN = (2. * A(IP,JP)) 7/ (DEL + RAD)
€CS = 1. /7 SGRY (1o + TN%%2)
SN = TN % CS

DIAGOMNALIZE MATRIX (A). ONLY UPPER HALT IS USED.
JPMT = JP-1
JPP1 = Joa+1
IF (1P .FO. 1) GO TO 33
DO 32 I=1,IPM]

AlIP = A(1,IP)*CS + A(I,JP)*3N
AlToJP) ==A(I,1P)%SN + A(T,JP)%CS
32 A{I.IP) = AIIP

33 IF (1IPPl .tQ. JP) GO TO 35
DO 34 I=IrP1l,JPM1

AIP1 = A{IP,I)1*CS + A{I,JP)*SEN
AlI4JP) =—-A(IP,1)*%SN + Al(I,JP)I*CS
34 A(1IP,1) = AIPI

35 IF (JP FCe N) GO TO 37
DO 36 I=JPP14N

AIPI = A{IPLI)*CT + A(JP,I)%SN
A(JPLI) ==A(IP,T1)%SN + A(JIP,41)*CS
36 AlIP,1) = AIP]
37 AIPIP = A{IP.IF)

AJPJUP = ALJF,JP)

C€2 = CS»a?

SN& %D

2.%A0IP » JP I ESNXCS
A(TIP,IP) AIPIP%CS2 + ASC + AJPJIP=SNZ2
ALJP,JP) ATPIPXSNZ = ASC + AJPJIP»(CS2
ALIP,JP) 0.0

CALCULATE EIGENVECTORS,
DO 38 I=1,N
VECIIP = VEC(1,IP)2CS + VEC(T,JP}%SN
VEC(T,JP) ==VEC(1,IP)%SN + VEC(1,JP)*CS

38 VEC(1,1IP) = VECIIP

40 CONTINUE

nonn
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41 CONTINUE
IF (TREDC .EC. 1) GC TO 22
IF (THRESH .GT. FOD) GO TO 20

T PLACE DIAGTNAL FRCM A INTO VAL (EIGENVALUES).
60 DO 61 I=1,4N
61 VAL(I) = A(I,1)
RETURN
c
999 CALL Z2BCMBR (6HEIGNY HNERROR)
END
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SUBRCUTINE EIGNYIA (A, VALyVECsNIN,CTVIN,KR)
CIMENSION A(KR,1%, VAL(1), VEC(KR,1})

CALCULATE EIGENVALUES / EIGENVECTCRS OF (A)(VEC) = (VEC)(—-VAL-}.
JACORT METHOD, THRESHOLD VFRSICN. PROGRESS FROM PIVOT ELEMENT
(IPIVOT, - IVCT) TC ELEMENT (IPIVCOT,JPIVCT+1) AFTER A PIVCT.

THE (A) MATRIX SHOULD EE REAL, SYMMETRIC. UPPER HALF IS USED.
DEVELOPED BY £ L WOHLEN, AUGUST 1972.

LAST REVISICN BY R A PRILIPPUS. JUNE 1973.

SUBRCUTINF ARGUMERTS

A = INPUT MATRIX TC BE DIAGCNALIZED. SIZE(NyN}e *DESTROYED®

VAL = QUTPUT VECTCE OF EIGENVALUES. SIZE(N),

VEC = CUTPUT MATRIX CF EIGENVECTORS. TIZF(N,N).

NIN = INPUT ABS(NIN)=N IS THE SIZE OF MATRICES A,VEC, VECTOR VAL.
IF NIN IS MEGATIVE, INITIAL VEC MATRIX IS ASSUMED TC
EF SUPPLIED FROM ARGUMENT.

CTVIN = INPUT {C(CMVEKGENCE TCLERANCE ON EIGENVALUES. CONVERGENCE
ASSUMED IF ABS(EIGENVALUE) LESS THAN CTVIN OR IF
THE BEIGENVALUE RATIC OF (CURRENT-PRECEDING)/CURRENT
IS LESS THAN CTVING
IF CTVIN J.Lf. QO.¢ 10%%—6 WILL BE USED.

KP = INPUT ROW DIMENSICN OF A,VEC IN CALLING PROGRAM.

N = TAES(NIN]
IF (NIN LT. C) GO TO Y0

O SET INITIAL VEL MATRIX TC UNITY.

alsNel

DO 6 I=1,N
DC £ J=i,4N
5 VEC(1,J)
6 VEC(I,T1)

C.C
1.0

L)

10 IF (N .EQ. 1) GOQ 10 60

SET INITIAL EYGENVALUES, CCONVERGENCE TOLERANCE.
DO 12 T=1,N

12 VAL(I) = 2{1,1)
CTVvAL = CTVIN
IF (CTVIN .LE. 0.} CTVAL=1.E-6

FIND LARGEST OFF-DIAGCNAL ELEMENTY iTHRESH) CF A.
THPESH = ABS(A(1l.2))

NM1 = N-1
DD 15 I=1,NM}
IP1 = 1+1

DC 15 J=IP1,N
15 IF (ABS(A{1,J)) «GT. THRESH} THRESH=ABS (A(I,J))

SCAN UPPER CFFr-DYAGONAL ELFMENTS OF MATRIX A BY ROWS UNTIL A VAI UE
GREATEFR THAN THRESH IS FOUND. PIVOT ON THIS ELEMENT (IP,J4P).
20 TH®ESH = THRESH/10.
22 IREDD = O
DC 41 IP=1,NM1
ipM1 = IP-1
IPP1 = IP+1}
DC 40 JP=1IPP1,4N



IF (ABS(A
IREDC = 1

(IPyJP)) LT. THRESH) GO TOQ 40

C CALCULATE ROTATION VALUES.

C DIAGONALIZE MATRIX {(A).

1

DEL = AT
RAD = <QR
IF {DFL .
TN (2.

CS 1. /
Sn T™N %

nwn

JPM1 = JP
JPPY = P
IF (1P .F
DC 32 1I=1
AlIP =
Al(I,JP) =
32 A{I,IP) =
33 IF (1PP]
DC 34 I=1
AIPYI = Af
All,4JP) =
34 A(IP,1) =
a5 IF (JP .E
DO 36 1=J
AIPT = A(

PeIP) — A(JIP,JP)
T (DEL*%2 + 4. %A[IP,JP)2*2)
LT. C,) RAD=-RAD

* A(IP,JP)) / (DEL + RAD)
SQRT (1. + TN=»x2)

CcsS

-1

+1

€. 1) GO 70 3
£ IPM]
A(L9IP)%CS + A(I,.JP )*SN

~A(I,IP)*SN + A{I,JP)*CS
AIYP

«EQ. JP) GC TO 35
PP1,4JPM]

IP,I)%CS + A(I,JP)=*SN
—A{IPLI)*SN + ‘A(I,JP)%CS
LIP]T

¢. N} GC TC 37

PP1,N

IPL,II*CS + A(JIP,I)*SN

(O}

AlIPLI) ==A{IPL,IVASN + A(JP,L,I)%CS

36 A(IP,I) =
37 AIPIP = A
AJPJP A
€S2
SN2
ASC 2%
ACIP,IP)
AlLJIP,IP)
Al(IP,JP)
CALCULATE t1
DO 38 I=1
VECI1IP
VECI(1I,JP)
38 VEC{I,1P)
40 CONTINUE
41 CONTINUF
IF (IREDO
TEST FIGENVA
Do 52 I=1
IF (ABS(A
IF (ARSI
52 CONTINUF
GO TC 66
55 DC 56 1=1
56 vaL(I) =
GO T0O 20

. n

PLACE OIAGON
60 DO 61 1I=1

AIPI
(1P,1P)
(JPJIP)

CS*%x7
SNX*2

A(1IP4JP }IRSN*CS

= AIPIP=CS2 + ASC + AJPIP*SN2
ATIPIPxSN2 — ASC + AJPIP®(CS2
0.C

GEMVECTCKS .

oN

= VEC(I, IP)2CS + VEC(I,JP)=%SN
=~VEC(1,1P)%SN + VEC(I,JP)*CS
= VECI1P

nn

FQs 1) GO TO 22
LUES FOR CONVERGENCE.
N

\J

(1,I)) «LT. CTVAL) GO TC 52

AT, 1)-VALLI))/ZA(I,1}) .GT. CTVAL) GO TO 55
oN

A(I,1)

AL FROM "A INTO VAL (FIGENVALUES).
N

EIGNIA—— 27 3

CNLY UPPER HALF 1S USED.
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61 VAL(I) = A(I,I)
RETURN

END
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SUBROUTINE FRY1 (A4ByCyDy TABW 4 TABF oW NX JNWoNRTABF ,NCTABF,

* KA sKF s WRK o NTAPE)

DIMENSICN A(KA.1) 3E (KAL) yCUKAGY) sD(KAL1) s TARWIKF 1) TAEF(KF,1),
* WI1) sWRK(KA31 )y FIBO1:XRI50) XI(50),CN(50),GNDE(50]),

* PHAS(50) s WW{50) s1V{50) 3 IRE(50) 4BIN{50),U(50)

DATA NIT,NCT/5,6/
DATA NLPP / 60 /

FREQUENCY RESPONSE ROUTINE TO SCLVE THE DIFFERENTIAL EQUATION
(—Wxx2xA + TWRR +C)xX(W) = DR*F(W)} FOR X{W).
MATRIX B MUST BRE NON-SINGULAR,
VECTOR F IS CRTAINED BY LINEAR INTERPCLATION USING TARW, TABF.
THE ANSWERS (FyXREALXIMAGsGAIN,GAIN(DECIBRELS),PHASE ANGLE) WILL BE
WRITTEN ON PAPER AND NTAPE EVERY W (OMEGA).
CALLS FCORMA SUPRCUTINES INVIMULT,MULTB,PAGEHD,22B0OME.
THE MAXIMUM SIZES ARE
NX = &¢C
NRTARF = RO
CODED BY CARL ECDLEY. AUGUST 19¢5.
LAST REVISION BY J ERMNST, OCT 1973.

SUBRCUTINE ARGUMENTS (ALL INPUT)

A = MATRIX COEF OF -—w*%2, SIZE (NXyNX). *DESTRCYED*

8 = MATRIX COEF CF IW. SIZE (NMXoNX). *DESTRCYED*

C = MATRIX. SIZE (NX,NX}. *DESTRCYED®*

D = MATRIX COEF CF F,. SIZE (NX,NRTABF). *DESTRCYED*

TABW = TABLE GF OMEGAS FCR FCRCE IN TABF, S1ZE (NRTABF4NCTABF).
OMEGA IS IN RADIANS/SEC.

TABF = TABELE OF FORCES AT OMEGA IN TABW. SI2ZE (NRTABF,NCTABF}.

W = VECTCR OF FPEQUENCIES AT WHICH EQUATION IS SOLVED. SIZE(NW).
OMEGA IS IN RADIANS/SEC.

NX = $£1ZE OF MATRICES Ay4BsCsWRKy SQUARE). NUMBER OF ROWS 1IN D.
MAY =50,

NW = SI1ZE OF VECTOR W.

NRTABF = NUMBER GF ROWS IN TABW,TAEF. NUMBER OF COLS 1IN D.
MAX=E0.

NCTABF = NUMBER CF COLS IN TABW,TABF.

KA = FOW DIMENSICN OF A,B,CyDyWRK IN CALLING PROGRAM.

KF = ROW DIMENSION OF TABW,TARF IN CALLING PROGRAM,

WRK = WORKSPACE MATRIX. SIZF (NXoNX)

NTAPE = NUMBRER OF TAPE ON WHICH ANSWERS WILL BE WRITTEN. (E.Ge. 4)

THE OUTYPUT DATA (TC BE WRITTEN ON PAPER AND NTAPE AT EACH OMEGA) IS

W = CMEGA. SCALAR. RADIANS/SEC.
F = FORCE OBTAINED BY LINEAR INTERFCLATION ON TABRF.
SIZE(NRTABF ).,

XR = X(PEAL). SIZE(NX).

XI = X(IMAG). SIZE(NX).

GN = GAl  {SORT(XR**24XI*%2)). SIZE(NX}.

GNDB = GAIN(DECIBELS). SIZE(NX).

PHAS = PHASE ANGLE (DEGREES). SIZE(NX).

2010 FORMAT (/710X THFREGQ = F10.44EH RPSy, = 4F10.4,4H CPS)
2015 FORMAT (//10X49HR2A INVERSION CHECK. MAXTIMUM DIAGONAL ERRGR =

* Ell.23, 6H AT (913 41He 413,1H),
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* /31X, 28HMAXIMUM OFF-DIAGONAL ERROR =
l * F11.3y 6H AT (31331Hy413,1H) )
- 2020 FORMAT (//10X514HAPPLIED FORCES / (10X, 5E16.8))

2030 FORMAT (//10X3HROW 99X, THX(REAL) 13X, THXUIMAG) »12X,9HAMP RATIO,
x4y 14HAMP RATIC (DE}y6X91YHPHASE (DEG),
//7110X 413 34E2C.E845X+F11.6))

*

NERROR=1
IF (NX.GT.50 0R. NKRTABF.GT.8C) GC TO 999

REWIND NTAPE
WRITE (NTAPE) {((AUI3J0)s1=14NX),J=1,NX) A=A
REWIND NTAPE
CALL INvVi (BeAy NXy KA} A=B1
CALL MULTE (A CoNXJNXJNXKAJKA) C=e1C
CALL MuLT® (ASD s NX JNXJNRTABF KA KA D=b1ID
DC 15 I=1,NX
DC 15 J=1,NX

15 B(I,J)’:A(IQJ, Eg=
READ INTAPE) ((A(I5J)I=1,NX)J=1,4NX) A=
CALL MULTE  (BaAsNXJNX NXHyKASKA) A=
REWIND NTAPE

DC 500 L=1,NW
C CHECK OMEGA TARLE (TABW) AND INTERPOLATE (LINEAR).
DO 28 I=1,NRTAEF
i NERRCR=2
IF (W(L).LT.TAEW(I,1)) GO TO 999
DO 22 J=2,NCTABF
NERRCR=3
IF (TARW(I,J-1).GE.TAEW(I,J) <AND. W(L) <GT.TABW(I,J-1)) GO TC S99
IF (WiL) ,LT. TABW(I,J)) GO TC 28
22 CONTINUE
NERROR =4
GC TO 99
28 FI1) = TABF(I,J=1) + (W(L)-TABW(I,J-1)) * (TABF(I,J)-TABF(I,J-1))/
1 (TABW(I,J)~TABW(I,J-1))

CALL MULY (DyFy XTI NXyNRTAEF 31 4KAgKF) X1=B1DF
DO 30 1=1,4NX
DO 30 J=1,NX
B(T,J) = C(I4J) = (W(L)*%2)*A(1,4J) B=C-A*W2
30 WRK(T,J)=r(I,4) WRK=F
CALL MULTY (ByXT 3XReNXgNXy1yKAJKAY) XR=B%X1
DO 40 TI=1,NX XI==W*
40 XI(I) = ~wW(L)*XI(T) EIGF
CALL MULTEB (WRK B NX yNXgNXsKAKA) B=B2%2
DC 50 T=1,NX
SO0 B(I,I) = B(I,1) + W(L)**2 B=B+wW2

C BEGIN INVERSION (STATEMENTS FROM INV2).
NERROR=S
IF (NX .EC’. 1 .AND. B(l’l’ OEUO O.o, GG TO 999
IF (NX oECe 1 oAND. B(141) .NE. 0.0) GO TO 153
IT =1
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G0 TC 6¢

55 1T = 2

60 DO 65 I=1,NX
IRE(I) = 1

65 IVIIY = 1
NM1 = NX ~ 1
DC 75 L2=1,4NM1
SMAX = 0.0
DO 70 J=L2,NX
LA = IRE(JY)
I =12
K = ta
IF (IT ECQ. 2) 1 =
IF (IT .EC. 2) K =
IF (ABS(B(K,1)) .LE
JMAX = J
SMAX = ABS{B(K,I))
70 CONTINUE
LS = TIRE(L2)
IRE(L2) = TIRE {JMAX)
75 IREC(IMA ) = LS
DO 80 L2=1,NX
LA = JRELL2)Y
BIN(L2) = R(LA,L2)
IF (IT .EQ. 2) BIN(L2) = B(L2,LA)
80 IF (BIN(LZ) .EQe. 0.0) BIN(L2) = 1.0
DO 90 L2=1,NX
LA = TIRE(L2)

LA
Lz
« SMAX) GO TO 70

I = L2
K = LA
IF (IT .EQ. 2) I = LA
IF (IT .EQ. 2) K = L2

DO 85 J=1,NX
M=J
Ml = LA
IF (11 .EC. 2) MY = 4
85 WRK({M,M1) = 0.0
WRK({IoK} = 1.0/BIN(L2)
90 B(K,I) = B(KoI) = BIN(LZ)
DO 120 12=1,NX
SMAX = (0.0
DC 160 J=L2,NX
ta = 1V(Y)
S = 1.0
DO 95 K=1,NX
95 § = S + PULASK)*WPK [K,LA)
1IF (ABS(S) «LE. SMAX) GO TO 100
LMAX = o
SMAX = ABS(S)
100 CONTINUE
IF (SMAX .GT74 1.0E~v9) GO TO 105
NTRROR=6
IF (1T .FC. 2} GO TG 999
GO 10 125



105

110

115

12¢
125

130

135

140

145
150

153

155
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LS = IVIL?2)

IVIL2)Y = TIVILMAX)

IV(LMAX) = LS

LA = IVI(L2)

DC 110 I=1,4,NX

WW(I) = 0.0

DO 110 J=1,NX

WREYI) = WWIT) + BULAJIXWRK (Je1)
S = 1.0 + WW(LA)

DC 112 I=1,NX

ul1) WRK(I,LA)

DO 120 I=1,NX

DO 120 J=1,NX

WRK( I J) = WRK(TI4Jd) — ULIIXWWL(I)/S

DO 130 L2=1,NX
LA = IRE{L2)

I =12

K = LA

IF (IT JEQ. 2) 1 LA

IF (1T .EQ. 2) K | ¥

B(hsZ) = B(Kos1) - BIN(LZ)

IF (SMAX .LE. 1.0E-99) GO TO 55
DIAGER = Q.

"o

IDIAG =1
XCFF = 00
ICFF = 1
JOFF = 1

DO 150 J=1,NX

DC 145 I=14NX

X = 0.0

DO 135 K=1,NX

X = X + WRKI{IKI*E(KyJ)

IF (1 .NE. J) GO TO 140

IF (ARS(X-1.) .LT. DIAGER) GO TO 145
DTAGER = ABS(X-1.)

IDIAG = 1

GC TC 145

IF (ABS(X) LY. ABS(XOFF)) GO TO 145
XOFF = X

I0FF = 1

JOFF =

CONTINUE

CONTINUE

GO TO 155

WRK(151) = 1.0/B(1,1)

DIAGER = B(1,1)#WRK(1,1) - 1.
IDIAG = 1

XNFF = 0,

ICF =0

JOFF = 0

CALL MULTE  (WRKyXR yNXyNX 1 ,KA4KA)

CALL MULTE (WRK XTI NXyNXy13,KA,KA)

C GET GAIN, PHASE ANGLE.

DO 180 I=1,NX

XR=XREAL
K1=XIMAG
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GN(I) = SCRTAIXR(1)I*%2 + XI(I)*%2}
GNDB(I) = (.G
IF (GN{1) .GT. ©.0) GNDB{1)=20.0*%ALCGLO(GN(I})
PHAS(I) = 0.0
180 IF (XI{I) J.NE. CeQ ORe XR{I) JNE. 0.0) PHAS(I)=
1 5T7.29578*ATANZ (XI(I)4XR(]))
C
C PRINT ANSWERS ON PAPER. HEAD A NEW PAGE EACH OMEGA.
CALL PAGEHD
FREQ= W(L1/6,283185
WRITE (NCT,201C) W(L), FREC
WRITE (NCT,2015) DIAGER,IDIAG,IDIAG+XOFF 4 IOFF 4JOFF
WRITE (NOY,2020) (F(I),I=1,NRTABF)

NXS = 1
NXE = NX
NFLN = (NRTABF-1)/5 + 1

IF (ENXE + NFLN) .GT. (NLPP-19)) NXF=(NLPP-19)-NFLN
156 WRITE (NCOT42030)1 (T.XREIIHJXI(TI)SGNUI)SGNDRIT) 4PHASII) yI=NXS4NXE)
IF (NX .FC. NXE) GO TC 200
NXS = NXE + 1
NXE = NX
IF ((NXE-NXSY ,GT., (NLPP— 9)) NXEx=NXS+(NLPP— 9)
CALL PAGEHD
GO 70 1<0
C
«C WRITE ANSWERS CN NTAPE FOR SUBSECUENT USE (SUCH AS
” FREQUENCY RESPCONSE ADDITIONAL EQUATIONS OR PLOT}.
200 WRITE (NTAPE) W(L),(F{J)yJ=1,NRTABF)
WRITE {(NTAPE) {XR(IJeXI(I)},GN(I)sGNDB(TI)sPHAS(I)yI=1,4NX)
C
500 CONTINUE
RETURN
C
999 CALL 2ZBOME (6HFR1 +NERROR)
END
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SUBROUTINE FRAEY (AySTA,ZIDENT,NZyNX NWoKAJNXTAPELNZTAPE)
DIMENSICON A(KA$1) oSTALL)$XR(SO),X1(5C)42ZR(80),Z1(8B0),GN(EC),
* GNDB(80)4PHAS(E0) ,ZIDENT(12)

DATA NIToNCT/E 6/

DATA NLPP / 60 /

FREQUENCY RESPCNSE ADDITICNAL EQUATIONS RCUTINE.
SOLVE THE COMPLEX MATRIX EQUATION Z(w) = AXX(W).
W=OMEGA, X{W)}={XREAL,XIMAG) IS CBTAINEC FROM NXTAPE (OCUTPUT OF
FREQUENCY RESPONSE SUBROUTINE) .
THE ANSWERS (W,ZREALZIMAGGAINSGAIN(DECIBELS)PHASE ANGLE} WILL B
WRITTEN CON PAPER AND NZTAPE EVERY W=OMEGA OF FREQ RESP SUBRT.
CALLS FOFMA SUBROUTINES PAGEHD,Z2ZBOMB.
THE MAXIMUM SIZES ARE

NZ = 80

NX = 5C
CODED BY RL WOHLEN. AUGUST 1665.

SUBROUTINE ARGUMENTS (ALL INPUT)

A = MATRIX COEF OF X{(W)}. SIZEI{NZ,NX?
$Ta = VECTOR 0OF STATIONS. SIZE(NZ). (A6 FORMAT).
2IDENT = HEADING FCR 2 IN OUTPUT DATA. (UF TO 12A6 FCRMAT).
NZ = NUMBEF CF ROWS OF MATRIX A. MAX=80.
NX = NUMEFR CF CCLS CF MATRIX A. MAX=5C.
NW = NUMBER OF CMEGAS TO EE READ FRCM NXTAPE.
KA = ROW CIMENSICN OF A IN CALLING PROGRAM,
NXTAPE = NUMBER CF TAPE FROM WHICH WoX WILL BE READ. (E.G. 3).
NZTAPE = NUMEER CF TAPE ON WHICH W,ZRy ZI4yGN,GNDB 4PHAS
WILL BE WRITTEN (EG 4)e IF NZTAPE=0C BYPASS WRITING ON NZT
THE CUTPUT DATA (70 BE WRITTEN ON PAPER AND NZTAPE EACH OMEGA) 1
W = OMEGEL. SCALAR., RADIANS/SEC.
ZR = Z{(REAL). SIZF(NZ).
21 = 2(IMAG). SIZEINZ)Y.
GN = GAIN (SQRT(ZR%%x2+21%%2))., SIZF(NZ).,.
GNDB = GAIN(DECIEBELS). SIZE(NZ).
PHAS = PHASE ANGLE (DEGREES). SIZEINZ).

2010 FORMAT (/15X, 12A6y /710Xy THFREQ = F1l0.448H RPS,y, = Fl0.494H CP
2030 FORMAT (//1GX s3HROW 43 Xy THSTATION 99X 9 THZ (REAL) 913X, THZ{IMAG),

* 12X GHAMP RATIO9X914HAMP RATID (DB)o6X11EPHASE (DEGH,
* /77010X 913 54Xs A6 434E20.8,5X4F11461))

NERROFR=1
IF (NX «GT. £0 «0R. NZ .GT. EQ) GO TC 999
REWIND NXTAPE
IF (NZTAPF .GT. 0O) REWIND NZTAPE

DO 100 10MFGA
READ (NXTAPE)
READ (NXTAPF)
DC 10 I=1,NZ
2R(I) = 0.0
ZI(1) = 0.0
DO 10 J=1,NX

1,NW

o~

XRAIY ¢ XI(I)oDUM,DUMyDUM, T=1,4NX)

el
&

E

APt

S

S)
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IR(I)

| ZRITY + A(I,J) * XF(J)
10 Z1(1)

2I(I) + AlILJd) * XIWY)

C GET GAIN, PHASE ANGLE.

DC 55 I=1,NZ

GN(TI) = SQRT(ZR{I)**2 + Z21(1)**2)

GNDB(I) = 0.0

IF (GN(T) .GTa 0.0) GNDB(1)=20.0*%ALOG10(GN(T))

PRAS(I) = 0.0

55 IF (2I(1) «NE. 0.0 «0ORe ZR(I) .NE. 0.0) PHAS(I)=

1 57295 T8*ATAN2(ZI(1),2R(1I})

C PRINT ANSWERS ON PAPER. HEAD A NEW PAGE EACH OMEGA.
CALL PAGEHD
FREC= W/6.283185
WRITE (NOT,2010) 2IDENT, W, FREQ
NZS =1
NZE = N2Z
IF (NZE .GT. (NLPP-13)) NZE=NLPF-13
60 WRITE (NGOT,2030) (I,STA(T)}ZR(I)2T(1},GN(T),GNDB(I),PHAS(I),
* I=NZS,NZE)
IFf (INZ .EQ. NZE) GO TO 80
NZS = NZE + 1
NZE = N2
IF ((NZE-NZS) .GT. (NLPP-10}) NZE=NZS—(NLPF-10)
CALL PAGEHD
GO 10 60

WRITE ANSWERS ON NZTAPE FUR SURSEQUENT USE (SUCH AS FLOTTING).
80 IF (NZTAPE .GT. O) WRITE (NZTAPE) WL{STAITI),2R{T),21({1),GN(I),

* GNDB(X)yPHAS (I}, I=1,NZ)
c

100 CONTINUE

RETURN
c
999 CALL ZZBOMB (6HFRAEY LNERROR)
END
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SUBROQUTINE IN (NTAPE,Z,N)
DIMENSTIOM Z(1)

READ DATA FR(OM NTAPE INTO CORE SPACE Z.
CODED BY RL WOHLEN. MARCH 1976,

SUBRCUTINE ARGUMENTS

NTAPE = INPUT NUMBER OF TAPE. (EG 10).
z = DUTPUY DATA READ FROM TAPE.
N = INPUT NUMBER OF WORDS OF DATA TO BE READ FROM

READ (NTAPE) (Z2(1),1=1,N)
RETURN
END

IN

NTAPE.



INTAPE

SUBRCUTINE INTAPE (NTAPE,TAPEID)
COMMON /L LINE/Z NLINE,MAXLINGMINI
DATA 1Z1,BURyECT/1,404¢3HEQT/
DATA NITNOT/5,6/

INITIALIZE TAPE FOR SUBRCOUTINF WTAPE.
CALLS FORMA SURRQUTINE PAGEHD.

CODED PY RF HRUDA. JULY 1968.

LASYT REVISION BY RL WOHLEN. APRIL 1976e.

SUERQOUTINE ARGUMENTS (ALL INPUT)
TAPEID = TAPL IDENTIFICATION. (E.G. T12234). (A6 FORMAT),

[aNeleNaNeNaNaNaNalel

2001 FORMATY (//// 14H LOGICAL UN1T I2, 7H, TAPE AL,
* 23Hy HAS BEEN INITIALIZFD.)
2050 FORMAT (/7 1X 122(1H-) )
c
REWIND NTAPE
WRITE (NTAPE) TAPEID,I121,ECT,(BUF,1=1,16}
ENDFILE NTAPE
REWIND NTAPE
IF (MINTI JNE. 4REMINI) GO TC 800
IF (NLINF JLE, 5 .0R. NLINE .GE. MAXLIN) GO TO 8GO
IF ((NLINE+42+45 ) GT. MAXLIN) GO TC 800
WRITE (NDT,2050)
NE INE = NLINE + 2
GO TO 810
800 CALL PAGEHD
810 WRITE (NCT,2001) NTAPELTAPEID
NLINE = NLIME + 5

RETURN
END
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SUBRCUTINE INVYI (AsZ ¢NsKR)
DIMENSIUON A(1), 2(1)

COMMON
CCMMON
COMMON

/LWPKN1/Z G(25%0), DETR(ZE0)
JLWRKV2/ IX{(25G), BL250)
ZLLINE/ NUINEMAXLINSMINI

DATA NIT,NCT/5,¢6/

DEVELOPED

A =

¥4 =

N =

KR =
NER-OR

1 =

2 = FIRST

3 =

OO AOONOOCONOOOO0OOOOO0

2000 FORMAT

2001 FORMAT
*
*

2002 FORMAT
*

2003 FORMAT
*

2050 FORMAT
C

IF (N

DO 169
160 IX(I)

MATRIX INVERSICN (A*%-1 = 7). BCRDERING METHQOD .
THE LFTERMINANT FATIO DET(I+1) / DET(1) IS PRINTED. DET{(I) 1S THE
DETERMINANT CF THE “IRET 1 BY 1 SUB-MATRIX OF A,
THE INVERSICM (HECK Z2%A IS CALCULATED AND FRINTED.
MATRICES A,Z2 MAY SHARE SAME CORE LOCATIONS. (Z*A CHECK IS INVALID)
CALLS FCRPMA SUBROUTINES PAGEHD 2ZBUOMB.
THE MAXIMUM SIZE IS
N = 250

BY BCE DILLCN. FELRUARY 1965.

LAST REVISION BRY RL WOHLEN. MARCH 1976,

SUBROUTINE ARCUMENTS

INPUT MATRIX 70 BE INVERTED. STIZE(N,N}.

CUTPUT RESULT LATRIXe SIZE(NLN).

INPUT SI2F OF MATRICES A.Z. MAX=25C.

INPUT ROW DIMENSICN OF A,Z INM “ALLING PROCGRAM.

EXPLANATION

S1ZF GRKEATER THAN 250.

COLUMN IS ZERC.

MATR1IX IS SINGULAR.

177 1GX4,1007Xy1HU41Z241H)))
(/77 10X 45HSUBROUTINE INV1 HAS CALCULATED ThE DATA EELOW
//7/710X 44 KTHE DETERMINANT RATICS DET(I+1) / DET{1) ARE
/77 (12X,10Fi1.3))
(/7/7/710%,37THTHE (A*%-1)%(A) INVERSICN CHECK GIVES
/7/710X%25HTHE DIAGONAL FLEMENTS ARE /7 (13X,10F11.8}))
(/7 10X435HTHE MAXIMUM CFF-DIAGCONAL ELEMENT 1S

E11.3y 2Xy 4BAT ( 13, 1Hs I3, 1H) )
(/7 1X 123(1H~) )

NEKRCR=1
«GT+ 250) GO TO 999

I=2,N

=1

C INVERT FIRST MUN-ZERC ELEMENT IN FIRST COLUMN.

NOo 190

I1=1,N

IF {.l1) oNE., 0.) GO TO 220
190 COUNTINUE

NERRDR=2

GO TQ <999

C

" START INVERSICN WITH RCGW 1.

220 DEYR{1
1) =
IF (N

7= A1)
1. /7 A(1)

«EQ4 1) RETURN



IX(Y} 1
IX(1?) 1
C BORDERING LC
D0 63C L=
K = L
t1 =1 -1
250 § = 0.

BP".
2

¥

MIXL = KR % {31X({L) — 1}

LL = IX{LY + MYXL
D3 450 I=1,i1}

MIXTI = KR o*= {;X(I) - 1)

LI = IX{L} + MIXI
BLI)
G(Y)
BC 440 J=1,11

MIXJ = KR %= {IX(2}

Id = IX{I} + MIXJ

sL = IX(J4) + MIXL

nn
DO
.

B(XI) = B(I) - Z(T1J4i% A* '}
JI = IX¢. MIX]
Ld = IXtL., + MIXJ
440 GIIY) = GLI) - AalLIY* Z{JI)

450 S = S + ALI)* BLT)
AL = a(LLYs <
IF (ALLL) .EC. Co) 7O TC 4EC
ALBAR = ARS (AL /7 «illL))
GO TC 49¢
48C ALBAR = ABS (AL}
490 1IF (ALIAR .GF. <1E-6) GO0 TO S50

C INTEPCHANGE PCWS AND COLUMNS.
K=k +1
IF (K «CGT. N) GO 1O 540
IX L = Ix¢L)
IX(L) IX(K)
IX{K) Ix t
GC TC
540 IF (aALB

o= BN SNTINT)

5
A

J O

«GEe <1E-8) GG TG 550

’

GC TC v9¢

550 2(LLY= 1. 7/ tL
DETR(L) = AL
oC 570 I=1,11
IL = IX(I) + MIXL
LI = IXIL) + KR » (IX¢I) -~ 1)
2(IL)= BLI) * Z(LL)
ZiLI)= G(1) * Z{LL:
DC 570 J=1,L1
I o= IXAIY ¢+ KR ¥ (IX(J) - 1)
FTO ZAT8Y= 20180+ GLEY * ZLIL)
620 TONTINUF
C
€ (CCMPUTE INVERSION LHECK Z-xp,.

INVY — 2/ 3

NFRROR=3



703

705

710
T20
C

— 37 3

INV]
XCFF = Q.0
pC 720 1=1,
DC 710 Jd=1.
X = 0.0

KJA = KR * {(g-1}

DC 703 K=1,N

IK = 1 + KR*(k-1)}

K = K + KJA

X = X + Z(IK) *= A(KJ)
IF (I NE. J)Y 0 TC 705
G(I) = x

GO TO 710

IF (ARS(X) .LT. ABS{XCFF)} 5C TC 710
XOFF = X

I0FF I

JOFF J

CONTINUE

CONTINUE

C PRINT THE DETERMINANT RATIO AND INVERSION CHECK.

800
810

999

NPL = N/10O

IF (INPL*1IC) .NE. N) NPL = NPL+1

NNL = 2=NPL + 21

IF (MINI .NE. 4MMIN]) &C TG 8OO

IF (NLINE .tE. S .CP. NLINF .CGE. MAXLINY GO TO 80O
IF C((NLINFE+2+NNL) .GT. MAXLINY} GC TO 80C
WRITE (NOT,2050)

NLINE = NLINE + 2

GC TC 810

CALL PAGEMD

WRITF (NCT,2000) (JCy JC=1,10)

WRITE (NOT,2001) (DETR(I), I=1,N}

WRITE (NCT,2002) ( G (1), I=1,N)

WRITE (NCT,2005) XOFF 10FF, JOFF

NLINE = NLINE + NRL

RETURN

CALL ZZ72EQOr.. U(EHINVYI (NERROR)
END
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SUBROUTINE INV2 (A 42 4N ,KR)
DIMENSTICN A(KR41), Z(KP,1), W(250)
COMMON /LWRKV1/ IRE(250), BIN(250)
COMMON /L WFKV2/ U(250), IV(250)
COMMCN /LLINE/Z NLINF,MAXL INSMINI
DCURLE PRECISICN DM,DS,ZERCONE
DATA ZERC/0.D/s CNE/1.D/

DATA NITGNCT/E,6/

MATRIX INVERSION (A*%—]1 = Z). RANK ANNIHILATION METHOD.
ALGORITHM FORMULATED EY Cz7L BCODLEY,
THE INVERSICN CHECK 2%A IS CALCULATED AND PRINTED.
INNER PRODUCT SUMS ARE PERFCRMED IN DOUBLE PRECISICN.
CALLS FCRMA SURROUTINES PAGEHD ,ZZBOME.
THE MAXIMUM SI1ZE IS

N = 2850
DEVELCPED BY CARL BODLEY.
LAST REVISION BRY RUL WOWLEN.

JANUARY 1967,
MARCH 1976.

SUERQUTINE ARGUMENTS

INPUT  MATRPIX TC PE INVERTED. SIZE(N,N).

CUTPUT RFSULT MATRIX. SIZF(N,N).

INPUT STZE CF MATRICES Al MAX=2%50.

INPUT ROV DIMENSION OF AsZ IN CALLING PRCGRAM.

nwown

NERRC®  EXPLANATICN
SIZE GREATER THAN 2850.
MATRIX 1S SINGULAR, S1ZE =
MATRIX I& SINGULAR.

1.

~N
nonon

2000 FORMAT
2001 FORMAY

(77 10Xs10(TX91HE,12,1H)))
(/77 10X 445 HSUBRCUTINE INV2 HAS CALCULATED THE DATA EBELOW

2002 FORMATY (//7/710X337THTHE (AXt—-31)%(A) INVERSICN CHECK GIVES
* //7/1GX92SHTHE CIAGCNAL ELEMENTS ARE ,/ (13X,10F11.8))
2003 FORMAT (// 10X435HTHE MAXIMUM OFF-DTAGONAL ELEMENT IS
* F11.3, 2%, 4HAT § 13, 1H, 13, 1H]) }
2050 FORMAT (/7 1X 123(1k-) )
NERROR=1
IF (N .GT. 250) GC TC 999
NERR{OR=2
IF (N EQe 1 AND. A(1,1) LEQ. 0.0) GO T 999
IF (N JEQ. 1 JAND. A(1,1) .NE. 0C.0) GO TC 98
GENEFPATE INITIAL RCW IN ICES.
IT =1
GC TC 9¢C
91 1T = 2
90 DO 5 I=1,4N
IRF(1) = 1
€ IV(1I) =1
CONDITION A FCR MAXIMUM DIAGONAL ELEMENTS.
NMI = N ~ ]

L0 6 L=1,NM1
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K LA

IF {(IT JECe 2) 1 =
IF (1T JEC. 2) K =
IF (ARS(A(K,I)) .LF
JMAX = J

SMAX = ABS{ALK,I1))
CONTINUE

LS = IRE(L)

IRE(L)Y = IRE(JIMAX)
IRE(JMAX) = LS

DC 7 L:IQN

LA = IRE(L)

BINILY = AlLA,L)

IF (IT .EQ. 2) BIN(L) = A(L.LA)
IF (BIN(L) «EQ. 0.0) BIN(L)} = 1l.C

LA
'c-

LMAX) GO TO 8

C GENERATE INITIAL Z AND AEAR.

15

10

DC 10 L=1,N
LA = IRF(L)

IF (IT JECe 2) 1
IF (IT .EC. 2) K
DO 15 J=1,N

M =J

MY = LA

IF (IT FC. 2) M = LA

IF (1T ECe 2) MY =
ZI(M,MY) = C.0

Z(I,K) = 1.C/BIN(L)
A(KyI) = A(Ky1) - SBIN(L)

nn
r-

C INVERSICN LUCP, USES RCOw OF ABAR WITH MAXIMUM S.

26

23

60

D0 35 L=1,N

SMAX = C.0

DO 22 J =L,N

LA = IVLiy)

DS = ONF

D0 26 K=1,4N

DM = A(LAK)®Z{K,yLA)

DS = DS + DM

S = DS

JF (ARS(S) LE. SMAX) GO TC 23
LMAX = O

SMAX = ARS(S)

CONTINUFE

IF (SMAX .GTa. 1.0E~-99) GO TC 60

NERRGR:=3

IF (IT .EC. 2) GG YO 999
GO TOQ 65
LS = IV(L)
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IVIL) = IVILMAX)
IVILMAX) = LS

LA = IV(L)

DO 25 I=1,N

DS = ZEPRO

DO 24 J=1,N

DM = A(LAZJY}*Z2(J,1)
24 DS = DS + CM

25 W(I) = DS
S = 1.0 + W{LA)
DO 30 I=1,N
30 ULT) = Z(I.LA)
DO 35 I=1,N
DO 35 J=1,4N
35 Z1{1,43) = Z(1,J) — U(I*W(J)/S

RESTORE A.
65 DO 40 L=1,N
LA = IRE(L)
I L
K LA
IF (17 .EQ. 2) 1
IF (IT .EC. 2) K
40 AlKeI) = AU(K,I) + BIN(L)
IF (SMAX JLE. 1.0E-99) GO TC 91

1hn

LA
L

COMPUTE INVERSION CHECK Zx2,
XCFF = (C.0
DC 50 J=14M
DC 45 TI=1,N
DS = ZE&RC
DO 46 K=1,N

DM = Z(1,K)*A(K,J}
46 DS = NS + DM
X = DS
IF (1 JNE. J) GO T0 47
UtI) = X
GO T &4¢
47 JFLARSEX) LT XOFFY GT TO 45
XCFF = X
I0OFF = 1
JOHFE = )

4% CONTINUE
56 CONTINUE

PRKINT INVERCICN CHECK AND MAXIMUM CGFF-DIAGUNAL ELEMENT,
NPL = N/IC
IF ((NPL*10} JNE. N)Y NPL = NPL+1Y
NNL = KRPL + 17
IF (MINT1 .NF. 4HMIN]) GO TG 80C
IF (NLINF .lTe 5 «CF. NLINE ,GE. MAXLIN) GO TO 80Q
1F ((NLINF+2+NNL) L,GT. MAXLIN) GO TO 800
WRITE (NC7,2050C)
NLINE = NCINE + 2
G0 TG 810



800
810

98

999

CALL PAGEHD

WRITE (NOT,2000) (JCs JC=1,10)
WRITE (NCT,42001)

WRITE (NCT,2002) ( U (I)y 1=1,N)
WRITE (NOT,2003) XCOFF 410FF4JOFF
NLINE = NUINE + NNL

RETURN

Z(1:1) = 1.0/7£(1,1)
RETURN

CALL Z2BOME (&6HINVZ  oNERROFR)
END

INV2

-— 4/

&4
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SUBRCUTINE INV2 (A:ZsNyKR)
DIMENSION A(KR,1), Z(KR,1), W1(250)
COMMON /LWRPKV1/ W2(250), DETR{250)
COMMON ZLLINF/ NLINF,MAXLIN,MINI
DOUBLE PRECISICN DM,DS,ZERC

DATA ZERQ /0.0/

DATA NIT,NCT/546/

MATRIX INVERCSION (A>»*—1 = 7). METRHROD USES TRIANGULAR DECOMPOSITION
AND TRIANGULAR INVERSION. MATRIX A SHOULD EX SYMMETRIC, PCSITIVE
DEFINITE. UPPER HALF OF MATRIX A IS USED TO CALCULATE z. FULL
MATRICES A,Z ARE USED FOR INVERSION CHECK.
THE DETERMINANT RATIO DETUI+1) / DET(T) 1S PRINTED. DET{(I) IS THE
DETERMINANTY COF THF FIRST I BY 1 SUB-MATRIX OF A.
THE INVERSICN CHFCK 7%A IS CALCULATED AND PRINTED.
MATRICES A,Z MAY SkARE SAME CORE LOCATICNS. (Z*aA CHFCK 1S INVALID).
INNER PRCDUCT SUMS ARE PERFORMED IN DCURLE PRECISION.
CALLS FCRMA SUBRCUTINES DCOMY, INV4.PAGEHD,2ZBCMB.
THE MAXIMUM STZ2E IS

N = 250
DEVELCPED = ~ CARL BCDLEY. MAKRCH 1969,
LAST REVIS UN BY RL WOHLEN. MARCH 1976.

SURRCUTINE ARGUMENTS

A = INPUT MATRIX TC FE INVERPTED. SIZE(NsN).

7 = CUTPUT RESULT MATRIX. SIZE(NsNI.

N = INPY"T SIZE CF MATRICES A,Z. MAX=2%0.

KR = INPUT RCW DIMENSION OF AsZ IN CALLING PROGRAM,

NERRCR  FXFLANATION
1 = SI2F GREATER THAN 250.

2000 FORMAT (/7 10X,10(7Xe1H(,1I2,1H)))
2001 FCRMAI (// 1GX,45HSUBROUTINE INV3 HAS CALCULATED THE DATA BELCOW

* /7/7/710X s44HTHE DETERMINANT RATIOS OET(1+41) / DET(I} ARE
* /7 (13X,10E11.3}))

2002 FORMAT (///10Xo37HTHE (A®*%—1)%(A) INVERSICN CHECK GIVES

* /7/710X,25HTHE DIAGONAL ELEMENTS ARE // (13X,10F11.8))

2003 FCRMAT (// 10Xy35HTHE MAXIMUM OFF-DIAGONAL ELEMENT IS

* F11.3, 2Xys 4AAT ( 13, 1H, 13, 1H) )

2050 FORMAT (/7 1X 123{1H-) ,

NERROR=1
IF (N GT. 25C) GO TO 999

CALL DCPMOM (A4Z24NsKR)
DC 5 I=1,4N

S DETR(I) = Z(1,7)*2(1,1)
CALL INV4DM (Z,Z¢N.KR)
DG 40 L=1,N
DN 20 T=L,N

20 WI(I) = Z(L,1)
DC 25 I=1,N
DS = ZEPFO
DO 3C K=t 4N



INV3

DM = Z{I,K)*W1(K)
30 DS = NS + DM
35 Ww2¢1) = DS

JC 40 Kzl'pN
40 Z2(Kyl) = W2(K)

C CALCULATE INVERSTION CHECK Z*A.
XCFF = (.0
D0 120 1I=1,4N
DO 110 J=1,N
DS = ZERQ
DO 1G5 K=1,N
DM = Z{I,K}*A(KeJ)
105 DS = DS + DM

X = DS
IF (1 .NE. J) GO TC 108
W1(I) = X
GC 7O 110
108 IF (ASSIX) .LT. £BS(XOFF})) GO TC 110
XCOFF = X
I0OFF = 1
JOCTF =

110 CONTINUE
120 CONTINUE

c
C  PRINT THE DETERMINANT RATIOS AND INVERSICN CHECK.
[ NPL = N/10
' IF C(NPLX10) JNE. N} NPL = NPL+1
NNL = 2*NPL + 21
IF (MINT .NE. 4HMINI) GC TC 8GG
IF (NLINE JLE. 5 .0R. NLINE .GE. MAXLIN) GO TC 800
IF (INLINE+2+NNL) «GT. MAXLIN) GO TO €00
WF1TE (NOT,2050)
NLINE = NLINE + 2
GG TO 810
BOO CALL PAGEHD
810 WRITE iNOT,200C) (JC, JC=1,10)
WRITE (NCT,2001) (DETR(I), T=1,N)
WRITE (NOT,2002) (W1 {1}, I=1,N)
WRITE (NCT, 002) XCFF,ILF¥.,JOFF
NLINE = NLINE + NNL
RE TURN
c

999 CALL ZZEOME (6HINV3 NERROR)
END
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SUBROUTINE INV4  (AsZ 4N,KR)
DIMENSION A(kKR,1), Z{(KR,1)
DCUBLE PRECISICN DM4DS
DATA €PS/1.E-35/

MATRIX INVERSION (A**—1 = 7). MATKIX A IS ASSUMED TO BE
UPPER TRIANGULAR,

M. TRICES A,2 MAY SHARE SAME CORE LCCATIONS.

INNER PRODUCT SUMS AFE PERFORMED IN DOUBLE FPRECISION.
CALLS FORMA SUBPCUTINE ZZRBOME.

CODED RY FL WCOHLEN. JANUARY 1971.

LAST REVISICN &Y RL WOHLEN. MARCH 1976.

SUBRCUTINE ARGUMENTS

A = INPUT MATRIX TO BE INVERTED. SIZE{(N,N).

Z = QUTPUT RESULT MATRIX. SIZE(N,N).

N = INPUT SIZE CF MATRICES A,Z.

KR = INPUT ROW DIMENSICON CF A,Z IN CALLING PROGRAM.

NERRCR  EXPLANATIGN
1 = A DIAGONAL ELEMENT IS LESS THAN 1.£-35.

NERROR
0O 10 I=1,4M
1F (ABStA(I,L1)) .LT. EPS) GC TC 999
10 Z(I,1) = 1./7A11,1)
IF (N JEC. 1) RTTURN

NM1 = N-1
DC 25 1I=1,NM1
IP1 = 1I+1

DO 25 J=1IP1,N
ZU(YsJ) = 72{I141)%A0(),4J)
IF (J .EQ. IP1) GO TO 23
JM]1 = -1
DS = Z{1,J0)
DO 20 K=1F1,JM1
DM = Z(I,K}*A(KyJd)
20 DS = DS + DM
2(1,4J) = O¢
23 ZU1,3) ==201,0)%2(J4J)
25 CUNTINUE

DO 30 I=2,

M1 = 1I-1

DO 3C J=1,1M1
30 2(T1,4) = 0.

RETURN

999 CALL ZZEOMR {(oHINV4  SNERRCKR)

END
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SUBRCUTINE LTAPE (NTAPE)
DATA NIT,NCT/54.6/

LIST HEADINGS OF MATRICES ON TAPE.

CALLS FORMA SUBRDUTINE PAGEHD.

CODED BY RF HRUDA. JULY 196f.. REVISED NOVEMBER 197C.
REVISED BY R A PHILIPPUS. AFRIL 1969.

SUBROUTINE ARGUMENTS (ALL INPUT)

NTAPE = NUMEKER OF TAPE, (E.G. 10).

FORMAT (//36X35HLISTING OF MATRICES ON LOGICAL UNITI3.7H, TAPE A6)
FORMAT (//3CX3SHLISTING OF MATRICES ON LOGICAL UNIT13,7H, TAPE Ab,
* 12H (CONTINUED))

FORMAT (27X69 (1H=)/27X3hNO<3X THRUN NO o4 X4HNAME SXSHNROWS X SHNCOL S4X
* 4HDATE6X3HNNZ 3XOHPART ITION/

* 2TX 3H—~=3 X6 H——m—— LX6H—=——mmle X SHm e

* LXSH-—~==3X 6H—~———5X3H-—~3X9H——~———=e / )

2004 FORMAT (25X15,3XA094XA693XTI594X]I5,4XA6:3X1543X1441H/14)

2005
c

12

13

15

20

FORMAT (/27X12HEND CF HIST:)

REWIND NTAPE

READ (NTAPE)} TAPEID
REWIND NTAPE

L=GC

CALL PAGEHD

IF(L EC. ©) WRITE (NQRT,20061) NTAPE,TAPEID

IF(L .NE. O) WRITE (NOT,20G2) NTAPE,TAPEID

WRITE (NCT,2G03)

NLINE=1

L=L+1

READ (NTAPE) TAPEID,LN,IECTCK y IRUNNCyANAME4NR yNC 4 DATE 3 ITYPEZNNZ
* NP NPT

IF (L .FQ. 1) ICHK = TRUNND

IF (ICHK .FQ. IRUNNC) GO TO 15

NLINE=NLINE+]

WRITE (NOT,2004)

ICHK = TIRUNNC

1F (1E0TCK .FQ. 3RECT) GO TCO 3G

READ (NTAPE)

IF (ITYPE .EC. 6HDENSE ) WKITE (NDT,2004)

* LNy IRUNNO 4 ANAME 4NR 4NC 4 DATE

IF (1TYPE .fQ. 6KDENSE ) GO TC 20

1 (ITYPE .EC. 6HSPARSE) WRITF (NOT,2004)
* LN, TRUMNC y ANAME yNR yNC ¢ DATE yNN2Z
IF (ITYPE .FQ. 6HSPARSE) GO TO 20

1F (ITYFF JEQ. 6HSPART ) WRITF (NOT,2004)
* LN, TRUNNC y ANAME oNP yNC g DATE yNNZ ¢NP 4 NPT
IF (ITYPE _EQ. 6HSPART ) GO TO 2,

WRITE (NOT,2006) LM,IRUNNOyANAME yNR sNUy [TYFE
NLINE=NLINF+1

IF(NLINE.GY.43) GO TO 12

GO TD 13
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30 WRITE (NOT,2006) LN,IECTCK
WRITE (NCT,2005)
REWIND NTAPE
RETURN
END
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SUBRCUTINE MASSY (PPL,OMASS,DRINLZCONC,CONVRT o7 ;NPP 4NDMyNDI4NC,

* KDM s KDI ¢ KC9KZ)

DMENSION PP{1}y DMASS(KDM,y1), DRINIKDI 1)y CONCC(KC,1)y Z(K2,1}
COMMON ZLLINE/Z NLINESMAXLIN,MINI

DATA NITNCT/5,6/

CALCULATE MASS MATRIX FOR A BEAM. ASSUMES LINEAR VELOCITY FUNCTINN
BETWEEN CONSFCUTIVE PANFL PUOINTS.

TRANSLATION AT EACH PANEL POINY ARE THE GENERALIZED COORDINATES.
INPUT 1€ DISTKIBUYED MASS, DISTRIEUTED KGTARY INEPTIA, CONCENTRATED
ITEMS, THE DISTRIBUTED DATA MAY NOY EXCEED THE PANEL POINY LIMITS.
THE ATTACH PQINT FOR CONCENTRATED ITEMS MAY NOT EXCEED THE PANEL
PCINT LIMITS. CPTION TC OMIT DATA BY NDM,NOIe OR NC EQUAL ZERO.
CALLS FORMA SUEROCUTINES PAGEHD,ZZBOMB.

CODED BY KL WOHLEN. DECEMBER 196S.

LAST REVISION BY RL WCHLEN., MARCH 1976.

SUBRCUTIMNE ARGUMENTS
PP = INPUT VECTOR OF PANEL PCINTS. SIZE(NPP).
DMASS = INPUT MATRIX COF DISTRIEUTED MASS STRAIGHT LINE
SFGMENT DATA. SIZE(NDM,4).

COL 1 = % AT SEGMENT END 1,
CCL 2 = X AT SEGMENT END 2.
COL 2 = MASS AT SEGMENT ND 1.
COL 4 = MASS AT SEGMENT END 2.
DRIN = INPUT MATPIX OF DISTRIBUTED ROTARY INERTIA STRAIGHT LINE
SEGMENT DATA. SIZE(ND1,4).
COLUMNS ARF SIMILAR TC DMASS,
CONC = INFUT MATRIX NF CONCENTRATED ITEM DATA. SIZE(NC,4).
COL 1 = ATTACH STATION.
COL 2 = MASS (F 1TEM.
COL 3 = CENTER OF GRAVITY OF ITEM,
<Ot 4 = MOCMENT OF INERTIA APOQUT CG OF ITEM.
CONVRT = INPUT (CONVERSICN SCALAR FY WHICH COL 3,4 OF DMASS,DRIN AND
CGL 244 OF CONC WILL BF MULTIFLIED.
Y4 = CUTPUT MASS MATRIX. SIZE(NPPNPP).
MPP = INPUT  JJUMFER OF PANEL PRIWNTS. SIZ2ZE OF VECTOR PP, MATRIX Z.
NDM = INPUT NUMBFR OF SEGMENTS (RCWS) 1IN DMASS. LAN BE ZERD,
NDI = INPUT NUMBER CF SEGMENTS (ROWS) IN DRIN. CAN EF ZERD.
NC = INPUT NUMEBER QF ITEMS (ROWS) IN CCONC, CAN BE ZFRfl.
KOM = INPLTT RCW DIMENSION OF DMASS IN CALLING PROGFAM,
KDI = INPUT  ROW LIMENSION GF DRIN IN CALLING FRUGRAM,
KC = INPUT ROW DIMENSION CF CCONC  IN CALLING PROGRAM.
KZ = INPUT ROW DIMENLION OF Z IN CALLING PRGGRAM,

NERROR  EXPLANATION
LESS THAN 2z PANEL POINTS.
PANEL PCOINTS NOT IN INCRFASING CRDFEP,
= INCORRECT NISTRIBUTED DATA.
CONCENTP ATED MAZS ATTACH STATION CGUTSIDE PANEL
POINT LOGUNDS.

P2WN -
"o

; 2001 FORMAT ( 20/1,30X33IHSUPROUTINE MASSY USES CONVRY = ElE B,y 77/
+

ATX33RAND COMPUTES THF TOTAL PROPERTIES ///
B 4 AX g 6HM = E1D8B 3/ /43X e 6HXLG = EYS o2 o/ /463X 46H]1C6 = E15.8)
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2050 FORMAT (/7 1X 123(1H-) )

't CHECK THAT PANEL POINTS ARE IN INCREASING CRDER,
NERROR

"
[

IF (NPP .LT. 2) GO TO 999
NERRCK

n
n

DO 5 K=2,.NPP
IF (PP(X-1) .GE, PPIK)) GO TO 999
S CONTINUE

C INJTIALIZE DAYA.
DO 10 1=1,NPP

D2 10 J=1¢NPP

10 Z{1,44) = G.0
NBAYS = NPP-1

C
C DISTRIBPUTED MpASS (MIC=1), UDISTRIBUTED ROTARY INERTIA (MIC=2),
C CONCENTKATED 1TEM (MIC=3).
DO @5 MIC=1,3
IF (MIC .FOe 2) NSEGS = NDI
IF (MIC .FQ. 3) NSEGS = NC
IF {NSEGS LEQ. 0) GO TC 9%
C

D0 90 I=1 (NSEG?
GO TO (21,22,7C)yMIC

21 X1 = DMASS(TI,1)
K2 = DMASS(1,2)
Vi = DMASS(1,3) * CCNVRT
V2 = DMESS({1.4) * CONVRY
GO TC 30

22 X1 = DRINI(I,Y)
X2 - SRIN(IL2}

V1 = DRIN(I,3) * CONVRT
V2 = DRINI{Y,4) ®* CONVETY
30 NERRCR = 3
IF (XY JLT. PP(1) CRe X2 GT. PPINPP} URs X1 «GEa X2) GC 10 999
DL 37 K=1,NHLYS
IF (X1 .LT. PP(K+1j)) GC TO 34
32 CONTINJE
A4 Xp = X1
ve = 1
36 IF (X2 JLE. PP(K#+1})) GC TO 38
Xe = PP{K+1)
VO = VI + (XQ=-X1)*(V2-V1)/(X2~-X1)

GO 10 39
38 XC = X2
v = V2?2

39 BAYL = PP(K+1) — PP(K)
SEGL = XG@-xV
HP = (¥pP- &MYy} / BAYL
HQ = (XQ~=¢7.3) / BAYL
VPVE = v~ o+ V@
GC TO 12Us60)eMIC



50 F1
F2
F3
GO

SEGL=* VPV(C/2.
SEGL®(VPVQ* (HP+HQ) + VP*HP + VO=HQ)/6.

- nnon

c 8¢
60 F1? 0.

F2 O.

F3 SEGLAVPVQ/ (2. *¥BAYL*¥2)
GO TO 8@

nonou

70 XA = CONC{I,1)

IF (XA L7 FPP(1) 05e XA oCTa PP{NPP)) GC TC 999
M = CONC{I+2) * CONVRT
D0 72 K=1,MBAYS
IF (XA LT. PP{K+1)}) GO TO 75
72 CONTINUE
K = NBAYS
T5 BAYL = PP (K1) - PP(K)
HC {CCNC(Iy3) ~ PreK)I/ZBAYL
Fl M
F2 CM*xMC
F3 CM*xAC%E%2 4+ CONC(I194)*CONVRT/BAYL ¥%x2

"woipon o

80 L = K+1
2 (K4K)
2(K,L)
Z2'L,L)

2{KyK)Y + F1 —2.%F2 +F3
L{Kyl) + F2 =~ F3
ZiLsLi + F3

"ol os

IF (MIC .tQ. 3 .0R. X2 .LE. PP(K+i)) GO TC 90
K = K+l
XpP X0
vp ve
GO TO 2¢
90 CONTIMNUE
95 CCNTINUE

Hn?

c
C SYMMETRIZE.
DO 110 K=1,NPAYS
110 Z(K4T4K) = Z{K,K+1)

C

C COMPUTE AND PRINT TCTAL MASS PROPEFTIES.
TM = 0.
TF = 0.
T1 = Q.
Lo 201 1=1,NPD
CO 201 J=1,NP?
TM = TM + Z2(T,9?
TP = TP + 2(1,4:+PP(J)

201 TU = 71 + PP1)2Z2(1,J)%PP(J)

CG = TP/TM
T1 = T1 ~ TMxCGX%x2

IF {MINT JNFe «HMINI) GO TO COU
IF (NLINF JLF. 5 DRe NLINF JGE. MAXLIN} GO TG 800
IF ((NLINE+I6) GT. MAXLIN) GO TO 800

MASS1 == 3/ 4

SEGLA(VPVQA(HP+RUI*N2 + 2. x(VP*HPX*2 + VQXxHQ**2)})/12.

NERROF =



c

gL

WRITE

(NOT,2050)

NLINE = NLINE + 2
¢0 TO £10
8LY CMLL PAGEHD

wRITE

(NOT,2001) CONVRY,TM,CG,TI

LINE = NLINE + 14

SETURN

99¢ “ALL ZZBIMB (8HM. <1 4NERROR)

MASSY ~= &4/ &
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SUBROUTINE MASS2 (PPyDMASSyDRIN,CONC,CONVRT 42 NPP sNDMyNDIsNCsNZ,
* KDM yXD1 yKC,yK2)

DIMENSION PP(1), DMASS(KDMy1)y DRIN(KDIs1)y CONC(KCoel)ye Z(KZy1),
* F(7), F(10)

COMMON /LLINE/Z NLINE,MAXLIN,MINI

LATA NIT.NOY/5,6/

CALCULATE MASS MATRIX FOR A BEAM. ASSUMES CUBIC VELOCITY FUNCTION
BETWEEN CONSECUTIVE PANEL PCINTS.

LATERAL TRANSLATION AND ROTATION AT EACH PANEL POINY ARE THE
GENFRALIZED COORDINATES. TRANSLATION COORDINATES ARE GROUPED FIRSY
SIGN CONVENTION IS ROCTATION = -DULATERAL DISP)/D(AXIAL CCORDINATE).
INPUT IS DISTRIBUTED MASS,y, DISTRIPUTED ROTARY INERTIA, CONCENTRATED
ITEMS., THE DISTRIPUTED DATA MAY NOT EXCEED THE PANEL PCINT LIMITS,
THE ATTACH POINT FOR CONCENTRATED ITEMS MAY NOT EXCEED THE PANEL
POINT LIMITS. CPTINN ¥0O OMIYT DATA BY NDM,NDI, OR NC EQUAL ZERC.
CALLS FORMA SUBRCUTINES PAGEHD,Z2ZBOMB.

CODED BY RL WOHLEN. DECEMBER 1965.

LAST REVISION BY RL WOHLEN, MARCH 1976.

SUBROUTINE ARGUMENTS
L = INPUT VECTCR OF PANEL POINTS. SIZE(NPP).
DMASS = INPUT MATRIX OF DISTRIBUTED MASS STRAIGHT LINE
SEGMENT DATA. SIZE(NDM,4).

COL 1 = X AT SEGMENT END 1.
COL 2 = X AT SEGMENT END 2.
COL 3 = MASS AT SEGMENTY END 1.
COL 4 = MASS AT SEGMENMT END 2.
DRIN = INPUT MATRIX OF DISTRIBUTED ROTARY INERTIA STRAIGHT LINE
SEGMENT DATA. SIZE(NDI4).
COLUMNS ARF SIMILAR 77 DMASS.
CONC = INPUT MATRIX OF CONCENTRATED TTEM DATA. SIZE(NC,4).
COL 1 = ATTACH STATION.
COL 2 = MASS OF ITEM,
€CCL 3 = CENTER OF GRAVITY COF ITEM,
CCL 4 = MOMENT OF INERTIA AROUT CG OF ITEM.
CONVRT = INPUT CONVERSION SCALAR BY WHICH COL 3,4 OF DMASS,DRIN AND
COL 2,4 OF CONC WILL BE MULTIPLYED.
1 = QUTPUT MASS MATRIX. SI1ZEINZ,NZ2),.
NPP = INPUT NUMBER OF PANEL POINTS. SIZF OF VECTCOR PP.
NDM = INPUT NUMBER OF SEGMEMTS (xOWS) IN DMASS. CAN BE ZERC.
ND1 = INPUT NUMBER OF SEGMENTS (ROWS) IN DRIN, CAN BE ZERO.
NC = INPUT NUMBER OF ITEMS (ROWS) IN CONC. CAN BE ZERO.
NZ = QUTPUT SIZE OF MATRIX Z. (NZ=2%NPP},
KDM = INPUT ROW DIMENSION OF DMASS IN CALLING PROGRAM.
KD1I = INPUT ROW DIMTNSICN OF DORIN IN CALLING PROGRAM.
KC = INPUT ROW DIMSNSION OF CONC IN CALLING PROGRAM.
Kz = INPUT RO¥ DIMENSION OF 2 IN CALLING PROGRAM.

NERROR  EXPLANATICN
LESS THAN 2 PANEL POINTS.
PANEL POINTS NCT IN INCREASING ORDER.
INCOPRECT DISTRIBUTED DATA.
CONCENTRATED MASS AYTACH STATION OUTSIDE PANEL
PGINT BOUNDS.

PWN
wwnon
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/;2001 FORMAT { 3(/),30X,3iHSUBROUTINE MASS2 USES CONVRY = E15.8, ///

c
Cc

OO

* 37X4,33HAND COMPUTES THE TOTAL PROPERTIES 7//
* 43X 9e6HM = E15.89/743X96HXCG = E15.84//43X,6HICG = E15.8)

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

CHECK THAT PANEL POINTS ARE IN INCREASING ORDER.
NERROR

]
o

IF (NPP .LT. 2) GC 70O 999
NERROR

]
N

DO S K=Z,NPP
IF (PP{K-1) .GE. PP(K)) GO TO 999
5 CONTINUE

INITIALIZE DATA.
NZ = 2%NPP
DO 10 I=1,4N2Z
DO 10 J=14NZ

10 Z(I4J) = C.O
NBAYS = NPP-1

DISTRIBUTED MASS {(MIC=1), DISTRIBUTED ROTARY INERTIA (MIC=2],
CONCENTRATED 1TEM (MIC=3).
DO 95 MIC=1,3

IF (MIC .EQ. 1) NSEGS = NDM
IF (MIC .EQ. 2) NSEGS = NDI
IF (MIC .EQ. 3) NSEGS = NC

IF (NSEGS .EQ. O0) GO TC 95

DO 90 1I=1,4NSEGS
GO TO (21,22,70)4MIC

21 X1 = DMASS(I,1)
X2 = DMASS(1,2)
V1 = DMASS(I,3) * CONVRY
V2 = DMASS(Iy4) * CONVRTY
GO TC 30

22 X1 = DRIN(I,1}
X2 = DRIN(I,.2)
V1 = DRIN(I,3) * CONVRT
V2 = DRIN(I,4) * CONVRYT

30 NERROR = 3
IF (X1 LT. PPl1) .DRa X2 GT. PPINPP) .OR. X1 .GE. X2) GO TO 999
DO 32 K=1,NBAYS
IF (X1 .LT. PP(K+1)) GO TO 34

32 CONTINUE

34 XP = X1
ve = V1

36 IF (X2 .LE. PP(K+1)) GO TO 238
XQ = PP(K+1)
VO = V1 4+ (XQ-X1)*(Vv2-V1)/(X2-X1)

GO T0 39
38 X0 = X2
vQ = V2

39 BAYL = PP(K+1) - PP(K)
HP = (XP-PP(K)) / BAYL



50
55

60

70

72

75

80

HQ = (XQ-PP(K)) / BAYL
W = (VQ-VP)}/{HQC~HP)

DO 4& J=1,47

Jrl = g+

RS = J

RJPY = JP1

E(J) =

GO TO (50,60).MIC

DO 55 J=1,7
F(J) = BLYL * E(J)

Ft 8) = BEAYL * E(3)

FU 9) = BPAYL * E(4)
FU10) = BAYL * E(S)

GC TO 80

F(C 1) = 0.

FL 2) = 0.

Ft 3) = 0.

FU 4) = 0.

FU 5) = 3.%E(3} /7 BAYL
FU 6) = 6.%E(4) / BAYL
FU 7) = 9.xE(5) / BAYL
F(L 8) = E(1) 7/ RAYL
F{ 9) = Z.xE(2) /7 BAYL
FU10) = 4.%xE(3) / BAYL
GO TO 80

XA = CONC(I,.1)

IF (XA

«LTe PP{1) .CR. XA

CM = CONCI(1,2) * CONVRT
DO 72 K=1,NBAYS

IF (XA

CONTINUE

K

NRAYS

«LTe PP(K+1)})

BAYL = PP (K41} - PP(K)

M

CM*HC

(R L]
CM*P 2
{CM*P2%xHC
(CM%P 1%P2
(CM*P 2%%2
CMAHC**2
(CM*P1%HC
(CMRP1%%2

CI =

HA =

HC =

Pl = 2.%HC —~ HA
P2 = 3.,%¥HC ~ 2.%HA
FL 1) =

FL 2) =

F{ 3) = BA *
F( &) = HAX%X2 %
F{ 5) = HAx*? %
F{ 6) = HA**3 *
FU 7) = HA*%4 *
F( 8) =

F{ 9) = HA *
F{10) = HA%%2 =*
L = K+1

M = K+NPP

«GT. PP(NPP)) GO TO 999

AR

W (HO**JP1 — HP%%JP1)/RJP1 + (VP-H*HP)A(HQ**J -~ HP**J)/RJ

GO TO 75

(CONC(1,4)%CONVRT) / BAYL*%2
(XA — PP(K)) / BAYL
(CONC(I,3) — PP(K))/BAYL

3.%xCY)
6.%C1)
9.%C1)
1
2.%CI)
4.%C1)
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N = K+NPP +1

Pl ==12.%F(6) + 4.%F(7) + 9.*F(10)
P2 = 2.%kF(5) = T.xF(6) + 2. %F( 7) — 3.%F(9) + 6.*F(10)
P3 = =E.%F(6) + 2.%F(7) + 3.xF(10)

BAYL2 = BAYL**2

ZUKoK) = Z2IKyK) + F{1)-6.*¥F (3 )44 .%F{4)+P]
Z(Ky:) = Z(KoL) + 3.%F(3)-2.%F(4)-P]
Z(KyM) = ZIK M) + (—F(2)+2.%F(3)-F(4)-P2) * BAYL
Z(KeN) = Z(KeN) + (FU3)-F(4)=-P3) * BAYL
Z(Lyl) = Z(LyL) + P1
Z(LyM) = Z{L,M) + P2*BAYL
Z(LsN) = Z(LyN} + P3*BAYL
Z(MgM) = Z(M M) + (2.%F(5)-G.*F(6)+F(T)+F (B8)—4¥F (9)+4.3F (10) )
1 * BAYLZ
ZIMIN) = Z(MgN) + (FU5)=3.%XF(6)+F(T)-F(9)+2.%F(10) ) * BAYL2
ZINGN) = Z(NyN) + (2. %F(6)+F{T7)+F(10) )} * BAYL2
C

IF (MIC .EQe 3 .0ORe X2 oLE. PP(K+1)} GO TOC 9C
K = K+1
XP = X@
VP = V@
GO TO 36

90 CONTINUE

95 CONTINUE

c

C SYMMETRIZE.
i DC 110 I=1,N2
’ DO 110 J=1,NZ
110 2(J,1I) = Z(I,4)
C
C COMPUTE AND PRINT TOTAL MASS PROPERTIES.
™ = 0. '
T = Q.
Tl = D,
DO 201 I=1,NPP
K =1 + NPP
N0 2C1 J=1,NPP
t = J + NPP
T IM + Z(I,.J)
T TP = Z{KeJd) + Z2(1,J)*PP())
201 T TI + PPUIN*Z(IJ)%PP{J) ~ 2.%Z(L.1)2PP(1) + Z(K,L)}
C TP/TM
T1 TT - TMxCGX%X?
IF (MINI JNFE. 4HMINI) GO TO 800
IF (NLINE oLEs 5 «0Re NLINT .GE. MAXLIN) GO TC BOO
IF C((NLINE+16) GT. MAXLIN) GO TO 800
WRITE (NDY,2050)
NLINE = NUINE + 2
G0 TO 810
800 CALL PAGEHD
810 WRITE (NOT,2001) CONVRT,TMeCG,T1
NLINE = NLINE + 14
RETURN

-~ o

L L T L

o —

999 CALL ZZBOMB (6HMASSZ2 JNERROR)
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END
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SUBROUTINE MASS2A (PP ,DMASS SMASS,FLEVEL yCONVRT4Z JNPP oNDMyNZ,
* KDM,yKZ)

DIMENSION PP{1)y, DMASSIKDM,1), Z(KZ,1)y F(T)

"COMMON /LLINE/ NLINE,MAXLINMINI

DATA NIT,NOT/546/

CALCULATE MASS MATRIX FOR FLUID IN A CONTAINER. INCLUDES CQUPLING
BETWEEN DISTRIBUTED MASS AND SLOSH MASS. ASSUMES CUBIC FUNCTION
BETWEEN CONSECUTIVE PANEL POINTS 70 DESCRIBE CONTAINER LATERAL
VELOCITY AND ASSUMES UNIFORM SLOSH MOTION RELATIVE TO THE CONTAINER.
LATERAL TRANSLATICN AND RCTATION AT EACH PANEL POINT AND THE SLOSH
AMPLITUDE ARE THE GENERALIZED COORDINATES. TRANSLATION COORDINATES
ARE FIRST, ROTATION COCRDINATES NEXT, THE SLOSH COORDINATE LAST.
SIGN CONVENTION IS ROTATION = —D(LATERAL DISP)/D{AXIAL COORDINATE).
INPUT IS THE FLUID DISTRIBUTED MASS, THE FLUID SLOSH MAS:, AND THE
FLUID LEVEL, THE DISTRIBUTED MASS MAY NOT EXCEED THE PANEL POINY
LIMITS. THE FLUID LEVEL MAY NOT EXCEED THE DISTRIBUTED MASS LIMITS.
CALLS FORMA SUBRCUTINES PAGEHD,ZZBOMB.

CODED BY C BODLEY. MAY 1966.

LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS
PP = INPUT VECTCR OF PANEL POINTS. SIZE(NPP),

DMASS = INPUT MATRIX OF DISTRIBUTED MASS STRAIGHT LINE
SEGMENT DATA. SIZE(NDM,4).
COL 1 = X AT SEGMENT END 1.
COL 2 = X AT SEGMENT END 2,
COL 3 = MASS AT SEGMENT END 1.
COL 4 = MASS AT SEGMENT END 2,
DMASS(I,2) MUST EQUAL DMASS(I+1l,1), ETC.
SMASS = INPUT SLOSH MASS. Z(NZ,NZ) OF OUTPUT MASS MATRIX.
FLEVEL = INPUT FLUID LEVEL. MUST BE WITHIN DMASS LIMITS.
CONVRT = INPUT CONVERSION SCALAR BY WHICH COL 2,4 OF DMASS WILL BE
MULTIPLIED.
z = QUTPUT MASS MATRIX. SIZE(NZI,NZ).
NPP = INPUT- NUMBER OF PANEL POINTS. SIZE OF VECTOR PP.
NDM = INPUT NUMRER OF SEGMENTS (ROWS) IN DMASS.
NZ = OUTPUT SIZE OF MATRIX Z. (NZ=2%NPP+1}.
KDM = INPUT ROW DIMENSION OF DMASS IN CALLING PROGRAM,
KZ = INPUT ROW DIMENSION OF Z IN CALLING PROGRAM.

NERROR EXPLANATION
LESS THAN 2 PANEL PUINTS.
PANEL POINTS NOT IN INCREASING ORDER.
FLUID LEVEL OUTSIDE DISTRIBUTED MASS BOUNDS.
DISTRIEUTED MASS HAS GAPS.
DISTRIBUTED MASS EXCEEDS FANEL POINT BOUNDS.

2XakaXakaXzXaXakalskaXakaXaKaEzRaNuXule Xl ,aﬁﬂnﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬂﬁﬁﬂﬁﬁ
U PN -
nuwuwann

2001 FORMAT ( 2(/)430X432HSUBRCUTINE MASS2A USES CONVRY = E15.8, //

* 49X 313HSLOSH MASS = E15.8,//748X,14HFLUID LEVEL = E15.8,/7//
* 37Xs33HAND COMPUTES THE TOTAL PROPERTIES ///
: * 43X ¢6HM = E15.89//43X96HXCG = E15.84//43X,6HICG = E15.8)
2050 FORMAT (/ 1X 123(1H-) )

c
€ CHECK THAT PANEL POINTS ARE IN INCREASING ORDER.



MASS2A~= 2/ &

NERRCOR = 1
IF (NPP .LT. 2) GO TO <99
NERROR = 2
DO S5 K=2,NPP
IF (PP(K-1) .GE. PPI(K)}) GO TQ 99S
5 CONTINUE
C
C CHECK DISTRIBUTED MASS MATRIX.
NERROR = 3

7

IF (FLEVEL.LT.DMASS(1,41) .0ORe FLEVEL.GE.DMASS (NDM,2)) GO TC 999
IF (NDM .EQ. 1) GO YO 9
NDMM1 = NDM-1

NERROR = 4
DO 7 I=1,NCMM1
IF (DMASS(1s2) .NE. DMASS(I+1,1}) GC TO 999
CONYINUE

C INITIALIZE DATA.

Q9

10

15
16

NZ = 2%NPP+1
DO 10 I=1,N2Z
DC 10 J=1,N2Z
Z(I’J) = 0.0
NBAYS = NPP-1

DO 15 UM = 1,NDM

IF (FLEVEL .LT. DMASS(JM.2)) GO 10O 16

CONTINUE

DMJ1 = DMASS(JIM,1)

DMJ3 = DMASS(JIM,3)

DMASS(JM, 1) FLEVEL

DMASS (JM,3) DMJ3 + (FLEVEL - DMJ1) * (DMASS(JMy4) - DMJ3)/

* (DMASS (UMy2) — DMJL)

32
34

36

38
3%

DO 90 1 = JMyNDM

X1 = DMASS(I,1)
X2 = DMASS(I,2)
V1 = DMASS(I,3) * CCNVRT
V2 = DMASS(Iy4) * CONVRT

NERROR = 5
IF (X1 «LT. PP(1) «ORe X2 «GTe PPINPP) .OR. X1 .GE. X2) GO TO 999
D0 32 K=1,NBAYS
IF (X1 .LT. PP(K+1)) GO TO 34

CONTINUE

xp = ¥x1

ve = V1

IF (X2 .Lr. PP{(K+1)) GO YO 38

XQ = PP(K+1)

VO = V1 + (XQ-X1)%x(V2-V1)/(X2-X1}
GO 10 39

xXQ = X2

Ve = V2

BAYL = PP(K+1) - PP(K)

HP (XP-PP(K)}) / BAYL
HQ (XQ-PPI(K)) 7/ BAYL
W = (VQ-VP)/(HQ=-HP)
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DO 44 J=1,7
JP1 = J+1
RJ =
RJP1 JP1
44 F(J) (WX (HQ**JP1 — HP**JP1)}/RJIP1 + (VP-WEHP)*(HQ**J - HP*%J)/RJ)
* * BAYL

ol

K+l

K+NPP

K+NPP+1
1 = 9.%F(5) — 12.%F{6) + 4.%xF(7)
BAYL2 = BAYL*%2
Z(K oK) Z(K4K)
Z(KoL) Z(Kyl)
Z{K M) 2K M)
Z(KoN) 2(KyN)
Z{LsL) Z{L,L)
Z(L M) Z{LyM)
Z(L,,N) ZIL,N)
Z(MsM) Z{(MyM) (FI3)4%*Fl4)4+6 XF{5)=4.*%F{&) +F(7)) * BAYLZ
Z(M,N) Z{M,N) (—F (L) 43 %F(5)=-3.%F(6)+F(T)) x BAYL2

Z(NyN) ZINgN)Y + (FUB5)-2.%F(6)+F(7)) * BAYL2

Z(KoNZ) ZIK¢NZ) + F(1)-3.2F (3)+2.%F (4)

2L yN2Z) ZILINZ) + 3, %F(3)-2.*F(4)

Z(M,NZ) ZIMgNZ) + (~F(2)+2.%F(3)-F(4)) * BAYL

Z(NyNZ) ZINGNZ) + (F(3)-F(4)) * BAYL

2IN2,8Z) = ZINZ,NZ) + F(1)

nan

vvo2ZXr

FUL)=6*F(3)+4.%F (4)+P]
3F(3)-2.%F(4)~P1
(—Fl2)142.*F(3)-F(4)-P2) * BAYL
(F{3)-F(4)-P3) * BAYL

P1

P2%BAYL

P3*BAYL

T R E R,

W

ninonn

IF (X2 .LE. PP{K+1)} GO TO 90
K = K+1
XP = X¢
VP = VQ
GO T0 36
90 CONTINUE

DMASS (UM, 1)
DMASS(JM,3)

DMJ]
DMJ3

i"nn

R = SMASS/Z(NZ,NZ)
DO 95 I=1,N2Z

95 Z(I4NZ) = Z{TI4NZ)%*R
Z(NZ,NZ) = SMASS

C SYMMETRIZE.
DO 110 I=1,N2Z
DO 110 JI=1,NZ
110 2(J,1) = Z(1,J)

C

C COMPUTE AND PRIN" TOTAL MASS PROPERTIES.
TM = 0.
TP = 0.
T1 = O.

DO 201 I=1,4NPP



201

800
810

999

K =
Do
L =
™
TP
T1
C6
T1
IF
IF
IF
WRT
NLT
GO
CAL
WR1I

MASS2A——~ &4/ &

I + NPP
201 J=1,NPP
J + NPP

T™ + 2(1,J)

TP = Z(Kyd) + Z(1,J)%PP(J)

TI + PPUINXZ{I4J)I%PP(J) — 2.%2({Lo1)%PP(I) + 2(K,L)
TP/TM

TI - TM*CG**2

(MINI .NE. 4HMINI) GO TO 800

(NLINE .tE. 5 0Ra NLINE .GE. MAXLIN) GO TO 80C
(INLINF+20) .GY. MAXLIN) GO TO 800
TE (NOT,2050)
NE = NLINE + 2
T0O 810
L PAGEWD
TE (NOT,2001) CONVRT4SMASS,FLEVEL,TM,(G,T1

nnunmn

NLINE = NLINE + 18
RETURN

CAL
END

L 2280MB (6HMASS2A yNERROR)
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SUBROUTINE MODF1 (A+S sW2yWeFREQyNy FOD KR yNUT1)
DIMENSICON A(KRy1)y S(KR,1), W2(1), W(1l), FREQ(])
COMMON /LLINE/Z NLINE,MAXLIN,MINI

DATA NIToNOT/E,6/

CALCULATE MODE SHAPES (PHI) AND NATURAL FREQUENCIES CF
(A)**-2(S)(PRI) = (PHI)(-W2-) USTNG METHOD OF JACORT,
THE MASS (A) MATRIX MUST BE REAL, SYMMFTRIC, POSITIVE DEFINITE.
THE STIF (S) MATRIX MUST BE REAL, SYMMETRIC.
THE FIRST ELEMENT CF EACH MODE SHAPE IS MADE POSITIVE.
ORTHOGONALITY CHECKS —==(PHI)T*(MASS)*(PHI) AND (PHI)T*{(STIF)*(PH1)—
ARE CALCULATED AND PRINTED.
CALLS FORMA SUBROUTINES BTABA,BTABA2,0COM1 ,EIGN1,INV4,PAGEHD, (Z2B0MB).
THE MAXIMUM SIZE 1S
N = 50C (BASED ON BTABAy BTABAZ2).
DEVELOPED BY RL WOHLEN. APRIL 1969.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MASS MATRIX. SIZE(NyN). *DESTROYED=*
= QUTPUT MODE SHAPES. SIZE (N,N).

S = INPUYT STIFFNESS MATRIX. SIZE(NyN). *DESTROYED¥

W2 = OQUTPUT VECTOR OF EIGENVALUES (OMEGA SQUARED). SIZE(N).

W = QUTPUT VECTCR OF CIRCULAR FREQUENCY (OMEGA)}. SIZE(N).

FREQ = CUTPUT VECTOR OF FREQUENCY (OMFGA/2PI). SIZE(N).

N = INPUT SIZF OF MATRICES AsS AND VECTORS W2,V 4FREQ. MAX=500.

FCD = INPUT FINAL OFF-DIAGONAL VALUE FOR DYNAMIC MATRIX.
IF FOD .LE. ZERO, THE VALUE QOF FOD WILL BE CALCULATED
AUTCMATICALLY IN SUBRCUTINE EIGN1.

KR = INPUT ROW DIMENSION OF A,S IN CALLING P"ROGRAM.

NUT1I = INPUT NUMRER OF UTILITY TAPE. (EG 4).

2001 FORMAT ( 3(/) 54X ,18H{SUBROUTINE MODE1)
27/ 4TX$34HTHE FCt _OWING ORTHOGONALITY CHECKS
7/ 52X23H(MCDES)T*(MAS)*(MCDFS)

/  52X423H (MODES)T*(STIF)*(MODES)
7/ 48X 432HARE A RESULT OF THIS SUBROUTINE.)
2002 FORMAT (// 10X510(7X91H{41I2,1H)}))
2011 FORMATY (///10X439HTHE (MODES)T*(MASS)*(MODES) CHECK GIVES

* N H %

* /7/710X425HTHE DIAGONAL FLEMENTS ARE // (13X,10F11,.8))
2012 FORMAT (// 10Xy35HTHE MAXIMUM OFF-DIAGONAL ELEMENT 1S
* E11.34 2X, 4HAT ( I3, 1H, I3, 1H) )

2020 FORMAT (///10X428HTHE OMEGA SQUARED VALUES ARE // (13X,10E11.3))
2021 FORMAT (///10X,39HTHE (MODES)TA(STIF)*(MODES) CHECK GIVES

* /7/7710X,48HTHE ABSOLUTE PERCENT DIFFERENCE IN THE DIAGONAL
* 31HELEMENTS FROM OMEGA SQUAREND ARE //(13X,10F11,.8))

2022 FORMAT (// 10X,48HTHF LARGEST OFF-DIAGONAL ELEMENT IN EACH ROW ARE
* // (13X,10E11.3))

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

IF (MINI .NE. 4HMIN1) GO TO 810

IF (NLINF .LE- 5 eORO NLINE .GE. Mb\?LIN) GO TO 810
IF ((NLINF+7412 ) .GT. MAXLIN) GO T¢ 810

WRITE (NCT,2050)

NLINE = NLINE + 2
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G TC 811

810 CALL PAGEHD

811 WRITE (NQT,2001)
NLINE = NLINE + 12

CALL RWND {NUTY)
ALL OUuT (INUTY JALKR*N)
CALL QUT {NUT11 ,S,KR%*N)

CALL DCOM1  (AyA¢NyKR)
CALL INV4 (AyA9NyKR)
CALL BTABAZ (SyAsNyKR)
CALL EIGN1 (SyW24As~NsFODsKR}

ALIGN THE CIRCULAR FREQUENCY SQUARED (wW2) INTO INCREASING ORDER AND
THE MODE SHAPES CORRESPONDINGLY.
IF (N .EQ. 1) GO TO 40
NM1 = N-1
D0 35 J=1,NM1
W2MIN wW2(J)
IMIN J
Jel = J+1
DO 30 I=JPl,yN
IF (W2MIN .LE. W2(I)} GO TO 30
W2MIN = W2(I)

"ou

IMIN =1
30 CONTINUE
IF (IMIN .EQ. J) GO TC 35
W2(IMIN) = v2(J)
w2(J) = W2MIN

DO 34 K=1,N
AKJ = A(KqoJ)
AlKqeJ) = A(Ky IMIN)
34 A{KLZIMIN) = AKJ
35 CONTINUE

MAKE THE FIRST ELEMENT OF EACH MCDE SHAPE POSITIVE.
40 DO 45 J=1,N
DO 42 I=1,4N
42 AlTyJd) = =A(I )
45 CONTINUE

CALCULATE (PHI)T*(MASS)*(PHI) ORTHOGONALITY CHECK.
CALL RWND (NUT1)

CALL IN (NUT1,S ¢KR%N)
CALL BTABA (SyAysNgNysKRyKR)
XOFF = 0.

IOFF = 1

JOFF = 2

DC 54 I=1,N

DO 52 J=I,N

IF (I .FQ. J) GO TO 52
IF (ABS(XOFF) .GE. ABS(S{(I,d))) GO YO 52

A=MASS
S=STIF

A=U
AsUk—]
S=DYNMAT
W2=W2
A=PHI

S=MASS
S=pMP
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XCFF = S$(1I,J)
IOFF = 1
JOFF = J

52 CONTINUE
54 CONTINUE
NPL = N/10O
IF ((NPL*10) NE. N) NPL = RNPL+l
IF (MINI .NF. 4HMINI) GO TO G20
IF (NLINE JLE. 5 .0Re NLINE .GE. MAXLIN) GO 0O 820
IF ((NLINF+2+414+NPL) .,GT. MAXLIN) GO 7O 820
WRITE (NCT,2050)
NLINE = NLINE + 2
GO TO 821
820 CALL PAGEHD
821 WRITE {(NCT,2002) (JC,y4C=1,10)
WRITE (NCT,2011) (S{1,1),1I=1,4N)
WRITE (NQT,2012) XOFF ,10FF,4,JOFF
NLINE = NLINE + 14 + NPL
C
C CALCULATE (PEIIT*(STIF)*{PHI) CRTHOGONALITY CHECK.
CALL IN {NUT1,SKR%N)
CALL BTABA (SyAsNyNgKRyKR)
DO 64 I=1,N
WlI) = 0.
DO 62 J=1,N
IF (I .FQ. J) GO 70 &2
IF (ABS{S(I4J)) .GTa. ABSIW(I))}) W{I)=S(1,J)
62 CONTINUE
64 CONTINUE
IF (MINT NE. 4HMINWI) GO TC £30
IF {NLINE .LE. 5 .0R. NLINE .GE. MAXLIN) GO TC 830
IF ((INLINE+2420+32NPL) .GT. MAXLIN) GO 70 830
WRITE (NOT,2050"
NLINE = NLINE + .
GO TO 821
830 CALL PAGEHD
831 WRITE (NOT,2002) (JCyJC=1,10)
WRITE (NOT,2020) (W2(I), I=1,N)
NLINF = NLINE + 8 + NPL
DO 68 1=1,N
IF {(W2(1) .LE., 0.) GO TC &8
S(IsI) = ABS{S(I,I)-W2(I})*100./W2(1)
68 CONTINUF
WRIE (NMDT42021) (S{I51)y I=1,N)
WRITE (NQT,2022) (W(1), I=1,N)
NLINE = NLINE + 12 +2%NPL

DO 72 I=1,N
wiI) = SQPT {ABS{wW2(1)})
72 FREQ(I)= .15915494 * W(I)

RETURN
END

mnn
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SUBROUTINE MODE1A (AySeW24WLFREQyN,FODKR (NUTY)

DIMENSICN

A{KRs1)y S({KR,1), W2(1}, W(1l), FREQ(1)

COMMON /LLINE/ NLINE,MAXLIN,MINI
DATA EPS/1,.E-30/
DATA NIT,NOT/5,67

CALCULATE MODE SHAPES (PHI) AND NATURAL FREQUENCIES OF

(CCA)+(S) 2%~ (A}(PHT)

{(PHID (-1/(C+¥2)~} USING METHOD OF JACCBI.

THE MASS (A) MATRIX MUST BE REALy SYMMETRIC, POSITIVE DEFINITE.
THE STIF (S) MATRIX MUST BE REAL, SYMMETRIC,

THE FIRSY ELFMENT OF EACH MODE

SHAPE 1S MADE POSITIVE,

ORTHOGONALITY CHECKS —=({PHI) T(MASS)®(PHI) AND (PHI)T*{STIF)*{(PHI)—-
ARE CALCULATED AND PRINTED.

CALLS FORMA SUBROUTINES BTABABTATA2,DCOMI 2EIGNI o INV4,PAGEHDs (2ZZEBOMB ).
THE MAXIMUM SIZE IS

N

£00
DEVELDPED EY RL WOHLEN,

(BASED ON BTABA,BTABA2]}.
APRIL 1969.

LAST REVISION BY RL WOHLEN. MARCH 1976

SUBROUTINE ARGUMENTS

A = INPUT MASS MATRIX. SIZE(N,N}. *DESTROYED*
= QUTPUT MODE SHAPES. SIZE(NyN).

S = INPUT STIFFNESS MATRIX. SIZE(N,N}. *DESTRGYED*

W2 = QUTPUT VECTOR OF CIRCULAR FREQUENCY SQUARED. SIZE(N).

L] = QUTPUT VECTCR OF CIRCULAR FREQUENCY ({OMEGA). SIZE{N).

FREQ = CUTPUT VECTOR OF FREQUENCY (DOMEGA/2PI). SI2E(N).

N = INPUT SIZF OF MATRICES A,S AND VECTORS W24W,,FREC. MAX=500.

FOD = INPUT FINAL CFF-DIAGONAL VALUF FOR DYNAMIC MATRIX.
IF FOD .LE. ZERO, THE VALUE OF FOD WILL BE CALCULATED
AUTOMATICALLY IN SUEROUTINE EIGNi.

KR = INPUT ROW DIMENSICN OF A,S IN CALLING PROGRAM.

NUT1 = INPUT NUMBER OF UTILITY TAPE. (EG 4).

2001 FORMAT ( 3(7)

* % N % #

2002 FORMAT

2011 FORMAT
»

2012 FORMAT
%

202G FORMAT

2021 FORMAY
*

&*
2022 FORMAT
=

2050 FORMAT

ANORM
SNORM

nn

54X ¢ 19H {SURRCUT INE MODE1A)
38X ¢3THTHE CALCULATED COMEINATION VALUE
4TX 334HTHE FOLLOWING ORTHOGONALITY CHECKS
52X 923H(MODES )T*(MASS )% (MODFS)
/ 52X 923H(MODES)T*(STIF)*(MODES)
// 4BX432HARE A RESULT OF THIS SUBROUTINE.)
(/77 10X,10(7Xs1H512,41H)))
(//7/710X439HTHE (MODES) T*(MASS)*(MODES) CHECK GIVES
//7/710X425HTHE DIAGONAL ELEMENTS ARE /7 (13X,10F11l.81))
(/7 10X435HTHE MAXIMUM OFF~DTYAGONAL ELEMENT IS
E11.3, 2Xy 4HAT ( I3y 1Hs I3, 1H) )
(77/710X42BHTHE OMEGA SQUARED VALUES ARE // (13X,10t11.3))
(/7//710Xs39HTHE (MODES) T*(STIF)*(MGGES) CHECK GIVES
//7/710X48HTHE ABSOLUTE PERCENT DIFFERENCE IN THE DIAGONAL
31HELEMENTS FROM CMEGA SQUARED ARE //(132X510F11.8))
(/77 10X48BHTHE LARGEST OFF~DIAGONAL ELEMENT IN EACH ROW ARE
/77 (13X,10£11.3))
(/ 1X 123(1H~) )

777
77/
r/

£15.8,

0.0
0.0

DC S 1I=1,N



aNaNal

810
811

12

28

DC 5 J=1,N

ANORM = ANCRM + ABS{A(I,.J))
SNORM = SNORM + ABS(S({I,J))
€ = SNORM/ANORM

IF (MINY .NE. 4HMINI) GO TO 810
IF (NLINE .LE. 5 OR. NLINF .GE. MAXLIN)
IF ((NLINE+2+15 ) .GT. MAXLIN) GO YO 810

WRITE (NOT,2050)
NLINE = NLINE + 2
GO TO 811

CALL PAGEHD

WRITE (NOT,2001) C
NLINE = NLINE + 15

CALL RWND (NUTY)
CALL QUT (NUT1,AKR*N)
CALL ouUT (NUT1,S 4KR*N)

DO 12 I=1,N
DO 12 J=1,N
AlI4d) = SUI4J) + C*A(l.d)

CALL DCOM1 (A,A4NgKR)

CALL 1INVae (AyAsNsKR)

CALL RWND (NUT1)

CALL 1IN (NUT1,S,KR*N)

CALL BTABAZ (S,AsNyKR)

CALL EIGN1 (SyW2,As—NsFODyKR)
DO 28 J=1,N

Cl = SQRT(W2(J))

DO 28 I=1,N

AlT4Jd) = A(I,J)/C1

CALCULATE w2,

29

ALIGN THE CIRCULAR FREQUENCY SQUARED
THE

30

DO 202 I=1,N
IF (W2(1) .LT. EPS) W2(I)=EPS
W2(I) = 1./W2(I) - C

MODE SHAPES CORRESPONDINGLY.
IF (N .EQ. 1) GO TO 40

NMI = N-1
Dt 35 J=1,NM1
W2MIN W2tJd)

IMIN = J

JP1 = J+]
DO 30 I=JP1,yN

IF (W2MIN .LE. W2(1)) GO TC 30
W2MIN = W2(1)

"

IMIN = 1

CONTINUE

IF (IMIN .EQ. J) GO TO 35
W2(IMIN) = wW2(J)

Ww2(J) = W2MIN

MODElA~— 2/ &

GO TCO 810

{W2) INTC INCREASING CRDER AND

A=MASS
S=STIF

A=SCM

A=U
A=Ux*x=~]1

S=MASS

S=DYNMAT
W2=VAL

A=PHI



34
35

DO 324 K=1,N

AKJ = A(K,J)
AlKyJ) = A(K,IMIN)
A, TMIN) = AKJ
CONTINUE

€ MAKE THE FIRSYT ELEMENT OF EACH MODE SHAPE POSITIVE.

40

62
45

DO 45 J=1,N

IF (A(1,J) .GEe Oe) GO TO 45
DO 42 I=1,N

AlIyJ) = <A(1,J)

CONTINUE

C CALCULATE (PHI)T*({MASS:)*(PHI) ORTHOGONALITY CHECK.

52
54

820
821

c

CALL RWND (NUT1)

CALL IN (NUT1 oS yKREN)
CALL BTABA (SeAsNsNeKRKR)
XOFF = 0.

JCFF = 1

JOFF = 2

DO 54 I=1,N

DG 5z J=I4N

IF (1 .EQ. J) GO 7O 52

IF (ABS(IXOFF) .GEa. ABS(S{I4J)})) GO 1O 52
XCFF S(I,

IOFF 1

JOFF J

CONTINUE

CONTINUE

NPL = N/10O

IF ((NPL*10) .NE. N} NPL = NPL+1

IF (MINI .NE. 4HMINI) GO YO 820

IF (NLINE .tf. 5 .ORe NLINE .GE. MAXLIN) GC TC 820
IF (INLINE+2+4144NPL) .GT. MAXLIN) GC TO 820
WRITE (NCT,2050)

NLINE = NLINE + 2

GC TO 821

CALL PAGEHD

WRITE (NCT,2002) (JC,JC=1,10)

WRITE (NOT,2011) (S{I+I)sI=14N)

WRITE (NC",2012) XOFF 41GFFyJOFF

NLINE = NLINE + 14 + NPL

C CALCULATE (PHI}T*(STIF)*(PHI) ORTHOGONALITY CHECK.

62
64

CALL IN (NUT1,S,KR%*N)
CALL BTABA ‘S’A’N,N'KR'KR)
DO 64 I=1,N

W(I) = O,

DO 62 J=1,N

IF (I .EQ. J) GO TO 62

IF (ABS(S(IyJ)) GTe ABS{W(I))) W(I)=S(I,J)
CONTINUE ‘

CONTINUE

IF (MINI .NE, 4HMINI) GO TO 830

IF (NLINE JLE. 5 .OR. NLINE .GE. MAXLIN) GO TO 830

MCDE1A—— 3/ 4

S=MASS
S=PMpP

S=STIF
S=PSP



830
831

68

72

IF ((NLINE+2+20+432NPL) .GT. MAXLIN) GO TO 830
WRITE (NOT,2050)

NLINE = NLINE + 2

GO TO €31

CALL PAGEHD

WRITE (NCT,2002) (JCy4JC=1,10)

WRITE (NOT,2020) (W2(I)}, I=14N)

NLINE = NLINE + 8 + NPL

DO 68 1=1,N

IF (W2(1) .LE. 0.) GO TOQ 68

SU(I,1) = ABS(S(I,U)-W2(I})*100.sW2(1)
CONTINUE

WRITE (NOT,2021) (S(I,1I)y I=1,N)
WRITE (NOT,2222) (W(I)s I=1,N)

NLINE = NLINE + 12 +2*NPL

DO T2 I=1,N
W(T) = SQRT (ABS(W2(1)))
FREQ(I)= .15915494 * W(I)

RETURN
END

MODElA—— &/ 4
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SUBROUTINE MODEIB (AsEgW23WFREQyN,FODyKR4NUT1)
DIMENSIOCN A(KR,Y)y E(KRy1), W2(1), W(Yl), FREQ(]1)
COMMON /! LINE/ NLINE,MAXLIN,MINY

DQUBLE P:.ECISION S,SS,ZERO

DATA ERC /Y . E-30/y ZERD/0.D/

DATE NY 4NOT/546/

CALCUL ATE MODF SHAPES (PHI) AND NATURAL FREQUENCIES OF
(EYCAY(PHIM=(PHI)(-1/W2~) USING METHOD OF JACOBI.
THE MASS (i) MATRIX MUST BE REAL, SYMMETRIC, POSITIVE DEFINITE.
THE FLEX (E) MATRIX MUST BE REAL, SYMMETRIC.
THE FTIRSY FLEMENT OF EACH MODE SHAPEF IS MADFE POSITIVE.
RIGIC BODY MMDES WILL BE IN THE LAST POSITIONS.
ORTHCGONAL . TY CHECKS == (PHIDT*(MASS)*(PHI) AND
(PHIITX(MA S)H(FLEX)*(MASS)*(PHI) ~~ ARE CALCULATED AND PRINTED.
CALLS FOURMYN SUBROUTINES BTABA,DCOMY,EIGN1,INV4,MULTA +PAGEHD,(ZZBCMB).
THE MAXIMUM SIZE IS

N = 50C (RASED ON BTABA,MULTA).
DEVELOPED PY RL WOHLEN. APRIL 1969,
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBRCUTIME ARGUMENTS

A = INPUT MASS MATRIX. SIZE(NyN). *DESTROYED*
= DUTPUT MODE SHAPES. SIZE(N,N).

13 = INPUT FLEXIBILITY MATRIX. SIZE(N,N)., *DESTROYED*

W2 = AUTPUT VECTCR OF CIRCULAR FREQUENCY SQUARED. (INVERTED
EIGENVALUES). SIZE(N]).

W = "WYPYUT VECTOR OF CIRCULAR FREQUENCY (OMEGA). SIZE(N).

FREQ = QUTPJT VECTO? OF FREQUENCY (OMEGA/2PI). SIZE(N).

N = INPUT SIZ" OF MATRICES A,E AND VECTORS W2,W.FREQ. MAX=500.

FOD = INFUT FINAL CFF-DIAGOMAL VALUE FOR DYNAMIC MATRIX.
IF FOD .LE. ZERC, THE VALUE OF FOD WILL BE CALCULATED
AUTOMATICALLY BY SUBROUTINE FIGNl.

KR = INPUT ROW DIMENSION OF A4E IN CALLING PROGRAM.

NUTY1 = INPUT NUMIER OF UTILITY TAPE. (EG 4).

2001 FORMAT ( 31/) 54X,1% (SUBROUTINE MCDE1B)

/77 47X “4HTHE FOLLOWING ORTHOGONALITY CHECKS
/7 T2Re23H{MCDES )T (MASS }*x(MODES)

/4 SXe3TH(MODES)ITX(MASS )I*(FLEX)*(MASS )*(MODES)
// 48X,32HARE A RESULT OF THIS SUBROUTINE.)

* % %%

2002 FORMAY (/, 10X510(7Xy1H(91241H)))

2011 FORMAT (, '/10X439HTHE (MODES) T*{MASS)*(MODES) CHECK GIVES

* /710X +25HTHE DIAGONAL ELEMENTS ARE // (13X,10F11.8))

2012 FORM* (/S 10X435HTHE MAXIMUM OFF-DTAGONAL ELEMENT IS

* Fi1e3y 2Xy 4HAT ( I3, 1H, 13, 1H) )

2020 FO..MAT (///710X432+4THE 1/(0OMFEGA SQUARED) VALUES ARE//(13X,10E11.3))
2021 FORMAT (///10)Y c48HTHE (MODES) TH(MASS)I®(FLEX)*(MASSi*(MODES) CHECK

SHGYVES //7/710Xy39HTHE ABSOLUTE PERCENT DIFFERENCE IN THE
£+« YDIAGONAL ELEMENTS FROM 1/{(OMEGA SQUARED) ARE
//(13%,10F11.8))

* * %*

2022 FORM:Y (/7 10X.48HTHE LARGEST OFF-DIAGONAL ELEMENY IN EACH ROW ARE

C

* /7 (13X,10E11.3))

20L0 FORMAT (/ 1X 123(1H-) )
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IF (MINI .NE. 4HMINYI) GO TO 810
IF (NLINE .LE. 5 .0R. NLINE .GE. MAXLIN} GC TC 810
IF ({NLINE+2+412 ) .GT. MAXLIN) GO TC B81C
WRITE (NCT,2050)
NLINE = NLINE + 2
G0 7O 811
810 CALL PAGEHD
R11 WRITE (NOT,2001;
NLINE = NLINE + 12

CALL FPWND {NUT1)

CALL OUT (NUT1,A XR%N) A=MASS
CALL OUT (NUT1 ,E 4KR%*N) E=FLEX
CALL DCOMY (A,AyNyKR]} A=

CALCULATE DYNAMIC MATRIX = (U)*{(FLEX)*(U¥*T). STATEMENTS FROM
SUBROUTINE BAETA MODIFIED PECAUSE LOWER (U) IS ZERD AND ONLY
UPPER HALF OF DYNAMIC MATRIX IS USED IN SUBROUTINE EIGN1.
D0 24 I=1,N
DO 22 J=1,N
S = ZERD
DO 21 K=J,4N
€S = E(I,K)*A(J,K)
21 S =S + S§
22 W(J) = S
D0 24 J=14N
24 E(I,Jd) = W(J)
DO 28 J=1,N
DD 26 1=1,J
S = ZERC
DO 25 K=1,N
SS = A(TI4KI*E(Kyed)
25 S = S + S§S
26 Wl1I) = S
DO 28 1=1,J

28 E(I,J) = W(I) E=DYNMAT;
CALL INV4 ({AyANyKR) A=Uk*x-]
CALL EIGNYl (EsW29A+s—NysFCDyKR) W2=VAL

A=PHI

CALCULATE wW2.
D0 29 I=1,4N
IF (W2(1) «LT. EPS) W2{I)=EPS
29 W2(I) = 1la/W2(1) W2=W2

ALIGN THE CIRCULAR FREQUENCY SQUARED (W2) INTO INCREASING ORDER AND
THE MODE SHAPES CORRESPONDINGLY.
IF (N .EQ. 1) GO TO 40
NM1 = N-1
DO 35 J=1,NMI
W2MIN W2(J)
IMIN J
JP1 = J+1l
DO 30 I=JP1,N
IF (W2MIN .LE. W2(I)) GO TO 30
W2MIN = W2(I)

won
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IMIN = 1
30 CONTINUE
IF (IMIN .EQ. J) GO TC 35
W2(IMIN) w24}
wW2(J4) W2MIN
DO 34 K=1,N
AKY = ALK )
AlKyJ) = A(K,IMIN)
34 A(KyIMIN) = AKJY
35 CONTINUE

C MAKE THE FIRST ELEMENT OF FACH MDDE SHAPE POSITIVE.
40 DO 45 J=1,N
IF (A(1,J) .GE. 0.} GO TO 45
DO 42 1I=1,N
42 A(TI4J) = =al{l,44d)
45 CONTINUE

c
C CALCULATE (PHI)T*({MASS)*(PHI) ORTHOGONALITY CHECK.
CALL QUT (NUT1 ,A3KR*N)
CALL RWND {(NUT1)
CALL IN {NUT1,E,KR*N) E=MASS
CALL BTAEA (E,AyNyNoKRHKR) . E=PMP
XCFF = O,
ICFF = 1
JOFF = 2
DO 54 I=1,N
DO 52 J=1,N

IF (1 .EQ. J) GO TO 52
IF (ABS(XCFF) .GE. ABS(E(1,J))) GO TO 52

XOFF = E(1.J)
IOFF = 1
JOFF =

52 CONTINUE
54 CONTINUE
NPL = N/10
IF (\NPL%]10) .ME. N) NPL = NPL+1
1F (MINI .NE. 4HMINI) GO TC 820
IF (NLINE .LE. 5 .CR. NLINE .GE. MAXLIN) GO TO 820
IF ((NLINE+2414+NPL) 5GT. MAXLIN) GC TO 820
WRITE (NCT,2050)
NLINE = NLINE + 2
G0 70O 821
820 CALL PAGEMD
821 WRITE (NDT,2002) {JCyJC=1,10)
WRITE (NCTY,2011) (E(I,1)yI=1,N)
WRITE (NOT,2012) XOFF,IOFF,JOFF
NLINE = NLINE + 14 + NPL
c
C CALCULATE (PHIDT*(MASS)*{FLEX)*(MASS)*(PHI) CRTHOGONALITY CHECK,
CALL RWND {(NUT1)

CALL IN (NUT1 4E yKR*N) E=MASS
CALL MULTA (E4.AysNyNyNyKR4KR) E=MP
CALL IN (NUT1 ¢ AoKRXN) A=FLEX

CALL BTABA (A EoaNygNgKRKR) A=PTMEMP .



62
64

830
831

66

68

72

DO 64 I=1,N

W1} = C.

D0 62 J=1,N

IF (1 .FQ. J) GO TO 62

IF (ABS(A(I+4J)) +GT. ABS(W(I))) W(I)=A(I,J4)
CONTINUE

CONTINUE

IF (MINY ".NE. 4HMINT) GO TO 830

IF (NLINF .tte 5 0ORe NLINE .GF. MAXLIN) GO TO 830
IF ((NLINE+l+20+432NPL) .GT. MAXLIN} GO TO 83C
WRITE (NOT,2050)

NLINE = NLINE + 2

GC 70 831

CALL PAGEHD

WRITE (NOT,2002) (JC,JC=1,10)

DO 66 I=1,N

FREQUI) = 1./W211)

WRITE (NOT,2020) (FREQ(I),I=1,N)

NLINE = NLINE + § + NPL

DO 68 1=1,N

A{I,1I) = ABS(A(ISI)-FREQ(I))}*100./FREQ(T)
WRITE (NOT,2021) (A(I41)y I=1,N)

WRITE (NOT:2022) (W(I)y I=1,N)

NLINE = NLINE + 12 +2*NPL

CALL 1IN (NUT1,A 4KR%xN)}
DO 72 1I=14N

W(T) = SQRT (ABS{W2{I)))
FREQ{I)=¢15915494 * W(I)

RETURN
ENG

MODE1B~— 4/ &

A=PHI
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SUBROUTINE MODEIX (AySeW24NsCTW24KR)
DIMENSION A(KRyl)e S(KRy1)y W2(1)
DOUBLE PRECISION DM,DS

CALCULATE MODE SHAPES "(PHI') AND NATURAL FREQUENCTIES OF
(A)%x~1(S)(PHI) = (PHI)(-W2—~) USING METHCD OF JACOBI.
MODIFICATICON OF SUBRCUTINE MODEY1 TO ALLOW NCN-POSITIVE DEFINITE MASS
MATRIX, REMOVE QORTHOGCNALITY CHECKS, AND USE W2 CONVERGENCE TOLERANCE.
THE MASS {A) MATRIX SHCULD BE REAL, SYMMETRIC.
THE STIF (S) MATRIX SHOULD BE REAL, SYMMETRIC.
UPPER HALF OF MATRIX (A) IS USED TO CALCULATE MODE SHAPES AND
FREQUENCIES. FULL MATRIX (S) IS USED.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBRCUTINES BTABA2,EIGN1A, INV4,s(Z2B0MB).
THE MAXIMUM SIZE 1S

N = 500 (RASED ON BTABAZ2).
DEVELOPED BY RL WOHLEN. JANUARY 1972,
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MASS MATRIX. SIZE(NyN)}. *DESTROYED*
= QUTPUT MODE SHAPES. STIZE{N,N).

) = INPUT STIFFNESS MATRIX. SIZE(N,N). *DESTROYED*

W2 = OQUTPUT VECTOR OF EIGENVALUES (CMEGA SQUARED). SIZE(N).

N = INPUT SI1ZE OF MATRICES A,S AND VECTOR W2.

CTW2 = INPUT CONVERGENCE TOLERANCE ON W2. IF CTW2 .LE. Cay
10%%—-6 WILL BE USED. CONVERGENCE ASSUMED
IF W2 .LT. CTW2 OR IF THE W2 RATIO OF
(CURRENT-PRECEDING)/CURRENT .LT. CTWZ2,

KR = INPUT ROW DIMENSION OF AsS IN CALLING PROGRAM.

DECOMPOSE MASS MATRIX (A) = (U)I**xT * (U),
MODIFICATION OF SUBROUTINE DCOMY TO USE SQRTIABSUIA(ILI))) AND A = Z.
Alls1) = SCORT(ARS(A(1,11)})
IF (N .EQ. 1) GO TO 28
DG § J=2,4N
5 A(1,3) = A(1,2)/A(1,:1)
DC 18 I=29N

M1 = 11
IP1 = 1+1
DS = A(T,1)

DO 10 K=1,IM1
DM = A(K,1)%%x2
10 DS = DS - DM
AlI,I) = DS
AlXoI) = SQRT(ABS(A(ILI)})
IF (I .FQ. N) GO TO 20
DO 18 J=1IP1,N
DS = A(1,J)
D0 15 K=1,IM1
DM ALK IYHA(KHJ)
35 DS DS -~ DM
AlI,J) De
18 A(1,J) AlTsd)/A(I,1)
20 DO 25 1=2,N
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IM1 = I-1
DO 25 J=1,IM1
25 AllI.J) = 0.0

28 CALL INV4 (AsAsNs,KR)
CALL BTABA2 (SyAyNyKR)
CALL EIGN1IA (SsW2,As—N,CTW2¢KR)

ALIGN THE CIRCULAR FREQUENCY SQUARED (W2) INTO INCREASING URDER AND
THE MODE SHAPES CORRESPONDINGLY.
IF (N .EQ. 1) RETURN
NM1 = N-1
DO 35 J=1,NM1
WZMIN W2eJ)
IMIN J
JP1 = J+1
D0 30 I=JPI,N
IF (W2MIN .LE. W2(1I)) GO TOQ 30
W2MIN = W2(I)
IMIN =1
30 CONTINUE
IF (IMIN -EC. J) GO TO 35
W2(IMIN) = W2(J)
w2(J) = W2MIN
D0 34 K=1,.N
AKJ = A(K,J)
A(K'J’ = A(K,IMIN,
34 A(K,TMIN) = AKJ
35 CONTINUE

nn

RETURN
END

A=U
A=U*%-1
S=DYNMAT}
w2=w2
A=PHI
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SUBROUTINE MULT (A4ByZyNRAJNRByNCB sKRA+KRE)
DIMENSION
DOUBLE PRECISION SySS,ZERC
DATA ZERO/0.D/

A(KRA,1), B(KRB,1)y Z(KRA,1)

MATRIX MULTIPLICATION. A * B = Z,.

PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
DEVELOPED RY R L WOHLEN. FEBRUARY 1965.

LAST REVISION BY RL WOHLEN. MARCH 1976.

INNER

SUBROUTINE ARGUMENTS

NRA
NRB
NCB
KRA
KR8

NN

DO
DO
)
DO
SS
10 §

INPUT MATRIX. SIZE(NRA.NRE),
INPUT MATRIX. SIZE(NRByNCEB).
CUTPUT RESULT MATRIX. SIZE(NRA,NCB]},
INPUT NUMBER OF ROWS OF MATRICES A,Z.
INPUT NUMBER COF ROWS OF MATRIX 8, COLS OF MATRIX
INPUT NMNUMBER OF COLS OF MATRICES By2Z.
INPUT ROW DIMENSION OF AyZ IN CALLING PROGRAM.
INPUT ROW DIMENSION OF B IN CALLING PROGRAM.
20 I=1,NRA
20 J=1,NCB
ZERC
10 K=1,NRR

= A{I,K)*B({KyJ)

S + S5
20 Z(I,4J) = S

RETURN
END

MULT

e s ant g

A.
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MULTA

SURRQUTINE MULTA (AZyByNRAJNRB,NCBsKAZHKB}
DIMENSION AZ(KAZ,1), B(KB,1)

COMMCN /7 LWRKV1 / W(500)

DCURLE PRECISION S,S5SS+ZERC

DATA ZERO/0.D/

MATRIX MULTIPLICATION. A * B = Z.
USES TWO WORK SPACES, RESULT (Z) IS PLACED IN A.
AZ MUST RE DIMENSIONED LARGE ENOUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER 0F A CR Z.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBROUTINE ZZBOMB.
THE MAXIMUM SIZE 1S
NRB = 500
DEVELOPED RY C S BODLEY. JANUARY 1965.
LAST REVISICN BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

AZ = INPUT MATRIX. SIZE(NRA,NRB).
= OUT#JT RESULT MATRIX, SIZE(NRA,NCB).
8 = INPUT MATRIX. SIZE(NRB,NCB)
NRA = INPUT NUMBER OF POWS OF MATRICES A,Z.
NRB = INPUT NUMBRFR OF ROWS CF MATRIX B,y COLS OF MATRIX A. MAX=500.
NCB = INPUT NUMBER CGF COLS OF MATRICES B8,2Z.
KAZ = INPUT R0OW DIMENSION OF AZ IN CALLING PROGRAM.
KB = INPUT ROW DIMENSION OF 8 IN CALLING PROGRAM.

NERROR EXPLANATION
1 = MORE THAN 500 ROWS IN MATRIX B.

NERROR=1
IF (NRB .GT. 500} GC TO 999

DO 40 I=1,NRA
DO 20 K=1,4,NRB
20 W(K) = AZ({TI,K)
DO 40 J=1,NCB
S = ZERO
DO 30 K=1,NRE
€SS = WIK)IZR(K,J)
30 $ = § + S§
40 A2(1,4) = S
RETURN

999 CALL 2ZBOMB (6HMULTA HSNERROR)
END "
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SUBROUTINE MULTR (A,BZyNRAJNRB.NCB;XA,KB2)
DIMENSION A(KAy1)4BZ(KBZy1)

COMMCN /LWRKV1/ W(500)

DOUBLE PRECISIUN S$4SS,ZERC

DATA ZER0/0.0D/

MATRIX MULTIPLICATION, A * B = Z.
USES TWO WORK SPACES. RESULT (Z) IS PLACED IN B.
BZ MUST BE DIMENSIONED LARGE ENOUGH IN MAIN PROGRAM TO CONTAIN THE
LARGER OF B OR Z.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FNRMA SUEBROQUTINE ZZBOMB.
THE MAXIMUM SIZE 1S
NRB = 500
DEVELOPEDN BY CARL RCDLEY. JANUARY 1965.
LAST REVISICON BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MATRIX. SIZE(NRA4NRE),
BZ = INPUT MATRIX. SIZE(NRB4NCB).
= CUTPUT RESULT MATRIX. SIZE(NRAyNCB).
NRA = INPUT NUMRER OF ROWS OF MATRICES A,Z.
NRB = INPUT NUMBER OF ROWS OF MATRIX B8y COLS OF MATR1X A. MAX=500.
NCB = INPUT NUMBER COF COLS OF MATRICES ByZ.
KA = INPUT RCW DIMFNSICN OF A IN CALLING PROGRAM.
KBZ = INPUT ROW DIMENSICN GF 8Z IN CALLING PROGRAM.

NERROR  EXPLANATION
1 = SIZE LIMITATICA EXCEEDED.

NERROR=]
IF (NRB.GT.500 «0ORse NRALGT.KBZ +0R. NRB.GT.KBZ) GO TO 999

DC 40 J=1,NCR
DD 20 K=1,4NRB
20 W(K) = BZ(K,yJ)
DO 40 I=14NRA
S = 1IERO
DO 30 K=1,4NRE
SS = A(1,K)*W(K)
30 S = S + &S
40 BZ(I,3) = S
RETURY

999 CALL 2ZBOMB (6HMULTB oNERRCR)

END



NAME -- 17 2

FUNCTION NAME (NAMEIN,NUMIN)
DIMENSTION FMTL1(5),FMT2(3)

DATA FMT1/2H{As1H 32H,I91H ,1H)/
DATA FMT2/2H(I,1H 41H)/

O O AN A0

c
C FUNCTION TO MERGE NAMEIN AND NUMIN INT™ ONE VARIABLF (NAME) WHICH MAY
c BE USED AS AN A6 CUTPUT NAME IN ROUTINES SUCH AS FORMA SUBROUTINES
C WRITE, WYAPE, CKSTFl, PLOT1, ETC. (SEE EXAMPLES BFLOW.)
C NOTE...IF THE SUM OF THE NON-BLANK CHARACTERS IN NAMEIN-MERGED-WITH-
c NUMIN EXCFEDS 6o THE RIGHT MOSYT "HARACTERS OF NAMEIN WILL BE
C DROPPED TO MAKE ROCM FOR NUMIN. (THE NUMBER ZERO IS NOT
C CONSIDERED A BLANK.)
C NOTE...THE INTRINSIC FUNCTION FLD IS USED. IT IS NOT
C AVAILABLE ON ALL COMPUTERS.
C
C DEVYELOPED BY RF : "UDA APRIL 01,1972
C ULAST REVISION BY JOHN ADMIRE ENASAX JAN 1974.
C
c FUNCTION ARCUMENTS
C NAMEIN = INPUT ALPHANUMERIC NAME. MUST BE SUPPLIED IN CALLING
c PROGRAM AS A o6H ¢+ OR 3Y A VARIABLE DEFINED
C WITH AN A6 FORMAT.
€ NUMIN = INPUT A POSITIVE INTEGER NUMEER TO BE MERGED INTO NAMEIN.
NAME = QUTPUT ALPHANUMERIC NAME WHICH MAY BE USED IN AN A6
OUTPUT FORMAT,
EXAMPLES,
CALL WRITE (AyNRyNCNAME(3HABC,69),KA)}
WOULD YTIELD AN OUTPUT NAME ABRC69 (LEFY JUSTIFIED).
CALL WRIVE (AJNAJNANAME(IHK,NA),KA) , WHERE NA = 124,
WOULD YIELD AN CUTPUT NAME K124 {LEFT JUSTIFIED).
DO 5 I=1,4N
5 CALL WRITE {(AJNAJNAJNAME(AHSTIF,1),KA)
WCULD YIELD OUTPUT NAMES STIF1 4STIF2 4STIF3 je0a
4000 FORMAT (I1)
IF (NUMIN.LT.0 .OR. NUMIN.GT.999999) RETURN
FIND NUMBZR (F DIGITS IN NUMIN.

O 10 ND=1,6

IF (NUMIN.LT.10*%*ND) GO TO 20
10 CONTINUE
20 IF (ND.EQ.6) GO TC 50

C FIND NUMBER OF LETTERS IN NAMEIN.
DO 30 I=1,46
NL = 7-1
N1 = (NL-1)%6
IF (FLD(N1,64NAMEIN) NE. 6HE{((( ) GO TO 40
30 CCONTINUE
GC T 50
40 IF (NL+ND.GT.6) NL = 6-ND

€ MERGE NAMEIN AND NUMIN INTCO NAME.
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NTQT =
ENCODE
ENCODE
ENCODE
RETURN

ENCODE
ENCODE
RETURN
END

NL +NG

(4000,FMT1(2)) NL
(4000,FMT1(4)}) ND
(FMT1,NAME) NAMEIN,NUMIN

(4000,"MT2(2)) NO
(FMT2,NAME)} NUMIN

NAME

-2/ 2
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SUBROUTINE ONES (24NR4NC,yKR)
DIMENSION Z{KR,1)

GENERATE A MATRIX OF ONES.
CODED BY RL WOHLEN. FEB 1965.

SUBROUTINE ARGUMENTS

Z = CUTPUY MATRIX GENERATED. SIZE(NR,NC).

NR = INPUT NUMBER OF ROWS IN MATRIX Z.

NC = INPUT NUMBER OF COLS IN MATRIX Z.

KR = INPUT ROW DIMENSION OF MATRIX Z IN CALLING

DO 10 1=1,NR

DC 10 J=1,NC
10 Z(I.J) = 1.0

RETURN

END

ONES

PROGRAM.
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ONRBM

SUBROUTINE ONRBM (RBM,AMASS, N oNREBEM, K)
DIMENSION RBM(K1),AMASSIK ;T D4EVALIG)LEVEC(6456),B(64+6)

ORTHONORMALIZES THE RIGID BODY MCDE(S).
NORMALIZATICN IS REM{TRANSPOSE Y*AMASSA®RBM = UNITY.
CALLS FORMA SUBROUTINES BTAB,EIGN1,MULTA,PAGEHD,22BOMB.
THE MAXIMUM SIZES ARE

N = 250 (BASED ON ETAR)

NRBM = 6
DEVELOPED RY CS BODLEY AND RF HRUDA. DECEMBER 1965,
LAST REVISION 8Y WA BENFIELD. MARCH 1776.

SUBROUTINE ARGUMENTS

RBM = INPUT ANY RIGID BODY MODES. SIZE(N,NRBM). *DESTROYED*
= QUTPUT ORTHONORMAL RIGID BCDY MODES. SIZE(N,NRBM).
AMASS = INPUT CORRESPUNDING MASS MATRIX. SIZE(N,N).
N = INPUT S1Z€ OF MASS MATRIX, NUMBER OF RONWS IN REM. MAX=250.
NRBM = INPUT NUMBER OF RIGID BODY MGDES, COLUMNS IN RBM. MAX=6.
K = INPUT ROW DIMENSICN SIZE CF RBM AND AMASS IN CALLING PROGRAM.

NERROR EXPLANATION
1 = MORE THAN 6 RIGID EODY MUDES.

NERRCR=1
IF{NRBM .GT. 6} GO TO 999

DO 20 J=1,NREM
RMAX = ABS(REM{1,J})
D0 10 I=2,4N
10 IF( ABS{REM(I4J)) .GT. RMAX ) RMAX = ABS(RBM(I,J))
DC 20 I=1,N
20 RBM(I,J) = RBM(I,J4)/RMAX

CALL RTAB (AMASS,RBMyB o N SNRBM, K,6)
CALL BIGNY (B LEVALL,EVECs NRBM,y1.E~10, 6)
DO 30 J=1,NREM
DG 30 I=1,NREM

30 EVEC(I,J) = EVEC(I,J4)/SQRT(EVAL(J))
CALL MULTA (RBM,EVEC, N NREBM,NRBM, K,6]}
RETURN

999 CALL Z2ZECOMB t6HONRBM 4NERROR)
END
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SUBROUTINE CRDALP (IMAToNRyNCyNCAL » INMAT yKRoKCW)

DIMENSION TMAT(KR,1)y INMAT(KR ,,1},IVA(37)

COMMON /7 LWRKVY /7 1V(180)

DATA IVAZEHO R0 AR08 _EHE0R0R] LHYPP 0D GHES SR RO,
BHIP IS IE (U IR IR, LHOICITOT (HPOIOIG GHIPSOIQ LHIPIREA,
GHYS SR IR CHO 0RO (HOROID) AMHESSOTE GHOS IO IE (OO OIG,
GHYS PO SHISSBRT EHOS 08 J LAHOIRRIRK  SHOP RO | SHOODTEM,
GHIP IR EN CHI SR BRI LHERINIP LHI RS GHOR IR IR (HOVEING
HGHYP VO ST GHE IR PR GHORIREY LHERS IS GHETIOIY GHOOSORY,
IOV Y,

LK IR BE BN N

THIS ROUTINE RECRDERS THE ROWS OF A MATRIX ALPHABETICALLY ACCORDING
TC THE FIRST NCAL COLUMNS OF THE MATRIX. FACH ELEMENT IN THE FIRST
NCAL COLUMNS TS ASSUMED TO CONTAIN SIX CHARACTERS. THE CHARACTERS
ARE RESTRICTED 7O LETTERS, NUMBERS AND SPACES.

NOTE< IF THE FIRST NCAL COLUMNS ARE THE SAME FOR TWG ROWS THEIR
ORDER MAY BE REVERSED AFTER CALLING THIS ROUTINE.

SUBROUT INE ARGUMENTS
IMAT -~ INPUT MATRIX TO BE RECRDERED
NR = INPUT NUMBER OF RCWS IN IMAY
NC = INPUT NUMBERS CF COLUMNS IN IMAY
NCAL - INPUT NUMBEFR OF COLUMNS IN IMAT TO 8& USED FOK REORDERING
MAXIMUM VALUE OF NCAL=3C.

TWMAT - MATRIX WORKING SPACE (KR BY KCwW)
KR = INPUT ROW DIMENSION IN CALLING PROGRAM FOR IMAT AND IWMAT
KCH ~ INPUT COLUMN DIMENSION IN CALLING PROGRAM FOR IWMAT

KCW .GE. NCAL
CODED BY JCHN ACMIRE xNASAx DEC 1974.

1108 SYSTEM ROUTINE FLD IS CALLED.
FORMA ROUTINE 2ZBOMB IS CALLED.

NCW=NCAL*6
NERROR=1
IFINCW .GT. KCW) GO TO 999
NERROR=2
IF(NCW .GT. 180) GG TC 999
DO 20 I=1,NR
DO 20 J=1,NCAL
DC 20 L=1,46
JI=(J-1)%6+L
TI=TARS((L=1)%6)
IWMAT (Y s JJI=FLD(11,649IMAT(IsJ))
Do 10 kK=1,37
IF(IWMAT(I4JJ) NE. IVA(K)} GC TO 10
IWMAT(T,J03)=K
Ge 1o 20
10 CONTINUE
NERRCP=3
GO TO 999
20 CONTINUF
MRM=NR~1



30

40

50
60

70

80

90
100

999

DO 100 I:=1,NRM

00 30 L=1,NCW
IVIL)=IWMAT(I,.L)

11=1

IP=1+1

DO 70 J=1IP,4NR

DO 40 L=1,NCW
TFCIWMAT(S,L)—IVIL})I50440.7C
CONTINUE

GO 10O 70

DO 60 L=1,NCW
IVIL)I=TWMAT(J,L)

I1=J

CONTINUE

IF(1I1 .F0. ¥ GO TC 100
DO 80 L=1,NC
TA=IMAT(YII:¢)
IMAT(IILL)I=IMAT(]I,L)
IMAT(I,L)=IA

DO 90 L=1,NCW
TA=IWMAT(II,.L)
IWMAT(IIL)I=IWMAT(I,.L)
IWMAT(T,L)=I4

CCONTINUE

RETURN

CALL ZZBOMB(6HORDALP,NERROR)
END

OCRDALP— 2/ 2
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SUBROUTINE OUT (NTAPE,;A,N)
DIMENSION A(1)

WRITE DATA FPCM CORE SPACE A OUT TQ NTAPE.
CODED BY RL WCHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS {ALL INPUT)

NTAPF = NUMBER OF TAPE. (FG 10).
A = DATA TO BE WRITTEN ON NTAPE.
N = NUMBER OF WORDS OF DATA TO BE WRITTEN ON NTAPE.

WRITE (NTAPE) (A(I),I=1.N)
RETURN
END
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SUBROUTINE PA(P,A,Z4NRyNCKRAKRZ)
DIMENSION A(KRA11,21KRZ,1)

PA PERFCRMS THE CPERATION (Z)=P*(A)

WHERE (Z) AND (Aa) ARE MATRICES AND P IS A SCALAR.
PA CAN ALSO PERFORM THE OPERATION

(A)Y=Px*(A) BY CALL PA(PsAsAy—ETC~-)

IF NR IS NEGATIVE AND ABS(NR) IS ECQUAL TO NC
A SQUARE, SYMMETRIC (Z) IS COMPUTED USING THE UPPER HALF OF (A!.

FORMA SUBROUTINE 2Z280MB IS CALLED .
CODED BY JOHN ADMIRE %=NASA* JULY 1972 .
LAST REVISION BY RL WOHLEN. APRIL 197¢.

ARGUMENTS
P - INPUT SCALAR P
A - INPUT MATRIX (A) SIZE(NR 8Y NC)
z ~ DUTPUT MATRIX (2) SIZE(NR BY NC)
NR ~ INPUT ABS(NR) 1S THE NUMBER OF ROWS IN (A}
NC - INPUY NUMBER OF COLUMNS IN (A)

kRA - INPUT RCW DIMENSION OF (A) IN CALLING PROGRAM
KRZ - INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERRCR EXPLANATIONS
SIZ2E EXCEEDS DIMENSICNS.
NON-SQUARE (Z) WANTED.

N
nn

N=IABS(NR)
NERRCOR = 1
IF{N .GT. KRA ,OR. N GT. KRZ) GO TO 999
IF(NR «LT. G) GG TO 40
C=ARS(P-1,)
IF(C .GT. 1.0E-7) GU TO 20
DO 10 I=1,NR
DO 10 J=1,NC
2(15J)=A(1,J)
RETURN
DO 30 J=1,NC
Z(1,3)=P*A(1,J)
RETURN
NERROR = 2
IF{N JNE. NC ) GO TO 999
C=ARS(P-1.)
IF(C «GT« 1.0E-7) GO TO 60
DO 50 I=1,4N
B0 50 J=1,N
2(I,0)=A(1,J3)
Z(Jy1) = Z2(I,J)
RETURN
DO 70 1I=1,N
DO 70 J=1,N
Z(1:4)=P*A(]1,J)
Z(J3,1) = Z2(1,J)
RETURN
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999 CALL ZZBOMB(6HPA s NERROR )
END



OO0

PAGEHD

o s g o g

SUBROQUTINE PAGEHD

COMMON /LSTART/ TRUNNO.DATE ;NPAGEUNAME(3),TITLEL1(12),TITLE2(12)
TOMMON /LLINE / NLINE+MAXLIN,MINI

DATA NIT¢NOT/5,6/

BRINGS UP NEW PAGF AND PUTS HEADING AT TCP.
INCREASES PAGE NUMBER BY ONE AND SETS LINE NUMBER EQUAL 10O FIVE.
INTERNAL VARIABLES

IRUNNO = RUN NUMBER (A6 FORMAT)

DATE = DATE (A6 FORMAT)

NPAGE = PAGE NUMBER

UNAME = USERS NAME (3A6 FORMAT)

TITLEYL . = FIRST TITLE (12A6 FORMAT)

TITLEZ = SECOND TI1TLE (12A6 FORMAT)

NLINE = LINE NUMBER

MAXLIN = MAXIMUM NUMBER OF LINES PER PAGE

MINI = PRINT OPTION (A4 FORMAT)

MODIFIED AUG 1973 BY JCGHN ADMIRE *NASA*

2001 FORMAT(SHIRUN NG. A6,32X,5HDATE A6,12H CPU TIME=14,

* 4LH SEC 432X +2HPAGE NG I‘&ylSSX?HRUN BY 3A6//10X,
* 1ZA6/10X412A6)

CALL CPUTIM(ISEC)

ISEC=ISEC/1000400

NPAGE=NPAGE+]

NLINE=5

WRITE (NOT,2001) IRUNNOSDATE,ISEC,NPAGE UNAME,TITLEL,TITLE?2
RETURN

END
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SUBROQUTINE PAQB(PAyQeByZsNRyNCyKRA KRB 4KRZ)
DIMENSION A(KRA1Y;BU{KRBy1),4,Z(KRZ,y1)

PAQB PERFORMS THE CPERATION (Z)=P*(A)+Q*(B)

WHERE (A),(R) AND (2} ARE MATRICES AND

P AND Q ARFE SCALARS .

PAQB CAN "ALSO PERFORM THE OPERATIONS
(A)=Px(A)+C%(B) BY CALL PAQB(P4A4QyByA,—ETC—)
(B)=P%x(2)+0*(B) BY CALL PAQR(P,A,0,B¢By,—ETC—)
(Z)y=Px(2)+Q%x(A) BY CALL PAQB(P,A3QyA9Zy—ETC~—)
(AY=P2(A)+0x(A) BY CALL PAQB(P,A+QeAyAy—ETC—)

IF NR IS NEGATIVE AND ABS(INR) IS EQUAL TO NC
A SQUARE, SYMMETRIC (Z) IS COMPUTED USING THE UPPER HALF OF (A),(B).

FORMA SUBROUTINE ZZEOMB IS CALLED .
CODED BY JOHN ADMIRE *NASA* JULY 1972 .
LAST REVISION BY RL WOHLEN. APRIL 1976.

ARGUMENTS
P - INPUT SCALAR P
A - INPUT MATRIX (A) SIZE(NR 8Y NC)
Q - INPUT SCALAR @Q
B - INPUT MATRIX (8) SIZE(NR 8Y NC)
z - QUTPUT MATRIX (2) SIZE(NR BY NC)

NR — INPUT ABRS(NR) IS THF NUMPER ROWS IN (A}, (B) AND (2)
NC - INPUT NC IS THE NUMFER OF CCLUMNS IN (A), (B) AND (2)
KRA - INPUT RCW DIMENSION OF (A) IN CALLING PROGRAM
KRB - INPUT ROW DIMENSICON COF (B) IN CALLING PROGRAM
KRZ - INPUT ROW DIMENSION OF (2} IN CALLING PROGRAM

NERROR EXPLANATICNS

1 = SIZE EXCEEDS DIMENSICONS.
2 = NCN-SQUARE (Z) WANTED.

3 = NON-SQUARE (Z) WANTED.
N=TABS(NR)

NERRCOR = 1
IF(N .GTe KRA CRe N GT. KRB .OR. N .GTe. KRZ) GO TO 999
CP=ABS(P-1.)
CQ=APS(C~1.)
IF(CP .GTa. 1.0E-7 OR. CQ .GT. 1.0E-7) GO TC 40
IF(MR .LT. O) GO TO 20
DO 10 I=1,NR
DO 10 J=1,NC
Z(I’J,zA(I,J’+B‘IQJ’
RETURN
NERRCR = 2
IF(N .NE. NC) GO 10 999
DC 30 I=1,N
DO 30 J=1,N

2(X,J) = A(I,4J) + B(I,.J)
Z(JyI) = Z2(14J)
RETURN

IF(NR LT, O} GO TO 60



50
60

T0

DC 50 I=1,NR

DC 50 J=1,NC
Z(15J)=PxA(T,J)+Q*B(14J)
PETURN

IF(N .NE. NC) GO TC 999

DC 70 I=1,N

DO 70 J=I,N
2(T4J)=PxA(]1,J)+Q*B(I,4J)
Z80,1) = Z(1,J)

RETURN

CALL 22BOMB(6HPAQE oNERRCR)
END

PAQE ~- 2/ 2

NERROR

3
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SUBRCQUTINE PLOTY (XVEC,YMAT G NRGNC o IXNAME, IYNAME oI TITLE yIFCURV,K)
COMMON /LSTART/ 1RUNNO,DATE JNPAGE yUNAME (3),TITLE1(12),TiITLE2(12)
DIMENSION XVEC(1),YMAT(K 4109 IYNAME(Y ), JTITLE(L),ITITL{12)

DATA NIT4NCT/546/

EQUIVALENCE (IDATE,DATE)

PLOTS FROM 1 TD 3 VECTCRS PER FRAME. X-AXIS AND Y-AXIS ARE LINEAR,
CALLS FORME SUBRCUTINES PLOTSS, 22BOMB.
THE MAXIMUM SIZE 1S
NC=3
CODED BY RF HRUDA 01,JULY 1968
MODIFIED FOR CONTRACT NASB-25922,; MAY 1971,

NOTE e« o FNRTRAN STATEMENT —CALL IDENT (1)- MUST BE IN LOGIC OF MAIN
PROGRAM PRIOR TO CALLING THIS ROUTINE. IT MUST BE EXECUTED ONLY
CNCE (INDEPENGENTLY OF NUMBER OF TIMES MAIN BODY OF THE PROGRAM
IS EXECUTED).

FORTRAN STATEMENT -CALL ENDJOB- MUST BE IN LOGIC OF MAIN PROGRAM
SUBSEQUENT TO CALLING THIS ROUTINE. IT MUST 8t EXECUTED ONLY ONCE.

SUBROUTINE ARGUMENTS (ALL INPUT)

XVEC = VECTCR OF X—-AX1S COORDINATES. SIZE(NR).
YMAT = SET CF NC VECTORS TC BE PLOTTED SIMULTANECUSLY. SIZE(NRyNC).
NR = NC. OF ROWS IN YMAT (AND XVEC)
NC = NC. GF COLS {(OGR VECTORS) IN YMATY
IXNAME = AN A6 NAME FCOR X~AXIS
IYNAME = A 12A6 NAME FCOR Y-AXIS
(CAN BE PEAD IN MAIN PRCGRAM WITH A FORMAT (12A6))
ITITLE = A 6A6 DEFINED IN THE CALLING PROGRAM WHICH WILL BE
ASSEMBLED WITH IRUNNC AND DATE TO FORM TITLE. TITLE WILL
APPEAR AT BOTTOM OF PLOT SHEET.
IFCURV = 1 IF CONNECTED CURVE PLOT IS ODESIRED
= 0 1IF DOT PLOT IS DESIRED
K = ROW DIMENSICON SIZE OF YMAT IN MAIN PROGRAM

NERROR EXPLANATIONS
MORE THAN 3 COLUMNS IN (YMAT).
IFCURY IS NOT G CR 1.

1
2
CHECK CN NO., OF VECTORS
NERROR=1
IF (NC.GT.3) GO TO 999

FORM TITLE FRCM ITITLE AND COMMON.

ITITL(1) = IXNAME
ITITL(2) = 6H
ITITL(3) = TIRUNNO
ITITLL4) = 6H
ITITL{(S5) = IDATE
ITITL(6) = 6M

pO 5 1=1 )

5 ITITL(I+6) = ITITLE(])



PLOTY == 2/ 2

FIND MAX. AND MIN. fNIF YMAT o, XVEC
YMAX=YMAT (1,1)
YMIN=YMAT(1,1)

XMAX = XVFC(1)

XMIN = XVEC(1)

DG 10 I=1,NR

IF (XVEC(I) .GT. XMAX) XMAX = AVEC(I)
IF (XVEC(I) .LT. XMIN) XMIN = XVEC(I)

DO 10 J=1,NC
TF(YMATU(IJ) +GT. YMAX) YMAX=YMAT(T,J)
10 IF{YMAT(1,:J) +LT. YMIN) YMIN=YMAT(1,J)
C FIND TOP AND BOTTOM VALUES FOR PLOT FRAME (YT AMD YB)
CALL PLOTSS (YMAX,YMIN,YT,Y8)
c

NP=0
IF (IFCURV .EQ. 0) NP=+NR
IF (IFCURV .EQ. 1) NP=-NR
IF{IFCURY .EQ. O) JI=40
IF{IFCURY .EQ. 1) J1=61
NERROR=2
IF (NP ,EQ. O) GO TO 399
NEWGRD = ~1
D0 20 I=1,NC
IF (I .GT. 1) NEWGRD=0
20 CALL QUIK3L (NEWGPD XMINaXMAX 3YBoYT oJIoITITLJYNAME (NP 4XVEC,
* YMAT{1,1))
RETURN
999 CALL 2Z2BOME (6HPLOT1 ,NERROR)
EMD
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SUBROUTINE PLOT2 (XVEC, YMATNR,NC o IXMAME, IYNAMEITITLE,,IPLOT,

* ¥YTGP 9y YBOT o XLEFT 9 XRIGHT4KR)

COMMON /LSTART/ TRUNNO,DATE yNPAGF ;UNAMES(3 ) TITLEL(12)TITLE2{12)
CIMENSICN XVEC(1),YMAT(KR$L )3 ITITLE(LI )y ITITLI12),INC(10)
DIMENSION TYNAME (1)

DATA NIT,NOT/5,6/

DATA INN / 2H 1,2H 2432H 3492H 492H 542H 642H T42H 842H 942H10 /
EQUIVALENCE (DATE,LIDATE)

SULROUTINE PRCDUCES LOG-LOGy SEMILOG~LINEAR, LINEAR-SEMILOG PLOYS.
WILL PLOT UP TO 10 CURVES PER GRID. ALL CURVES WILL RE PLOTTED
VERSUS XVEC AND WILL B6E PLOTTED WITH THE SAME Y AXIS SCALE.

NOTE...FORTRAN STATEMENT -CALL IDENT (1%~ MUST BE IN LOGIC OF MAIN
PROGRAM PRIOR TO CALLING THIS ROUTINE., IT MUST BE EXECUTED ONLY
ONCE (INDEPENDENTLY OF NUMBER OF TIMES MAIN PROGRAM IS
EXECUTED) .

FORTRAN STATEMENT —-CALL ENDJOB— MUST BE IN LOGIC OF MAIN PROGRAM
SUBRSEQUENT TO CALLING THIS ROUTINE. IT MUSY BE EXECUTED
OhNtY ONCEe.

THE MAXIMUM STZE IS
NC = 10
CALLS FORMA SUBROUTINE ZZIBOMB.
CODED BY R L EKERRY. MAY 19469,
MODIFIED FOR CONTRACT NAS8-25922, MAY 1971,

SUBROUTINE ARGUMENTS (ALL TNPUT)

x VECTOR OF X-AXIS CCORDINATES. SIZE(NR).
YMAT MATRIX OF Y-AXIS COORDINATES TO BE PLOTVED. SIZE{NRJNC}.

MAY EE DESTRQYED.
NR = NUMREP OF ROWS IN XVEC AND YMAT,

= NUMBER OF CCLUMNS IN YMAT. MAX=10.

IXNAME= AN A6 NAME FCR X-AXIS COORDS.
IYNAME= A 12A6 NAME FOR Y-AXIS CCORDS,
ITITLE= A 6A6 DEFINFD IN THE CALLING PROCRAM WHICH WILL BE
ASSEMBLED WITH IRUNNC AND DATE TCQ FORM TITLE. TITLE
WILL APPEAR AT ROTTOM OF PLOT CHEET,
THE TYPE QOF PLCT DESIRED.
1 FSTABLISHES A SEMI-LCG MAPPING WITH Y-AXIS LINEaR.
2 FSTARLISHES A SEMI-LOG MAPPING WITH X—~AXIS LINEAR.
3 ESTABLISHES A LOG-LOG MAPPING.
MAXIMUM VALUE COF Y-AXIS SCALE.
If +Lfe 0o AND LOG AXIS, MAXIMUM VALUE WILL BE COMPUTED.
MINIMUM VALUE OF Y-AXIS SCALE.
IF .LF. O« AND LOG AXIS, MINIMUM VALUE WILL BE COMPUTED.
MINIMUM VALUE OF X-AXIS SCALE.
TF oLF. O AND LOG AXIS, MINIMUM VALUF WILL BE COMPUTED.
XRIGHT= MAXIMUM VALUE COF X-AX1S SCALE.

TF +Lt. Oo AND LOG AXIS, MAXIMUM VALUE WILL BE COMPUTED.
KR = ROW DIMENSION OF YMAT IN CALLING PROGRAM.

nn

YTOP

YBOT

i

XLEFY

"

NERRO® EXPLANATIONS
1 = MORE THAN 10 COLUMNS IN (YMAT).
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CHECK SIZE LIMITATION OF PRCGRAM-NUMBER CF VECTORS YO BE PLOTTED

IF (NC .6T. 10) GC YO 999

FORM TITLE FFOM ITITLE AND COMMON
ITITL(1) = IXNAME

ITITLL2) = 6K
ITITL(3) = IRUNNC
ITITL(4) = o&H
ITITL(S)} = IDATE
ITYITL(¢) = 6K

DO 5 1I=1,6

S ITITL(I+6) = ITITLE(I)

FIND MAX AND MIN GCF YMAT ,,XVEC.

XMAX=XVEC (1)

XMIN=XVEC (1)

YMAX=YMAT (1,1)

YMIN=YMAT(1,?)

D0 12 I=1,NR

TFIXVEC(TI).GCT. XMAX]) XMAX=XVEC(I)
TFIXVECITI ).t Te XMIN) XMIN=XVEC(I)
DO 12 J=1,NC

IF(YMAT(IJ1 +GCT. YMAX) YMaX=YMAT(I,J4)
IF(YMAT{IJ) L7. YMIN) YMIN=YMAT(I,J)

12 CONTINUE

XL = XLFFT

XR = YRIGHY

YE = YEOT

YT = YTOP

IF (IPLCT .EQ. 2) GC TO 60

X LOG SCALF DETERMINATION SECTION.
IF (XLEFT.GT.0) GO TQ 50
X = ALGGIC (XMIN)
IF (X LT. G.) GO TC 45

I =X 4+ 1.

GC YU 48
45 1 = X

Yy=1I-1

IF (X-Y .CFf. 1.) 1 = 141
48 XL = 10, **(I - 1)
S0 TF (XRIGHY .GT.0) GC TG 60

X = ALCG10O (XMAX)

IF (X .GE. 0.) GO TO 52

I =X

GO TC 52

= X + 1.

=1
F (Y-X GEe 1) I =1 -1
R = 10.%%]

52 1
Y
1
52 X

Y LOG SCALE DETERMINATION SECTION
6C IF (IPLCY LEQ. 1) GU 7O 13

NERROR=1



IF (YTCoP .GT7. 0.,) GC TO 70
=ALCGI10(YMAX)
IF (XaGEL.C.) GT TL 102
I=X
GO 10 104
103 I=Xx+1,
Y¥=1
IF (Y-X.GE.l.) I=1I-1
104 YT=1Co*%x]
70 IF (YBCY .GT. 0.) GO 70 13
X = ALCG1G (YMIN)
IF (X .LT. C) GC TC 75

I =X+ 1,

GC TC 80
75 1 = X

Yy=1-1

80 YB = 1G. **{I-1)

C PRODUCE APPRCPRIATE GRID
13 IF (IPLOT .EQ. 1) CALL SMXYV {1,0)
IF (IPLCTY .FQ. 2) CALL SMXYV {0,1)
IF (IPLCT .EC. 3) CALL SHXYV (1,1)
DO 130 I=1,NR
IF (XVEC(1) .GT. XR) XVEC(I)
IF (XVEC(TI} .LT. XL} XVEC(I)
DO 130 J=1,4NC
IF (YMAT(I5J) GT. YT) YMATII,J) = YT
130 IF( YMAT{I,J) LT. YB ) YMAT(I,J)=Y8B
c
C PLOT CURVES
NEWGRD = -1
DO 40 I=1,NC
CALL XSCLVYI (XVEC(1), IXRAS,IXERR)
CALL YSCLVY (YMAT(1,1),IYRAS,IYERR)
CALL PRINTV (2,INC(I)sIXRAS,IYRAS)
CALL XSCLVY (XVEC(NR) ,IXRAS,IXERR)
CALL YSCLVY (YMAT(NR,I),IYRAS,IYERR)
CALL PRINTV {(2,INOC(I, sIXRAS,IYRAS)
IF (I.GT.1) NEWGRD = O
40 CALL QUKLCG (NEWGKD4XL #XR ,L,YB LYT
* YMAT(1,1)})

xR
XL

nn

C
C RETURN TO MAIN PROGRAM
CALL SMXYV "(0,0)
RETURN
999 CALL 228B0MB (6hHPLOT2 oNERROR)
END

PLOTZ2 - 3/ 3

961, ITITLy IYNAME s —NR 4 XVEC
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SUBROUTINE PLCT2 (CLOCMLOC,CCGELCCy»VPLOC,RANGLE yCANGLE 4EED,
* TFINUMSLREYE JNVIEWSIFFAL ITITLE yNCyNMyKC 4KM)

COMMCN /LSTART/ TFUNNQ.DATE NFAGE,UNAME(3), TITLEYI(12),TITLEZ2({12)

DIMENSICN CLOCH(KC 1)y MLOCC(KMa1),COELOCCT) VPLCCIYDLITITLE(Y)

DIMENSICN ABE (2),ACIE(2),AC2E(3),EA (3),EAE (3),ER (3),EBE (3),

* ECE (3)4E0 (3)},EP (3),EPE (3),EQIE(3),EQ2E(3),RE (3},

* ux (3),uy (3},u2 (3), ITITLX(13)

DIMENSICN NUMFER (100) o IDATA (3)

DATA NIT,NCT1/5,67

DAYTA TCLRNC / 1.E-08 /

DATA NUMBER / 3H 1,3H 243H 3,33H 4Le3H S543H 643F T,3H B8y
2H G43H 10,3H 1153H 1243H 12,3H 14,34 15,3H 16,
3H 17,3H 1843H 19,3H 203K 2143H 2243H 23,3H 24,
3F 2543H 264+3H 27,3H 28,3H 29,2H 30,2H 31,3H 32,
3H 3343H 34,3H 35,3H 3643H 3T43H 28 ,4,3H 39,3H 40,
3H 4193H 4243H 43,3H 44 43H 45,38 4643H 47,,3H 48,
AH 494,3H 5043H 5143H 524,3H 53,3H 54.3H 55,3H 56,
3H ST7.3H 52,3H 59y3H 6093 6143H 6243H 634+3H 64,
AH 65 433H 6693H 6T93H 6843H 694,3H T04,3H 71,3H 72,
3H 734,3H T4,3H TE4,3H 764+3H TT,3H T8,3H 79,3H 80,
R Ble3H 82,34 £3,3H B4,2F 85,3H 86,3H 87,3H 88,
32K 8G4,3H G0 ¢3H 91,3H G2 ,3H 93 ,3H G4 43H 95,3H 96,
3H G974,3R 98,3H 99,3H100 /

EQUIVALENCE (DATELIDATE)

E 2K 2K BE 3 BE BN BN K BE 3K 2K

PLCTS PFRSPECTIVE OR STEREO-PAIR VIEW(S).
CCDED BY R F =RUDA. CCTOBER 1968.
MODIFIED FCR CONTRACT NAS8-25622¢ MAY 1971.

NOTE. o+« FORTRAN STATEMENT —CALL IDENT (1)— MUST BE IN LGCGIC OF MAIN
PRCGRAM PRIOP TO CALLING THIS ROUTINE. IT MUST BFE EXECUTED
CNLY ONCE (INDEPENDENTLY OF THE NUMBER OF TIMES THE MAIN
PRCGRAM IS EXECUTED).

SCRTRAN STATEMENT —-CALL ENDJCB— MUST BE IN LOGIC COF MAIN
PRNGRAM SUESEQUENT T0 CALLING THIS ROUTINMNE. IT MUST BE EXECUTED
ONLY ONCE.

THIS RCUTINE CALLS FCRMA SUBROUTINES VCROSS, VDOT,e Z22BOME.

SUBRCUTINE ARGUMENTS (ALL INPUT)

cLoc = NC-BY-3 MATRIX. THE I-TH FOW WOULD DEFINE THE X,Y,2
COORDINATE LOCATION OF THE I-TH JOINT DF A STRUCTURE.
NM-BY-2 MATRIX. THIS MATRIX SPECIFIES WHICH COCRDINATES
IN THE CLOC ARE 70 BE CONNECTED BY A STRAIGHT LINE PLGT.
(1.E. PLCT FRCM CLCC (MLOC(I,1)) TC CLOC(MLOC(I+2)).)

A VECTOR DEFINING THE X,YsZ COCRDINATES OF THE
CFNTER~UF-EYES-LOCATION IN THE YEFERENCE COCRDINATE SYSTEM,
{WHERE YOU VIEW THF DBRJECT FRCM.)

& VECTCR DEFINING THE X,Y,Z COORDINATES OF THE
VIEW-POINT-LOCATION. (A POINT YOU WISH TO LOCK AT

FRCM THE CCELCC.)

ROLL-ANGLE (IN OFGREES}) YOU WISH TO ROLL YOQUR HEAD ABOGUT
THE LINE OF SIGHT PRESCRIBED BY COELOC AND vPLCC.

MLCC

CoeLoe

n

vPLel

|

RANGLE

L
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(CLOCKWISE = +) (THE INITIAL LINE OF SIGHT FROM CCELOC IS
COWN THE X—-AXIS WITH THE Y-AXIS TO THE RIGHT AND THE
2-AX1S DOWN. TO L00OK AT THE VPLCC, THE LOCAL CCORDINATE
SYSTEM AT CCELOC 1S FIRST ROTATED ABCOUT THE Z-AXIS AND
THEN ARCUT THE Y-AXIS. RANGLE WOULD THEN PRESCRIEE A
+THETA-X ROTATICN ABOUT THE NEW ORIENYATION OF THE LOCAL
CCORDINATE SYSTEM.)

CANGLE = CCNE ANGLE OF VISION. (A SCALING TYPE OF VARIAELE THAT IS
DEPENNENT ON THE VIEWER. FOR MOYT VIEWERS ABCUTY 60
DEGREES IS USED. IF NO VIEWER IS USED, ABOUT 20 DEGREES IS
ACCEPTABLE.) MAX = 80 DEGREES.
EED = EYE-TC-EYE DISTANCE (USUALLY 3.0 INCHES). A VARIATION CF
THIS PARAMETER WILL CAUSE A DEPTH PERCEPTICN DISTORTION.
IFINUM = (9 NC JOINT NUMBERS WILL APPEAR ON THE STRUCTURE.
= 1, JCINT NUMBERS WILL BE PUT ON THE STRUCTURE.
LtREYE = 1, A PERSPECTIVE (LEFY EYE) VIEW WILL BE PRODUCED.
= 2y COMPANICN RIGHT EYE VIEW FCR STERFO WILL BE PRODUCED.
NVIEW = 1, THE PLOTTED IMAGE WILL RE FULL SIZE, AND ONLY ONE VIEW
WILL APPEAR ON ONE PLOT FRAME,
= 24 THE PLOTTED IMAGE WILL BF HALF-SIZE SUCH THAT EOTH
VIEWS CF A STEREC PAIR MAY RE PUT ON ONE PLOT FRAME.
{TC BE USED IN CCNJUNCTICN WITH LREYE AND IFFA. FOR A
STERFQO PAIR, THE LEFT EYE VIEW MUST Bf PLOTTED FIRST.)
1FFA = Gy FRAME ADVANCE WILL NOT BE EXECUTED AFTER PLOTTING
A FRAME.
= 1, FRAME ADVANCE WILL BE EXECUTED AFTER PLCTVYING IS
COMPLETED. (MUST USE IFFA=1 ON LAST PLCT EXECUTION
IN EACH FRAME.)
ITITLE = 1326 PLCT VTITLE. (CANNOT USE TITLEYl OR TITLEZ FROM
SUBRCUTINE START)
NC = NC. CF ROWS IN CLCC.
NM = NC. CF FCWS IN MLOC.
KC = PCW DIMENSION ST2E IN CALLING PROGRAM OF MATRIX CLOC.
KM = ROW DIMENSION SIZE IN CALLING PROGRAM OF MATRIX MLOC.
NFRROR EXPLANATIONS
1 = CONE ANGLE GREATER THAN 80 DEGREES,
2 = EYE-TO-EYE DISTANCE LESS THAN 1.E-B.
3 = JCINT NUMRER CPTION (IFJNUM) MUST BE O OR 1.
4 = PERSPECTIVE COR STEREQ COPTION (LREYE) MUSYT 8t 1 CR 2.
5 = VIEW OPTICN (NVIEW) MUST BE 1 OF 2,
& = FRAME ADVANCE COPTION MUST BE O CR 1.
7 = CENTER OF FEYES IS TCO CLOSE 7O VIEW PCINT.
8 = MATRIX (MLOC) DATA EXCEEDS MATRIX (CLCCY SIZE.
NERROR=1
IF (CANGLE .GT. 80.) GO TG 999
NERROR=2
IF (EEDLLELTOLRNC) GO TO 999
NERRQR=3
IF (IFJNUMJNE.O «AND. IFJNUM.NE.1) GO TO 999
NERROR=4
IF (LREYELNE,Y1 .AND. LREYE.NE.2) GO TO 999
NERROR=5

IF

(NVIEWNEs1l JANDe NVIEW.NE.2) GO TO 999



L iF (IFFALNEL.O .AND. IFFAJ.NE.1l) GO TQ 999

c
€ FORM SINES AND CCSINES.

DX = VPLCC(1)-CCELOC(1)

DY = VPLOC(2)-CCELOC(2)

DZ = VPLOC(3)-COELOC(3)

OPM = SQRT(DX**2+DY*k24DZ2¥%2)

‘IF (CPM .LE. TOLRNC) GO TC 999
THETAX = RANGLE/S57.2957

THETAY = ATAN2(-DZ,SQRT(DX*%2+DY*%x2])}
THETAZ = O.

IF (ABS(DY).GT.TOLRNC cOR.ABS(DX)}.GF.TCLRNC)
S1 = SIN(THETAZ)

2 = SIN(THETAY)

$3 = SINITHETAX)

SEYE = SINCATAN(.SXEED/TPM))

SCONE = SIN{.S5*%CANGLE/57.2957)

Cl = CCS{THETAZ!?

c2 = CCSITHETAY)

c3 = COS(THETAX)

CEYE = COS(ATAN(.S*%EED/CPM))

CCONE = COCS(.5%CANGLE/S5T7.295T}

C
- C FORM CONVERSION FACTCR (UNIT RASTERS/LENGTH).

IF (NVIEW.EQ.1) SCALE = 0.4399
IF (NVIEW.EQ.2) SCALE = 0.2499
CONVRT =

c

€ SET UP DATA FCOR PLOTTING YITLES.
DC 100 I=1,13

100 ITITLX(I) = ITITLE(])

C

C PLOT TITLE DAT:.

C

IF (IFFA.FQ.0) GO TO 105

IF (NVIFW.EC.2) GO TO 102

IF (LPEYE .FQ. 1) IDATA(1l)

IF (LREYE .EQ. 2) IDATA{(1l)

IDATAL2) 6HEYE VI

IDATA(3) 2HEW

CALL
103 CALL PRINTV (78,1ITITLX,203,107)

CALL PRINTV (30,30HCENTER OF FYES LOCATICON

CALL PRINTV (28,38HVIEW POINT LOCATICN

CALL LABLYV (RANGLE,747,829691,93)

CALL PRINTV (3,3HDEG,803,82)

CALL PRINTYV (6,46H X =9203,461)

CALL LAELYV (CCELOC(1) 4259961,-641,1)

CALL PRINTV (2,3HX =,451,61)

CALL PRIMTV (19,19H

CALL LABLYV (CANGLE, 747961 4641,3)

CALL PRINTV (3,3HDEG,:803,61)

6H LEFT
6HRIGHT

nn
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NERROR=6

NERROR=7

THETAZ = ATAN2(DY,DX)

SCALE/Z((OPM/CEYE)*TAN( 5*CANGLE/57.2957))

RITE2V (104y512,102441809141441,IDATA,IFPR)

+203,82)
ROLL ANGLE =4443,82)

CONE ANGLE =4595,461)



C

CALL PRINTV (6,6H Y =49203,41)

CALL LABLY (COELOC(2) 9259441969141}
CALL PRINTV (3,3HY =,451,41)

CALL LAELYV (VPLOC (2134864941 9=Cyl41)

CALL PRINTV (19,194 EYF T0O EYE =4565,41)

CALL LABLV (EED3747:34146451,43)

CALL PRINTV (3,3H IN,803,41)

CALL PRINTV (646K Z =49203,20)

CALL LABLV (COELOC(3) 4259,209~691,1)
CALL PRINTV (3,3HZ =,451,20)

CALL LABLY (VPLOC(3),4864209-641,1)
CALL PRINTV (104510HRUN NO. = 3203+4)
CALL PRINTV (69 IRUNNC 4284,44)

CALL PRINTV (17,17H DATE = ,364,4)

CALL PRINTV (64+1IDATEL500,44)

105 CONTINUE
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€ TRANSFCRM VECTCRS FROM COE SYSTEM TO REFERENCE SYSTEM AND TAKE

C

ADVANTAGE OF ZERQOS IN CRIGINAL VECTORS.
SIGN = +1.0
IF (LREYE.FC.2) SIGN = -1.0
EC(1) = SIGN%,S*EED*(C1*S2%52-S1%C3)
EC(2) = SIGN*,S*EED*(S1*S2%S3+C1%*C3)
EO(3) = SIGN%: SxEED*(C2%S3)
EP(1) = OPMX(C1%C2)+E0Q(1)
EP(2) = OPMX(S1*C2)+EOQ(2)
EP(3) = OPM%(-S2) +E0(3)
RE(YY = COELOC(1)-EO(1)
RE(2) = COELOC(2)-EO(2)
RE{3) = COELOC(3)-EO(2)
CALL VCROSS (EC,EPoUX yEOMEPM,UXM,SINAB}
CALL VCROSS (EP,UXyUY EPM,UXM,UYM,SINAB)
CALL VCRCSS (UX,UYoUZ JUXMUYM,UZM,SINAB)
00 140 N1=1,3
UX (N1) = STIGN#*UX(N1)/UXM
UY(N1} = SIGNZ*UY(N1)/UYM
140 UZ(N1) = +1.0*UZ(N1)/UZM
' EPE(1) = O.
EPE(2) = O.
EPE(3) = EPM
LOOP FOR PLOTTING THE NM MEMBERS.
DO 330 NMEM=1,NM
SET UP VECTORS FROM EYE TO MEMBER ENDS.
NA = MLOC (NMEM,1)
NB = MLOC (NMEM,2)
IF (NA.GT.NC .OR o NB.GT.NC) GC TQ 999
DO 160 N1=1,3
EA(NY) = CLOC(NA,N1)-RE(N1}
160 EB(N1) = CLOC (NRyN1)-RE(N1)
EAE(1) = UX(1)%*FA(1)+UX(2)*EA(2)+UX(3)%FA(3)
EAE(2) = UY(1)*EA(1)4+UY(2)*EA(2)+UY(3)*EA(3)

EAE(3)

UZ{1)*EAL1)+UZ (2 )*EA(2)+UZ (3 )XEA(3)

NERROR=8
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EBE(L) = UX(1)I*EB(1)+UX(2)*EB(2)+UX(3)*EB(3)
EBE(2) = UY(1)*EE(LI)+UY(Z)*EB(2)+UY (3 )2ER(3)
EBE(3) = UZ(1)*ER(1)+UZ(2)%EB(2)+UZ(3)*EB(3)

C CHECK IF BCTH ENDS ARE BEHIND THE EYE.
IF (EAE(3).LE.TOLRNC o.aMDe. EEE(3).LE.TOLRNC)} GC TO 330
C CHECK IF BCTH ENDS ARE IN CONE OF VISION.
CALL VDOT (EPELFA:»PRODCTHEPEML,EAEM,COSPA)
CALL VDOT (EPELEBE,PRODCTLEPEMLEBEM,COSPB)
IF (EAEM.LEL.TOLRNC .OR, EBEM.LE.TOLRNC) GO TC 33¢
IFNUM = O
IF (COSPA.LT.CCONE .OR. COSPB.LT.CCONEY GO TC 170
IFNUM = 1
(EPEM/CCSPA)X(EAE(1)/EAEM)

PAY = (EPEM/COSPA)*(EAE(2)/EAEM)
PBX = (EPEM/COSPRIX(ERE(L)/EBEM)
PBY = (EPEM/CCSPE }*{EBE(2)/EBEM)
G0 TO 320

C
C FIND INTERSECYICN COF LINE AND CONE AND DETERMINE WHICH SOLUTIONS
c ARE VALID FOR POINTS TO BE PRUOJECTED ONTO VIEWING PLANE.
170 CALL VCROSS (EAELEBEL,ECE,EAEM,EBEM,ECEM,STINAB)
IF (ECEM.LELTOLRNC) GO TO 330
CALL VDOT (EPELECE,PRUDCT,EPEMECEM,COSPC)
CoMC = COS( (20.0-.5*%*CANGLE}/5T7.2957 )
C9PC = CCSU (90.0+.5%CANGLE)/ST7.29°7 )
IF (COSPC.GF.CO9MC ,0R. COSPC.LE.C9PC) GO TO 330
BETA = ATANZ(ECE(1),ECE(2))
SINPPE = (-1.C/TAN(.5%CANGLE/ST7.2957) )%
* (FCE(3)/SQRT(ECEL1 ) *%2+ECE (2)*%x2))
IF (SINPPB*%2,GE..995) GO TO 330
DENOM = SQRT(1.0-SINPPR*%*2)
PHI1 = ATANZ(SINPPB +DENOM)-BETA
PHI2 = ATAN2(SINPPB,—-DENOM)-RETA
DO 120 N1=1,3
180 ARE(N1) = EBE(N1)-EAE(NI1)
IFUSE]
TFUSE2
R1 = 0.
R2 = 0.
IF (ARSTECF(2)).GT.ABS(FCE(1))) GO TO 190
DENOMY = ABE(3)*SCONE=*SIN(PHI1)-ABE (2)*CCONE
DENCMZ2 = ABRE(3)*SCONEXSIN(PHI2)-ABE (2)%CCONE
IF (ABS(DENCM1).LF.TOLRNC) IFUSELl = O
IF (ABS(DENMM2).LE.TOLRNC) 1IFUSE2 = O
IF (IFUSE1.FG.1) R1 = ECE(1)/DENCM]
IF (IFUSE2.EQ.2) R2 = ECE(1)/DENOM2
GC TG 200
190 DENUOMY = ARE(1)*CCONE-ABE (3 )xSCONEXCCS(PHIT)
DENCMZ = ABE(1)*CCCNE-ABE (3 )xSCONExCOSIPHI2)
IF (APS(DENOMI).LE.TOLRNC) TFUSEY> = O
IF (AES(DENCM2).LE.TOLRNC) IFUSE2 = O
1F (JFUSE1.FQ.1) R1 = ECE(2)/DENOMI]
IF (IFUSE2.FC.1) R2 = ECEL(2)/DENOM2
200 IF (Ri.LELI.LFNC) TJFUSEL 0
IF (P2.LE.TOLRNC) 1IFUSEZ 0

nn

1
1

Hon
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C FORM VECTORS FROM EYE TO PROJECTED PCINT AND FORM X,Y COMPONENTS IN

PLOT3 —= &/

2

IF (IFUSE1.EQ.0 .AND. IFUSE2.EQ.C) GO TO 330

C THE P-SYSTEM,

210

220

230

240

250

™
SE
260

OO0

270

c
C ON

280

290

IF (IFUSE1.EC.0) GO TO 210
EQ1E(Y) = RI*COS(PHI1)I*SCONE

EQLIE(2) = RI*SIN(PHI1)*SCONE
EQ1E(2) = RI*CCONE
IF (IFUSE2.EQ.0) GO TO 220
EQ2E(1) = R2*CCS(PHI2)*SCONE
EQ2E(2) = R2*SIN(PHI2)I*SCONE
EQ2E(3) = R2*CCONE

IF (IFUSE1l.EQ.l <AND. IFUSE2.EC.1) GO TO 260

IF (COSPA.LE.CCONE .AND. COSPB.LE.CCONE) GO TO 330
IF (IFUSE1.ECQ.0) GC TO 230

EQIEM = SORT(EQIE()**2+EQIE(2)»*2+EQLE(3)*%x2)
PAX = (EPM/CCONE)*(EQL1E(1)/EQLEM)

PAY = (EPM/CCONE)*(EQLE(Z2)/EQLEM)

GO0 VO 240

EQ2EM = SCRT(EQ2E(1)*#2+4EG2E(2)**2+EQ2E (3)*%2)
PAX = (EPM/CCONE)*(EQZ2E(1)/EQ2EM)

PAY = (EPM/CCONE)*(EQ2E(2)/EQ2EM)

IF (COSPA.LT.CCCNE) GG TO 250

PBX = (EPM/COSPA)*(EAE(]1)/EAEM)

PBY = (EPM/COSPA)X(EAE(2)/EAEM)

G0 TO 220

PBEX = (EPM/COSPB)*(EBE(1)/EBEM)

PBY = (EPM/COSPR)*(EBE(2)/EBEM)

GO T0O 320

0 INTERSECTION POINTS.
E IF BOTH ARF INSIDE CR 60TH ARE OUTSIDE OF AB,
DC 270 N1=1,3

AQ1E(N1) = EQIE(N1DI-EAE(NT)

AQ2E(NY) = EQ2E(NI)-EAE(NT)

CALL VDOT (ABE,AQlELAEGYAREM,AQ1EM,COSAQL)
CALL VDGOT (ABE,AQ2F ,ABQ2,ABEM,AQ2EM,C0SAQ2)
RATIC1 = ABEQ1/ABEM%%*2

RATIOZ2 = ARQZ2/ABREM%X2

IF ((RATIC1,.,GE.1.0 .AND. RATICZ2.GE.1.0) .OR.

* (FATIPY JLF.0eC AND. RATIC2.LE.0.0) ) GC TO 330
IF ({(RATIC)1.6GT.0.0 +AND. FATIO1.LT.1.0) .AND.
* (RATI02.GT7.0.0 <AND. RATIO2.LT.1.0) ) GO TO 310

E POINT INSIDE AND ONE PCINT OUTSIDE COF AB.

IF (RATI0Z2.GT7.0.0 «AND. RATIO2.LT.1.0' GO TO 280
EQIEM = SOKT(EQIE(1)**2+EQIE(2)*%2+4FQLE(3)%%2)
PAX = (EPM/CCONE)*(FQIE(1)/EQ1FM)

PAY = (FPM/CCONE)I*(EQIE(2)/EQLEM)

GO T0 290

EQZEM = SORT(EQ2E(1)*#24EQ2E(2)x*24+EQ2E (3)%%2)
PAX = (EPM/CCONE)*(FQ2E(1)/EQ2EM)

PAY = (EPM/CCONE)*{EQ2E(2)/EQP?EM)

IF (COSPA.LT.CCONE) GO TO 300
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= (EPM/COSPA)*(EAE(1)/EAEM)
PBY = (EPM/COSPA)*{EAE(2)/EAEM)
G0 TG 320
300 PBX = (FPM/COSPRB)*(EBE(1)/EBEM)
PRY = (EPM/COSPB)*(EBE(2)/EBEM)
GO T0 320
c
C BOTH POINTS INSIDE OF AB
310 EQIEM = SORT(EGIE(1)*%*2+EQIE(2)%#2+FQ1E(3)**2)
EQZEM = SQRT(EQ2E(1)**2+EC2E(2)*%2+EQ2E (3)%*%2)

PAX = (EPM/CCONE)*(EQLE(1)/EQLEM)
PAY = (EPM/CCONE)*{EQIE(2)/EQLIEM)
PBX = (EPM/CCONE)Y*(EQ2E(]1)/EQZEM)
PBY = (EPM/CCONE)*{EQ2E(2)/EQ2EM)

C
C CONVERT 70 0.-T0-1. GRID VALUES, AND PLOT.
320 CONTINUFE

IF (NVIEW.EQ.1) BIAS = 0.500
IF (NVIFW.EQ.2 .AND. LREYE.EQ.1) BIAS = 0.250
IF (NVIEW.FC.2 .AND. LREYE.EQ.2) BIAS = 0.750
PAX = PAX%CONVRT4+0.560

PAY = PAY®CONVRT+RIAS

PRX = PBX*CONVRT+0.560

PBY = PEY*CONVRT+EIAS

IPAX = PAX * FLOAY (1024)

IPAY = PAY * FLOAT (1024)

IPRX = PBRX * FLOAT (1024)

IPRY = PBY * FLOAT (1024)
CALL LINEV (IPAY,IPAX,IPBY,IPEX)
IF {(TFNUM,.FC.0 +OR. TFJNUM.EQ.O) €O TO 330
IF (NA.GT.100 .OF. NB.GT.100) GO TO 330
CALL PRINTV (3,NUMBER(NA) »IPAY,IPAX)
CALL PRINTV (3,NUMBER(NBj,IPBY,IPBX)
330 CONTINUE
c
C CLEAR PLOT BUFFER FCR THE FRAME JUST COMPLETED.
IF (IFFAL.EQ.1) CALL FRAMEV (3)
c
RETURN
999 CALL ZZPOME (6HFLOT3 ,LNERROR)
END



AN OOOOANOO OO —

PLOTSS-- 1/ 2

SUBROUTINE PLOTSS (YMAXIN,YMININ,YTOP,YBOT)

SELECT PLOT SCALE AND CALCULATE TOP,BOTTOM VALUES OF 10 SQUARE
LINEAR PLOT GRID FROM YMAXIN,YMININ.

CALLS FORMA SUBROUTINE ZZBOME.

CODED BY RF HRUDA. SEPTEMBER 1967.

LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS

YMAXIN = INPUT MAXIMUM VALUE 7)) BE PLOTTED.
YMININ = INPUT MINIMUM VALUE TO BE PLOTTED.
yToe = QUTPUT TOP LIMIT OF GRID.

YBov = CUTPUT BOTTOM LIMIT OF GRID.

NERRCR EXPLANATICN

1 = YMAX IS LESS THAN YdIN.
2 = SCALE CANNOT BE CaAlCULATED.
YMAX = YMAXIN
YMIN = YMININ
NERROK = 1
IF (YMAX .LT. YMIN) GO TO 999
IF (YMAX .GT. YMIN) GO 7O 21
11 IF (YMAX .LT7. 0.00) GC TO 13
YMAX = 1.001%YMAX
YMIN = .999%YMIN
GO 10 15
13 YMAX = .999%YMAX
YMIN = 1.001*YMIN
15 IF (YMAX .NE. G.)} GO TC 21
YMAX = 4,3
YMIN = =¢3
21 VALUE = (YMAX-YMIN)/10.
IF (VALUE .LT. ABS(YMIN/100O00O.)) GO TO 11
DC 232 I=1,66
DO 23 J=1,3
SCALE = 2.%%(J-2) *10.**(I-33)
IF (SCALE .GE. VALUE) GO TO 31
23 CONTINUE
NERROR = 2

GC T0 999

31 NSTEPS = YMIN/SCALE
YBOCT = FLOAT(NSTEPS)*SCALE

32 IF (YMIN) 324,438,336

33 YEOT = YBCOT-SCALE

34 IF (YBOT .LE., YMIN)} GO TO 38
GO TO 33

35 YEOT = YEBOT+SCALE

36 1F (YBOT-YMIN) 35,38,37

37 YBOT = YBOT-SCALE

38 YTOP = YBOT+10.%SCALE
IF (YTCP .GE. YMAX) RETURN
IF (J LT. 3) GO TO 39
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0

I+1

J+1

SCALE = 2.*%x(J~2) *10.**(1-33)
GC TG 32

[

3¢

c
999 CALL ZZBUMB (6HPLOTSS, NERROR)
END
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SUBPOUTINE PUNCAN(TA4NRyNCyANAME4KR)
DIMENSION ITA{KR,1)

PRODUCES PUNCHED CARD OQUTPUT USABLE FOR SUBROUTINE READAN.
CODED BY JOHN ADMIRE *®NASA* OCT 1974.

SUBROUTINE ARGUMENTS (ALL INPUT)

IA = MATRIX TO BE PUNCHED. SIZE (NR,NC).

NR = NUMBER OF ROWS IN MATRIX A.

NC = NUMBER OF COLS IN MATRIX A.

ANAME = MATRIX IDENTIFICATION. (A6 FORMAT).

KR = ROW DIMENSICN OF A IN CALLING PROGRAM.

4010 FORMAT (A6,14,15)
4020 FORMAT (215,10A6)
4030 FORMAT 110H0000000600)

PUNCH 4010, ANAME 4NRyNC

DO 60 1=1,NR
Js =1
10 JE = JS+0
IF (JE .GT. NC) JE=NC

SEE IF ELEMENTS ARE ZERO.
DO 20 J=JSyJE

20 IF(IA(I,J) NE. 6H ) GO TO 35
GC TC 40

35 PUNCH 4020y T1,JSs(TAIT,d),y J=JS,JE)
40 IF (JE .EQ. NC) GO T0O 50

JS = JS+10

GO TD 10
60 CONTINUE

PUNCH 4030
RETURN
END
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SUBROUTINE PUNCH

DIMENSION A(KR,1)

(AyNRNCo, ANAME,KR)

PUNCH

- w—————

PRODUCES PUNCHED CARD CUTPUT USABLE FOR SUBROUTINE READ.
CODED RY RL WOHLEN. ODECEMBER 1966.

A
NR
NC

SUBROUTINE ARGUMENTS (ALL INPUT)
MATRIX TO BF PUNCHED. SIZE (NR4NC).

ANAME

KR
4010

4020
4030

10

20

35
40

60

wownon

NUMBER CF ROWS IN MATRIX A.
NUMBRER CF COLS IN MATRIX A.

MATRIX IDENTIFICATION. (A6 FORMAT).

ROW DIMENSION OF A IN CALLING

FORMAT (A64,14,15)
FORMAT (215,4E17.8)
FORMAT (10HO0000006000)

PUNCH 4010, ANAME sNRoNC

DO 60 I=1,NR

Js
JE

-

1
JS+3

IF (JE .GT. NC) JE=NC

SEE IF ELEMENTS ARE ZEROC.

DO 20 J=JS,JE

IF (A(1,J) .NE. C.) GO TO 35

GO TO 40

PUNCH 4020y I4JSy(A(I4J)y J=JS,JE)
IF (JE .FQ. NC) GO 10O 60

Js

JS+4

GO TG 10
CONTINUE

PUNCH 4030
RETURN

END

PROGRAM.
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PUNCHO

SUBRGUTINE PUNCHDO (A 3NRyNC ;ANAME 4XR)
DIMENSION A(KR,1)

PROUDUCES PUNCHED CARD OUTPUT IN OCTAL, USABLE FOR SUBROUTINE READO.
CODED BY CHRTIS CHASE. MARCH 1969.

SUBROUTINE ARGUMENTS (ALL INPUT)

A = MATPIX TC BE PUNCHED. SIZE (NR,NC).

NR = NUMBER OF ROWS IN MATRIX A.

NC = NUMBER OF COLS IN HATRIX A,

ANAME = MATRIX IDENTIFICATICN. (A6 FORMAT).

KR = ROW DIMENSION OF A IN CALLING PROGRAM.

4010 FORMAT (Ab,4,14,15)
4020 FORMAT (215,3(3X,012))
4030 FORMAT (10HO000000C00)

PUNCH 4010, ANAME yNRyNC

DC 60 I=1,4NR
JS =1
10 JE = JS+2
IF (JF GT. NC) JE=NC
SEE IF ELEMENYS ARE ZERO.
DO 20 J=JS4JE
20 IF (A(1,J0) .NE. C.) GO TO 3%
GO TC 40
35 PUNCH 4020, T4JS,(A(I4J)y I=4S4JE)
40 IF (JE .EC. NL)Y GO TO 60
JS = 3543
GO TO 10
60 CONTINUE

PUNCH 4030
RETURN
END
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SUERCUTINE PUNCIM{TIAsNR4NCyANAME (KR}
DIMENSION JTA(KR,1})

PRCDUCES PUNCHED CARD CUTPUT USABLE FOR SUBXDUTINE READIM.
CODED BY JOHN ADMIRE =*xNASA* OCT 1974.

SUERCUTIME ARGUMENTS (ALL INPUT)

IA = MATRIX TP BEF PUNCHED. SIZE (NR,NC).

NR = MUMBER OF ROWS IN MATRIX A.

NC = NUMBRFR CF CCOLS IN MATRIX A.

ANAME = MATRIX IDENTIFICATION. (26 FORMAT).

KR = ROW DIMENSION OF A IN CALLING PROGRAM.

4010 FORMAT (A6414,415)
4020 FORMAY (1415)

4030 FORMAT (1CHUOO0DOCO0OO0UCO)
C

PUNCH 4010y ANAME 4NR,NC

DO 60 I=1,NR
JS =1
10 JE = JS+12
IF (JF .GT. NC) JE=NC
SFE 1F ELEMENTS ARE ZERQD.
DO 20 J=J3,J4F
20 TF(YALT ) NEL. O) GO TC 35
GO TO 4¢C
35 PUNCH 402Gy I 3JSs1IAligd)Ye J=JS,4E)
40 IF (JF .ECG. NC) GO YO 60
JS = JS+14
GC 70 1C
60 CONTINUE

PUNCH 403C
RETURN
END
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RBTGl —— 17 2

SUBROUTINE RBYGY (XYZ ¢XYZREF 3+ JDOF 3 JVECy RETHNNODES ¢NRRET 4NCRET,

*

DIM
2z

KXJsKR)
ENSICN XYZ(KXJ31 Y} XYZREF(1)3JOOFIKXS oY) IVEC(YL ) RBT(KR,1),
IVECLE) JW (6 ,46)

GENERATES A RIGID-ECOY-TRANSFORMATION IN CARTESIAN CCORDINATES.

CALLS FCRMA SUBROUTYINES REVADD,272BOMB.,
DEVELLPED BRY RF HRUDA., APRIL 1969
LAST REVISIOCN BRY WA BENFIELD. MARCH 1976.
SUBROUTINE ARGUMENTS
XvY2 = INPUT MATRIX CF X;V,Z COCRDINATE LOCATIONS FOR EACH NODE
POINT. SIZF{NNCDES,3).
XYZREF = INPUT VECTOR OF X,.Y4Z COCRDINATE LOCATICNS FOR THE
FEFERENCE PCINT. SIZE(3).
JDOF = INPUT MATRIX. EACH ROW IS USED AS AN ITVEC TGO REVADD X,Ye2Z,
TX:TYL,TZ NODE DEGREES OF FREEDCM INTC ROWS OF RBT. EACH
CF THESE DEGREES OF FREEDOM ARE ASSUMED TG BE IN THE
SAME DIRICTIOCM AS ITS CORRESPONDING REFERENCE DEGREE
CF FREEDOM. A NEGATIVE VALUC IN JDOF CAUSES THE CORPES~—
PONDING ROW OF RET TO BE ZERPD. SIZF {NNODCS,6).
JVEC = INPUT VECTOR. USED AS A JVECL TO REVADD X Y Z3TXyTY,TZ REFERENCE
DEGREES OF FREEDCM INTO COLUMNS CF RBT., NEGATIVE SIGNS
EMABLES CHANGE FROM ASSUMED RIGHT HAND SYSTEM TO ONE YOU
WISH T SPECIFY. SI7ZF (s).
RETY = DUTPUT PIGID BODY TRANSFORMATION MATRIX. SIZE(NRRET,NCREBT).
NNODES = INPUT MUMBER COF NCODES. ROW SIZE CGF MATRICES XY2,J0CF.
NRRBT = CUTPUT NUMEBER OF ROWS IN RBT. FQUAL TO NGN-ZERCS 1IN JDCF.
NCRBY = QUTPUT NUMEER CF CCLS IN RBT. EQUAL TC NON-ZFROS 1IN JVEC.
KXJ = INPUT FROW CIMENSION OF XYZ,JDOF IN THE CALLING PROGRAM.
KR = INPUY RCW DIMENSION ©OF RET IN THE CALLING PROGRAM.
NERROR EXPLANATICN
1 = NUMBER CF NCGN-2FERCES IN MATRIX IMAT EXCEEDS
ROW DIMENSION OF MATRIX RB8T.
NRREBT = O
NCRRT = ¢
DO 10 J=1,6
10 IF (JVEC({J)YNELO) NCRBT = NCRBT+1

DO
Do
20 IF

IF

30 DO
Do

20 1=1,NNODES
20 J=1.6
(UDOF(T14J) NE.G) NRRBT = NRRET+)
NERROR=1
{NRRABT.GT.KR) GO TG 999

40 1=14NRREY
40 J=1,NCREBT

40 REBY(I,u) = 0.0

po
Dt
50 wW(1
60 W(I
D
Wil

60 151,46

50 J=1,46

1J, GQC

' 71 1.0

80 I=1,NNCDES

15) (XYZ(]43)--XYZREF(3))

o on
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W(l,6) = =(XYZ(1,2)-XYZREF(2))
W(234) = —{XYZ2(1,3)-XYZREF(3))
W(2:6) = (XYZUI,1)-XYZREF(1))
W(344) = (XYZ(I,2)-XYZREF(2))
W(3,5) = —(XYZ{X41)-XYZREF(1))

DC 70 J=1,6
IVEC(J)=JDCF(I,J)
IF (IVEC(J).LT.0) IVECUJI)=C
IF (JVEC(J).LT.0) IVEC(J) = -IVEC(JD)
TO CONTINUE
80 CALL REVADD (leyWsIVEC,JVEC3RBT 36456 sNRRET4NCRBT464KR)
RETURN

999 CALL Z2z280ME (6HRBTG1 ,NERROR)
END
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RETGZ2 —= 1/ 2

SUBRROUTINE RBTG2 (XRT4XYZREF,JDOF,JVEC,RBToNNODES ¢NRRET,NCRBT,
* KXJ ¢KR)

DIMENSICON XRT(KXJ91)oXY2RES(1)oJIDOF(KXJS9Y)eJVEC(2)4RBTLKR,1),
* IVEC(E) yW (6,46

GENERATES A RIGID-BCDY-TRANSFORMATION FRCM
CYLINDRICAL TC CARTESIAN COORDINATES

CALLS FORPMA SUEROQUTINES REVADD,ZZEOMB.
DEVELOPEDR BY FRF HRUDA. JAN 1970.

LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBRCUTINE ARGUMENTS
XRT = INPUT MATRIX OF X,R,THETA(DEGREES) CCCRDINATE LOCATIONS
FOR FACH NODE POINT. SIZE(NNCDES,3).

XYZREF = INPUT VECTOP CF X,Y,Z COOCRDINATE LCCATIONS FOR THE
REFERERCE POINT. SIZE(3).

JDOF = INPUT MATRIX. EACH ROW IS USED AS AN IVEC 7T REVADD XsRy7T,
TX2 TR, TT NCDE DEGREES CF FREEDCM INTC ROWS OF RBY. EACH
CF THESE DEGREES OF FREFDOM ARE ASSUMED TGO BE IN THE
SAME DIRECTION AS ITS CCRRESPNNDING REFERENCE DEGREE
CF FREEDCM, A NEGATIVE VALUE IN JDOF CAUSES THE CORRES-
PCNDING ROW OF RBT TC BE ZERC. SIZE (NNODES,6).

JVEC = INPUT VECTCR. USED AS A JVEC TO REVADD XY 22,TX,TY,TZ REFERENCE
DEGREES OF FREEDCM INTC COLUMNS OF RBT, NEGATIVE SIGNS
ENAFLES CHANGE FROM ASSUMED RIGHT HAND SYSTEM TO ONE YOU
WISH TC SPECIFY., SIZE (6).

RBT = QUTPUT RIGID BCDY TRANSFORMATICN MATRIX. SIZE(NRRBT,NCRBT).

NNCDES = INPUT NUMBER OF NODES. ROW SIZE COF MATRICES XRT,J4DOF.

NRRBT = CUTPUT NUMEBER GF ROWS IN RBT. FQUAL TO NON-ZERCS IN JDCF.

NCREBET = QUTPUT NUMSER QF COLS IN REBT. EQUAL TO NON-ZEROS IN JVEC.

KXJ = INPUT RCOW DIMENSICON CF XRT,JDOF IN THE CALLING PROGRAM.

KR = INPUT ROCW DIMENSION COF RBT IN THE CALLING PROGRAM.

NERRCR EXPLANATICN
1 = NUMBER OF NON-ZERQES IN MATRIX IMAT EXCEEDS
RCW DIMENSICON OF MATRIX RBT.

NRRET = O
NCRBT = ©
DN 10 J=1,6
10 IF (JVEC(JY.NE.O)Y NCREBT = NCRET+1

DO 20 I=3,NNODES
DO 20 J=146
20 IF (JDOF(1,J3).NE.O) NRREBT = NRRBT+1
NERROR=1
IF (NPRET.GT.KR] GO TO 999

DO 4C 1=1,NRRRETY
DO 40 J=14NCRRT
40 RET(I,J) = 0.0
DC 50 1=1,46
DO 50 J=1,6
£0 W(1,J4) = 0.0

RPD = 2.1415626535898 / 180.
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70
80

999

YO
10

"n

XYZREF(2)
XYZREF(2)

DC 80 I=1,NNODES

RBTG2 -- 2/ 2

XD = {XRT{I,1) — XYZREF(1l)})
RI = XRT(1,2)

ST = SIN(XRT(I,2)%RPD)

CY = CCS(IXRT(I,3)*RPD)
W(l,1) = 1.

W(l,5) = (SI%*RI) -Z0
W(l,6) = —{CI*R]I) +YO
W(2,2) = (¢t

Wwi(2,3) = £}

W(2,4) = —(ST=Y2) +{CI%*Z0)
W(2,5) = —(S12XD)

W(2,6) = CI*XD

W(392) = -S%

W(3,3) = (1

W(3,4) = ~(CI*YC) ~(SI*Z20) *R1
W(3,5) = —(CI*XD)

W(3,6) = —(SI%*XD)

Wl4,4) = l.

Wi(5,5) = (1

W(5,6) = SI

Wl{6,5) = =S1

W{6,6) = (1

DO 70 J=1,6
IVEC(J)=JDCF({1,3)

IF (IVEC(J)}.LT.0) 1IVEC(J)=0

IF (JVEC(J).LT.O)
CONTINUE
CALL REVADD (1e9WoIVEC,JIVEC,RET 56,6 +NRRBT,NCRBT46,KR)

RETURN

IVEC(J) = -IVEC(JY)

CALL Z2BOME (6HRBTG2 4NERROCR)

END
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SURROUTINE READ {Ae NRgNC,KR 4KC)
DIMENSION A(KR,1),4X(4)y IREMRK (9)
COMMON / LLINE/ NLINE sMAXLIN,MINI
DATA NIT4NCT/546/

READ MATRIX OF REAL NUMBERS FRCM CARDS OR TAPE AND PRINT IT. WRITE
MATRIX ON TAPE IF SC INDICATED (BY HAVING THE WRITE-TAPE NUMBER 1IN
COLUMNS 79-£0).
THE EXPLANATION CF FCPMATS USED BELOW IS ...
A — DFNOTES ANY KEY PUNCH SYMBOL. (EG, Al/*C).
I — DENOTES AN INTEGER NUMBER. (EG, 436).
E — DENOTES A REAL NUMBER. (EGy 24.963).
%%k CARD INPUT *%x%%
FIRST CARD — MATRIX NAME, NUMBER OF ROWS, NUMBER GF COLUMNS
WITH A6,14,1I5 FORMAT.
— REMARKS IN COLUMNS 16-69. A-TYPE FORMAT,
— $ IN COLUMN 72 FOR WRITE-TAPE INITIALIZATION.
= WRITE-TAPE CONTROL IN CCLUMNS 73-78. MAY BE BLANK, OR
THE WCRDS REWIND OR LIST, CR (WHEN $ IN COLUMN 72)
THE WRITE-TAPE-ID (EG, T1234).
— WRITE-TAPE NUMBER IN COLUMNS 79-80. (EG, 21).
MIDDLE CARDS ~ CATA WITH FGRMAT (215, 4E17).
- 1-ST I5 IS THE ROW NUMEER.
~ 2-ND I5 IS THE COL NUMBER OF THE NEXT E17 FIELD.
= NEXT 4E17 ARE ELEMENTS OF THE MATRIX.

LAST CARD — TEN ZERGS IN CCLUMNS 1-10.
*%x%% TAPFE INPUT *kxx%
ONE CARD - MATRIX NAME, ZERC CR MINUS THE LCCATICN NUMBER GF MATRIX

ON READ-TAPE, READ-TAPE NUMBFR (IF MINUS, NO PRINTOUT),
MATRIX RUN NUMBER WITH A6414,15,A6 FORMAT.
- READ-TAPE CONTROL IN COLUMNS 22-27. MAY BE BLANK, OR THE
WCRDS REWIND OR LIST,
= REMARKS IN COLUMNS 28-69, A-TYPE FCRMAT.
- ¢ IN CCLUMN 72 FOR WRITE-TAPE INITIALIZATION.
= WRITE-TAPE CONTRCL IN COLUMNS 73-78. MAY BE BLANK, OR
THE WORDS REWIND OF LIST, DR (WHEN ¢ IN COLUMN 72)
THE WRITE-TAPE-ID (EG, T1234),
~ WRITE-TAPE NUMBER IN COLUMNS 79-80. (EG, 21}).
CALLS FCRMA SUPROUTINES INTAPELTAPE,PAGEHD RTAPEZWRITE WYAPE,ZZB0OMB.
CODED BY RF HRUDA. JULY 1968.
MODIFIED FUOR CONTRACT NASE-25922, DCTORER 1970,
MODIFIED BY JORHN ADMIRF %NASA* SEPT 1973
LAST REVISICN BY RL WOHLEN. APRIL 1976.

SUBRCUTINE ARGUMENTS

A = QUTPUT MATRIX READ FROM CARDS OR TAPE.

NER = QUTPUT NUMFER OF ROWS IN MATRIX A,

NC = QUTPUT NUMBER OF COLS IN MATRIX A.

KR = INPUT ROW DIMENSION OF A IN CALLING PROGRAM,
KC = INPUT COL DIMENSION OF A IN CALLING PRCGRAM,

NERROR EXPLANATION
1 = POW SIZE EXCEFUS ROW DIMENSIDON OR
COLUMN SIZF EXCEEDS COLUMN DIMENSION,
2 = ROW CR COLUMN VALUE CF ELEMENT EXCETDS MATRIX SIZE.
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DATA ON CARD PAST MATRIX COLUMN SIZE.
LOCATION ON TAPE PASYT END-COF--TAPE MARK.
LOCATION CN TAPE PAST END-OF-TAPE MARK.

wew
nowow

O D

1001 FORMAT (A65144,15,9A65 2XAl49A6,12)
1002 FORMAT (215,4E17.0)
2001 FORMAY (//719H CARD INPUT MATKIX A6y 2X 1HU I442H X 1442H )

* 2X GA692X Al A641477)
2002 FORMAT (7/19H CARD INPUT MATRIX A6y 2X 1H{ 1442H X I442H )
* AX GHCONTINUED /7))

2003 FORMAT (/7 1XA64T14,1545X GA642X AlsAbL414)
2004 FCRMAT (1X 215,1P4E17.8)
2005 FORMAT (13HOEND QF READ.)
2006 FCRMAT {25HOSIZE CF MATRIX READ IS (I492H X I492H ) )
2007 FORMAT(/41X,4123(1H-~))
C
C READ IN HFADER CARD.
READ (NIT,1001) ANAME,N1,N2,IREMRK,IZ1yI22,NWTAPE
NR = N1}
NC = N2

IFI{N1 .GT. O) GO TO 50

IF(MINY _NF. 4HMINI) GO TO 40
IF(NLINE .LE. 5) GO TC 40
TIF(NLINE+S .GT. MAXLIN) GO TO 40
WRITE(NQT ,2607)

NLINE=NLINE+2

GO TO 200

40 CALL PAGEHD
G0 TO 200

C
C CARD READING SECTICN.,

50 IF(MINT .NE. 4HMINI) GO TO 60
IF(NLINE JLE. 5 <ORo NLINE .GE. MAXLIN) GO TO 60
NBC=NC/ 4
IF{ 4%NRC JNE. NC) NBC=NBC+1
NN=9+NRxNRC
IF(NN +NLINE .GT. MAXLIN) GO T0 60
WRITEINOT,2007)

NLINE=NLINE+2
GC TO 70

60 CALL PAGEHD

T0 CONTINUF
WRITE (NGT,2001) ANAMEsNRyNCyIREMRKI21,1Z24NWTAPE
NLINE=NLINE+5S

NERROR = 1
IF (NR ,GT.KR CR. NC.GT.KC) GO T0 999
DO 105 I=1,NR
DO 105 J=1,4NC
105 A{I,J) = 0.
130 READ (NIT,1002) I,J8%,X
IF (1.EQ.0 JAND. JS.EQ.C) GO TO 300
NERRCR = 2

IF (T.Lfe0 «ORe ToGTeNR (ORe JSeLELO JOR. JS.GT.NC)Y GC TO 998
JE = JS+3
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IF (JELLEWNC) GO TC 115
JX = NC—-JS+2
NERROR = 3
DO 112 J=JX,4
112 IF(ABS(X(J}) .GT. G.) GC TC 998
JE = NC
115 N =0
DO 120 J=J35,JE
N = N+1
120 A(1I,J) = X(N)
TF(NLINE+1 .JLE. MAXLIN) GO TO 125
CALL PAGEHD
WRITE (NCT,2002) ANAME,NR,NC
NLINE=NLINE+5
125 WRITE (NOT,2004) I4JdS+(A(I40)43=0S,JE)
NLINE=NLINE+1
GO 10 110

TAPE READING SECTICN.

200 WRITE (NCT,2003) ANAME,N1,N2, IREMRK ;121,172 ,NWTAPE
NLINE=NLINE+3
NRTAPE = I1ABS(NZ2)
IF (IREMRK(2) .EQ. SHREWINUL) REWIND NRTAPE
IF (TREMRK{Z2) .EQ. 4HLIST) CALL LTAPE (NRTAPE)
IF (N1.EQ.0) GO 70O 250

POSITICN NRTAPE,
READ (NRTAPE) TIDJLNLIECTCK
NUM = LN+N1
IF (NUM) 205,22G,225

235 NERROR
IF (IEOTCK .EQ. 3HEQT) GO T0 997
READ (NRTAPE) DUM
NUM = —NUM~1
IF(NUM ECQ. 0) GO TG 240
DO 210 t=1,M"M
READ (NRTAPE) TIDGLN,IEQTCK

n
»

NERROR

n
n

IF (IECTCK .EQ. 3HEQOT) GO TOC 997
210 READ (NRTAPE) DUM
60 TO 240
220 BACKSPACE NRTAPE
GO T0 240
225 REWIND NP TAPE
NUM = (-N1-1)%*2
IF (NUM .EQ. 0) GO TO 240
DO 230 L=1,NUM
230 READ (NRTAPE) DUM
240 IFUIPFMRK (1) .Nf. 6H ) GO TN 250
READ(NRTAPE) TID,UN,DUMIREMRK {1} 4ANAM
NERROR=6
IF(LN+NY .NE. G) GO TO 999
NERROR=7
IF(ANAM NE. ANAME) GC TO 999
BACKSEPACE NRTAPE
250 CALL RTAPE (1REMRK({1),ANAMEJAyNRyNC4KRyKC4NRTAPE)



WRITE (NOT,2006) NRyNC
NLINE=NLINE+2
IF (N2 .GTe 0) CALL WRITE (AJNRJNCyANAMELKR)
C
C TAPE WRITING SECTICN.
300 IF (NWTAPE.LE.O0) GO TO 400
IF (171 .FQ. 1HS$) CALL INTAPE (NWTAPE,122)}
TF (122 .FQ. 6HREWIND) REWIND NWTAPE
CALL WTYAPE (AJNR,NC, ANAME,KR yNWTAPE)
IF (122 +EQ. 4HLIST) CALL LTAPE (NWTAPE)

c
400 WKITE (NQOT,2005)
NLINE=NLINE+Z
RETURN
Cc

997 CALL LTAPE (NRTAPE)
GO T0 999

998 WRITE (NOT,2004) I4JS X

999 CALL ZZ2BOMB (6HREAD oNERROR)
END

READ
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READAN-~ 1/ &

SUBRCUTINE READAN (TAZNR,GNC ,KR,KC)
DIMENSION TA(KR,1),IX§10),IREMRK(O)
COMMON 7/ LLINE/Z NULINE MAXLINGMIMNI
DATA NITNOT/5,6/

READ MATRIX OF ALPHA-NUMERIC CHARACTERS (A&) FROM CARDS CGR TAPE AND
PRINT IT. WPITE MATRIX ON TAPE IF SO INDICATED (BY HAVING THE
WRITE-TAPE NUMER IN CCLUMNS 79-8C).
THE EXPLANATION OF FORMATS USED BELOW 1S ...
A — DFNCTES ANY KEY PUNCH SYMBOL. (EG, Al/%*C).
1 — DENOTES AN INTEGER NUMBER . (EG, 436).
*%k¥%x CARD INPUT *%x=2x
FIRST CARD — MATRIX NAME, NUMBER CF ROWS, NUMBER OF COLUMNS
WITH A6,14,15 FORMAT.
— REMARKS IN COLUMNS 16-69. A—TYPE FORMAT.
— % IN CCLUMN 72 FOR WRITE-TAPF INITIALIZATION.
— WRITE-TAPE CONTROL IN COLUMNS 73-78. MAY BE BLANK, CK
THE WORDS REWIND OR LIST, NP (WHEN $ IN COLUMN 72)
THE WRITE-TAPE-ID (EG, T1234).
— WRITE-TAPE NUMBER IN CCOLUMNS 79-80. (EG, 21).
MIDDLE CARDS - DATA WITH FCRMAT (2I5, 10A6).
- 1-ST7 15 IS THE ROW NUMBER.
— 2-ND XI5 1S THC COL NUMBEER OF THE NEXT 15 FIELD.
— NEXT 10A6 ARE ELEMENTS CF THE MATRIX.
LAST CARD - TEN ZERDS 1IN COLUMNS 1-10.
%%k TAPE INPUT *x%kx%k
ONE CARD -~ MATRIX NAME, ZERC CR MINUS THE LOCATION NUMBER CF MATRIX
CN RPEAD-TAPE, FEAD-TAPE NUMBER (IF MINUS, NO PRINTOUT),
MATRIX RUN NUMBER WITH A6,14,15,A6 FORMAT,
—~ READ-TAPE CONTRGL IN COLUMNS 22-27. MAY BE BLANK, OR THE
WORDS REWIND OR LIST.
— REMARKS IN CCLUMNS 25-69, A-TYPE FCRMAT.
— ¢ IN COLUMN 72 FOR WRITE-TAPE INITIALIZATION.
— WRITE-TAPE CONTROL IN COLUMNS 73-78., MAY BE BLANK, OR
THE WORDS REWIND OR LIST, OR (WHEN $ IN COLUMN 72)
THE WRITE--TAPE-ID (EG, T1234).
— WRITE-TAPE NUMBER IN COLUMNS 79-80. (EG, 21).
CALLS FORMA SUBROUTINES INTAPE L TAPE,PAGEHDRTAPESJWRITAN,WTAPE,ZZEOMB.
CODED RY JCOHN ADMIRE ANASA®* NCT 1974,
LAST REVISION BY Rt WOHLEN. APRIL 1976.

SUBROUTINE ARGUMENTS

IA = QUTPUT MATRIX READ FROM CARDS OR TAPE.

NR = QUTPUT NUMBER OF ROWS IN MATRIX IA.

NC = (WUTPUT NUMBER OF COLS IN MATRIX TA.

KC = INPUT CoL DIMENSION OF 1A IN CALLING PROGRAM.
KR INPUT ROW DIMENSION OF 1A IN CALLING PROGRAM,

NERROR  EXPLANATICN
RCW SIZE EXCEEDS ROW DIMENSICN OR
COLUMN ST1ZE €XCEEDS COLUMN DIMENSION.
ROW OR COLUMN VALUE OF ELEMENT EXCEEDS MATRIX S1ZE.
DATA ON CARD PAST MATRIX CCLUMN SIZE.
LOCATION ON TAPE PAST END-OF-TAPE MARK,
LOCATION ON TAPE PAST END-OF-TAPE MARK.

[
n

mSWN
N
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1001 FORMAT (A6514,1599A69 2XA1,A6,12)
1002 FORMAT (215,10A6)
2001 FORMAT (//33H CARD INPUT ALPHA-NUMERIC MATRIX Ab,

* 2X IH( I442H X T442H
* 2X 9A592X AleAby14//)

2002 FORMAT (//33H CARD INPUT ALPHA-NUMERIC MATRIX A6
* 2X IH{ I442H X 14492H }
* 3X SHCONTINUED //)

2003 FORMAT (/7 1XA691451595X 9A6592X Al 3A6414)
2004 FORMAT (1X 2I5,10A6)
2005 FORMAT (15HOEND CF READAN.)
2006 FORMAT (25HOSIZE CF MATRIX READ IS (J44,2H X J442H ) )
2007 FORMAT(/41X5123(1H-))
c
C READ IN HEADER CaARD,
READ (NIT,1001) ANAME,N1,N2,IREMRK,121,1224NNTAPE
NR N1
NC N2

"N

IF(Nl .GT. 0O) GO TO 50
IF(MINTI J.NE. 4HMINI) GO TO 40
IF(NLINE .LE. 5) GO TO 40
IF(NLINE+9 .GT. MAXLIN) GG 7O 40
WRITE(NCT,2007)
NUINE=NLINE+2
G0 70 206

40 CALL PAGEHD
GO TO 200

S0 IF(MINT .NE. 4HMIN1) GO TO 60
IF(NLINE JLE. 5 «CR. NLINE .GE. MAXLIN)} GC TO 60
NBC=NC/10
IF(JO*NBC .NE. NC) NBC=NBC+1}
NN=9+NR%ENEC
IF(NN +NLINE ,GT. MAXLIN) GO TO 60
WRITE(NCT,2007)
NLINE=NLINE+2
Go 10O 70

60 CALL PAGEHD

70 CONTINUE

C
C CARD READING SECTION.

WRITE (NOT,2001) ANAMEJNR,NC,IREMRK 121,122 NWTAPE
NLINE=MLINE+5

NERROR = 1
IF (NR.GT.KR .OR. NC.GT.KC) GO TO 999
DO 105 I=1,4NR
DO 105 J=1,NC
105 TA(TI,J) = 6H
110 READ (NIT41602) T14JS5+1IX
IF (1.EQ.C +ANDe JS.EQ.C) GO TO 300
NERROR = 2
IF (TeLFe0 oORe 1.GTeNR o0OR. JSeLEeO oORe JS.GT.NC) GO TO 998

JE = JS+0
IF (JF.LE.NC) GO TO 115
JX = NC-J5S+2
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NERROR = 3
Do 112 J=JdX,.10
112 IF (IX{J) «NE. 6H ) GO TO 998
JE = NC
115 N = 0
DO 120 J=JSJE
N = N+1

120 1A(I,4) = IX(N)
IF(NLINE+1 .LE. MAXLIN) GO 7O 125
CALL PAGEHD
WRIT. (NOT,2002) ANAMEsNRNC
NLUINE=NLINE+5

125 WRITE (NOV,2004) I4JSo{IA(I3)4d=dS,JE)}
NLINE=NLINE+1
G0 70 110

TAPE READING SECTION.
200 WRITE (NOT,2003) ANAMEsN14N2,IREMRK,1Z141Z2¢NWTAPE
NLINE=NLINE+3
NRTAPE = TABS{N2)
IF (IREMRK(2) .EQ. 6HREWIND) REWIND NRTAPE
IF (IREMPK(2)  .EQ. 4HLIST) CALL LTAPE (NRTAPE)
IF (N1.EC.O0) GO TC 250
POSITION NRTAPE,
READ (NRTAPE) TIDGLNIECTCK
NUM = L N+N)
IF (NUM) 205,220,225
205 NERROR
IF (IEQTCK JEC. 3HEQT)} GO TO 997
READ (NRTAPE) DUM
NUM = -NUM-1
IF(NUM .EQ. O) GC TO 240
DO 21C t=1,NUM
READ (NRTAPE) TIDsIN,IEOQTCK

"
S

NERRCR

n
v

IF (IECTCK .EQ. 3REOT) GO TO 997
210 READ (NRTAPE}) DUM
GO T0 240
220 BACKSPACE NRTAPE
GO YO 240
225 REWIND NRTAPE
NUM = (~-N1-1}#%2
IF (NUM .FC. 0) GO TO 240
DC 2306 L=1,NUM
230 READ (NRTAPE) DUM
24 TFUIRFMRK (1) oNE. 6H ) 6T T0O 250
READINRTAPE) TID4LNJODUM,IREMRK(1)ANAM
NERRCR=6
IF(LN+N1 .NE. 0) GO TC 999
NERRCR=T
TF(ANAM .NE, ANAME} GC TO 999
BACKSPACE NRTAPE
250 CALL PTAPE (TFEMRK(1)y3ANAME,; TAoNR¢NC yKRyKC,NRTAPE)
WRITE (NCT92006) NRGNC
NLINE=NLINE+2



IF (N2.GT.0) CALL WRITAN (JA,NRyNC ANAME KR}

"é TAPE WRITING SECTION.

300

400

997

998
999

IF (NWTAPE.LE.O) GO TO 400

IF (IZ1 .€EQ. 1HS) CALlL INTAPE (NWTAPE,122)
IF (172 .EQ. 6HREWIND) REWIND NWTAPE

CALL WTAPE (IAyNRyNCyANAME JKRyNWTAPE)

IF (122 JEQ. 4HLIST) CALL LTAPE (NWTAPE)

WRITE (NO7,2005)
NLINE=NLINE+2
RETURN

CALL LTAPE (NRTAPE)

G0 10O 999

WRITE (NGT,2004) T,J0S,IX
CALL Z2280MB (6HREADAN ,NERROR)
END

READAN-- &/ 4
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SUBROUTINE READIM (TAGNRyNC,KR.KC)
DIMENSION IA(KR,1 ,IX(14),IREMRK(9)
COMMON 7/ LLINE/ NULINE sMAXLIN,MINI
DATA NIT¢NOV/5,6/

READ MATRIX OF INTEGER NUMBERS FROM CARDS MR TAPE AND PRINT 1T. WRITE
MATRIX ON TAPE IF SO INDICATED (RBY HAVING THE WRITE~-TAPZ KNUMBER IN
COLUMNY 79-80).
THE EXPLANATION OF FORMATS USED BELOW IS e.s
A — DENNTES ARNY KEY PUNCH SYMBOL. (EG, Al/x().
1 - DENUTES AN INTEGER NUMBER. (EGe 436)e
*%x¥% CARD INPUT ***xx
FIRST CARD ~ MATRIX NAME, NUMBER OF ROWS, NUMBER COF COLUMNS
WITH A6414415 FORMAT,
~ REMARKS IN COLUMNS 16-69. A-TYPE FORMAT,
- ¢ IN COLUMN 72 FOR JRITE-~TAPE INS(TIALIZATION.
— WRITE-TAPE CONTROL IN COLUMNS 73-78B. MAY BE BLA" Ky CR
THE WORDS REWIND OR LISSs OR (WHEN ¢ IN COLUMMN 72)
THE WRITE-TAPE~ID (EG, T1234).,
— WRITE-TAPE NUMBER IN COLUMNS 79-80. (EG, 21]).
MIDDLE CARDS —~ DATA WITH FORMAT {215, 14151},
-~ 1-ST 1I5 IS THE ROW NUMBER.
- 2-ND 15 IS THE COL NUMBER OF THE NEXT 15 FItLDe.
— NEXT 1415 ARE ELEMENTS OF THE MATRIX.

LAST CARD - TEN 2EROS IN COLUMNS 1-10.
sxks TAPE INPUT #x%a
ONE CARD — MATRIX NAMF, ZER(* OR MINUS THE LOCATION NUMRER OF MATRIX

Gt REAN-TAPE, READ-TAPE NUMBER (IF MINUS. NO PRINTOUT),
MATRIX RUN NUMBER WITH A6, 14,15,A6 FORMAT.
— RFAD-TAPE CONTPOL IN COLUMNS 22-27. MAY BE BLANK, OR THE
WORDS REWIND OR LIST.
— REMARKS IN COLUMNS 28-69. A-TYPE FORMAT.
- $ IN ICLUMN 72 FOR WRITE-TAPE INITIALIZATION,.
— WRITE-TAPE CONTROL IN COLUMNS 72~78. MAY BE BLANK, OR
THE WORDS REWIND OR LIST, ™R {(WHEN ¢ IN COLUMN 72!
THE WRITE-TAPE-ID (EGy Y1234).
— WRITE-TAPE NUMrn:R IN COLUMNS 79-80. (EG, 21).
CALLS FORMA SURROUTINES INTAPE,LTAPE,PAGEHDsRTAPEJWRITIMyWTAPELZ2ZBOME.
CODEN BY PRF HRUDA. JULY 1968.
MODIFIED FOR CONTRACT NAS8-25922, OCTORER 1970.
MODIFIED BY JOHN ADMiRr *NASA*x SEPT 1973
LAST REVISION BY RL WOHLEN. APRIL 1976.

SUBROUTTINE ARGUMENTS

1A = DUTPUT MATRIX READ FROM CARDS OR TAPE.

NR = CUTPUT NUMBER OF ROWS IN MATRIX IA.

NC = QUTPUT NUMBER OF COLS IN MATRIX JA.

KR = INPUT RGW DIMENSION OF +A IN CALLING PROGRAM.
KC = INPUT COL DTMENSION OF TA IN CALLING PROGRAM,

NERROR EXPLANATICN

1 = ROW STZE FXCEEDS ROW DIMENSTION 0OR
COLUMN SI2F FXCEEDS COLUMN DIMENSION,
2 = ROW OR COLUMN VALUE (OF ELEMENT EXCFEDS MATRIX SIZE.
3 = DATA ON ZARD PAST MATRIX COLUMN SIZF.
4 = LOCATION ON TAPE PAST END-OF-~TAPE MARK.
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T F = LOCATION CM TAPE PAST END-OF-~TAPE MARK.

1Y

1001 FORMAT (A6,34+15,9A6y 2XA1l4A6+12)
1002 FORMAT {1615)
2001 FORMAT (//27H CARD INPUT INTEGER MATRIX A&y, 2X 1H( 1442H X 14,42H )

* 2X 9R6+2X AlyA641477)
2002 FOPMAT (/727H CARD INPUT INTEGER MATRIX A6y 2X 1H{ T442H X 1442H )
* 3X 9HCONTINJED //)

2003 FORMAT (/7 1XA6491441I5,5X 9A692X Al Ab,414)
2004 FORMAY (1X 1615)
2005 FORMAT (YS5HOEND COF READIM.)
2006 FORMAT (25HOSIZE CF MATRIX READ IS (1442H X Y442H ) )
2007 FORMAT{/91X,123(1H-})
C
C READ IN HEADER CARD.
READ (NIT,1001) ANAME ¢N1:N2,IREMRK;171,122,NWTAPE
NR = N1}
NC = N2

IFIN]l .GT. O) GO TO 50
IF(MINI .NF. 4HMINI)Y GO TG 40
IFINLINE J.LE. 5) GO TO 40
IF(NLINE+S GT. MAXLIN) CO TO 40
WRITE(NOT,,2007)
NLINE=NLINE+2
GC 70 200

40 CALL PAGEHD
GC TC 200

S0 IF(MINI JNE. 4HMINI) Gu TO 60
IF(NLINE .LF. 5 o0Re NLINE .GE. MAXLIN) GO TO €0
NBC=NC/14
IF(14*NRC NE. NC} NBC=NBC+1
NN=C+NR*NEBEC
IF(NN +NLINE .GT. MAXLIN) GC TO 60
WRITE(NOT,2007)
NLINE=NLINE+2
GC 70 70

69 CALL PAGEMD

70 CONTINUE

c
C CARD READING SECTION.

WRITE (NOT,2001) ANAMESNR JNCoIREMRK 41714122 4NWTAPE
NLINE=NLINF+5

MERROR = 4
IF (NR.GT.KR .OR. NC.GT.KC) GO TOQ 99
DG 105 I=1,NR
DO 105 J=1,4NC
105 IA(14Jd) = ©
110 READ (NIT,1002) I,4JS,IX
IF (1.EQ.0 +AND. JSJECQ.O) GO TG 300G
NERKRCR = 2
IF (IeLFe0 oCRe JeGTeNR oURe JSOLESO 0ORe JS.GT.NC) GO F0Q 998

JE = JS+13
IF {(JELLEWLNCY GO TC 115
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JX = NC-JS+2
NERROR = 3
DO 112 J=JdX,14
112 IF (IX(J) NE. C¢) GO TC 998

JE = NC

115N =0
DO 120 J=JS,JE
N = N+1

120 TA(I,4) = 1X(N)
IF(NLINE+1 .LE. MAXLIN) GO TO 125
CALL PAGEHD
WRITE (NOT,2002) ANAME#NR 4NC
NLINE=NLINE+S

125 WRITE (NCOT,2004) I4JSo(IA(I.J)4I=IS+JE)
NLINE=NLINE+1
GO T0 110

TAPE READING SECTION.
200 WRITE (NOCT,2003) ANAME,N1,N2Z2, JREMRK 4171,172,NWTAPE
NLINE=NLINE+3
NRTAPE = TABS(NZ2)
IF {IREMRK({Z2) +EQ. OHREWIND} REWIND NRTAPE
IF (IREMRK(2) .tEQ. 4HLIST) CALL LTAPE (NRTAPE)
IF {(N1.EQ.O) GG TO 250
POSITION NRTAPE.
READ (NRTAPE) TIDWINSIECTCK
NUM = EN+NQ
IF (NUM) 205,220,225
205 NERROR
IF (IEOTCK EG. 3HECGT) GC TO 997
READ (NRTAPE) DBUM
NUM = -NUM-1
TFR(NUM EQ. O) GO TC 24C
DC 210 L=1.NUM
READ (NRTAPE) TIDLIN,IEQTCK

"
»

NERROR

"
wn

IF (IF0TCK JEC. 3HECT) GO T 997

210 RESD (NRTAPE) DUM
GC 10 240

220 BACKSPACE NRTAPE
GO TP 240

225 REWIND NRTAPE
NUM = {-N1-1)%2
IF {(NUM .FQ. C)} GO YO 240
DO 230 L=T,4NUM

230 READ (NRTAPE) DUM

240 IFLIREMRK (1) NE. 6VH ) 60 YO 2%
READ(NRTARE) TIDoLNyDUMyIREMRK (1) ¢ ANAM
NERR(GR=6
IF(LN+NY NE. §) GO TO 999
NERR(R=T
TF(ANAM oNE. ANAME) GO TO 999
BACKSPACE NRTAPE

250 CALL RTAPE (IRETMRK(1),ANAME; TAsHRyNC JKR4KC4yNRTAPE])
WRITE (NCT,2006) NR,HNC



C

NLINE=NLINE+2

IF (N2.GT.0) CALL WRITIM (IANRJNCLANAME KR)

C TAPE WRITING SECTION.

3aco

400

997

99g
999

IF (NWTAPE.LE.O) GO TO 40D

IF (121 .EQ. 1HS) CALL INTAPE (NWTAPE,J1Z2)
IF (122 .EC. 6HREWIND) REWIND NWTAPE

CALL WTAPE (IA4NRyNC sANAME KR,NWTAPE)

IF (122 .EQ. 4HLIST) CALL LTAPE (NWTAPE)

WRITE (NOT,2005)
NLINE=NLINE+2
RETURN

CALL LTAPE (NRTAPE)

GO TD S99

WRITE (NCT,2004) I,5JdS,1IX
CALL ZZBOME (6HREADIMNERRCR)
END

READIM-= &4/ &




READD ~- 17 2

SURROUTINE READD ({AsNR4NC,KR,,KC)
DIMENSICN A(KR,1)4X{31sIREMRK(9])
CATA NIT NCT/546/

READ MATRIX 0F CCTAL NUMBERS FROM CARDS (PUNCHED BY SUBRCUTINE
PUNCHG) AND PRINT IT SIDE BY SIDF IN OCTAL AND DECIMAL .
THE EXPLANATICN OF FCRMATS USED BFLCW IS oo
A - DENCTES ANY KEY PUNCH SYMBCOL. (EG, AY/3(C).
1 — DENCTES AN INTEGER NUMEER. (EG, 4361},
C — DINCTFS AN CCTAL NUMBER.
xx3x (CARD INPUT *x%%xx%
FIRST CAKD —~ MATRIX NAME, NUMEER OF ROWS, NUMEER OF COLUMNS
WITH A6,14515 FCRMAT.
~ REMARKS IN COLUMNS 16-69, A-TYPE FORMAT.
MIDDLE CARDS — DATA WITH FCRMAT (215,3(3X,012})1).
- 1-ST 1% IS THE ROW NUMBER,
- 2-ND I5 IS THE COL NUMBER OF THE NEXT 01z FIELD.
— NEXT 3 01z ARE THE ELEMENTS OF THE MATRIX.
LAST CARD - TEN ZERCS IN CCLUMNS 1-10.
CALLS FORMA SUBROUTINES PAGEHD,ZZEQOMB.
CODED BY CHRIS CHASE. MARCH 196%.
MODIFIED FOR CNTRALT NAS8-25422, OCTOEBER 1970.
LAST REVISION BY RL WCRLEN. APRIL 1976.

SURRCUTINE ARGUMENTS

A = CUTPUT MATRIX READ FROM CARDS,
NR = QUTPUY NUMBER CF ROWS IN MATRIX A.
NC = OUTPUT NUMBER OF COLS IN MATRIX A.
KR = INPUT RCW DIMENSION GF A IN CALLING PROGRAM.
KC = INPUT CCL DIMENSICN CF A IN CALLING PROGRAM.
NEFPROR EXPLANATION
1 = ROW STZE EXCEEDS RCOW DIMENSICN DR
COLUMN STI7E EXCEEDS (COLUMN DIMENSION.
2 = ROW OR COLUMN VALUE OF ELEMENT EXCEEDGS MATRIX SIZE.
3 = DATA CN CARD PAST MATRIX COLUMN SIZE.

OO0 .. 000000 AOOOOOOONOON

1001 FORMAT (A64214,415,9A6)
1002 FORMAT (215,3(3Xx,.012))
2001 FORMAT (//19H CAFD INFUT MATRIX A6y 2X YH({ 1442H X 1&,42H )

* 2X 9A6//)
2002 FORMAT (//198 CARG INPUT MATRIX Ab6s 2X 1MH{ 14 42H X 1442H )
* 3AX OHCONTINUED /7))

2014 FORMAT (IX 215, 3X,012, 35X, 2X,1PF10.3 )
2024 FORMAY (IX 21842(3X,012),20%X,2(2X,1PF10.2)}
2034 FORMAT (1X 215:3(3X4012)y 5X933(2Xe1PE10.3))
2005 FOKMAT {(14KHOLND OF RCADG.)
C
C READ IN HEADER CARD.
READ (NIT,1C01) ANAME ¢4NRyNC 9 IREMRK
CALL PAGEHD

WRITE (NOT,2001) ANAME 4NR,NCyIREMRK
NERRCR = 1
IF (NRJGT KR «CRe NC.GT.KC) GO TO 999



()

105
110

112
115

120

125

400

998
999

READQ —= 27 2

NLINE = O
DC 105 I=1,ANR
DG 105 J=1,NC
AlIsJ) = O.
READ (NIT,1002) I+5SeX
IF (T1.£Q.0 JAND. JS.EQ.0) GO TC 406
NERRQOR = 2
IF (JoLE.O «ORe JoGToNR 4CR. JSJLEL.C ORe JS.GT.NC) GO 7O 998
JE = JS+2
IF (JE.LE.NC) GO TO 115
JdX = NC=JS$+2
NERROR = 3
DO 112 J=JX,3

IF (X(J) NEe. G.) GO TC 998
JE = NC

N =20

DO 120 J=J0S4JE

N = N+1

AlI,J) = X(IN)

NLINE = NLINE+Y

IF (NLINE.LE.4T7) GO TO 125

CALL PAGERD

WRITE (NCT,2002) ANAMEZNR4NC

NLINE = 1

NF = JE+1-US

IF (NFLEQ.1) WRITE(NOT 201401 90Se (AT 33)93=ISeJdE)(A(TId)yI=0S,JE)
IF (NF.EQ.2Z) WRITE(NOT,2024)1T93Ss(A(143)9J=JS9JE) s A(]4J)9J=JSsJE)
IF (NFL.EQ.3) WRITE(NOT,2034)119JSs (A(T4d)2d=US4JE) s(A(14J)53=054+JE)
GO TC 110

WRITE (NCT,2005)
RETURN

WRITE (NDOT,2034) I,JS9XeX
CALL 2ZBOMB {(6HREADGC oNERRCOR)
END
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SURRCUTINE REVADD (ALPHA’A'IVEC’JVEC;ZQNRA’NCAQNRZ'NCZ'KRA’KRZ‘
DIMENSION 2A(KRAs1)}y IVEC(1)y JVEL(1), Z(KRZ+1)

REARRANGE AND ADD ROWS AND COLUMNS OF ALPHA * MATRIX A INTQO
MATRIX Z. :

BE SURE MAT<IX 2 IS DEFINED PEFORE CALLING THIS SUBROUTINE. FCR
EXAMPLE, CALL ZFERC TO CLEAR MATRIX Za

CALLS FORMA SUBRCUTINE ZZEOMB.

CCDED 8Y RF HRUDA, JULY 1965,

LAST REVISION BY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS

ALPHA = INPUT SCALAR THAT MULTIPLIES MATRIX A.
A = INPUT MATRIX TO RE ARRANGED AND ADPED. SIZE(NRA,NCA).
IVEC = INPUT VECTOR, SIZE(NRA).

IVEC({I}=ROW POSITION OF A(ROW I) IN Z,
IF IVEC(I) 1S PLUS Z=Z(ROW IVECU{TI))+ALPHAXA{RCOW I).
IF IVEC(T) IS MINUS,2=Z(ROW IVEC(I))-ALPHA*A(ROW I).
IF IVEC(I) IS ZERO , A(ROW 1) IS OMITTED IN Z.
JVEC = INPUT VECTCR., SIZE(NCA).
; TTTTTIVECTSY=COL POSITICN OF alCcor J) IN Z,
IF JVEC(J) IS PLUS Z=Z{CCL JVEC(J))+ALPHAXA(CCL J).
IF JVEC(J) IS MINUS,Z=2(COL JVEC(J))-ALPHAXA(COL J).
IF JVEC(J) IS ZERQ , A(CCL J) IS OMITTED IN Z.

Z = INPUT/CUTPUT MAYRIX TO WHICH ALPHA%A IS ADDED. SIZE(NRZ,NCZ).
NRA = INPUT NUMRER OF RCWS IN MATRIX A,
NCA = INPUT NUMBER OF CCLS IN MATRIX A,
NRZ = INPUT NUMERER OF ROWS IN MATRIX Z.
NCZ = INPUT NUMBER CF COLS IN MATRIX Z,
KRA = INPUT ROW DIMENSICN OF A IN CALLING PROGRAM.
KRZ = INPUT ROW DIMENSION CF 2 IN CALLING PROGRAM.
_ NERROR EXPLANATION
1 = ROW LOCATION QUTSIDE MATRIX Z.
“2 = COLUMN LOCATION CUTSIDE MATRIX Z.

PN aNe Ra e ey U Yo XaNeRaNata e XataXaNaNeRata e e Natatataatata)

DO 30 TA=1,4NRA
12 = TABS(IVEC(IA))
IF (12 .EC. 0) GO T0 30

NERROR =1
IF (I1Z .GT. NRZ) GC TC 99¢
DO 25 JA=14NCA
JZ = TABSU{JIVEC{JA Y
IF (JZ2 .EQ. 0) GC TO 2%
NERRCR = 2
1F (42 .GT. NCZ) GO TU 999
STGN = +1.
IF (IVFC(IAY.LT.0 AND. JVEC(JA).GT.C (R,

2(1Z,32) = Z(1243Z) + SIGN*ALPHAXA(TA,JA)
25 CONTINUE
30 CONTINUE
RETURN
C
999 CALL 228B0ME (6HREVALD ¢NERRUR)
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END
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SUBROUTINE REVIJUAZIVEC,JIJVEC,NRAJNCAJNRZ JNCZ ¢KRAZ)
DIMENSION AZ(KRAZ,1)},IVEC(1),JVEC(1)
COMMON 7/ LWRKV1 7 V(500)

REARRANGE ANC ADD ROWS AND COLUMNS CF MATRIX (A) INTO
MATRIX (Z)«. BOTH MATRIX (A) AND (Z) SHARE THE SAME STORAGE.
MATRIX (Z) IS SET EQUAL TO ZERC INITIALLY 8Y THE ROUTINE.
CALLS FORMA ROUTINE 2ZBCMB.

CODED BY JOHN ADMIRE *=NASA* AUG 1973.

SUBROUTINE ARGUMENTS

AZ — INPUT MATRIX (A) TC BE ARRANGED AND ADDED TO MATRIX (2).
AZ — CUTFUT MATRIX (2) RESULT OF ARRANGING AND ADDING {(A) TQ (Z1}.
IVEC — INPUT INTEGER VECTOR (NRA)

ABSC(IVEC(I))=ROW OF () TO WHICH RCW I OF {(A) 1S ADDED.
IF(IVEC(I) NEGATIVE) THE SIGNS IN ROW I OF (A} ARE

CHANGEG BEFORE BEING ADDED INTC (Z]).
IF(IVEC (1) ZERC) THE ROW T IN (A) IS OMITTED FROM (Z}).

JVEC — INPUT INTEGER VECTCR (NCA)

ABS(JVEC(J))=CCLUMN OF (Z) TO WHICH COLUMN J OF (A) IS ADDED
IF(JIVEI(JI) NEGATIVE) THE SIGNS IN COLUMN J CF (A) ARE
CHANGED BEFOURE BEING ADDED INTC (2).

IF(JIVEC L) ZERD) THE CCLUMN O IN (A} IS OMITTED FROM (2)
NRA — INPUT NUMBER GOF ROWS IN MATRIX (A)
NCA — INPUT NUMBER OF COLUMNS IN MATRIX (A)
NRZ — JUTPUT NUMEER OF ROWS IN MATFIX (2)
NCZ - QUTPUT NUMBER OF COLUMNS IN MATRIX (Z)

KRAZ - INPUT ROW DIMENSION OF AZ IN CALLING PROGRAM

NERROE =1
IF{KRAZ .GT. 500 OR. NRA .GV, KRAZ ,0OR, NCA .GT. 500) GG 10 999
NRZ=0

NC2=C

DC 10 I=1,NPA

IF(IABSCIVEC(I)) .GT. NRZ) NRZ=TABS(IVEC(I))
CONTINUE

DO 20 J=1,NCA

IF(TARS(JVEC(J)) -aGTae NCZ) NCZ=IABSU{JIVEC(J))
CONTINUE

NERPQOR=2

IF(NRZ +GT. KRAZ +CRe NCZ .GT. 500) GO TO 999
MAXT=NP A

MAXJ=NC A

IF(NRZ .GT. NRAJ MAXI=NRZ

TFINCZ .GT. NCA) MAXJI=NCZ

DO 70 J=14NCA

DC 30 T=1,NRA

V{IV=AZ{1,J)

DC 4C I=1,MAXI

AZ(1,9)=0.

DO 70 I=1,NRA

I1=IABS({IVFC(]))

IF(IVEC(TI))I50470460

AZ{I1+J)=AZ(114J4)-VI(1)

GO TC 7¢



60
T0
80

90

100

110
120

999

AZ(TT4J)I=AZ(IT,J)+V(I)
CONTINUE

DO 120 1=1,NRZ

DC 80 J=1,NCA
VIJ)I=AZ(1,J)

D0 90 J=1,MAXJ
AZ(I4J)=0.

DC 120 J=1,NCA
JI=STABSHLIVECL2))
IF(JVEC(J))100,120,110
AZ(T4J33)=A2(1+40)-VI)
GO 70 120
AZ(I490)=82(1434)4V D)
CONTINUE

RETURN

CALL ZZBOMB(6HREVIJ oNERROR)
END

REVIY — 2/ 2
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SUBROUTINE ROWMLY (AVEC B 9ZoNRyNC,KR)
DIMENSION AVEC(1}, BU(KR41)y Z(KR,1)

MULTIPLY FACH ELEMENT IN ROW(I) OF MATRIX 6 BY ELEMENT(I} GF
VECTOR AVEC,

MATRICES B,Z MAY SHARE SAME CORE LCCATIONS.

CODED BY RL WOHLEN. FEBRUARY 1965,

AVEC

B
2
NR
NC
KR

10

SUBROUTINE ARGUMENTS

nonow

INPUT VECTOR. SIZE(NR).

INPUT MATRIX. SIZE(NRyNC).

CUTPUT RESULT MATRIX. SIZE(NRGNC).

INPUT NUMBER OF ROWS IN MATRICES B,Z. ELEMENTS IN VECTOR AVEC.
INPUT NUMBER OF COLS TN MATRICES B,2.

INPUT ROW DIMENSION OF B.Z IN CALLING PROGRAM.

DC 10 I=1,4NR
DO 10 J=1,4NC

Z{I,3)
RETURN
END

= AVEC(I) =* B(1,J)
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SUBRROUTINE RTAPF (IARUNO,IANAME, A JNRAJNCA, KR, KCyNTAPE)
DIMENSION A(KR,l)
DATA NIT,NCT/5.,6/

READ MATRIX A FROM TAPE BY IDENTIFICATIONM COF TARUNO, TANAME.
CALLS FORMA SUBROUTINES LTAPE,PAGEHD,Z2B0OMB.

CODED EBY WA BENFIELD. JUNE 1966.

REVISED RY RF HRUDA. JULY 1968,

REVISED BY R A PHILIPPUS. APRIL 19¢9.

MODIFIED FOR CONTRACT NASE-25922, CCTOBER 1970.

SUBROUTINE ARGUMENTS

TARUNO = INPUT RUN NUMBER OF MATXIX A. (A6 FORMAT).
TANAME = INPUT MATRIX IDENTIFICATION. (A6 FORMAT).
A = QUTPUT MATRIX READ FROM TAPE. SIZE(NRA,NCA).
NRA = CUTPUT NUMEBER CF RCWS OF MATRIX A. WILL BE READ FROM TAPE.
NCA = QUTPUT NUMBER OF COLS COF MATRIX A. WILL RE READ FROM TAPE.
KR = INPUT ROW DIMENSION OF A IN CALLING PROGRAM.
KC = INPUT COL DIMENSION OF A IN CALLING PROGRAM,
NTAPE = INPUT NUMBER OF TAPE. (E.G. 10).
NERRCR EXPLANATICM
1 = MATRIX REQUESTED IS NOT DENSE.
2 = ROW OR COLUMN ST1Z2E EXCEEDS DIMENSION SIZE.
2 = MATRIX/RUNNO REQUESTED NOT FOUND ON TAPE.

3001 FORMAT (29HIRTAPE CANNOT FIND RUNND = Ab 7/

%*

21X BHANAME = A6 / 29X 6H~~———= )

NTIME = O

SEARCH TAPF FOR CORRECT HEADING.
5 READ (NTAPE) TAPEIDZLN,IECTCK ITRUNO, ITNAME NRAJNCA,DATE,ITYPE,NNZ

IF (TTRUNC .EOQ. TARUNDO .AND. ITNAME .EQ. IANAME) GO TO 10
IF (IEOTCK otG. 3HEQT) GO TO 20
RPEAD (NTAPE) DUM

C0O 70 5
MATRIX HAS REEN FOUND.
10 NERROR = 1
IF (JTYPE .NE. SHDENSE JAND. NNZ NE., C) GO TO 999
NERRQOR = 2
IF (NRA.GT.KR .0R. NCA.GT.KC) GO TO 999
READ (NTAPE) ((A(I,43J)9I=14NRA)sJI=1,NCA)
RETURN
MATRIX CANNCT Bt FOUND. SEARCH TAPE ONCE MORE.
20 NTIME = NTIME+1
NERRCR = 3

IF (NTIME .%0C. 2) GG TO 998
REWIND NTAPE
GO TC &

998 WRITE (NO7,3001) TARUNO,IANAME

CALL LTAPE (NTAPF)

999 CALL 2ZBOMB (e&HRTAPE (NERRCR)
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END



SUBROUTINE RWND (NTAPE)

REWIND TAPE.
CODED BY RL WOHLEN. MARCH 1976.

SUBROUTINF ARGUMENT  (INPUT)
NTAPE = NUMBER COF TAPE. (EG 10).

nnnnnn\-

REW..iD NTAPE
RE TURN
END

RWND
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SUBROUTINE SIGMA (Z4NoKR)
DIMENSION Z(KR,1)

GENERATE A MATPIX OF ONES ON AND BELOW THE DIAGONAL.
COCFD BY RL WOHLEN. FEB 1963

SUBROUTINE ARGUMENTS

2 = DUTPUT MATRIX GENERATED. SIZE(N,N).

N = IMPUT SIZE CF MATRIX Z (SQUARE).

KR = INPUT RCW DIMENSION OF MATRIX Z IN CALLING -PROGRAM.
DO 10 I=1,M
DO 10 J=14N
Z(I,J) = 0.0

1¢ 2(4,1) = 1.0

RETURN
END



\

Nam

aNaNaNaleNe

SKPR

SUBROUTINE SKPR  INTAPELNREC)

SKIP NREC LOGICAL RECCPDS !FORWARD OR BACKWARD) ON NTAPE.
CODED BY RE WCOHLEN. MARCH 1976.

SUBROUTIMFE ARGUMENTS (ALL INPUT)
NTAPE NUMEER ©OF TaAFEt. (EG 10).
NREC NUMEBER OF LOGICAL RECCORDS TO SKIP (FORWARD OR BACKWARD).

]

fr

IF (NREC .EC. G RETURN
IF (NREC JLT. €¢) GT TQ 20
DC 15 TRE(=1,NREC

17 RERAD (NTAPE}
RETURN

20 LREC = IAES(NREC)
DC 25 IREC=1,LREC
25 BACKSPACE NTAPE
RETURN
END
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SUBRRDUTINE SMEGT  (AyEBeZyNyKR)
DIMENSION A(KR,11,8{(11),2(1)
DATA TCL/Y.E-15/

SCLUTICN OF LINTAR SIMULTANEOUS ALGEBRAIC EQUATIONS, A®Z = B.

GAUSS ELIMINATICN METHCD. FORWARD SCLUTION TRANSFORMS ORIGINAL SYSTEM
INTC TRIANGULAR FORM. EACK SOLUTION THEN GIVES RESULT,

LARGEST BIVOTAL DIVISOF IS USEDR TC AVOIDR DIVISION BY SMALL NUMBERS.
THE RCWS ARE INTERCHANGED WHEN NECESSARY TC ACCOMPLISH TH1S.

IF NO PIVOT CAN BF FU ND EXCEEDING 1.E-15, THE MATRIX IS CONSIDERED
SINGULAR AND THF PROGRAM STOPPED.

CALLS FORMA SUBROUTINE ZZBOMB.

DEVELOPED BY CARL BGDLFY, AUGUST 196¢€.

LAST REVISICON EY WA HENFIELD. MARCH 1976.

SUBRTCUTINE ARGUMENTS

A INPUT SQUARE MATRIX CF COEFFICIENTS. SIZF(NyN). *DESTROYED®
B = INPUT FRIGHT HANC SIDE VECTOF. SIZE(N). *DESTROYED*®

Y4 = CUTPUT RESULT VECTCR. SIZE(N).

N = INPUT NUMEER CF EQUATICNS,

KR = INPUT KOW CIMENSICN CF A IN CALLING PROGRAM,

NERFOR  EXPLANATION
1 = MATRIX 1€ NCON-POSITIVE DEFINITE FGR SIZE = 1.
2 = MATRIX 15 NON-POSITIVE DEFINITE.

IF (N .GT. 1) GC TC 5
NERRCGR

fl
[

IF VAES(A(1,1)) JLE. TOL) GO TO S99
Z2(1) = B{1)/A(1,1)
RETURN

FORWARD SCLOUTICN,
£ D0 25 L=1,N
AMAX = TOL
DC 10 I=L 4N
IF (ABS(A(ILL)} LT. ABS{AMAX)) GJI TC 10
AMAX = A(I4L)
IMAX = I
10 CONTINUE
NERROR

H
)

IF (ASS(AMAX) oLE. TQL) GG T0Q 999
DO 15 J=L 4N
SAVE = A(IMAX,,J)
ACTMAX J) = A(L,J)
15 AL ,J3) = SAVE/AMAX
TAVE = B(IMAX)
EOIMAX) = F{L)
BlL) = SAVE/AMAX
IF (L .EQ. N) GO TC 4¢C
LtPl = L + 1
D0 25 I=UP1,,N
DO 20C J=LP1,4N
20 A(T4J) = E(I40) - AlI.L)*A(L.,I)
25 B{I) = b(1) - A(I,LY%E(L)
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BACK SCLUTICN,

40 Z{(M) = E{N)
NMl = N -1
DO 45 L=1,NM1

I =N-1L
2(1) = B{1)}
IPY = I+l

DC 45 J=1IP1,N
45 2(1) = Z(1) = A(1.d}*Z(J)
RETURN

999 CALL Z2BOME (6HSMEQ! (NERROR)
END
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SUBROUTINE SRED1 (AR T 4N,NR, IFT,KART)
DIMENSION A(KART 1) ,R(KART;1)4T(KART,Y)
DATA EPS/1.E-15/

REDUCF STIFFENESS MATPIX (A) TO FORM REDUCED STIFFNESS MATRIX (R)
REDUCING TRANSFORMATIOM (T,

AND

DEGREES 0F FREEDOM TC BE RECUCED MUST BE PCSITIONED LAST IN MATRIX A.

MATRIX (A) SHCULD BE PCSITIVE DEFINITE, SYMMETRIC. LOWER HALF OF
MATRIX (A) IS USED.

MATRIX (T) MAY BE A SCALAR ARCUMENT IF THE REDUCING TRANSFORMATION

IS NOT FOKMED.

MATRICES (A), (R), AND (T) MAY SHARE THE SAME CORE LCGCATICNS IN ANY

COMBINATIONS . POSSIBLE COMBINATIONS OF INPUT ARGUMENTS ARE SHCWN
BELOW WITH THf RESULTING CUTPUT FROM THE SURROUTINE.

*CALLING ARGUMENTSx ARESULTING CUTFPUT%
CALL SFED] (AOP,T’N'NR,I'KAPT, A=A, Rzﬁp T=7
CALL SFEDY (AsT,ToNyNKy1,KART) A=A, T=T
CALL SRED1 (A’A’A,N'NR’],KART, A=T
CALL SREDI (AR AgNJNF41,KART]) y A=Y

R=R

CALL SRFEDY (AR T4NyNRyQ,KART) A=Ay R=R
CALL SQFDI ‘A,A,TyN,NP,OyKART, A=R

CALLS FORMA SUBRCUTINE ZZEOMb.

DEVELOPED EY (S EBCDLEY AND WA BENFIELD. CCTORER 1971.

LAST REVISION BY WA BENFIELD. MARCH 1976,

SUBRCUTINE ARGUMENTS

A = INPUT STIFFNESS MATRIX TC BE REDUCED. SIZEI(N,N).
R = QUTPUT REDUCED STIFFNESS MATRIX., SIZE(NR,NR).
T = CUTPUT REDUCING TRANSFORMATICN MATRIX. SIZE(N4NR).
N = INPUT SI7F COF MATRIX A.
NR = INPUT SIZE OF REDUCED MATRIX R.
IFT = IxPUT =G, TRANSFORMATICN MATRIX T WILL NOT EF CALCULATED AND
T NEED NCT BE DIMENSIONED IN TALLING PRCGRAM.
=1y TEANSFORMATION MATRIX T WILL BE CALCULATED.

KART = INPUT RCW DIMENSICON OF A,R,T IN CLcLING PROGRAM.

NERPOR  EXPLANATICN
1 = MATRIX IS NON-POSITIVE DEFINITE,

DC & I=1,N

DO 5 J=1,1

5 R{I,4) = A(I4J)
NRP1 = NR+1
NERRCR=1

CALCULATE PFCUCED STIFFNESS MATRIX.
DC 10 L=NRFI,N
K = N-L+NRP]
KM1 = K-1
IF (RP(K,K) LT« EPS)Y GC TCQ 999
DO 10 I=},kM1
S = RIKITI/RIK,4K)
DC 106 J=1,41
1¢ R(I,J) = R(I'J) - S*R(KyJ)
DN 15 I=14NK
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DC 15 J=I,NR
15 RUI,J) = R(J,I)
c
C CALCULATE REDUCTICN TRANSFORMATION MATRIX.
IF {IFT .EC. G) RETURN
DO 29 L=NRPIN
S = R(L,L)
DC 25 K=1,NR
25 R{L,K) = R(L,K)I/S
IF(L .GE. N} GO TC 29
LP1 = L+1
DC 27 I=LP1,N
pr 27 J:IQNR
27 R(IvJ, = R(I’J, hed R‘I,s’*R(L,J,
29 CONTINUE
DC 35 I=1,NR
DO 32 J=1,NR
32 T(T,4) = 0.0
35 (1,1 1.C
DO 45 I=NPP1,N
DC 45 J=1,NR
45 T(1,J) = =-R(I,4Jd)
RETURN

999 CALL Z22BCME (6HSREDY 4NERRCR)
END
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SURROUTINE SRED2 (AR TyNyNRy, IFT,KART)
DIMENSTCN A(KART 1)y R{KART,1)y T(KART,1)
DATA EPS/1.E-15/

REDUCE STIFFNFSS MATRIX (A) TC FORM REDUCED STIFFNESS MATRIX (R) AND
REDUC IMG TRANSFORMATION (T).

DEGRFES OF FREEDOM TO BE REDUCED MUST EE POSITICNED FIRST IN MATRIX (A).
MATRIX (A) SHCULD BRE POSITIVE DEFINITE, SYMMETRIC. UFPER HALF OF

MATRIX (A) 1S USED.

MATRIX (1) MAY BRE A SCALAR ARGUMENT IF THE REDUCING TRANSFORMATION

IS NCOT FORMFD.

MATRICES (A), (K)y AMND (T) MAY SHARE THE SAME CORE LOCATIONS IN ANY
COMBINATIONS . PCSSIELE COMEINATIONS OF INPUT ARGUMENTS ARE SHOWN

BELOW WITH THE RESULTING CUTPUT FRCM THE SURROUTINE.

*CALLING ARGUMENTS* FRESULTING OUTPUT
CALL SRED2Z2 (A F,TyN,NRy1,KART) A=Ay R=R, T=T
CALL SKEDYZ (AyAyT,N,NR,lyKART) AzR’ T=
CALL SREDZ (A,T3T,,NsNFPs1,KaART) A=A, T=T
CALL SRED2 (A, A-A,NsNRy1,KART) A=T
CALL SKREDZ2 (A’R,AiN,NR’l’KART) RzR' A=T
CALL SPED2 (£,PsTohyNRkyO,KAKT) A=Ay R=F

CALLS FCRMA SUBRQUTINE 22EQME.
DEVELCPED bY CS BRCGLEY AND WA BENFIELD. JUNE 1972.
LAST REVISIOM BY WA EENFIELD. MARCH 1976.

SUBROUTINE AFGUMENTS

A INPUT  STIFENFSS MATRIX TC KE REDUCED. STZE(N,N)}.
R = CUTPUT REDUCED STIFFNESS MATRIX. SIZE(NRy4NR).
A) = QUTPUT REDUCING TRANSFORMATION MATRIX. SIZE(N,NR).
N = INPUT <SI2E OF MATRIX A.
NP = INPUT CSIZE CF REDUCED MATRIX R,
IFT = INPUT =(C, TRANSFORMATICON MATRIX T WILL NOT BE CALCULATED AND
T NEED NOT BF DIMENSIONED IN CALLING PROGRAM.
=1, TRANSFOPMATICN MATRIX T WILL BE CALCULATED,
KART = INPUT RCW DIMENSION OF A4.R,T IN CALLING PROGRAM.

NECROR  EXPLANATION
I = MATRIX IS NON-POSITIVE DEFINITE.

ND = N - NR
DO £ I=1,N
DN b5 J=T,N
S R{I,J) = A(IyJ)
NDP1 = ND+1

NERKOR=3

CALCULATE PRFDUCED STIFFNESS MATRIX.

OC 11 L=14ND

IF (ABRS(R(L,L)) LT.EPS) GO TO ¢99

IF (L .GE. N} GO TC 11

LP1 = L+1

DC 10 I=LP1,N

S = RIL:TI/R(L,L)

DO 10 J=1,N

R{T4d) = F(I,J) = S*R(L,4)



SRED2

10 CONTINUE
11 CONTINUE
IF (IFT .FQ. O) GO TO 50

€ CALCULATE REDUCTION TRANSFCRMATION MATRIX.
DG 20 L=1,4ND
S = R{L,L)
DO 15 K=L 4N
15 R(L,K) = R(L,KI/S
IF (L .C0. 1) GC 70 20
tMY = L=
LP1 = L+1
D0 16 I=1,LM1
DC 16 J=LP1,N
16 R(1,4J) = R{IyJ) — RIUILLIFR(L,I)
20 CONTINUE
DO 20 I=NDP1l.N
DC 29 J=1,NR
29 T{1,4) = 0.0
IMND = 1 - ND
30 T(I,IMND) 1.0
50 DO 60 L=Nl ]1,N
J =1L - N[O
C SYMMETRIZE R aND START IN 1,1 LOCATICN.,
DO 65 K=NDP1,N
1 = XK = NI
IF (1 .61, J) GG TO 66
R{1,J) = R(K,L)
GC TC 65
66 RIU1,J) = R{L.K)
65 CONTINUF
C START T IN 1,1 LCCATION,.
IF (IFT .EC. G) GC TO 60
DO 67 I=13,4ND
6T T(1,J) = =R(1,L)
60 CONTINUE
RETURN
C
999 CALL ZZBCMB (6HSRED2 JNERRCR)
END
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SUBRCUTINRE SPRED3  (ApIV4R,ToNNRyIFT,KART)
DIMENSICN A(KART,1), R(KARTS1)s T(KART,1), IV(1l)
COMMON /LWRKV1/ WI(S500)

DATA EPS/1.E-15/

SUBRCUTINE G REDUCE MATRIX (A) TC FORM REDUCED STIFFNESS MATRIX (R)
AND RiDUCING TRANSFORMATIUN (T).

ROWS AND COLUMNS 72 BE REDUCED OUT MAY BE ANVWHERE IN (A) AND ARE
SPECIFIFD BY THE INTFEGER VECTOR (1lV).

THE ORIGINAL NUMEER (F ROWS aAND COLUMNS IN (A) ARE THE SAME FOR (R)
WITH ZERQO RCW AND CCOLUMN ELEMENTS FOR THE REDUCFEFD ROWS AND COLUMNS,
THE REDUCING TRANSFORMATION (T) LIKEWISE WILL BE SQUARE.

MATRIX (A) SHCULD RE PCSITIVE DEFINITE, SYMMETRIC.

ALL OF MATRIX (A) IS USED.

MATRIX (T) MAY BE A SCALAR ARGUMENT IF THE REDUCING TRANSFORMATION
IS NOT FQRMED,

MATRICES (A), (R}, AND (T) MAY SHARE THE SAME CORE LOCATIONS IN ANY
COMBINATIONS . POSSIBLE COMBINATIONS OF INPUY ARGUMENTS ARE SHOWN
BELOW WITH THF RESULTING CUTPUT FROM THE SUEBRCUTINE.

*CALLING APGUMENTS=* *RESULTING CUTPUT=*
CALL SRED3  (AsIV R,TyN,NR.I,KART) A=Ay R=R, T=T
CALL SFEED3 (AsTV,4,T,MyNRyI,KART) E=Ry T=T7
CALL SRFDS (A,IV,R 1A’N’NR’19KART) R-‘—R, A=T
CALL SPEDZ (A;IV,A’A'N,NR,I,KAQT, A=T
CALL SRED3 (A9sIVyR4R4N4NRy1,KART) A=A R=7
CALL SKeD?2 (AyIVQP ,T'N’NR’O,KAPT) AzA'

>»
o
ol v}

CALL SEFD3  (AsIVyA4TNyNRyGyKART)
CALLS FORMA SUEBRQUTINE Z22BCME.
DEVELCOPED Y WA BELFIELD. JANUARY 1974,
LAST REVISICN RY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS

A = INFUT STIFFNESS MATRIX TC BE RFDUCED. SIZE(NGN).
1v = INPUT INMTEGEF ROW MATRIX CONTAINING THE ROW-COLUMN
LOCATICNS YO BE FEDUCED. STIZE(NR),
R = QUTPUT RFDUCFD STIFANESS MATRIX. SYIZF{NgN).
T = QUTPUT RFDUCING TRANSFORMATION MATRIX. SIZE(N,N).
N = INPUT S1ZF CF MATRICFS AcR,T. MAX=500.
NR = INPUT NUMEBER OF RLCW-COLUMNS TO BE REDUCED.
IFT = INPUT =G. TRANSFCRMATINN MATRIX T WILL NOT BE CALCULATED
AND T NEEC - ..¥ BE DIMENSIONCD IN CALLING PROGRAM.
=1y TRANSFTEMA = N MATRIX T WILL BF CALCULATED.
KART = INPUT ROW DIMENSION COF A4R,T IN CALLING PROGRAM.
NERROR FXFELANATICN
1 = ROW NUMBER 1S NEGATIVF.
¢ = MATRIX IS NCOGN-PCSITIVE ODEFINITE.
DO & 1I=1,N
DC 5 J=14N
5 RUI4J) = A(I,44)
DO 35 K=1,NKR
IR = IV(K)

NERROR=1
IF {1IR .LE. O) GO TC 999



10

20
30

37

40

50

60

70

75
90

999

IF (RUIRLIR) LT, EPS} GO YO 999
C = R{IK,4IR)

D0 10 J=1,N

R{IR,J) = P(IRLJ)I/C

DO 30 I=1,N

IF (1 .EQ. IR} GO TO 30

C = RUI,IR)

DO 20 Jj=1,N

RIT4J4) = R(I4J) - CxR{IR,JI)
CONTINUE

CONTINUE

DG 90 I=1,N

DC 237 K=1,N

Wlk) = R(I,K)

DO 40 K=1,4NK

IF (IVI(K) .EQ. 1) GC TC 60
CONTINUE

IF (1FT .EQ. G) GO TO 90
0BG S8 J=1;N

T(I,J) = 0.0

T(I,1) = 1.0

GO TC <0

DO 7C J=14N

R(J,1) 0.0

R(I’J, = C.0
IF (IFT .E€. 0) GL TO <
DO 15 J=1,N

T(1,J) = —W{N

T{I,1) = C.0

CONTINUE

RETURN

CALL 2ZH0MB (6HSRED3 HNERROR)
END
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NERROR=2
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SUBRRCOUTINE START

COMMMN /LSTART/ZIRUNNO,DATE ,NPAGE yUNAME(3),TITLEL(12),TITLE2(12)
COMMON /LLINE /NLINE,MAXLIN,MINI

DATA NIT RCT/5467

EACH TIME THYIS ROUTINE IS CALLED THE COMPUTER IS INTERCGRATED 1O

OBTAIN THE DATE, TIME OF DAY, AND THE CPU TIME. TIME CF DAY AND CPU ARE
PRINTED ON A NEW PAGE. NPAGE AND NLINE ARE THEN SET EQUAL TO ZtRC.

CARD 1 1S %EAD NMFEXT TO CBTAIN IRUNNO, MINI, AND UNAME.

IF IRUNNC=4HSTCP TWF PROGRAM IS STOPPED AT THIS PCINT,

IF IRUNNO=6HRETURN 2 RETURN IS MADEF TO THE CALLING PROGKAM.

IF TRUNNC IS NCT EQUAL TC STCP DR RETURN TWO ADDITIONAL CAKDS ARE READ.
CARD 2 1S READ NEXT FOR TITLE].

CARD 3 TS FEAD NEXT FOR TITLEZ2.

LAST A RETURN 1S MADE TC THE CALLING PROGRAM,

s NalealoXeNaNaEaNaNeNoNaNeNalaNaleXaNaNaNa Nl

CARD INPUT
1RUNNG,MINT ,UNAME FCRMAT (AbsA4,y3A6)
TITLE] FORMAT (1226)
TITLEZ FORMAT (12A6)
DEFINITICNS
TRUNNO = RUN NUMBER
DATE = DATE
NPAGE = PAGE NUMEEK
UNAME = USEPS NAME
TITLEY = FIRST TITLE
TITLE2 = SECCND TITLE
NLINE = LINE NUMBER
MAXLIN = MAXTIMUM NUMBER OF LINES PRINTED PER PAGE
MINI = PRINYT CPTION (IF MINI-+HMINI OTHER FORMA RGUTINES WILL

ATTEMPY TC MINIMIZE THE NUMBER OF PAGES PKINTED BY PRINTING
MORE THAN ONE SET OF DATA PER PAGE)

MODIFIED AUGe. 1973 BY JOHN ADMIRE *NASAX

OO0

1001 FORMAT (A6 AL 43A6)
1002 FORMAT (122r6)
2002 FORMAT (1H1 6(/) 55X 10RHTIME SHFET / 38X 45(1H-) //

* 36X 30HCURRENT TIME OF DAY 1IN HeM,S = A 6 //
* 38X 26HTOTAL CPTIME USED TO NOW = I5, ©H SECONDS. // )
2003 FORMAT (36HIEND OF INPUT DATA HAS BEEN REACHED.)

C

CALL SCLOCK (DATEZTIMELZESEC ,E6OSEC)

CALL CPUTIM (ICTIME)

ICTIM=ICTIME/Z1GOOOGO

WRITE (NCT,2002) TIME,ICTIM
c

NPAG==0

NLINE=0

MAYLIN=52

READ (N1T,1001) IPUNNC,MINI,UNAMF
IF{IRUNNDO .NE. 4HSTOP JAND. TRUNNDC .NE. 6HRETURN) GO TC 10
WRITE (NOT,2003)
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IF(IRUNNO .EC. 4HSTOP) STOP
IF{IRUNNO <EQ. 6HRETURN) RETURN

10 READ (NIT,1002) TITLE}
READ (NIT,41002) TITLE2
RETURN
END
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SUBRCUTINE STIF1 (PP 4DAEZ NPP,NDAEKDAE,KZ)
DIMENSION PP(1)y DAE(KDAE,1),y 2(KZ,1)

CALCULAYE STIFFNESS MATRIX (FREE-FREE) FOR A LONGITUDINAL KQOD.
ASSUMES CONSTANT FORCE BETWEEN CONSECUTIVE PANEL POINTS.
TRANSLATION AT EACH PANEL POINT ARE THE GENERALIZED CCORDINATES
INPUT 1S DISTRIBUTED STIFFNESS (AE).

SUBROQUTINE IS ALSO APPLICAELS FOR TORSICNAL RCD. THEN ROTATION AT
EACH PANFL PCINT ARE THE GENERALIZED CCORDINATES, DISTRIBUTED
STIFFNESS IS GJ.

CALLS FORMA SUBRDUTINE Z22ZBCOMB.

CODED BY C v CDLEY. FEFRUARY 1966.

LAST REVISION BY WA BENFIELD. MARCH 197¢.

SUBRCUTINF ARGUMENTS
pp = INFUT VECTCR OF PANEL POINTS. SILFINPP).

DAE = INPUT MATRIX GF DISTRIBUTED STIFFNESS STRAIGHT LINE
SEGMENTY DATA. TIZE(NDAE,4).
COL 1 = X AT SEGMENT END 1.,
CGL 2 = X AT SEGMENT END 2.
COL 3 = STIFFNESS AT SEGMENT END 1.
COL 4 = STIFFNESS AT SEGMENT END 2.
YA = QUTPUT STIFFNESS MATRIX. SI2E (NPPNPP).
NPP = INPUT NUMBER OF PANEL POINTS. SIZF (¥ VECTOR PP, MATRIX Z.
NDAE = INPUT NUMBER OF SEGMENTS (RCWS) IN DAE.
KDAE = INFUT RCW DIMENSION N0F DAE IN CALLING PROGRAM.
Kz = INPUT ROW DIMENSIGN OF 2 IN CALLING PROGRAM.

NERKOR  FXPLANATION

1 = LESS THAN 2 PANEL PCOINS,
2 = PANEL PCINTS NOT IN INCREASING ORDER.,
3 = DISTRIBUTED DATA MUST START AND END ON FIRST
AND LAST PANEL POINTS.
4 = DISTRIRUTEC DATA HAS GAPS.
5 = NEGATIVE STIFFNESS IS NOT ALLOWED.
CHECK THAT PANEL PCINTS ARE IN INCREASING CRDER.
NERRCR = 1
IF (MNPP .LT. 2) GG TQ 999
NERRCR = 2

DC £ K=z ,NPP
IF (PP{K~1) Gt. PP(K}) GO 70O 999
5 CONTINUF

CHECK. FIRST AND LAST PUINTS UF DISTRIBUTED STIFFMESE MATRIX,
NERROR = 3
IF (DAE(1,1) JNE. PP(1) +CR. DAE(NDAE,2) .NE. PP{(NPP)Y) GO TO 999

INITIALIZE DATA.
DN 10 I=1NPP
pe 10 J=1,NPP

10 2(1,9) = 0.0
NELVY = Npp-]
X2Savi- = DAE{L41)
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DG 90 I=1,NDAE

X1 = DAE(I,1)
X2 = DAF(1,42)
V1 = DAE(T,3)}
V2 = DAE(I.4)
NERROR = &
NERROR = 4
IF (X1 4GEe X2 «ORa XY NE. X2SAVE) GO TO 999
NERRCR = S

IF (V1 JLE. O 40R. V2 JLE. 0.) GO TC 999
X2SAVE = X2
DO 32 K=1,4NBAYS
IF (X1 .LT. PP(K+1)) GO TO 34
32 CONTINUE
34 XP = X1
ve = Vi
36 1F (X2 .LF. PP(K+1)) GO TO 38
XQ = PP(K+1)
VQ = V1 + (XQ=-X1)*(V2-V1)/(X2-X1)

G0 TO 39
38 XQ = X2
ve = v2

39 B = (VQ-VP)/(XQ~XF)

IF (B Q. CGo) GO TO 55
LIKyK) = Z{K,K) + aALOG(VQrsvP) / 8
GO TO0 70

55 Z(KeK) = Z(K,K) + (XQ-XP)/VP

70 IF (X2 .LE. PP{K+1}) GO TO 90
K = K+1
XP = ¥Q
ve = V&
GO TC Z -
90 CONTINUL

STOR2 2(1,1)
Z2(1,1) 0.0

DG 120 K=1¢NBAYS
L = K+}

STORY = 3 ./STORZ
STORZ = Z{L,L

nn

Z{K4K) = ZIK4K) + STOR]
2{KyL) = =STCP1
Z{LyK) = -STOR]
120 Z2(L,L) = STCR1
RETURN

999 CALL 2ZBOMB (6HETIFY1 oNERROR)
END
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SUBRCUTINE STIF2 (PPyDKAG4DEI 32 4NPP JNDKAGNDETyN2 JKDKAG,KDEI K2}
DIMENSTION PP(1)4DKAG{KDKAGy1) oDEI(KDETI;1)532(K2Z,1)

CALCULATE STIFFNESS MATRIX (FREE-FREE) FOR A BFAM, ASSUMES TONSTANT
SHEAR AND LINFARLY VeRYING BENDING MCMENT ETTWEEN TONSECUTIVE PANEL
POINMTSe LATERAL TRANSLATICN AND ROTATICN AT FACH PANEL PGINT ARE THE
GENERALIZED COGRDINATES. TRANSLATION COCRDINZ "ES ARE CROQUPED FI1RST
FOLLCWEL /Y ROTATION CCORCINATES &

SIGN CONVENTION IS ROTATION = -D(LATERAL DISP)/D(AXTIAL CCORDINATE).
INFUT IS DISTPIPUTED FLEXURE STIFFNESS, EI, AND ON QOPTICN

{NDKAG .GT. O} DISTRIRUTED SHEAR STIFFNESS, KAG.

CALLS FCRMp SHERCUTINE 2ZEQMB.

CODFT RY C RODLEY. FEBRUARY 1966.

LAST REVYIION BY Wi BENFIELD. MARCH 1976

SUBKUTINE ARGUMENTS

PP = INPUT VECTOR OF PANFL POINTS. SIZE(NPP).,
DKAG = INPUT MATRIY OF DISTRIBUTED SHEAR STIFFNESS STRAIGHT & “RF
SEGMENT DATA. SIZE{(NDKAG.4).
COL 1 = X AT SEFGMFENT END 1.
COL 2 = X AT SEGMENT ENG 2.
COL 2 = STIFFNESS AT SFGMENT END 1.
fOL 4 = STIFFNESS AT SEGMENT END 2.
DET = INPUT MATRIX OF DISTRIBUTED FLEXURE STIFFNESS STRAIGHT LINE
SEGMENT DATA  SIZE(NDEls4).
COLUMNS ARE SIMILAR TO DKAG.
2 = QU™ UT STIFFNESS MATRIX. SIZE(NZ,NZ).
NPP = INPUT HUMBFR CF PANFL PUINTS. SIZF OF VECTCR PP.
NDKAG = INPUT NUMBER OF SEGHENTS (RCOWS) IN DKAG. CAN BE ZERC.
NDET = INPUT NUMPER OF SEGMENTS (RCWS) IN BEI.
NZ = CUTPUT SIZE COF MATRIX 2. (NZ=2%NPP),
KDKAG = INP'!IT  ROCW DIMENSION CF DKAG iN CALL:iNG FROGRAM,
KDEI = INPUT RCW DIMENSION OF DETI N CALLING PROGRAM,
K2 = INPUT RCOW DIMENSION GF Z IN CALLING PROGKRAM.

NERKCR FXPLANATION

1 = LFSS THAN 2 PAMEL POINTS,

2 = PAMEL PCINTS NCT IN INCREASING ORDER.

3 = DISTRIRUTED DATA MUST STAR: AND END (N FIRST
AND LAST PANEL PPINTS.

4 = DISTRIFUTED CGATA HAS GAPS.

5 = NEGATIVE STIFFNESS 1S& NOT ALLOWED.

CHECK THAT PANEL PODINTS ARE 1N INCREASIK. ORDER,
NEKRCOR = 1

IF (NPF .LT. 2) GOY TO 999
NEFRGR =

A

DO E K=2,NPP
IF (pp(K‘l) «GEs PD'K)) GO 10 999
5 CCONTINUF

CHECK FIRST AND LAST POINTS OF DISTRIBUTED STIFFNESS MATRICES.
NERRQK = 3
IF (NDKAG JEC. O) GO YOO 7
IF (DKAG({Y41) JNE. PPLY) 0R, DKAGINDKAG.2) JNE. PPINPPIIGO TO 9y
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STIF2 -= 27 &

(DEXI (1,1) .NE, PP(1) .OR. DEXI (NDEI ,2) .NE. PP{NPP)IGO TO 999

C INITIALIZE GATA.

NZ

DO 10

-

2%ENPP
1=14N2Z

DO 10 J4=1,N2Z
10 Z(I,J) = C.0

NBAYS

Do
1F
IF
IF
IF
IF

DO
GO
21 X1
X2
vl
V2
GO
22 X1
b ¥4
vl
vz2
30
IF

IF

34 XP
vp
36 IF
xQ
Vo
GC
38 XQ
Vo
39 PL
HP
HO
A
B

nn

95

= NPP-1

T = 142

(NT .EQ. 1 .AND. NDKAG .EQ. 0O) GC TO 95
{(NT .EG. 1) NSEGS = NDKAG

(NT +EQ. 1) XZ2SAVE = DKAG(1,41)

(NT .EQ. 2) NCEGS = NDEI

(NT .ECQ. 2) X2SAVE = DEI(1l,1)

90 I=1,NSEGS

T0

nuwnmn

(2192209 NT
DKAG(1,1)
DKAG(T,2)
DKAG(I,3)
DKAG(]4)

T0 2¢C

nw

DEI(1,1)
DEI(1,2)
DEI(1,3)
DEI(1,4)
NERROR = &

(X1 .GE. X2 .0Re X1 NE. X2SAVE) GO TCO 999

NERRCR = &

(V1 .LE. 0. «ORa V2 .LE. 0.) GO TO 999
XZ2SAVE = X2
DO 32 K=1,NBAYS
IF (X1 .LT. PP(K+1)) GO TO 34

32 CONTINUE

x1
Vi

(X2 .LE. PP(K+1)) GC TO 38

PPIK+1)
V1 + (XQ—XI)*(VZ—VI)I(X:-XI)

To 3¢

nnnaun

vLOG
GO TO (504,60) ¢oNT

50 IF (8

X2

vz
XQ~XP
XP-PP(K)
XQ~PP{K)

(VPXHO - VQ*HP)/PL
(VQ-VP)/PL

= ALCGIVQ/VP)

«fQ. 0¢) GO TO 5S¢

Z(K4K) = Z(KyK) + VLOG/L
GO TO 70
55 Z(KsK) = Z(KyK) + PL/VP

o
\
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GO TC 70
60 L = K+NPP
IF (B .EQ. 0.) GC TO 65

2UK4K) = 2(KgK) + (HQ¥**2-HP*¥%2)/(2.%R) — A*PL/B*%2 +A%22%xYL(0G/B*%3
Z{KyL) = 2(Kel) + PL/B — AXVLOG/B%x%x2
2(LyL) = Z({LsL) + VLDG/E
G TC 70
65 2(KyK} = Z{KyK) + (HO**3-HPA%3)}/(3.*VP)
ZEK L) = 2(Kel) + (HQ*22-HP%X%2) /({2 .2VP)
2(LsL) = Z(L,LY + PL/ZVP
C
70 IF (X2 JLE. PPI(K+)1)) GO TO 90
K = K+1
XP = xQ
VP = VQ
GO TO 36
90 CONTINUE
9% CONTINUE
C
NPPY1 = NPP + 1
STR21 = Z(1,1)
STR22 = Z({1,NPP1})
STR23 = Z(NPP1,NPPl)
2(1,1) = O.
2Q1,HPPY) =040
Z(NPPYI,NPP1)=(.0
DO 120 K=1,NBAYS
Lt =K + 1
M = K + NPP
N=M=+1
D = STR2I*STR23 ~ STR22%**2
BL = PP(K+1) - PP(K)
STR11 = STRZ3/0D
STR12 = ~5TRz2/D
STP13 = STRZ21/D
STRZ2Y = Z(L,L)
STR2Z = Z(L.N)
STR23 = Z (N,N)
ZIKyK) = Z(KyK) + STRI1A
Z(KyL) = ~CTR11
Z{KyM) = Z(KyM) + STR12
Z(K4N) = ~(BL*STR11 + STR12)
Zi{L,L) = STR11
ZlLyM) = ~STR12
ZILgN) = ~7Z(K,N)
Z(MeM) = Z{Ms,M) + STR13
Z(MeN) = -{BL*STR12 + STR13)
120 Z(NgN) = B x¥2%xSTR11 + 2.*%B{*STR12 + STR13
C

C SYMMETRIZE.
DO 160 I=1,NZ
DO 160 J=J4NZ
160 2(J,1) = Z(1,4)
RETURN
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999 CALL ZZBOMB (6HSTIF2 ¢NERROR}
END -
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SYMLH
SUBROUTINE SYMLH (AsNsKR)
DIMENSION A(KR,s1)
SYMMETRIZE MATRIX A BY PLACING VALUES FROM
ABOVE THE DIAGONAL BELOW THE DIAGONAL.
CODED BY RUL WOHLEN. FEB 1965.

SUBROUTINE ARGUMENTS

A = INPUT, CUTPUT SUPPLIED AND RESULT MATRIX. SIZE(N,sN).
N = INPUT SIZE OF MATRIX A (SQUARE).
KR = INPUT ROk DIMENSION OF A IN CALLING PROGRAM.

DO 10 I=1,N
DO 10 J=IN
10 A(J.I) = A(I,J)
RETURN
END
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SYMUH
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SUBROUTINE SYMUH (A,N,yKR)
DIMENSION A(KR,1)

SYMMETRIZE MATRIX A BY PLACING VALUES FROM
BELOW THE DIAGONAL ABCVE THE DIAGONAL.
CODED BY RL WOHLEN.. FEB 1965.

SUBROUTINE ARGUMENTS

A = INPUT, OUTPUT SUPPLIED AND RESULT MATRIX. SIZE(N,N).
N = INPUT SIZ2E OF MATRIX A (SQUARE).
KR = INPUT ROW DIMENSION OF A IN CALLING PROGRAM.

DO 10 I=1,N
DC 10 J=1I,N
10 A(I,J) = A(J,I)
RETURN
END
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LIN
VAL
coD
LAS

XA
Xz
YA
Y2
NXA
NXZ
NCA

KA
KZ

TEEP]

——— -

SUBROUTINE TERPI (XA9XZ9YAyYZ o NXAJNXZ JNCASKALKZ)
DIMENSION XA(1)9XZC1)aYA(KALL)2YZ(KZ,y1)

EAR INTERPOLATION.

UES OF XZ MAY BE OCUTSIDE OF XA. {EXTRAPOLATION).
ED BY RF HRUDA. SEPTEMBER 1965,

T REVISION BY J ERNST, OCT 1973.

SUBROUTINE ARGUMENTS
= INPUT VECTOR OF X—-COORDINATES F(OR ROWS QF YA, MUST BE IN
INCREASING ORDER. SIZE(NXA)e
= INPUT VECTOR OF X—COORDINATES FOR INTERPOLATED VALUES.,
SIZE(NXZ) .
= INPUT MATRIX OF Y-COORDINATES TO BE INTERPOLATED.
SIZE(NXAsNCA).

OQUTPUT MATRIX OF INTERPOLATED Y-COORDINATES. SIZE(NXZ,NCA).
FACH COLUMN OF YZ HAS INTERPOLATED VALUES OF THE
RESPECTIVE COLUMN OF YA.

INPUT NUMBER OF XA STATIONS, ROWS OF MATRIX YA.

INPUT MUMBER OF XZ STATIONS, ROWS OF MATRIX YZ.

INPUT NUMBER OF COLUMN VECTORS IN MATRICES YA,YZ.

INPUT ROW DIMENSION OF YA IN CALLING PROGRAM,

INPUT ROW DIMENSIGN COF YZ IN CALLING PROGRAM.

wononnn

DO 30 K=1,NXZ
DO 10 I=1,NXA
IF(XZ(K)JLEJXALTI+]) .ORs (I+41).EQ.NXA) GO TO 20

10 CONTINUE

20 DO 30 J=1,NCA

30 YZ(KyJd) = YA(IJ) + (XZ(K)=XA(INIX(YA(I+1,4)-YA(I,J))/
* (XA(I+1)=-XA(I)}

RETURN
END
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SUEROQUTINE TERPZ (XAgXZ YAy YZ yNXAJNXZ NCAyKALKZ)

DIMENSIGN

XA(1)4XZ(1) 3 YALKA 1) ,YZ(KZy1)

DIPARABCLIC INTERPCLATION.

(PARABOLIC INTERPOLATICN IN FIRST,LASYT BAYS AND CUTSIDE XA}.
VALUES OF X2 MAY PE OUTSIDE OF XA. (EXTRAPOLATION]}.

CALLS FCRMA SUPRCUTINE Z2EOMB.

CODED BY RF HRUDA. FERRUARY 1965,

LAST REVISIUON BY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS

VECTCR OF X-COORDINATES FCR ROWS OF YA. MUST EBE IN
INCREASING ORDER. SIZE(NXA).

VECTCR OF X-COORDINATES FCR INTERPOLATED VALUES.
SIZE(NXZ).

MATRIX OF Y-COORDINATES TO BE INTERPOLATED.
SIZE(MXASNCA).

MATRIX CF INTERPOLATED Y-CCORDINATES. SIZE(NXZ,NCA).
EACH CCLUMN OF YZ HAS INTERPOLATED VALUES OF THE
RESPECTIVE COLUMN OF YA.

NUMBER OF XA STATIONS, ROWS OF MATRIX YA.

NUMBER OF X2 STATIONS, ROWS OF MATRIX YZ.

NUMBER CF COLUMN VECTORS IN MATRICES YA,YZ.

ROW DIMENSION OF YA IN CALLING PROGRAM.

ROW DIMENSIGCN OF YZ IN CALLING PROGRAM.

NERROR FXPLANATICN

XA = INPUT
XZ = INPUT
YA = INPUT
YZ = QUTPUT
NXA = INPUT
NXZ = INPUTY
NCA = INPUT
KA = INPUT
KZ = INPUT
1 =

LESS THAN 3 STATIONS.

NERRCOR =

IF (NXA «LT. 3) GO TQO 999

DO 400 K=1,NX2

IF (XZ{K}.

LE.XA(2)) GO TC 100

IF (XZ(K).GE.XA(NXA-1)}} GO TC 300
DO 50 Y=3,NXA

IF (XZ(K).LE.XA(I)) GO TO 200

50 CONTINUE

FIRST BAY Ok LEFT EXTRAPOLATION.

100 BAYL =

INTERIOR BAY.

%*
*

XA(2)~-XA(1)

H = (XZ{K)-XA(1))/BAYL

D = (XA(3)-XA(1))/BAYL

DO 102 J=1,NCA

102 YZ(KyJ)= YA(1,J)%(H®*2-H*(1.04D)+D) /D
+ YA(2 9 J)%(H2%2-HxD)}/(1.0-D)

+ YA(3 301 * (~H*%*24H)/ (D~-D*%x2)

GO T0 400

200 BAYL = XA(I)=XA(I-))

H
c
D

nun

(XZ(K)
(XA(I-2)-XA(T-1))/BAYL
(XA(I+1)-XA(I-1))/BAYL

-XA(I-1)D/BAYL

DO 202 J=14NCA

1
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202 YZ(Kyd)= YAMI=23J)¥(H¥*%3=2,0%H**24H )/ (C-C*%*2)

+ YA(I=1,0) % (H*2x32(C~D ) +H*%2%(2.0%D-C} ~H*(D+C*D ) +C2D )/ (C2D)

+ YA(I  2J)*{H*%3%x(D~C)+H**%2%(1,0~2.0%D+C) ~H*C*(1.0-D))/
((1.0-C)*(1.0-D))

* % * #

+ YA(I+),40)%(~Hx*3 +H*%2)}/{D~-D*%2)
G0 10 400
c
C LAST BAY OR RIGHT EXTRAPOLATION.
300 BAYL = XA(NXA)-XA{NXA-1)
H = (XZ(k} ~XA(NXA-11))/BAYL
C = (XAINXA-2)-XA(NXA~1))/BAYL
DC 302 J=1,NCA
302 YZ{KeJd)= YA(NXA=2,J)* (—H**2+H)/(C-C*%2)

* + YA(NXA=1,J)* (H%*2-~H*(1.0+C)+C)/C
® + YA(NXA J)*tH**x2~-H*C)}/(1.0~-C)
c
400 CONTINUE
RETURN
L

999 CALL ZZBOMB (6HTERPZ (NERROR})
END
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2000
2010

2020
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SUBRCUTINE TIMCHK (NAMCHK)

COMMON /LTIME / NTM,NOCK(10)y,NAM{10),TOTT(10),TLAS(10)
COMMON /LLINE / NLINE ¢MAXLINgMINI

DATA NIT4NCT/5,6/

DATA KT/10/

THE PURPOSE NF THIS ROUTINE IS TC DETERMINE THE ELAPSED CPU TIME
BETWEEN DEF INFD POINTS IN A PROGRAM. UPTC 10 DEFINED TIME CHECKS

CAN BE ORTAINED USING ThIS ROUTINE. THE ROUTINE IS USED BY CALLING

IT AT THE PCINT IN THE PROGRAM WHCRFE THE TIME CHECK IS TO START AND
THEN CALLING IT AGAIN AT THE PCINT WHERE THE TIME CHECK IS TO END.

THE TIME CHECK IS IDENTIFIED BY THE ARGUMENT NAMCHK AS AN né& VARIABLE
(IE NAMCHK=6HTIME 1}. IF MORE THAN ONE TIME CHECK IS MADE USING THE
SAME NAME FOR THE ARGUMENT NAMCHK THE SUM OF THE ELAPSED TIMES WILL BE
RECORDED.

BEFORE THIS ROUTINE CAN BE USED IT IS NECESSARY TO INITIALIZE IT.
THIS DCNE BY CALLING IT WITH NAMCHK=6HTBEGIN.

THE RESULTS OF THE TIME CHECKS MADE BY THIS ROUTINE ARE PRINTED

BY CALLING IT WITH NAMCHK=GHTPRINT. 7THF DATA PRINTED CONSISTS OF

A TABLE CONTAINING THE NAMES OF THE TIME CHECKS, THE TOTAL ELAPSED
CPU TIME FOR EACH NAMED TIME CHECK, THE NUMBER OF TIMES EACH NAMED
TIME CHECK WAS MADE, AND THE AVERAGE CPU TIME FOR EACH NAMED TIME

CHECK (TE TOTAL ELAPSED TIME DIVIDED BY THE NUMBER TIMES THE TIME

CHECK WAS MADE).

ARGUMENT
NAMCHK -~ INPUT (A6 FORMAT) TIME CHECK IDENTIFICATION
IF(NAMCHK=6HTEEGIN) ROUTINE IS INITIALIZED
IF(NAMCHK=6HTFRINT) RESULTS ARE PRINTED

FORMA SUBROUTINES CALLED ARE PAGEHD AND ZZBOMB.
CODED BY JOHN ADMIRE *NASAx* AUG 1973.

FORMAT(/1X123(1H-))

FORMAT(//75%1X24(1H*) /51X24H* CPU TIMF CHECK TABLE *,
*/3TX50(1H%) /37X,
*50H* MAME OF *  TOTAL * NUMBER CF * AVERAGE #/37X,
x50H* TIME CHECK * CPU TIME * CHECKS MADE * CPU TIME %/37X50(1H%x))
FORMAT (37X,
*LHH* 1 A6 45K % gFBe292H *¥SX9I3,5X2H%* 4FBa2y2H *
x/3TXE0( 1H%))

IF(NAMCHK .FEG. 6HTBEGIN) GO TO 60

IF(MAMCHK .fQ. 6HTPRINT) GO TO 80

L=NTM+1

CALL CPUTIM(ICTIM)

C1=ICTIM

£1=C1/1000000.

It 'NTM .NE. 0) GO TC 30

NERR(OR=]

IF(L .GT. KT) GO TO 999

NAM(L)=NAMCHK

NTM=L



20

30

40

50

60

70

80

90
100

110

120

999

TLAS(L)=C1

RETURN

DO 40 I=1,NTM

LL=1

IF(NAMCHK LEQe. NAM(1)) GO TO 50
CONTINUE

60 TO 10

L=LL

IF(TLAS(IL) .LT. O0.) GO TO 20
TOTTLL)=TOTT{L)+(C1-TLAS(L))
TLAS(L)=-1.

NCCK (L)=NOCK(L)+1

RETURN

NTM=0

DO 70 1I=1,KY

NOCK(1)=0

NAM(I)=6H

TOTT(I)=0.

TLAS(1)=-1.

RETURN

IF(MINI .NE. 4HMINI) GO TO 90
IF(NLINE .LEe. 5 o0Re NLINE ,GE. MAXLIN)} GO YO 90
NN=10+NTM=z

IF(NLINF+NN .GT. MAXLINY GO TO 90
WRITE(NOT,2000)

NLINE=NLINE+2

6C TG 100

CALL PAGEHWD

WRITE(NIT 42010)

NLINE=NLINE+8

NERROR=2

IF(NTM .EQ. O) GO TO 999

DO 120 I=1,NTM

IF(NLINE+2 JLE. MAXLIN) GO TO 110
CALL PAGEHD

WRITE(NOT,2010)

NLINE=NLINE+S

C2=NOCK{T)

C1=7T0TV(I)/C2

WRITE(NCT,2020) NAM(I)TOTT(I)4NOCK(TI),C)
NLINE=NLINE+2

RETURN

CALL ZZBOMB(6HTIMCHK¢NERROR)
END

TIMCHK~= 2/ 2
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SUBRCUTINE TRAE2 (IXRUNO,IXNAME,IFA,A9IFByByIFCyCoIFD,DyIFELE,

* ZTMM  STARTTLENDT MLTXTPyNWRITE ZIDENT»STA,

* INAME ¢ NZ 4KZ JNXTAPE JNZTAPE,, STOREZ)

DIMENSION A(KZ91)3B(KZ91)9CUKZy1)sDUIKZeY Y oE(1)3ZTMM(KZ y1) oSV 210y
* ZIDENT(1),STOREZ(KZ,41)

DIMENSION STORET(6)

COMMON /LWRKV1/ XDD{250), XDi1250)
COMMON /LWRKV2/ X(250), Z(250)
COMMON /LWRKV3/ F(500)

COMMON /LSTART/ I1ZRUNO,ZDATE,NPAGE,UNAME(3) ,TITLE1I(12),TITLEZ2(12)
COMMON /LLINE/ NLINE,MAXLIN,MINI
DOUBRLE PRECISICN S4SSe2ERQ

OATA ZERO/0.D/

DATA NITNOT/S,67/

DATA NLPP,BUF, EOT/

* 54 o 0.93HECT/

SCLVE THE MATRIX EQUATION

Z(T) = A*XDD(T) + B3XD( ) + C*X(T) + D*F(T) + E
THAT 1S, THE ADDITIONAL EQUATIONS TO GETY SHEAR, BENDING MOMENT, ETC.
ToXDDsXD9XoF ARE OBTAINED FRUOM NXTAPE (CGUTPUT OF TIME RESP SUBRT).
NXTAPE 1S POSITIONED BY SEARCHING FOR RUN NUMBER (IXRUNC) AND
WAME (IXNAME).
THE ANSWER Z(T) WILL BE WRITTEN ON NZTAPE EVERY MLTXTP*XDELTA (OF
TIME RESP) AND ON PAPER EVERY NWRITE*(MLTXTP*XDELTA).
NZTAPE MUST HAVE BEEN INITIALIZED WITH SUBROUTINE INTAPE. A HEADER,
TIME PCINT DATA, AND END-OF~FILE WILL BRE WRITTEN ON NZTAPE HERE.
THE MAXIMUM AND MINIMUM VALUES OF Z WILL BE DETERMINED AND OUTPUT
THRU MATRIX Z2TMM.
COMMON /LSTART/ IS DEFINED IN SUBROUTINE START.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBROUTINES PAGEHD,ZZROMB.
THE MAXIMUM SIZES ARE (BASED ON DIMENSIONS OF XDDeXDeXgFyZ)

NX = 250

NF 500

NZ 250
CODED BY RL WOHLFN. MARCH 1965.
LAST REVISION BY RL WOHLEN. MARCH 1976.

now

SURROUTINE ARGUMENTS

IXRUNO = INPUT RUN NUMBER OF TIME RESPONSE DATA TO BE READ FROM
NXTAPE. (A6 FORMAT).

IXNAME = INPUT IDENTIFICATION OF TIME RESPONSE DATA TO BE READ FROM
NXTAPE. (A6 FORMAT).

IFA = INPUT A NEED NOT BE DIMENSIONED IN MAIWN PROG FOR 1FA = O

A = INPUT MATRIX COEFFICIENT OF XDD. SIZE (NZ,NX).

IFB = INPUT R NEED NCT BE DIMENS1IONED IN MAIN PROG FOR IFB = O

B = INPUT MATRIX COEFFICIENT OF XDe. SIZE (NZeNX).

IFC = INPUT C NEED NOT BE DIMENSIONED IN MAIN PROG FOR IFC = O

c = INPUT MATRIX COEFFICIENT OF X. SIZE (NZyNX).

IFD = INPUT D NEED NO™ Bt OIMEMSIONED IN MAIN PROG FOR IFD = O

D = INPUT MATRIX CCOLFFICIENT OF F, SIZE (NZyNF).

1F = INPUT E NEED NOT : E DIMENSICONED IN MAIN PROG FOR IFE = O

£ = INPUT VECTOR. SIZE (NZ).

ZTMM = QUTPUT MATRIX OF Z MAXy MIN AND TIMES. SIZE (NZy4).
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STARTY

ENDT

MLTXTP

NWRITE

ZIDENT
STA

INAME
N2z

KZ
NXTAPE
NZTAPE

STOREZ

N -

Hnpawn

P WN -

NX

2010 FORMAT (/

NERROR

= INPUT

= INPUT

= INPUT

= INPUT

INPUT
INPUT

on

INPUT

L]

INPUT
INPUT
INPUT

nwn

INPUT

n

INPUT

"

TIME

TRAE2 -~ 2/ 5

-

ceL 1 Z MAX, coL 2 TIME AT Z MAX,
coL 3 1 MIN, coL 4 TIME AT Z MIN.
START TIMF FOR ADDITIONAL FOQUATIONS. MAY BE GREATER
THAN START TIME USED IN TIME RESPONSE. IF LESS,
TIME RESPONSE START TIME IS USED.
ENG TIME FOR ADDITIONA!. EQUATIONS. MAY BE LESS
THAN END TIME USED IN TIME RESPNNSE. IF GREATER,
TIME RESPONSE END TIME IS USED.
MULTIPLE QF TIME RESPONSE POINTS TO USE FOR ADD. EGS.
MLTXTP = 1 USE EVERY TIME RESP POINT (1+7+3re00)
MLTXTP = 2 USE EVERY SECOND TIME RESP POINT (1933459ecs)
ETC
MULTIPLE OF ADDITIONAL FQS POINTS 7O WRITE ON PAPER,
NWRITE = 1 WRITE EVERY POINT (132935e04)
NWRITE = 2 WRITE EVERY SECOND POINT (143959cee)
ETC
HEADING FCR Z IN PRINTED CQUTPUT. (12A6 FORMAT).
STATIONS FOR ROWS OF Z IN PRINTED OQUTPUT. SIZE (NZ).
{A6 FORMAT).
IDENTIFICATION OF ADDITIONAL EQS DATA TO BE WRITTEN
ON NZTAPE. (A6 FCORMAT).
NUMBER OF ROWS IN A3ByCyDeEoZTMM,STOKEZ . MAX=250.
ROW DIMENSION OF AgByCeDyZTMMa STOREZ IN CALLING PROG.
NUMBER OF TAPE FROM WHICH T¢XDD¢XDyXeF WILL BE READ.
{EG 1).
NUMBER OF TAPE ON WHICH To2 WILL BE WRITYEN. (EG 10
IF NZTAPE = 0, BYPASS WRITING Z ON NZTAPE.
WORKSPACE MATRIX TO STORE TIX COLUMNS OF Z FOR
PRINTING. SIZE (NZy6)e

"o
nn

THE OUTPUT DATA (TO BE WRIVTEN ON NZTAPE AND PAPER) 1S

SHEAR, BENDING MOMENT, ETC. SIZE(NZ).

EXPLANATION

SIZE EXCEEDANCE,

X ANG Z DATA CANNOT SHARE SAME TAPE.
REQUESTED RUN NUMEFER OR NAME CANNOT EBE FOUND.

OR NF EXCEEDS ALLCWABLE SIZE.

15Xy 1246 /7 O9Xs6HTIME = F1l4.645F17.6)

2011 FORMAT (2X,3HROW, 3X,7THSTATICN)
2012 FORMAT (I544X9A6496E17.8)
2050 FORMAT (/ 1X 123(1H~) )

c

IF (NZ .GTe.

IF (NXTAPE

c

NERROR=1

250) GO TO 999

NERROR=2

«EQ. NZTAPE) GO TO 999

C SEARCH NXTAPE FOR CORRECT HEADING.

REWIND NXTAPE
2 READ

(NXTAPE) ITRUND, ITNAME oI FOTCK ¢ XSTART oXDELTA S XEND ¢NXoNF yNXT P
IF (ITRUNO.EQ.IXRUNO JAND. ITNAME.EQ.IXNAME) GO TQ 5

NERROK =3
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IF (IEQTCK +FQ. 3HEOT) GO TO 999
DO 3 IXTP=1,NXTP

3 READ (NXTAPE)
GO TO 2

5 NERROR=4
IF (NX «GT. 250 +0Re NF .GT. 500) GC TO 999
2START = STARTY
ZEND = ENDT
IF (ZSTART 4LT. XSTART) ZSTART
IF (ZEND «GT. XEND ) ZEND =
HXDEL = S*XDELTA

= XSTART
X AD

FIND X-TIME POINT NUMBER FOR ZSTART.

DO &6 IXTP=1,NXTP

XTIME = XSTART + FLOAT(IXTP-1)%*XDELTA

IF (ARS(ZSTART-XTIME) .LE. HXDEL) GO TO ?7
6 CONTINUE
T IXTPZS = IXTP

ZSTART = XTIME

FIND X~TIME POINT NUMBER FOR ZEND.
Iz7p =1
g IXTP = IXTP + MLTXTP ¢
XTIME = XSTART + FLOAT(IXTP-1)*XDELTA
IZTP = 127P+]
IF (XTIME .LF. (ZEND+HXDEL)) GO TO 8
IXTPZE = IXTP-MLYXTP
ZEND = XSTART + FLOAT(IXTPZE-1)*XDELTA
NZTP = 127P-1
ZDELTA = FLOAT(MLTXTP ):XDELTA

SKIP RECORDS ON NXTAPE UP TO X-TIME POINT NUMBER FOR ZSTART,
IF fTXTPZS .EQ. 1) GO TO 10
IXZiSt.i = IXTP2S~1
DO 9 I=1,1%x25M1

9 READ (NXTAPE)

SEARCH NZTAPE FOR END OF WRITTEN DATA.
10 IF (NZTAPE .LE. 0) GO TO 20
REWIND NZTAPE
15 READ (NZTAPE) BUFIN,BUFIN,IFOTCKo(BUFINsI=144)4NREC
IF {IFOTCK .EQe. 3HEOT) GO TO 17
DC 16 IREC=1,NKEC
16 READ (NZTAPE)
GO T 15
17 BACKSPACE NZTAPE
WRITE (NZTAPE) IZRUNO,ZNAME ZZDATESZZSTARTHZDELTALZENDINZ WN2TF,
* (BUF31=1411) 3 (ZIDENT(I)oI=1,412),(STA(1)s1=1,N2)

ADDITIONAL ECUATIONS LOOP.
20 ILXTP = MLTIXTP~1
DO 299 IXTP=IXTPZS,IXTPZE
LXTP = LXTP41
IF (LYTP''.FO. MLTXTP) GO TO 25
READ {NXTAPE)
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GO TO 399

25 READ (NXTAPE) T, (FUJ)sJ=1sNFDy (XDDUT)I=14NX)y (XD(1),1I=14NX),
x* (X{Y) 41=14NX)
LXTP = ¢

DO 35 1=1,N2
35 2(1) = C.
IF (IFA .EG. 0) GO TO SO
DO 45 I=1,NZ
€ = Z2ERQ
DC 44 J=1 4NX
S = All,J¥*XDD(J)
44 SS = SS + £
4% 28(1) = 2(1) + SS
$S¢ IF (1FR ,FQ. 0O) GO 71O 60
DO 55 1I=1,NZ
SS = ZERD
DL S4 J=1,4NX
S = BIT,J1*%XD())
54 S€ = SS + S
55 2(1) = 2(1) + SS
60 I¥ (IFC .EQ. 0) GO TG 7¢
DO 65 I=1,4,NZ
SS = ZERQ
DO 64 J=1,NX
S = Cl{IqaJ)%X0S)
64 SS = SS + S
6% Z(1) = 2(1I) + SS
70 TF (IFD .EQ. C) GC TO 80
DC 75 I=1,NZ
$S = ZE*C
DC 74 J=1,4NF
S = DUILJI*FLI)
T4 SS = SS + S
75 2{1) = Z{1) + €S
80 IF (IFE .EOQ. O) GO TO 100
DO &5 I=1,NZ
85 z2(1) = 2(1) + E(])

WRITE T,2 ON NZTAPE FOR LATER USE.
100 IF (NZTAPE .GT. 0) WRITE (NZTAPE) T¢i1Z(I),y1=1,N2)

CALCULATE MAXIMUM AND MINIMUMS OF Z. PLACE IN ZTMM.
COL 1 = Z MAX, {CL 2 = TIME CF Z MAX,
CoL 3 = Z MIN, COL 4 = TIME OF Z MIN.
IF (IXTP .GT. IXTPZS) GO TQ 150
DO 110 I=1,NZ

ZTMM(T,4)) = 2(1)

ZTMM(1,2) = 7T

ZTMM(T,3) = Z(1)
110 ZTMM(I,4) = T

NCCGL = O

GC TC 190

150 DG 155 1I=1,NZ
IF (ZU1) JLE. ZTMM(1,3)) GO TOQ 152
ZTMMIIL 1) = 2(1)
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ZTMM(I,2) = 7

IF (Z(1) .GE. ZTMM{(1,3)) GO TC 155
ZTMM(T,3) = 2(1)

ZTMMLT4) = T

CONTINUE

SEE IF DATA SHCULD BE PRINTED.
COLLECT SIX CCLUMNS CF T AND Z BEFORE PRINTING.

190

200

210

381

800

810

287

399

999

IF (IXTPJLT.IXTPZE JAND. NW.LT.NWRITE) GO TO 210
NCOL = NCCOL + 1

STORET(NCOCL) = T

DO 200 1=1,N2

STOREZ(ILNCOL) = Z(1I)

NW = 0

NW = NW + 1

IF (IXTPLLT.IXTPZE AND. NCOL.LT.6) GO TO 399

NZE = O
NZS = NZE + 1
NZE = NZ

IF ((NZE-NZS) .GT. (NLPP-11)) NZE=NZS+{(NLPP~11)

IF (MINTI .NE. 4HMINI) GO TO 8CO

IF (NLINE .LE. S OR. NLINE .GE. MAXLIN) GO TO 80C
IF ((NLINE+2+54NZ) .GT. MAXLIN) GO TO 800

WRITE (NOT,2C50)

NLINE = NLINE + 2

GC TC &10

CALL PAGEHD

WRITE (NCT,2010) (ZIDENT(I), 1=1,12), (STORET(I}, 1I=1.,NCOL)
WRITE (NCT,2011)

NLINE = NLINE + 5

DO 387 I=NZSeNZE

NLINE = NLINE + 1

WRITE (NOT,2012) J,STA(I)9(STOREZ{I+J)yJ=1,NCOL)
IF (NZ .GT. NZE) GO TC 381

NCGL = O

CCNTINUE

IF (NZTAPE .LF. 0) RETURN

WRITE (NZTAPE) BUFBUFLECT9(BUF21=1,16)
ENDFILE NZTAPE

RETURN

CALtL Z22B0MB (6HTRAEZ2 SNERROR)
END
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SUBROUTINE TRANS (A5ZyNRAJNCAsKRA,KRZ)
DIMENSION A(KRAs1)s ZUKRZs1)

TRANSPOSE MATRIX A INTG MATRIX 2..
CODED BY RL WCHLEN. FEB 1965.

SURROUTINE ARGUMENTS

A = INPUT MATRIX. SIZE(NRALNCA).

y 4 = QUTPUT RESULT MATRIX. SIZEINCA,NRA).

NRA = INPUT NUMBER OF ROWS OF MATRIX A, COLS OF MATRIX Z.
NCA = INPUT NUMBER OFf COLS OF MATRIX A, ROWS OF MATRIX Z.
KRA = INPUT ROW DIMENSION OF A IN CALLING PROGRAM.

KRZ = INPUT ROW GIMENSION COF Z IN CALLING PROGRAM. -

D0 10 I=1,NR2

DO 10 J=14NCA
10 Z(J,1I) = A(I,J)

RETURN

END
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SUBRGUTINE TRMM  (IXRUNC; IXNAME s XTMMSTARTV LENDT 3 NXoKX ¢NXTAPE)
DIMENSICN XTMM(KX,1) )

COMMON /LWRKVY/ XDD{250), XD{250)

COMMON /LWRKV2/ X{(500)

FIND XDD, XDy X MAXIMUMS, MINIMUMS, AND TIME CF OCCURRENCE FROM TIME
RESPONSE TAPE.
NXTAPE IS POSITIONED BY SEARCHING FOR RUN NUMBER (IXRUNO) AND
NAME (IXNAME).
THE MAXIMUM S1ZE 1S (B/°ED ON DIMENSIONS OF XDDyXDyX)
NX = 250
DEVFLCPED RY RL WCOHLEN. NOVEMBER 1675.
LAST REVISION BY WA EENFIELD. MARCH 1976.

SURRCUTINT ARGUMENTS
IXRUNC = INPUT RUN NUMBER OF TIME RESPONSE DATA TO BE READ FROM
NXTAPE. (A& FORMAT).
INPUT YIDENTIFICATICN OF TIME RESPONSE DATA TO BE READ FROM
NXTAPE. (A6 FGRMAT).
QUTPUT MATRIX OF MAX, MINS AND TIMES
CcCL XDD MAX coL 2
CoL XDD MIN coL 4
coL XD MAX (oL 6
8
0

IXNAME

i

XTMM STZEINX,12).

TIME AT XDD MAX
TIME AT XDD MIN
TIME AT XD MAX

TIME AT XD MIN

H

coL X MIN coL
coL X MAX coL 1 TIME AY X MAX
coL 11 = X MIN cor 12 TIME AT X MIN
INPUT START TIME FOR MAXIMUM, MINIMUMS. MAY BE OGKEATER
THAN START TIME USED IN TIME RESPONSE. 1IF LESS,
TIME RESPONSE START TIME IS USED,
INPUT END TIME FOR MAXIMUM, MINIMUMS. MAY BE LESS
THAN END TIME USED IN TIME RESPONSE. IF GREATER,
TIME RESPONSE END TIME IS USED.
CUTPUT NUMBER CF ROWS IN MATRIX XTMM, MAX=2%0.
INPUT ROW DIMENSION CF XTMM IN CALLING PROGRAM.
INPUT NUMBER OF TAPE FROM WHICH T.XDDsXDoX WILL BE READ.
(EG 1).

O N
tuononton
(L I | I T I T I T

"

STARTT

ENDT

NX
KX
NXTAPE

oHnn

NERROR FXPLANATIONS
1 = REQUESTED KUN NUMBER CR NAME CANNOT BE FOUND.
2 = SIZE EXCEEDANCE.
S

EARCH NXTAPE FOR CORRECT HEADING.
REWIND NXTAPE

2 READ (NXTAPE) ITRUNOC, ITNAME,IFOTCK ¢ XSTART JXDELTA, XEND¢NXoNF4NXTP
1F (ITRUMDLEQeIXRUND .AND. ITNAME.EQ.IXNAME) GO TOC 5

NERROR=1
IF (IECTCK .FQ. 3HECT) GO TG 999
DO 3 IXTP=1,NXTP
3 READ (INXTAPE)
G0 10 2
5 NERROR=2

IF (NX .GY. 250) GO TC 999

STRMM = STARTY

ENDMM = ENDT

IF (STRMM .LT. XSTART) STRMM = XSTART
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(XDD(IYy I=14NXDY, (XD(I)oI=1,4NX),

, «GT. XEND ) ENDMM = XEND
. HXDEL = o5%XDELTA
FIND X-TIME PCOINT NUMBER FOR MAX-MIN START.
. DC 6 IXTP=1,NXTP
XTIME = XSTART + FLCAT(IXTP-1)*XDELTA
IF (ARS({STRMM-XTIME) .LE. HXDEL) GO 71O 7
6 CONTINUE
7 IXTPS = IXTP
~ FIND X-TIME PNINYT NUMBER FOR MAX-MIN END.
. 8 IXTP = IXTP + 1
i XTIME = XSTAPT + FLOAT(IXTP-1)*XDELTA
IF (XTIME .LF. (ENDMM+HXDEL)) GO TO 8
IXTPE = IXTP - 1
" 'SKIP RECORDS ON NXTAPE UP TC X-TIME POINT NUMBER FOR MAX-MIN START.
1F (IXTPS .F0. 1} GC TC 100
IXTSM1 = IXTPS-1}
DC 9 I=1,iXTsM]
9 READ (NXTAPE)}
FIND MAXIMUMS AND MINIMUMS. PLACE IN XTMM.
COL 1 = XDD MaX COL 2 = TIME AT XDD MaAX
CCL 3 = XDD MmIN COL 4 = TIME AT XDD MIN
cOoL S = XD MAX COL 6 = TIME AT XD MAX
COL 7 = X0 MIN COL 8 = TIME AT XD MIN
coL 9 = X MAX COL 16 = TIME AT X MAX
CoL 11 = X MIN COL 12 = TIME AT X MIN
100 DO 297 IXTP=IXTPS,IXTPE
* (XCX) I=1,NX)
IF (IXTP .GT. IXTPS) GC TO 200
DO 110 I=1,NX
XTMM 1, 1) = XDD(1I)
XTMM(Y, 2) = T
XTMM(I, 3) = XDD(1I)
ATMM(T, ~) = T
XTMMfI, 5) = XD(1I)
XTMM . 1,4 6) = 7T
XTI, T = XRUI)
TMMLT, 8) = T
XTMM(I, 9) = X(I)
XTMM{I,10) = T
XTMM(TI,11) = X(I)
110 XTMM(I,1?) = 7T
GO T0 299
200 DO 790 I=1,NX
I (XDD(I) LE. XTMM(I,1)) GC TC 21%
XiMM(I, 1) = XDD(I)
XTMMIY, 2) = 7
215 IF (XDD{I) .GE. XTMM{1,3)) GO TC 220
XTMM(I, 2) = XDD{1}
XTMM(I, 4) = 7T
220 1F (XD (1) .LE. XTMM{I,5)) GO YO 225



225

230

235

290

399

999

XTMM{I, 5)
XTMM(1, 6)
IF (XD (1)
XTMM(I, 7)
xXTMMLtI, 8)
IF (X (1)
XTMM(I, <)
XTMM(I,L10)
IF (X (1)
XTMM(1I,11)
XTMM(I,12)
CCNTINUE

CONTINUE

RETURN

CALL ZZEOME

END

XD(I)
T
«GE. XTMM{I,7}) GO TO
XD(1)

T
LE. XTMM(1,9)) GO T0
X1}

T
«GE. XTMM{I,11)}G0 TO
x(1)
T

[}

nne

n o

{6HTRMM  JNERROR)

230

235

TRMM
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SUBROUTINE TRPSD (IXPUNOSIXNAME,IRAE,IEXP,STARTY MLTXTP,2PSD,
* NFREQ, TIMPERyNXTAPE, WRKV)

DIMENSION ZPSD(1), WRKV(1)

COMMON /LWRKV1/ X{(5G0)

CALCULATE PSD CF ONE RCW OF TIME RESPONSE ADDITIONAL EQUATIONS
(ADD EQ) DATA FROM SUEROUTINE TRAE2. DEFINE X = ADD EQ, 2 = PSD.
X IS CBTAINED FRCM NXTAPE (OUTPUT OF ADD EQ SURROUTINE TRAF2).
NXTAPE IS POSITICNED BY SEARCHING FOR RUN NUMBER (IXRUNG) AND
NAME (IXNAME).
CALLS FORMA SUBROCUTINE ZZBOME.
THE MAXIMUM SIZE IS (BASED ON DIMENSION OF X)

NX = 500
CODED BY RL WOHLEN. JANUARY 1976.
LAST REVISICON BY WA BENFIELD. MARCH 1976.

SUBROUT INE ARGUMENTS
IXRUNG = INPUT PRUN NUMBER OF ADD EQ DATA TO BE READ FROM NXTAPE.
(A6 FORMAT).

IXNAME = INPUT IDENTIFICATICN OF ADD EQ DATA YO BE READ FROM
NXTAPE. (A6 FORMAT).
IRAE = INPUT ROW NUMBER OF ADD EQ USED IN PSD CALCULATION.
IEXP = INPUT EXPONENT OF 2. GIVES NUMBER OF TIME POINTS USED
IN PSD CALCULATION. NZTP=2*xJEXP. MAX IEXP=13.
EGy IEXP = 5, 10 11, 12, 13.
NZTP = 32, 10244 2048, 4096, 8192.
STARTT = INPUT START TIME FCR PSD CALCULATION. MAY BE GREATER THAN
START TIME USED IN ADD EQ. IF LESS, ADD EQ START TIME
IS USED.
MLTXTP = INPUT MULTIPLE OF ADD EQ POINTS TO USE FOR PSD CALCULATICON.
MLTXTP = 1 USE EVERY ADD EQ POINT (142439¢c0)
MLTXTP = 2 USE EVERY SECOND ADD EQ PUINT (193959e.0)
ETC
ZPSh = INPUT WORKSPACE VECTOR., MUST BE DIMENSIONED AT LEAST 2*NZTP
WHERE NZTP=2%XxJEXP,
= QUTPUT VECTOR OF PSDS AT VARIOUS FREQUENCIES FOR ROW IRAE
oF ADD ECQ.
ZPSD{1) AT FREQ=0
ZPSD(2) AT FREQ=1/DATA TIME PERIOD
ZPSD(3) AT FREQ=2/DATA TIME PERICD
ETC
ZPSD{NZTP/2) AT FREQ=(NZTP/2-1)/DATA TIME PERIOD.
NFREG = OQUTPUT NUMBER OF FREQUENCIES AT WHICH PSD 1S CALCULATED.
NFREQ = NZTP/2 WHERE NZTP=2#%*]1EXP.
TIMPER = QUTPUT TIME PERIOD OF DATA USED FOR PSD CALCULATION.
NXTAPE = INPUT NUMBER OF TAPE FROM WHICH X WILL BE READ. (EG 1).
WRKV = INPUT WORK VECTOR. DIMENSICN AT LEAST NzZTP/2-~1 IN CALLING

PROGRAM.

NERROR EXPLANATION

1 = MAXIMUM ALLOWABLF FXPCONENT SIZE EXCEEDFD.
2 = REQUESTED RUN NUMBER OR NAME CANNOT BE FOUND.
3 = SIZE EXCEEDANCE.

DEFINITION... X IS ADDITIONAL EQUATIONS, Z IS PSD.
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NERROR=1
IF (IEXP .GT. 13) GO TQ 999
T NZTP = 2%%]EXP
NXTP = NZTP + (NZTP-1)*(MLTXTF-1)
c
C SEARCH NXTAPE FOR CORRECT HEADING.
REWIND NXTAPE
2 READ (NXTAPE) ITRUNG, ITNAME,IFOTCK s XSTART 4 XDELTA ¢ XEND oNX oNXREC
IF (ITRUNCO.EQ.IXRUNC .AND. ITNAME.EQ.IXNAME}) GG 74 5 -

NERROR=2
IF (IEOTCK .r£Qe 3HEQT) GO TO 999
DO 3 IXREC=1,NXREC
3 READ (NXTAPE)
GO TO 2
5 NERROR=3
IF (NX .GT. 500) GO TC 999
HXDEL = «5%XDELTA
c
C FIND X-TIME POINT NUMBER FOR ZSTART.
ZSTARY = STARTT
IF (ZSTART .LT. XSTART) ZSTART = XSTART
DC & IXTP=1,NXTP
XTIME = XSTART + FLCAT(IXTP—1)*XDELTA
IF (APS{ZSTART-XTIME) JLE. HXDEL) GO TO 7
6 CONTINUE
- 7 IXTP2S = IXTP
'L ZSTART = XTIME
C FIND X-TIME POINT NUMBER FOR ZEND.
ZEND = ZSTART + FLOAT(NXTP-1)*XDELTA
NERROR=4

IF (ZEND .GT. XEND) GG TC 999
IXTPZE = IXTPZS + NXTP -1

C SKIP RECONRDS ON NXTAPE UP TO X-TIME POINT NUMBER FOR ZSTART.
IF (IXTPZS .EQ. 1) GO TC 1¢C
IXZSMY = IXTPZ2S-1
DO 9 I=1,1IXZSM1
9 READ (NXTAPE)

C READ ADDITICNAL EQUATIONS DATA.
10 SUMm = 0.0
127pP 0
LXTP MLTXTP=-1
DC 399 IXTP=IXTPZ2S,IXTPZE
LXTP = LXTP+1
IF (LXTP .EQ. MLTXTP) GO TO 25
READ (NXTAPE)

"

GO TO 399
25 READ (NXTAPE) Ty (X(I)sl=14NX)}
LxTP = 0

SUM = SUM + X(JRAE)
1ZTP = 12Tk+1
ZPSD(IZTP) = X(IRAE)
1ZTP = 127P+1



' 399

c

ZPSD(IZ2TP) = 0.0
CONTINUE

C SUBTRACT AVERAGE VALUE FROM ORIGINAL DATA.

510

AVRG = SUM/FLOAT(NZTP)
NZTP2 = 2=*NZTP

DO 510 1Z =1,NZTP2,2
ZPSD(1Z2) = 2pPSD(12) -~ AVRG

C CALCULATE FOURIER COEFFICIENTS.

CALL FORT (ZPSDy 1EXPeWRKVe—141ERR}

C FORM PSD VALUES.

520

999

TIMPER = ZEND-ZSTART

TWOPER = 2.*TIMPER

NFREQ = NZITP/2

DO 520 T=1,NFREQ

12 = 2%]

ZPSD(YI) = TWOPER*(ZPSD(12-1)*%*2 + ZPSD(12)%%2)
RETURN

CALL ZZBOMB (6HTRPSD ,NERROR)
END :
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SUBROUTINE TRSP1 (AsB,yCyDsTABTaTABF4XDO X0, STARTT,DELTAT,ENDT,

¥ NWR ITEoNX oNF oNTF o XNAME s KA9KFyNTAPE 4NUT1)
DIMENSION A(KA,1)4B(KAy1)3C(KA4Y)sD(KAY)TABT(KF 1) TABF{KF,1),
* XDO(1),XG (1)

DIMENSION P(4)

COMMON /LWRKV1/ XDD(250),XD(250)

CCMMON /LWRKV2/ QD(250),Q(250)

COMMON /LWRKV3/ X(250)4,AIDF(250)

COMMON /L WPKV4/ F(500)

COMMON /LSTART/ TRUNNODATE NPAGE yUNAME (3)TITLEY(12),TITLE2(12)}
COMMON /LLINE/ NLINE,MAXLINJMINI

DCOUBLE PRECISION S,SS,ZERO

DATA ZERQ/C.D/

DATA NIT,NOT/5.67

DATA NLPP,RUF,DIVTCL, ECT/
* 54 45 0491.E435,3HEOT/

RESPONSF ROUTINE TO SOLVE THE SECOND GRDER DIFFERENTIAL EQUATION
(A)XDD + (B)IXD + (C)i = (DIF FOR XDD, XDy X.

FCURTH ORDER RUNGE-KUTTA (GILL MODIFICATION) NUMERICAL INTEGRATION
IS USED.
VECTOR F IS CORTAINED BY LINEAR INTERPOLATION USING TABT,TABF,
MATRICES A,B,CyD SHOULD NOT SHARE SAME CORE LOCATION (DUE TO MULTB).
THE ANSWERS (ToFoXDDoXDeX) WILL BE WRITTEN ON NTAPE EVERY DELTAT AND
ON PAPER EVERY NWRITE * DELTAT.
NTAPE MUST HAVE BEEN INITIALIZED WITH SUBRCUVINE INTAPE. A HEADER,
TIME POINT DATA, AND END~OF-~FILE WILL BF WRITVEN ON NTAPE HERE.
COMMON /LSTART/ IS DEFINED IN SUBROUTINE START.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBROUTINES INV1IMULTB,PAGEHD,2ZBCMB.
THE MAXIMUM SIZES ARE (BASED ON DIMENSIONS OF XDDeXD:XoF)

NX = 250

NF = 500
CODED BRY RL WOHLEN. MARCH 1965.
LAST REVISICON BY RL WCHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS (ALL INPUT)

A = MATRIX COEFFICIENT OF XDD. SIZE (NXyNX). * DESTROVED *
B = MATRIX COEFFICIENT OF XDe SIZE (NXyNX). * DESTROYED *
C = MATRIX COEFFICIENT OF X. SIZE (NXyNX). * DESTROYED =*
D = MATRIX COFFFICIENT OF F, SIZEF (NXyNF). * DESTROYED *
TABT = TAELE OF TIMES FOR FCRCE IN TABF, SIZE (NF4NTF),.

TABF = TABLE OF FORCES. SI1ZE (NF,4NTF),

XDO = VECTOR OF INITIAL VELOCITIES. SIZE (NX).

X0 = VECTOR OF INITIAL DISPLACEMENYS. SIZE (NX).

STARTT= START TIME.
DELTAT= INTFGRATION STEP S1ZE.
ENDY = ENI TIME.
NWRITE= MULTIPLE COF INTEGRATICN POINTS TO WRITE ON PAPER.,
NWRITE = 1 WRITE EVERY POINT (14293ya0e)
NWRITE = 2 WRITE EVERY SECOND POINT (14345¢aee)
FTC

NX = SIZE OF MATRICES AyB,oC (SQUARE ). NUMBER OF ROWS IN D. MAX=250.
NF = NUMEEF OF ROWS IN TART,TARF. NUMBER OF €COLS IN D. MAX=500.
NTF = NUMBER OF COLS IN TAET,TABF.
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XNAME = IDENTIFICATION OF DATA TO BE WRITTEN ON NTAPE. (A6 FORMAT).
KA = ROW DIMENSION OF A,B8,CsD IN CALLING PROGRAM,

KF = ROW DIMENSION OF TABT,TABF IN CALLING PROGRAM.

NTAPE = NUMBER OF TAPE ON WHICH ANSWERS WILL BE WRITTEN. (E.G. 10).
NUT1 = NUMBER COF THE UTILITY TAPE. (E.G. 4).

THE CUTPUT DATA (TO BE WRITTEN ON PAPER AND NTAPE) IS

T = TIME

F = FOPCE OBTAINED BY LINEAR INTERPOLATION ON TABF. SIZE (NF).

XDD = ACCELERATION. SIZE (NX}.

XD = VELOCITY. SIZE (NX)e

X = DYSPLACEMENT. SIZE (NX).

AIDF = Ax*-1%D*F, SIZE (NX). (WRITTEN ON PAPER ONLY).
NERRCR EXPLANATION

1 = SIZE EXCEEDANCE.

2 = START TIME LESS THAN TABLE BOUNDS.

3 = END TIME GREATER THAN TABLE EBOUNDS-.

4 = RUN HAS DIVERGED.

2001 FORMAT (///7/15X.42H THE INPUT SCALARS TO SUBROUTINE TRSP1 ARE,

PWN

7/723X, 10H STARTT = F10.6,
[723%, 10H DELTAT = F10.6y
/723X, 10 ENDT = Fl0.69
/723X, 100 NWRITE = 15 )

2040 FORMAT (//9Xe8H TIME = F10,.6)
2050 FORMAT (//9X,15H APPLIED FORCES / (10X, 5E16.8))
2060 FORMAT (// 9Xs4H ROWe 6X313H ACCELERATION, 8X,9H VELOCITY,

10X313H DISPLACEMENT, 4X,19H A*x%~1 * 0 * FORCES //

*
* (10X, 13, 4F20.8))
2250 FORMAT (/7 1X 123(1H-) )

NERROR=1
IF (NX «GT. 250 «0ORe NF «GTe. 500) GO TG 999

PRINT INPUT SCALARS.,

10
11

IF (MINI .NE, 4HMINI) GO TO 10

IF (NLINE .LE. 5 .OF. NLINE .GE. MAXLIN) GO TN 10
IF ((NLINF+2413) .GT. MAXLIN) GO YO 10

WPITE (NOT,2250)

NLINE = NLINE + 2

GO TO 11

CALL PAGEHD

WRITE (NOT,20C01) STARTV,DELTAT,ENDTJNWRITE

NLINE = NLINE + 13

SEARCH MTAPE FOR END OF WRITTEN DATA.

REWIND NTAPE

5 READ (NTAPE) BUFINSBUFIN,IEDTCK, (BUFINyI=145)4NREC

IF (TEOCTCK .EQ. 3HEQT) GO TO 7
DO 6 IRFC=1,NREC

6 READ (NTAPE)

G0 TO 5

7 BACKSPACE NTAPE
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5

CHECK TIME TARLE (TABT).
00 18 1I=1,NF
NERRODR=2
IF (STARTT .LT. TABT(1,1}) GO TO 999
DD 12 J=2,,NTF
IF (TABi(1,4J=-1} .GE. TABT(I.J)) GO TO 14
12 CONTINUE
J = NTF+1
14 YF (ENDT'.lLE. TABT{I,J-1)) GO TO 18
NERROR=3
GO T0 999
18 CONTINUE

CALCULATE NUMBER OF TIME POINTS 7O BE USED.
NTP = (ENDT-STARTT)/DELTAT + 1.1

CALCULATE A%*%*-1%B, A**-1%(C, A¥*-1%¥D.
REWIND NUTI1
WRITE (MUTY) ((B(IyJ)y I=14NXDy J=1,NX)
CALL INV1 (Ay By NX, KA)
DO 45 J=1,4NX
DO 45 1=1,NX

45 A(1,9) = B(I,J)
REWIND NUTY
READ (NUTL) ((B(IgJ)e I=1gNXDe J=1,NX)
CALL MULTB (Ay By NXy NXy NXy KAy KA}
CALL MULTB (Ay Cy NXy NX, NXy KAy KA)
CALL MULTE (A, Dy NXy NXy NFy KAy KA)

SET INITIAL VALUES.
WRITE (NTAPE) IRUNNC,XNAMEsDATESTARTT,DELTAT,ENDT,NX,NFoNTP,
* (BUF,1=1,10)
T = STARTT
NW = NWRITE
DO €0 I=1,NX

QD(TI) = 0.0

Q (1) = 0.0

XD(I) = XDO(I)
80 X (I) = X0 (1)

DO 86 I=1,NF
DO 84 J=1,NTF
I0 (T JLE. TABT(14J+1) <OR. (J+1).EQ.NTF) GO TO 86
B4 CONTINUE
B6 F(I) = TABF(I,J) + (T-TABT(1,J)) * (TABF(I,J+1)-TABF(I.8)) /
* (TABT(I,J+1)-TABT(I,J))
DO 96 T=1 ,NX
SS = ZEROD
00 94 J=1,NF
S = DU1,J)*F(J)
94 SS = SS + S
96 AIDF(1I) = SS§
DO 97 1=1,NX
97 XDD(IY = AIDF(1)
DO 99 TI=1,NX
SS = ZERD

A=Al

B=8

B=AlB
C=AIC
D=AID
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DC 98 J=1,NX
S = BlI,J)*XD(J)
SS = S8 4+ ¢
S = C{14d)%X(J)
98 SS = SS + S
99 XDD(I) = XDD{I) - SS

SEY INTEGRATION CONSTANTS.

P(1} = .5

P(2) = 1. — SORT(.5)
P(3) = 1. + SQRT(.5)
Pl4) = o5 ’

INTEGRATION L00P. (K=1,HALF STEP), (K=2,HALF STEPF ATG:
(K=3,FULL STEP), (K=4,END OF STEP).

GILL FACTOR = .5

DO 399 ITP=1,NTP

TIF (ITP .EQ. 1) GC TO 340

DO 150 K=1l44

DO 110 I=1,NX

Z = XD (I) * DELTAT

ZD = XDD(I) * DELTAT

IF (K .FEQ. 4) GO TC 105

R PLK) * {Z -0 (I})

RD PIK) * (ZD-QD(I))

GO TO 107
105 R = (2 - 2.%Q (I))/6.

RD = (ZD - 2.*QD(I})/6.

"

107 X (I) = X (I) + R

XD(I) = XD(I) + RD

© (I) = Q (I) + 3.,%R = P(K)*Z
110 QD(I) = QD(I) + 3.%RD - P(K)*2D

IF (K «NE. 1) GO TC 115

T = T + JS5%DELTAT

60 TC 130
115 IF (K .NE., 32) GC TC 140

T = STARTY + FLOAT(ITP=-1)*DELTATY
130 DO 136 1=1,NF

DO 134 J=1,NTF

IF (T LE. TABT(I J+1) .OR. (J+1).FQ.NTF) GO TO 136
134 CONTINUE

136 F(I) = TABF(14J) + (T=TABT(14J)) * (TABF I,J+1)-TABF(I,J)) /

* (TABT(13J0+1)=TABT(1,J))

140 DO 146 T=1,NX

§S = ZERD

DO 144 J=1,NF

S = D(IJI*F(J)
144 SS = SS + §
146 AIDF(1) = &S

DO 147 I=1,NX
147 XDD(1) = AIDF(I)

DC 149 I=1,4NX

SS = ZERQ

DO 148 J=1,NX

S = B{I,J)¥XD(L)



TRSP1 -~ 5/ 5

SS = §S + §

S = CUILJ)*X(J)
148 SS = SS + §
149 XDD(1) = XDD(1) - SS
150 CONTINUE

WRITE ANSWERS ON NTAPE FCR LATER USE.
340 WRITE (NTAPE) Ty (FUI)eI=1gNF )y (XDDUT)I=14NX)}y (XD(I)sI=1,4N<J,
* (X(I)yI=14NX)

SEE IF DATA SHOULD BE PRINTEL.
IF (ITP.LT.NTP JAND. NW.LT.NWRITC) GO TO 345
NFL = NF/5
IF ((NFLX5) JNF. NF) NFL = NFL+1
IF (MIN: oNE. 4HMINI)} GG TO 800
IF (NLINE .LE. 5 .CR. NLINE .GE. MAXLIN) GO 7O BOO
IF ((NLINE+243+3+NFL+4+NX) .GT. MAXLIN) GO TO 800
WRITE (NOT,2250)
NLINE = NLINE + 2
GO TO 810
800 CALL PAGEHD
810 WRITE (NOT,2040G) 1
HRITE (NOT,2050) (F(I)y 1=1,NF)
NLINE = NLINE + 3 + 3 + NFL
NXS 1
NXE NX
NFLN = (NF-1)/5+1
IF ((NXE + NFLN) .GT. (NLPP-15)) NXE=(NLPP-15)-NFLN
342 WRITE (NOT,2060) (I, XDD{(I}, XD{I)y X(I)e AIDF(I)s I=NXS,NXE)
NLINE = NLINE + 4 + (NXE-NXS+1)
IF (NX EQ. NXE) GO TO 343
NXS = NXE + 1
NXE = NX
IF ((NXE-NXS) +GTe (NLPP=— 9)) NXE=NXS+(NLPP- 9)
CALL PAGEHD
GO TO 342
343 NW = 0
345 NW = NW+1

it n

SEE IF RUN HAS DIVERGED.
NERROR=4
DO 350 I=14NX
IF (A8SIX(I)) .GY. DIVTIOL) GO TO 999
350 CONTINUE

399 CONTINUE

WRITE (NTAPE) BUF,BUF 4EQT ,(BUF,1=1,416)
ENDFILE NTAPE
RETURN

999 ENDFILF NTAPE
CALL 2Z8B0MB (6HTRSPY HNERROR)
END



]

;’ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁ(‘\- w-'ﬁf\ﬁﬂf‘t"’("i('ﬁf"(‘\

e

oo,

TRSP1A— 1/ 5

SUBROUTINE TRSPYIA (A9ByCeDyFMAGHPP,VEL yGL 3XDO 4 X0 STARTT,DELTAT,
* ENDT JNWRITE JNXyNFo XNAME KA ¢NTAPE,NUT1)
DIMENSION A(KASY)3B(KA31)4C(KAS1)oD(KAL1),FMAGIL)PP(]1),

x XPO(1}4x0(1)

ODIMENSICN Pl4)

COMMON /LWRKVY/ XDDI(250)4XDI250}

COMMON ZLWUYKV2/ QDL250),Q(250)

COMMO® /L WRKV3/Z X1250),AIDF2EC)

COMMM  /LRKRPKV4/ F{500)

COMMCN /L LTART/Z IRUNNO,DATE JNPAGEUNAME(3),TITLEYI(12),TITLE2(]12)
COMMDNY ZLLINEZ NLINFoMAXLINMINI

DCUBLE PRECISION S¢SS.2ERC

DATA ZERC/D.D/

DATA N THNOT/S,06/

DATA NLPPLEUF,DIVTOL, PI » ECT/
* 54 3 CesleE+35.3.1415027,3HECTY/

THIS MCDIFICATION OF TRSPY USES (1-C0S)/2 FORCING FUNCTION.
RESPCNSE ROUTINE TC SCLVE THE SECOND ORDER DIFFERENTIAL EQUATICN
(A)IXDD + (EB)XD + (C)X = (D)F FOR XDDy XDy X.

FOURTH CRDER RUNGE~-KUTTA (GIlLu MCCIFICATICN) NUMERICAL INTEGRATION
IS USED.
THE F0ORCING FUNCTION, F 4 IS A SINGLE PERICD (1-C0OS)/2 FUNCTION
BEGINNING AT T=STARTY AND FORWARD PP, THF CGCRDINATES ARE FORCED
SIMULTANENUSLY (SUDDEN ENVELCOPMENT) IF VECYOR PP IS CONSTANTY, CR AS
A PENETRATING FUNCTICN (EACH COORDINATE FORCE LAGS ITS PREDECESSOR
DEPENDING CON PFNETRATIGN RATE AND STATION SPACING)Y IF VECTOR PP
IS NCT CONSTANT,
M, RICES Ay B,Co,D SHOULD NCT SHARE SAME CORF LCCATION (DUE TC MULTH).
THE ANSWERS (ToFXDD o XDeX) WILL BE WRITTEN ON NTAPE EVERY DELTAT AND
ON PAPE® EVERY NWRPITE * DELTAT.
NTAPE MUST HAVE BEEN INITIALIZED WITH SUBROUTINE INTAPE. A HEADER,
TIME POINT DATA, AND END-OF-FILE WILL 8F WRITYEN ON NTAPE HERE.
COMMON ZLSTART/ IS DEFINED IN SUBRCUTINE START,
INNER FRODUCT SUMS ARE PERFCRMED IN DOUBLE PRECISION.
CALLS FCRMA SUBRCUTINES INV1,MULTE,PAGEHD,ZZR0OMB,
THE MAXIMUM SIZES ARE (BASED ON DIMENSIGNS OF XDD.XOD+X.F)

NXY = 2850

NF = 500
CCDED BY RU WCHLEN. APRIL 1985,
LAST REVISICN BY RL WOHLEN. MARCH 1976

SUPRQUTINE ARGUMENTS (ALl INPUT)

A = MATRIX COEFFICIENT CF XDDo SIZE (NXyNX)}o * DFSTROYED *

8 = MATRIX COEFFICIENT OF XD. SIZE (NX,MX). * DESTRCYED *

c = MATRIX COEFFICIENT CF X. SIZE (WNX,NX). * DESTROYED %

D = MATRIX COEFFICIENT CF F. SIZE [NXyNF). * DESTROYED *

FMAG = VECTC® OF COCFDINATE FORCE MAGNITUDES SUBJECY TO (1-C0S5)/2
VARTIATIONS. SIZE(NF)

PP = VELCTOR OF CCCRDINATt STATICNS, (CONSTANT IF SUDDEN
ENVELCPMENT). PCSITIVE DIRECTION FOR STATIONS IS OPPOSITE
TC VEL DIRECTICON. SIZE(NF).

VEL = PENETRPATION RATE.

GL = GUST LFNGTH. PERIOD OF (1-COS) /2 FUNCTION.

XBo = VECTUR UF INITIAL VELOCITIES. SIZE (NX).
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X0 = VECTOR OF INITIAL DISPLACEMENTS, SIZE (NX).
STARTT= START TIME., FORCING FUNCTION BEGINS.
DELTAY= INTEGRATICON STEP SIZE.

ENDY = END TIME.

NWRITE= MULTIPLE OF INTEGRATICN POINTS TO WRITE ON PAPER.

NWRITE = 1 WRITE EVERY PUINT (19243gese)

NWRITE = 2 WRITE EVERY SECOND POINT (1,33:5500e)

ETC

NX = SIZE CF MATRICES A,B64,C (SCUARE). NUMBER OF RCWS IN D. MAX=250.
NF = SI2E OF VECTOR FMAG, NUMEER OF COLS IN D. MAX=500.
XNAME = IDENTIFICATICON OF DATA TG BE WRITVEN ON NTAPE. (A6 FORMAT).
KA = ROW DIMENSION OF A+8,CoD IN CALLING PRCGRAM.
NTAPE = NUMRER OF TAPE ON WHICH ANSWERS WILL RE WRITTEN., (E.G. 10).
NUT1 = NUMBER GF THE UTILITY TAPE. (E.G. 4).

THE OQUTPUT DATA ¢T0O BE WRITTEN ON PAPER AND NTAPE) IS

T = TIME

F = FORCE FVALUATED BY (1-CCS)/2 EXPRESSION, SIZE (NF).
XDo = ACCELERATION. SIZE (NX).

X0 = VELOCITY. SIZE (NX).

X = DISPLACEMENT. SIZE (NX).

AIDF = Axx*=1%DxF, SIZE (NX). (WRITTEN CN PAPER ONLY).

NERRCR EXPLANATION
1 = SIZE EXCEFDANCE.
2 = RUN HAS DIVERGEG.

SOOOOOOOOOOOOOOOOO0OOAOO

- 2001 FORMATY (////715X,43E THE INPUY SCALARS TGO SUBRCUTINE TRSP1A ARE

1 /723Xy 10H STARTT = F10.6y
2 F722X, 10H DELTAY = F10.6,
3 /723X, 10H ENDT = F10.6:
4 f/723X, 10H NWRITE = 15 o
5 /723X, 10H VEL = E1548,y
6 7723% 10H GL = E15.8 )

2040 FORMAT (//9X,8F TIME = F10.6)
2050 FCRMAT (//9X,15H APPLIED FORCES / (10X, 5E16.8))
2060 FORMAT (// 9Xys4H ROW, 6X413H ACCELERATION, 8X,SH VELOCITY,

* 10X413H DISPLACEMENT, 4X,19H A*%~]1 * D * FORCES //
* (10X, I3, 4E20.81})
2250 FORMAT (/7 1X 123(1H-) )
c
NERROR=1
IF (NX .GT. 250 J0ORe NF .GT. 500) GO YO 999
C

€ PRINT INPUT SCALARS.

IF (MIN]1 .NE. 4KEMINI) GO TC 10
IF (NLINE .tte. 5 .OR. NLINE .GE. MAXLIN! GO TC 10
IF ((NLINF+2+17) .GT. MAXLIN) GO TO 10
WRITE (NOT2250)
NLINE = NLINE + 2
GG TO 11

10 CALL PAGEHD

11 WRITE (NOT42001) STARTT,DELTAT,ENDY 4NWRITE,VEL 4GL
NLINE = NLINE + 17
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SEARCH NTAPE FCR END OF WRITTEN DATA.
REWIND NTAPE

S READ (NTAPE) BUFIN,BUFIN,IEOQOTCK,(BUFIN2I=145) NREC
IF (IECTCK JEC. 3HECGTY GO 7O 7
D & IREC=1,NREC

6 READ (NTAPE)
GO 70 5

T BACKSPACE NTAPE

CALCULATE NUMREKR COF TIME PCINTS YC BE US:D.
NTP = (ENDT-STARTT)/DELYAT + 1.1

CALCULATE A*%-1%B, A¥k~1*(, A¥**-1xD.
REWIND NUTI

WRITE (NUT1) ((E(I:3)y I=S1NX)y J=1,NX) B =E
CALL INV1 (Ay By NX, KA)D B=AI
DO 45 J=1,NX
DC 45 1=1,4NX

45 A(1,3) = EB(Y,4) A=Al
REWIND NUTI
READ (NUT1) ({BUI4J)y I=14NX)y J=1,NX) E=E
CALL MULTB (A, By NXy NXy NX, KAy KA) B=AIE
CALL MULTE (A, Cy NXy NX, NXy KA, KA) C=AIC
CALL MULTE (A, Dy NXy NXy, NFy KAy KA) D=AID

FIND FIRST STATION (FCRWARD PP) TQO ENTER GUST.
FWDPP = PP(1}
DO SO 1=1,NF
IF (PP(I) .LT. FNODPP) FWDPP = PP(I)

50 CONTINUE

SET INITIAL VALUES.
WRITE (NTAPE)} IRUNNDsXNAME,DATESTART Y DELTAT JENDTNXNF,NTP,
* (BUF’I-—-'IQIO,
T = STARTY
NW = NWRITE
TPIGL = 2.2P1/GL
DG B0 I=1,NX

eptl) = 0.C

Q (I) = 0.0

XD(1I) = XDOLT)
80 X (1) = X¢ (1)

DO 84 I=1,NWF
84 F{I) = 0.0

DO 94 I=1,NX
94 AIDF(1) = C.
DC 97 I=1,NX
97 XDD(1) = AIDF(I)
DO 99 I=1,NX
€S = ZERQ
DO 98 J=7 ,NX
S = B(I.J0%XD(I)
§S =SS + S
S = ClI,Jd)*X{J)
98 §S = SS + S
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99 XDD(I) = XDD(1) -~ SS

SET INTEGRATICN CONSTANTS.
P(1) 5
P(3) 1. + SQRT(.5)
Pl4&) 5

nwnn

INTEGRATION LOOP. (K=1,HALF STYEP), (K=2,HALF STEP AGAIN),
(K=3,FULL STEP), (K=4,END OF STEP).
GILL FACTCR = .=
DC 369 ITP=1,NTP
IF {ITP .ECQ. 1) GO TO 340
DO 150 K=1,4
CO 110 I=14,NX
Z = XD (1) * DELTAY
20 = XDD(Y) *x DELTATY
IF (K .EC. 4) GO TO 105
R = P(K) = (2 -Q (1))
RD P(K) x (20~CD(1)1}
GC TC 167
1058 R = (Z = 2.%Q (1))/6.
RD = (Z0 — 2.*CB(I))/6.
107 x (1) X (1) + F
xXpe1} ADLI) + RD
Q (1) C (I) + 3.%R - PlKI%Z
QD(I) + 3.%RD — P{K)}*ZD
IF (¥ .NE. 1) GC 70 115
T =7 + JS*DELTAT
GC 7O 1320
115 I+ (¥ JNE. 3) GO TC 140
T = STARTT + FLOAT(ITP-1)2DELTAT
130 FWDGPD = VEL*{T-~STARTT)
DC 136 I=1,NF
FII) = 0.0
GPD = FWDGPD -~ {(PP(I)-FWDPP)
IF (GPDGTe0e0 oANDo GPDLTGLIF(YI)=FMAG(I)*()1.~COSI(GPDXTPIGL))}/ 2.
136 CONTINUE '
140 DO 1646 T=14NX
€S = 7ERQD
DC 144 J=17NF
S = DII4J)V*F(J)
144 ST = €S + S
146 AIDF(I) = <S
DO 147 I=1,NX
147 XDD(I) = RIDF(1)
DC 149 T=1,NX
€S = Z2ERC
DO 148 J=1,NX
S = B(1,J)%XD(Y)
§S = ¢€ + €
S = CUI4J1EX(J)
146 SS = SS + S
149 XDD(1) = XDD(1) - §S
150 CONTINUE

nann
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WRITE ANSWERS ON NTAPE FOR LATER USE.
340 WRITE {NTAPE) Ty (FLIDI=2 NF )y (XDDCIDsI=1oNXYy (XDUIYel=1.:0X0 -
* (X(I),I=1,NX)
C
C SEE IF DATA SHOULD RE PRINTED.
IF {(ITPLLTNTPR JANG. NW.LT.NWRITE) GC TC 345
NFL = NF/S
IF ((NFUL*S) .NE. NF) NFL = NFL+1
IF (MINY .NF. «AMINIY GO TC 800
IF INLINE JLE. 5 .0OR. NLINT . GF. MAXLIN) GC TC 800
IF ({INLINE+2+3434NFL*4+NX) GTe MAXLIN} G2 TO 800
WRYTE (NOT,2250C)
NLINE = NLINE + 2
GG T0 £1¢
800 CALL PAGEMD
810 WRITE (NOT,2040) 7T
WRITE INCT,205G) (FUI), 1=1,NF)
NLINE = NUINE + 3 4+ 3 + NFL
NXS = 1
NXE = MNX
NFLN = (NF-1)/5+1
IF ({NXE + NFLKR) GTe (NLPP-15)) NXE={NLPP~15)-NFLN
342 WRITE (NOCT,2060) (I, XDD(I), XD{I), X{XI), AIDF(I), I=NXS.NXE)}
NLINE = NLINE + 4 + (NXE-NXS+1)
IF (NX .EC. NXEJ GO T0 343
NXS = NXE 2 1
NXE = NX
IF (INXE=NXS) .GT. (NLPP— 9)) NMNXE=NXS+(NLFPP~ 9)
CALL PAGEWRD
G TC 342
343 NW = O
345 NW = NwW=+}

€ SEE IF RUN HAS DIVERGED.
NERRQOR=2
DD 350 I=1¢NX
IF (A2SIX{(I)) .GT. DIVICL)} GO -TO 399
350 CONTYTINUE .

C
399 CONTINUE
C
WRITE (NTAFE) BUFBUF,,E0T(EUF,1=:1,416)
ENDFILE NTAPE :
RETURN
c

999 ENDFILE NTAPE
CALL 2ZE0OMEB (6HTRSP1A 4NERROR)
END
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SUBRCUTINE TRSP1B (ByCyDy TABT 4 TABF ¢ XDO e XO sSTARTTDELTATLENDT,

* NWRITE oNXyNF;NTF 9 XNAME 3 KA 9 KF9NTAPE)
DIMENSICON B(KA»1)3C(KA3124D(KA92) e TABT(KF41)s TABF(KFo1),
x X00(1},yX0(1)

DIMENSICN P(4)

COMMDN /LWRKV1/ XDD(250)+XD(250)
COMMON /LWRKV2/ QDU250),0(250)
COMMCN /LWRKV3/Z X{(2501,AIDF(250)
COMMON /LWRKV4/ F(500}

COMMCM /LSTART/ TRUNNC,DATE (NPAGE UNAME(3),TITLEY{12),TITLE2(12)
COMMON ZLLINE/S NLINE.MAXLIN,MINI
DOUELE PRECISION $,SS4Z2ERC

DATA ZFKkC/0.D/

DATA NIT4NCT/54+6/

DATA NLPP,RUF,DIVTOL, ECT/

* 54 0.,105*35,3HEOT/

THIS MODIFYCATION OF TRSP1 ASSUMES COEFFICIENT OF XDD IS UNITY SO
THAT ONE LFSS MATRIX SPACE IS REQUIRED.
RESPONSE ROUTINE TOC SOLVE THE SECOND ORDER DIFFERENTIAL EQUATION
XDD + (BIXD + (C)X = (D)F FOR XDDy XDy Xe.

FOURTH ORDER RUNGE~KUTTA (GILL MODIFICATICN) NUMERICAL INTEGRATICON
IS USED.
VECTOR F IS OETAINFD BY LINEAR INTERPCLATION USING TABT,TABF.
THE ANSWEKS (T,FoXDD4XDyX) WILL BE WRITTEN ON NTAPE EVERY DELTAT AND
ON PAPER EVERY NWRITE * DELTAT.
NTAPE MUST HAVE BEEN INITIALIZED WITH SUBROUTINE INTAPE. A HEADER,
TIME POINT DATA, AND END-OF-FILE WILL BE WRITTEN ON NTAFPE HERE.
COMMON /LSTART/ 1S DEFINED IN SUBROUTINE STAFRT.,
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBROUTINES PAGEHD,ZZBOMR,
THE MAXIMUM SIZES ARE (BASED CN DIMENSIONS OF XDDeXDsXsF)

NX = 2%0

NF = 500
CODED EY FRL WOHLEN. FEBRUARY 1967.
LAST REVISICN BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS (ALL INP'IT)

B = MATRIX COEFFICIENT OF XDo SIZE (NX,NX).

C = MATRIX COEFFICIENT OF X, SIZE (NXyNX).

D = MATRIX COEFFICIENT OF F, SIZE (NX,.NF).

TABT = TABLE OF TIMES FOR FORCE IN TABF. SIZE (NF4NTF).
TABRF = TABLE OF FORCES. SIZE (NF,NTF).

XDo = VECTOR CF INITIAL VELOCITIES. SIZE (NX).

X0 = VECTCR OF INITIAL DISPLACEMENTS. SIZE (NX).

STARTT= START TIMF.
DELTAT= INTEGRPATION STEP SIZE.
ENDT = END TIME.
NWRITE= MULTIPLE CF INTEGRATION POINTS TO WRITE ON PAPER.
NWRITE = 1 WRITE EVFRY POINT (147431ee0)
NWRITE = ¢ WKRITE EVERY SECOND POINT (1943954eee)
ETC

NX = SI2E CF MATRICES B,oC (SQUARE). NUMRER OF ROWS IN D. MAX=250.
NF = NUMFER OF ROWS IN TART,TARF. NUMBER OF COLS IN D. MAX=L%00,
NTF = NUMBER OF COLS 1IN TABT,TABF,
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XNAME = IDENTIFICATICN OF DATA TO BE WRITTEN ON NTAPE, (A6 FORMAT).
KA = ROW DIMENSION OF BoC,osD IN CALLING PROGRAM,

KF = ROW DIMENSION OF TABT,TABF IN CALLING PROGRAM.

NTAPE = NUMBER OF TAPE ON WHICH ANSWERS WILL BE WRITTEN. (E.G. 10)e

THE CUTFUT DATA (79 BE WRITTEN ON PAPER AND NTAPE) 1S

T = TIME
F = FORCE OBTAINED BY LINEAR INTERPOLATICN ON TABF., SIZE (NF).
XDD = ACCELERATION. SIZE (NX). ‘
XD = VELOCITY. SIZE (NX]).
X = DISPLACEMENT. SIZE (NX).
AIDF = A%*-12D*F, SiZE (NX). (WRITTEN ON PAPER ONLY).
"NERRCR  EXPLANATICN
1 = SIZF EXCEEDANCE.
2 = STARY TIMFE LESS THAN TABLE BOUNDS.
3 = END TiME GREATER THAN TABLE BOUNDS.
4 = RUN HAS DIVERGED.
2001 FORMAT (//7//715X.43H THE INPUT SCALARS TO SUBROUTINE TRSP1lB ARE ,
1 Z/23X, 10H STARTT = Fl0.6¢
2 7/23Xy 1GH DELTAT = FlG.by
3 /723X, 10k ENDT = F10.6,
4 /723X, 10H NWRITE = IS }

2040 FOPMAT (//9X,8H TIME = F10.¢)
2050 FORMAT (//9X,15H APPLIED FORCES / (10X, 5Elé6.8))

2060 FORMAT (// 9X4.4H ROW, 6X913H ACCELERATION, 8X,9H VELOCITY,

c

c
c

(e N e

* 10Xs23H DISPLACEMENT, 4X319H A*%-1 ¥ D * FORCES //
* (1CXe I3y 4E20.81) '
2250 FORMAT (/ 1X 122(1H-) )

NERROR=1
IF (NX .GT. 250 <0Re NF GT. 500) GC YO 999

PRINT INPUT SCALARS.
IF (MINI .NE. 4FMINI) GO TC 10
IF INLINE JLE. 5 0OR. NLINE .GE. MAXLIN) GO TO 10
IF ((NLINF+2+413) .GT. MAXLIN) GC TO 10
WRITE (NOT,2250)
NLINE = NLINE + 2
GO TO 11
10 CALL PAGEHD
11 WRITE (MGT,200C1) STARTT¢DELTATLENDT NWRITFE
NLINE = NLINE + 13

SEARCH NTAPE FCR END OF WRITTEN DATA.
REWIND NTAPE

5 READ (NTAPE) BUFIN,FUFIN,IECTCKo(BUFINgI=1,5)4NREC
IF (IECTCK LEQ. 3HEQT) GO TO 7
DO & TREC=1,NREC

6 READ (NTAPY)
G TC S

7 GALKSPACE NTAPE

CHECK TIME TABLE (TABT).
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DO 18 I=1,NF

IF (STARTT .LT. TABT(I,1)) GO TO 999

DC 12 3=2.NTF

IF (TABT(I,J-1) .GE. TABT(I,J)) GO TO 14
12 CONTINUE

J = NTF+1
14 IF (ENDT .LE. TABT({I,4-1)) GO TO 18

GC TO 999
18 CONTINUE

CALCULATE NUMBFR OF TIME PCINTS 70O BE USED.
NTP = (ENDYT-STARTT)/DELTAY "+ 1.1

SET INITIAL VALUES.
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NERROR=2

NERROR=3

WRITE (NTAPE) 1RUNNC, XNAME,DATE sSTARTT,DELTAT,ENDTyNXNF,NTP,

* (BUF,1=1,10)

NW = NWRITE

T = STAPTY

DO 80 I=1,4NX

QD(I) = 0.0

Q (1) = 0.0

XD{IY = XDO(I)
80 X (1) = XC (1)

DO 86 I=1,,NF

DO 84 J=1,4NTF

IF (7T JLEa TABT(1,J+1) CR. {(J+1).EQ.NTF) C
84 CONTINUE

1

86 FUI) = TARF(IoJ) + (T-TABT(I4Jd)) * (TABF(I,J+1)-TABF(I,J)) /
* (TABT(X,J+1)~TABT(1,J1})

DO 96 I=1,NX
SS = ZERQD
DO 94 J=1,NF
S = DUIJ)I*¥F(J)
94 SS = SS + S
96 AIDF(I) = SS
DO 97 I=1,NX
97 X0D(I) = AIDF(I)
DO 99 I=1,NX
SS = ZErRC
DO 98 J=1,KX
S = B(IJ)*XD(J)
SS =88 + S
S = C(I,J31%X{J)
98 SS = SS + §
99 XDD(1) = XDD(I) - SS

SET INTEGRATION CONSTANTS.

P(1) = .5
P(?) = 1. ‘SQRT'.S,
P{3) = 1. + SQRT(.5)
Pla) = .5

INTEGRATION 100P. (K=1,HALF STEr), (K=2,HALF STEP AGAIN),
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(K=3,FULL STEP), (K=4,END OF STEP).
GILL FACTOR = .5 4
DO 399 ITP=1,NTP
IF (ITP .FQ. 1) GG TO 340
DO 150 K=1,4
DO 110 I=1,NX
2 = XD (I) * DELVAY
ZD = XDD(I) * DELTVAT
IF (K .EQ. &) GO TC 105
R = P(K) * (Z -Q (1))}
RD = P(K) * {2D-QD(1})
GO T0 107
105 R = (2 - 2.%Q (1))/6.
RD = (IZD - 2.%0D(I))/6.
167 X (I) = X (1) + R
XD(I) = XD(I} + RD
Q (1) = 0 (1) + 3.3R =~ P(K)*Z
110 QD(I) = QD(I) + 3.%RD — P{K)*ZD
IF (K .NE. 1) GO TC 115
T =T + S#DELTAY
GO TO 130
115 IF (K .NE. 3) GO TC 140
T = STARTT + FLOAT(ITP-1)%DELTAT
130 DO 136 I=1,NF
DO 134 J=1,NTF
IF (T .LE. TABT(I.J+1) .OR. (J+1}.EQ.NTF) GO TO 136
134 CONTINUE
136 F(I) = TARF(I,J) + (T-TABT(1,J)) * (TABF{Y,J+1)-TABF(I,J)) /
* (TABT(£,J41)~TABT(1,J))
140 DO 146 T=1,NX
5§ = ZERD
DO 144 J=1,NF
S = D(I,J)%F(J)
144 SS = SS + S
146 AIDF(1) = $S
DO 147 1=1,NX
147 XDD(I) = AIDF(I)
DG 149 I=1,NX
SS = ZERQ
DO 14P J=1,NX
S = B(I,J)%XD(J)
S5 = SS + S
S = CUI,J)*X(J)
148 SS = S5 + S
149 XDD(I) = XDD{(I) - S5
150 CONTINUE

WRITE ANSWERS ON NTAPE FOR LATER USE.
340 WRITE (NTAPE) Ts (FCIXsX=1aNi )y (XDDUI) Izl 4NX)e EXD(I)I=1,NX),
L 3 (X{I)yI=1,4NX)

SEE IF DATA SHOULD RE PRINTED.
IF (ITP.LT.NTP JAND. NW.LT.NWRITE) GO TC 345
NFL = NF/E
IF ((NFL%5) oNE. NF) NFL = NFL+1



TRSP1B~- 5/ 5

IF (MINI JNE. 4HMINI) GO TO 800
IF {(NLINE J.LE. 5 .OR. NLINE .GE. MAXLIN) GO TO 800
IF ({NLINE+2+34+3+NFL+4&+NX) .GTs MAXLIN) GO T0O 800
WRITE (NOT,2250)
NLINE = NLINF + 2
GO 70 810
800 CALL PAGEHD
810 WRITE (NOT,2040) 7T
WRITE (NOT.2050) (F(I)s 1I=1,NF)
NLINE = NLINE + 3 + 3 + NFL
NXS = 1
NXE = NX
NFLN = (NF-1)/5+1
IF ((NXE + NFLN) .GTe (NLPP-15}) NXE=(NLPP-15)-NFLN
342 WRITE (NOY,2060) (1, XDD(I)y XD(I)}y XtI)e AIDFU1)s 1=NXS,NXE)
NLINE = NLINE + &4 + (NXE-NXS+1) )
IF INX FCe NXE) GO TO 343
NXS = NXE + 1
NXE = NX
IJF ((NXE-NXS) .GT. (NLPP— 9)) NXE=NXS+(NLPP~ 9)
CALL PAGEHD

GC TC 342
343 NW = 0
345 NW = NW+l

c
-C SEE IF RUN HAS DIVERGED.
NERROR=4
DO 350 I=1,NX
IF (ABS(X(I)) .GT. DIVIOL) GO TO 999
350 CONTINUE

c
399 CONTINUE
c
WRITE (NTAPE) BUF,BUF4EOT ,(BUF,1=1,16)
ENDFILE NTAPE
RETURN
c

999 ENDFILE NTAPE
CALL 2ZBOMB (6HTRSP1B NERROR)
END
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SUBROUTINE TRSPIC (ByCoDyFMAG PP VELyGL 9 XDOyXO09STARTT+DELTAT,

* ENDT NWRITE NXyNFy XNAME,KA yNTAPE)
DIMENSION B(KA,1),C(KAy1)oDIKA,1),FMAG(1),4,PP(1),
% XDO(1),X0(1)

DIMENSION P(4)

COMMON /LWRKV1/ XDD(250),XD(250)
COMMDN /LWRKV2/ QD(250),0(250)

COMMON /LWRKV3/ X(250),AIDF(250)
COMMON /LWRKV4/ F(500)

COMMON /LSTART/ IRUNNO,DATE JNPAGE sUNAME (3), TITLEL1(12),T1ITLE2(12)
COMMON /LLINE/ NLINE,MAXLINgMINI
DOUBLE PRECISION S4SS,ZERC

DATA ZERQ/0.D/

DATA NITyNOT/5,6/

DATA NLPP4BUF,DIVTOL, PI » EOT/
* 54 3 UerleE+3543.1415927,3HEQCT/

THIS MODIFICATION OF TRSP1 USES (1-C0S)/2 FORCING FUNCTION (LIKE
TRSP1A) AND ASSUMES COEFFICIENT OF XDD IS UNITY SO THAT ONE LESS
MATRIX SPACE IS REQUIRED THAN TRSP1A.
RESPONSE ROUTINE TO SOLVE THE SECOND ORDER DIFFERENTIAL ECUATICN
XDD + (BIXD + (C)X = (D)F FOR XDDy XDy X.

FOURTH CRDER RUNGE-KUTTA (GILL MODIFICATION) NUMERICAL INTEGRATION
IS USED.
THE FOKRCING FUNCTION, F 5, IS A SINGLE PERIOD (1-COS)/2 FUNCTION
BEGINNING AT T=STARTT AND FORWARD PP. THE CCCRDINATES ARt FORCED
SIMULTANEOUSLY (SUDDEN ENVELOPMENT) IF VECYCR PP 1S CONSTANT, OR AS
A PENETRATING FUNCTION (EACH COORDINATE FORCE LAGS ITS PREDECESSOR
DEPENDING ON PENETRATIUGN RATE AND STATICN SPACING) IF VECTOR PP
IS NOT CONSTANT.
THE ANSWERS (T,FoeXDDyXDeX) WILL BE WRITTEN ON NTAPE EVERY DELTAT AND
ON PAPER EVERY NWRITE * DELTAT.
NTAPE MUST HAVE BEEN INITIALIZED WITH SUBROUTINE INTAPE. A HEADER,
TIME PGINT DATA, AND END-OF-FILE WILL RF WRITTEN ON NTAPE HERE.
COMMON /LSTARY/ IS DEFINED IN SUBROUTINE START.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBRCUTINES PAGEHD,22B0OMB.
THE MAXIMUM SIZES ARE (BASED ON DIMENSIONS OF XDDeXDeXyF)

NX = 250

NF = 5G0
CODED BY RL WOHLEN. FEBRUARY 1967.
LAST REVISION BY RL WOHLEN. MARCH 1976.

SUBROUTINE ARGUMENTS (ALL INPUT)

B = MATRIX COEFFICIENT OF XDa. STIZE (NXeNX).

C = MATRIX COEFFICIENT OF X. SIZE (NXsNX).

D = MATRIX COEFFICIENY OF F, SIZE (NXyNF).

FMAG = VECTOR OF COCRDINATE FCRCE MAGNITUDES SUBJECT TO (1-C0S)/2
VARTATION. S1ZE(NF).

PP = VECTCR OF COORDINATE STATIONS. (CONSTANT 1F SUDDEN
ENVELOPMENT). POSITIVE DIRECTICN FOR STATIONS 1S OPPOSITE
T0r VEL DIRECTION. SIZE(NF).

VEL = PENFTRATION RATE,

GL = GUST LENGTH, PERIOD OF (1-C0S)/2 FUNCTION.

XDOo = VECTOR OF INITIAL VELOCITIES. SIZE (NX).
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X0 = VECTOR OF INITIAL DISPLACEMENTS. SIZE (NX).
STARTT= START TIME., FORCING FUNCTION BEGINS.
DELTAT= INTEGRATION STEP SIZE.
ENDT = END TIME.
NWRITE= MULTIPLE OF INTEGRATION POINTS TO WRITE ON PAPER,
NWRITE = 1 WRITE EVERY POINT (192935ees)
NWRITE = 2 WRITE EVERY SECOND POINT (19335¢60e)
ETC

NX = SIZE OF MATRICES B,C (SQUARE). NUMBER OF ROWS IN D. MAX=250.
NF = SIZE OF VECTOR FMAG, NUMBER OF COLS IN D. MAX=500.

XNAME = JDENTIFICATION OF DATA TO BE WRITTEN ON NTAPE, (A6 FORMAT).

KA = ROW DIMENSION CF Bo+CsD IN CALLING PRCGRAM.

NTAPE = NUMBER OF TAPE CN WHICH ANSWERS WILL BE WRITTEN. (E.G. 10},

THE QUTPUT DATA (70 BE WRITTEN ON PAPER AND NTAPE) IS

T = TIME

F = FORCF EVALUATED BY (1-CCS)/2 EXPRESSION, SIZE (NF).

XDD = ACCELERATION. SIZE (NX).

XD = VELOCITY. SIZE (NX)e.

X = DISPLACEMENT. SIZE (NX).

AIDF = A*xx*-12D*F, SIZE (NX). (WRITTEN ON PAPER ONLY).
NERROR  EXPLANATION

1 = SIZE EXCEFDANCE.

2 = RUN HAS DIVERGED.

‘ N ,
OO0 T

2001 FORMAT (////15X,43H THE INPUT SCALARS TN SUBROUTINE TRSP1C ARE ,

~—

1 7/723X, 10H STARTT = F10.6,
2 /723X, 10H DELTAY = F10.6¢
3 /723X, 10K ENDT = Fl10.69
4 /723X, 10H NWRITE = 15 ’
5 /723X, 1CH VEL = E15.8y
6 /7/723X, 104 GL = E15.8 )

20490 FCRMAYT (//9X,8H TIMF = F10.6)
2050 FORMAT (//9%X,15H APPLIED FORCES / (10X, S5El6.8))
2060 FORMAT (// 9Xy4H ROW, 6X513H ACCELERATION, 8X,9H VELOCITY,

* 10X413H DISPLACEMFNT,y 4Xo19H AX*%=1 % D * FORCES //
* {10X, 13, 4FE20.8))
2250 FORMAT (/ 1X 123(1H-) )
Cc
NERROR=1
IF (NX GTe 250 o«0ORe NF .GT. 500) GO T0O 999
c

C PRINT INPUT SCALARS.
1F (MINI .NE. 4HMINI) GO TO 10
IF (NLINE .Lte 5 <0ORse NLINF .GF. MAXLIN) GO 7C 10
IF (INLINF+2+417) .GT. MAXLIN) GC TC 10
WRITF (NOT,2250)
NLINE = NLINE + 2
G0 TO 11
10 CALL PAGEPRD
11 WRITE (NOT,2001) STARTT,DELTAT,ENDT NWRITE,VEL,,GL
NLINE = NLINE + 17

C SEARCH NTAPE FGOR END OF WRITTEN DATA.
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REWIND NTAPE

READ

(

NTAPE) BUFIN,BUFIN,IEOTIK, (BUFINyI=1,5) +NREC

IF {IFOTCK .EC. 3HEOT) GO YO 7
B0 6 IREC=1,4NREC

READ

NTAPE)

GO TO 5
‘" BACKSPACE NTAPE

CALCULATE NUMPER OF TIME POINTS 7O BE USED.

NTP =

(ENDY-STARTT)/DELTAT + 1.1

FIND FIRST STATION (FORWARD PP) TO ENTER GUST.

FWOPP

= PP(1)

DO 50 I=1,4MF
IF {PP(1) .LT. FWDPP) FWDPP = PP(I)
50 CONTINUE '

SET INITIAL VALUES,
WRITE (NTAPE) IRUNNOy XNAME,DATE,STARTT,DELTAT ,ENDTNXyNFNTP,

80
84
G4

97

98
99

*

(BUF,1I=1,10)

T = STARTY

NW =

TPIGL
DO 80
QD(1)
Q (I)
xD(I)
x (I
DO 84
F(I)

D0 94

N

WRITE
= 2.%P1/GL
I=1 4NX
0.0
0.0
xDo(1)
X0 (1)
=1 4NF
0.0

Nes ) 0K

AIDF(I) = O.
DO 97 T=1,NX

xXpniel

}

= AIDF(I)

DO 99 1=1,NX

SS =

z

ERO

DO S8 J=1,NX
S = B(1,J)%XD(J)
€

S = §€ 4+ ¢
S = CtId)%Xx(J)
SS = §S + §
Xpp(1I) = XDD(I) - SS

SET INTEGRATION CONSTANTS.

P(1) = .5
P(2) = 1. - SOQRT(.5)
P{3) = 1. + SORT(..5)
Pl4) = .5

INTEGRATICN LUOP. (K=1,HALF STEP), (K=2,HALF STEP AGAIN),

(K=3,FULL STEP), (K=4,END OF STEP),

GILL FACTCR = L5

DO 299 ITP=1,NTP

IF (17P .FQ. 1) GO TO 340
DG 150 K=1,4
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D0 110 I=1,NX
Z = XD (1} * DELTAT
20 = XDD(1) * DELTAT
If (K .FQ. 4) GO TO 105
R = P(K) %= (2 -Q (1))
RD = P(K) = (Z2D-QD(I1]}}
Go TO 107

I05 R = (Z - 2.%Q (1)}))/6.

1077y (1) = X (I) + R

XD(I) = XDIfI) + RD

Q@ (I) = Q (1) + 3.%R = P{K)*Z
110 QD(I) = QD(1) + 3.*RD = P{K)*ZD

IF (K .NE., 1) GO TOD 118
T =T + 5%DELTAT
GO Th 130
115 IF (K .NE. 3) GO TO 140
T = SVARTTY + FLOCAT(ITP-1)#DELTAT
13C FWDGPD = VEL*(T~STARTT)
D0 136 I=14NF
F(I) = C.0
GPD = FWDGHD: «~ (PP(I1)-FWDPP)
IF (GFD.GTo0us0 +AND, GPDLLTGLIF{I}=FMAG(I}*(1.,~COSIGPD>TPIGL))/2,.
136 CONTINUE
140 DO 146 I=1,NX
$S = ZtRO
DO 144 J=1,NF
S = DI J)%F(I)
144 SS = 58S ¢+ S
146 AIDF{Y} = SS
DO 147 I=1,4,NX
147 XDL(1) = AIL+ (1)
DO 149 1=1,NX
SS§S = ZERO
DO 148 J=1,NX
S = B(1,d)%XD(J)
58 = 8§ + §
S = C(1,J1%X(J)
148 SS = SS + §
149 XDD(I) = XDD(I) -~ SS
150 CONTINUE
C
C WRITE ANSWFRS CN NTAPE FOR LATFR USE.
340 WRITE (NTAFE) Ty (FUI)aI=1,NF},y (XDD{I)sI=1,4NX)y (XD{(I)sI=1,4NX),
* (X(I,,I=11Nx’
C
C SEE IF DATA SHOULD 8F PRINTED.
IF (YTPLLTNTP JANDe NWLT.NWRITE) GO TO 345
NFL = NF/%
IF ((NFL*5) .NE. NF) NFL = NFL+1
IF (MINI JNF., 4HMINI) GO TO 8OO
IF (NLINE LfF. & OR., NLINE .GF. MAXLIN) GO TO BOC
TF (INLINE+Z+343+NFL+44NX) 6T MAXLIN} GO YO 800
WRITE (NOT,22%0)
NLINE = NLINE + 2
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GO T R1C
800 CALL PAGFHD
810 WR1TE (NCY,.2040) 7T
WRITE (NCT,205G) (F(1)s I=1,NF)
NLINE = NLINE + 3 + 3 + NFL
NXE = 1
NXE = NX
NFLN = (NF-1)/5+1
IF ((NXE + NFLN) GTe (NLPP-15)) NXE=(NLPP-15)-NFLN
342 WRITE (NCT,2060) (1. XDDUI}s XD(1)y X(I)s AIDF(I)y I=NXS,NXE®
NLINE = NLINE + & + (NXE-NXS-1)
IF INX .ECe. NXE) GC TO 345
NXST = NXE + 1
NXE = NX
IF C(INXE-NXS) .GT. (NLPP~ G))} NXE=NXS+(NLPP- 9}
CALL PAGEHD
GC T 242
343 NW = O
345 NW = hW+)

SEE IF RUN HAS CIVEKGED.
NERROR=2
DC 25C I=1,NX
IF (ARS({X(1)) .GT. DIVIGL) GO TO 999
350 CONTIRNUE

399 CONTINUE

WRITE {NTAPE) EBUF,BUF EQT 4 (BUF,I=1,1¢)
ENDFILE NTAPE
RE "URN

996 ENDFILE NTAPE
CALL Z2ZBOMB (6HTRSPI1C 4NERROR)
FND
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-

SUBRCUTINE TRSP2 (AsE 9C oD o TABTHTABF oXDO X0, STARTTHDELTATLENDT,

1 BETANWRITE ¢NXoNF gNTF 3 XNAME o KA KF 4 NTAPE ,NUT1)
CIMENSICN 2(KA,1)oF (KA 1) 2C(KALY),DIKA,Y) . TABTIKF 1), TABF{KF,1),
* XDO(1)4X0(1)

COCMMON /LWRKV2/ XM1{250),XM2{250)

COMMON /LWRKV3/ X{25C)XD{250)

COMMON /LWFKV4/ XDPC(250),F(250)

COMMON ZLWEKVYS5/ FM1(250G),FM2(250)

COMMCN /LSTART/ IPUNNOUsDATE yNPAGESUNAME(3 ), TITLEL(22),TITLE2(12)
COMMON /LLINE/ NLINE,MAXLINGMINI

DCURLF PRECISIUN S,S5S+ZERD

DATA ZERQ/C.D/

DATA NITLNCT/S .67

DATA NLPP,LBUF,DIVTCL, ECGT/

* 54 k 4 C‘o,loE*35’3HECT’

RESPONSE ROUTINE TC SCLVE THE SECCND CPDER CIFFERENTIAL EGUATION
{AIXDD + (E)XD + (€)X = (D)F FOR XODy, XD, X.

THIRC ORDET NFWMAFK—CHKAN-BETA NUMERICAL INTEGRATION IS USED.
VECTCOR F IS CPTAINED EY LINEAR INTERPOLATICN USING TABT,TAEF.
MATRICES A,B+C,D SHOULD NCT SHARE SAME CCRE LOCATION (DUE TO MULTE).
THE ANSWERS (ToF¢4XODoXDsX) WILL BE WRITYEN ON NTAPE EVERY OELTAT AND
ON PAPER FVERY NWRITE * DELTAT.
NTAPE MUST HAVE BEEN INITIALIZED WITH SUBROUTINE INTAPE. A HEADER,
TIME PGINT DATA, AND END-OF—~FILE WILL 8Ff WRITTEN CN NTAPE HERE.
COMMON /LSTART/ IS DEFINED IN SUBRCUTINE START.
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISICN.
CALLS FCRMA SURRCUTINES INVIJMULTWMULTR,PAGEHD ZZR. e
THE MAXIMUM SIZES ARE (BASED CN DIMENSIONS CF XDDyXL ¢XoF)

NX = 2%0

NF = Z2f0
CCDEL BY PL WOHLEN. MAY 19¢5.
LAST REVISION BY RL WCHLEN. MARCH 1976.

SUEBROUTINE ARGUMENTS (ALL INPUT)

A = MATR1IX CCEFFICIENT OF XDD. SIZFE (NX,NX). * DESTROYED *
6 = MATRIX CCEFFICIENT GF XD. SIZF (NXyNX). * DESTROYED *
C = MATRIX COEFFICIENT CF X. S1ZE (NXsNX}. * DESTROYED *
D = MATR1X COEFFICIENT COF F. SIZE (NXsNF). * DESTROYED =*
TABT = TAELE COF TIMES FGP FORCE IN TAEF. SIZE (NF,NTF).
TABF = TAFLF OF FCRCES. SIZE (NFyNTF).
XDo = VECTOR OF INITIAL VELCCITIES. SIZE (NX).
X0 - VECTCR CF INITIAL DISPLACEMENTS, SIZE (NX).
STARTI= STAPT TIME.
DELTAT= INTEGRATION STEP S]IZE.
ENDT = END TIME,
BETA = PAPAMETER CF GENERALJISED ACCELERATION (BETWEEN .0 AND .25).
NWRITE= MULTIPLE OF INTEGRATIUN POINTS TO WRITE ON PAPEK.

NWPITF = 1] WEITE EVERY POINT (14293yeee)

NWRITF = 2 WRITE EVERY SECOND POINT (143454e04)

FTC

NX = SIZF OF MATRICES A,8,C (SQUARE). NUMBER CF ROWS IN D. MAX=250.
NF = MUMBER QF ROWS IN TABRT.TARF, NUMBER OF COLS IN D. MAX=25C.
NTF = NUMEER NF COLS IN TAEBT,TABF.
XNAME = 1DENTIFICATION OF DATA TC BE WRITVTEN ON NTAPE. (A6 FORMAT).
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[ KA = ROW DIMENSION CF A.B.C4D IN CALLING PRCGRAM.
KF = POw DIMENSION OF TABT,TARF IN CALLING PROGRAM,
C NTAPE = NUMFTR CF TAPE ON WHICH ANSWERS WILL BE WRITTEN. (E.Ge 10).
C NUT1 = NUMBEK CF THE UTILITY TAPE. (E.G. 4)}.
C
C THE CUTPUT DATA (TC BE WRITTEN CN PAPER AND NTAPE) IS
C 7 = TIME
C F = FOFCE CETAINED BY LINEAR INTERPOLATION ON TABF. SI2E (NF).
C XDD = ACCELERATICN. SIZ2E (NX).
C Xxo = VELOCITY. SIZE (NX).
C X = GISPLACEMENT. €I1ZE (NX).
C
C NERRCX EXPLANATIOCN
C 1 = S12f EXCFZIDANCE.
C 2 = START TIME LESS THAN TABLE EBCUNDS.
C 2 = END TIME GREATEP THAN TAEBLE BOUNDS.
C 4 = RUN HAS DIVERGED.
C
2001 FORMAT (///715X,42H THE INPUT SCALARS TO SUBROUTINE TRSP2 ARE
1 /723X, 1CH STARTY = Fl0.6,
2 F723X, 10K DELTAT = F1l0.6,
2 /723X, 1C6H ENDT = F10.6,
4 //23X, 10H BETA = F10.6’
5 /723X, 106 NWRITE = 15 }

204C FORMAT (//9X48h TIME = F1C.6)
. 2050 FORMAY (//9X,15H APPLIED FORCES / (1GX, 5E16.8))
2060 FORMAY (/7 9Xy,4h ROWy 6X913H ACCELERATICN, 8Xx,9H VELOC1TY.
1 10X,13H DISPLACEMENT // (10X, 13, 3E20.8}))
2250 FORMAT (/ 1X 123(1H-) )
c
NERROR=1
IF (NX .GT. 25GC «0Re NF .GT. 250) GO TC 999

C PRINT INPUT SCALARS.

IF (MINI .NE. 4HMINY) GG TO 10
IF (NLINFE .LF. 5 .0OP. NLINE JGE. MAXLIN) GO TC 10
IF (INLINE+2+15) .GT. MAXLIN) GO TC 10
WRITE (NCT42250)
NLINE = NLINE + 2
GC T0 11

10 CALL PAGEMHD

11 WRITE (NCT,20CG1) STARTT DELTATLENDT,BETA,NNRITE
NLINE = NLINE + 15

C SEARCH NTAPE FOR END OF WRITTEN DATA.

REWIND MTAPF

S PEAD (NTAPE) EUFIN,BUFIN,IECTCK,(BUFINyI=1,5)4NREC
IF (1IFOTCK .EFQ. 3HEQCT) GO TO 7
DO 6 IREC=1,NREC

6 READ (NTAPE)
GC TC 5

T BACKSPACE NTAPE

'C CHECK TIME TAPLE (TAET)e
DO 18 1=1,NF



TRSP2 —= 37 7

NERRQOR=2
IF (STARTT .LT. TAET{I,1)) GO TO 999
DC 12 J=2,NTF
IF (TART(I4,3-1) GE. TABT(1,41)) GO TC 14
12 CONTINUF
J = NIF+]
14 1F (ENDYT .LE. TABT(1,J-1)) GC TO 18
NERROR=2
G TO 999
18 CONVYINUE

CALCULATE NUMBEP OF TIME PQINTS 70O BE USED.
NTP = (ENDY-STARTT)/DELTAT + 1.1

(aNe BN e Na

CALCULATE pxx~1%By AX%~]1%(C, Ax*=-1%D,
REWIND NUTY
WRITE (NUT1) ((B(I,J)y I=14NX), J=1,NX)
CALL INV] ta, By NX, KA)
DC 45 J=1,NX
DC 45 1=1,NX

45 AlI4J0) = B(1,.4)
REWIND NUTY
READ (NUTY) ({(EB(Is3)s I=1yNX}y J=1.NX)
CALL MULTE (A, By NXy NX, NXy KAy KA)
CALL MULTE (A, Cy NXy NMX, NX, KA, KA)
CALL MULTB (A, Dy NXy NXy NFy, KAy KA)

cr

CALCULATE INITIAL FORCE(F)}y, ACCELERATICN(XDD).
DO 55 I=1,NF
DO 53 J=1,NTF
IF (STARTT otFe. TAET(IsJ+1) oOR. (J+1).EQ.NTF) GO TO 55
53 CONTINUE
55 FMI(Y)=TARF (I i+ (STARTT-TABT(I,J)) * (TABF(I.J#Y)-TABF(I,J)) /
1 (TABT(1,341)-TABT(1,J))
DO 66 I=1,NX
€L = ZERC
D0 65 J=1,4NF
S = U(14J1*FMI(Y)
65 SS = SS + §
66 XDDUI} = &£
DO 6% I=1,NX
SS = ZEFO
DC 68 J=1,,NX
S = B(I,4)2XDOJ)
§S = 8§ + S
€ = C(1,J)%=X0(J)
68 SS = §§ + ¢
69 XDD(I) = XDD(I) - SS
C
C WRITE HFADFR AND ANSWERS AT START ON NTAPE FCR LATER USE.
WRITE (NTAPE) IRUNNDOGXNAMEyDATE ySTARTTDELTATHENDToNX oNF4NTP,

, * (FUF,1=1,10)
; WRITE (NTAPE) STARTT, (FMI(I),1=1,NF), (XDOD(I),I=1,NX]),
* (XDOCT1)sI=14NX)s (XO(I)eI=1,NX)

E=AIE
C=A1IC
D=AID



PR

T0
7

ez2

g2

-C CA

C
C Ca

93

95

100
101

INT DATA AT START.

NFL = NF/5

IF ({NFL%x5) .NE. NFJ] NFL = NFL+1

IF (MIN1I .NE. 4HMINT) GO TO 70

IF (NLINEF .LE. 5 .OR. NLINE .GE. MAXLIN) GO TC 70
IF C((NLINE+243+3+NFL+4+NX) .GT. MAXLIN) GO TO 70
WRITE (NO1,2250)

NLINE = NLINE + 2

GO 10O 71

CALL PAGEHD

WRITE (NCT,2040) STARTYY

WRITE (NOT,2050) (FM1(1),s I=1,NF)

NLINE = NLINE + 3 + 3 + NFL

NXS =1

NXE = NX

NFLN = (NF-1)/5+]

IF ((NXF + NFLN) .GT. (NLPP-=15)) NXE=(NLPP-15)-NFLN
WRITE (NOT,2060) (I,XDD(I)4XDOUT)oX0(I)e I=NXSNXE)
NLINE = NLINE + 4 + (NXE-NXS+1)

IF (NX .EQ. NXE) GO YO 83

NXS = NXE + 1

NXE = NX

IF (INXE=NXS) GT. (NLPP- 9}) NXE=NXS+{NLPP- 9)
CALL PAGEHD

GO TO 82

NWw =1

LCULATE SCALAR CONSTANTS FOR INTEGRATION.

Cl = DELTAY 7 2.

€2 = (& — FETA) * DELTAT#**?
€3 = (.25~ BETA) * DELTAT**3
C4 = FETA > DELTAT®%2

C5 = Y./DELTATY

C6 = 1./DELTAT®%2

C7T = 2+ + Y./BETA

C8 = {lo — 2.%BETA) * DELTAT®:*2

LCULATE AT START TIME + DELTA TIME.

T = STARTT + DELTAY

DC ©5 T=1,NF

DC 93 J=1.NTF

TF (T oLEe TABT(IJ41) JCR. (J+1}.EQ.NTF) GO TO 95
CONTINUE

TRSPZ2 — &4/ 7

FI) = TABF(1e:Jd) + (T-TABT(IsJ)) * (TABF{I,J+1)-TAEF(I,J)) /
* (TABT(I,J+1)-TABT(1,J))

REWIND NUTI

WRITE (NUT1) ((B{XIgJd)y I=1,NX),y J=1,NX)
WRITE (NUTI) ({DEIyJ)y I=14NX), J=1,NF)
WRITE (NUTL) ({(C(14d)y I=1,NX),y J=14NX)
CALL MULTY (BeC oA NX yNXyNXsKAJKA)

DO 101 I=1,NX

DC 100 J=1,NX

Al(T,0} Ci#=B{I4J) — C2%C(14d) ~ C3%A(I,.J)
AlI,1) 1o + A(Y,1)

DO 111 I=14NX

nn

B=AIR
D=AI1D
C=AIC
A=AIBAIC



60 110

110 B(I,J)
111 B(I,I}

CALL TNV

WRITE

CALL MULTE
CALL MULT

REWIND
READ

CatL MULT

DO 121

J=14NX

nn

1. + B(1,1)

(NUT1) ((L(I,0),

NUTY

(NUTI) (1B (I43) 5 I=1,NX)y J=14NX)
(BeBgAaNX JNXoNX KALKA)

1=1 ,NX

DC 120 J=1,NX

120 A(I,J)
121 A(I,1)

CALL MULTE
CALL MULT
CALL MULTP
CALL MULT

DC 121

= —C2%A(1,J)

(ByCoeNX,KA)

CI3E(I,J) + CaxC(I,4d)

I=11NX)9

(C oA NX NXyNXyKA,KA)
(AXOaXML-NXaNX 9l aKAgKAY)

= DELTAT + A1)

I=1 ,NX

DO 130 J=1,4NX

130 B(1,4)
131 B(I,I)

CELL MULTE

READ

CALL MULTE
CALL MULT
DO 140

x{1)
140 XD (I)

REWIND

READ
READ
READ

DO lae

S = O(

= CE*B(I,J!
= (2 + B{1l,1)

I=14NX

]

NUTY

(NUT1) ((R{TeJ),y I=1ogNXYy J=1,4NX)
J=1 4NF)

(NUT1) ((D{I,J4),

(CohsNXJNXJNX 9KA,KA)
(AL XDOyXM2 ,MN
(CrD s NXJNXyNF4KAZKA)

(DyF o FM2 4 NX oNFy 1, KA,KF)

(CaB o NX JNXyNX JKASKA)
(NUTY)Y ((DUT,d),
(B,DfNX,NX,NF,KA’Kﬁ'

{DeFM1a X NXoNFs1sKA,KF)

I=14NX)y g=14iiF}

Y=1,NX)

J=14NX)

'NXy1.KAL,KA)

AM1L{I) + XMZ2(I) + CexFM2(T) + X(I}
Cs % (X(1) - X0o(I))

{(NUT1) (IC0TI53), I=1eNX )y J=1,NX)
DC 146 I=14MX
SS = ZERD

J':l 'NF
ToJ1¥F(J)

144 SS = SS + S

146 XDD(1)
DO 149

= $S
I=1gNX

SS = ZERD

DD 148
S = 8

J=1,4NX
I,31¥%XD ()

§§ = 88 + €
S = CUTJ)3X()
148 5SS = SS + ¢

149 XDD(1)

CALCULATE
nDec 151
DO 150

150 E(1,4J)

151 R{I,1)
READ

CALL MULTR

= XDD(I} -~ SS

TRSPZ2 — 57 7

CONSTANT CCEFFICIENT MATRICES FOR TIME T2,T3,ETC.

1=1,NX

J=1 ¢NX
-C8*C(1,J)

2. + B(I’l,
(NUTY) ((ALTIsd)

]=19NX)'

(AgBaNXyNXsNXoKAgKA)

J=14NX)

B=S
C=51

A=SIP
XM1=AXO

B=AlE
A=AIBAIR?

A=C
A=S10Q
XM2=AXDC
D=SIAID
FM2=DF1

D=SIRAIU:
X=DFO

D
"N
[T R7.

PEv RN
-4
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REWIND NUTY
READ (NUT1) ({A(I4d)s Y=14NX), J=1,NX) A=AlB
DO 161 1=1,MNX
DO 160 J=1,NX

160 Cl1,J) = —CYXA(1,0) + CaxC(1,d)

161 C(I,I) = 1. + C(1,1) ' C=U
READ ’NUTY)
READ (NUTY)

READ (NUT1) (CACT,J),y I=1,NX)y J=1,NX) A=S1
CALL MULTE (AsCoNXyNXgNXKA9KAY C=STU
CALL MULTE (AyDeNXoNXsNFsKAsKA) D=SIAID

DO 180 I=1,NX
DO 180 J=1.NF

180 D(I,J) = C4xD(I,4)
DO 185 I=1,NX

185 xM1(1) = X0(1)

€ CALCULATE Xy XDoXOD FOR TIME = T2,T3,ETC.
DO 392 ITP=2,NTP
IF (ITP .EQ. 2) GO TO 340
DO 191 I=1,NX

XM2(1) = XM1(I}
191 xM1{1) =X (I}

DC 192 1I=1,NF

FMZ(1I) = EMILI)

192 FMI(I) = F (1)
| T = STARYT + FLOATU(ITP=-1)*CELTAT

D0 1%4 I=1,NF
DC 193 J=1,NTF
IF (T oLEe TABT(I,J+1) .CR. (J+1).EQ.NTF) GO TG 194
193 CONTINUE
194 FI1) = TABF(1,J) + (T-TABY(1,J)) * (TABF(I,J+1)-TABF(1,J)) /
* (TABT(I5J+1)-TABT(I,.))
DC 201 J=1,NF
201 FM2(J) = F(J) + CT*FM1(J) + EM2(J)
DO 206 I=1,NX
SS = ZERC
DC 204 J=1,4NF
S = GilyJ)*FM2(J)
204 €S = SS + S
206 X(I) = €S
DC 20& I=1,NX
€¢ = ZERQ
DO 207 J3=14sNX
S = B{I,J)%XM1I(J)
§S = S€ 4+ ¢
S = CUI,JI%xXM2(J)
207 $S = §S - &
208 X{I) = X(I) + SS
DO 269 T=1,NX
: XD (I) = €5 % (X{I) — XM1(I))
£ 209 XDD(I) = €6 * (X(1) ~ 2.%XMI({I) + XM2(I)}
C
C WRITE ANSWERS ON NTAPE FOR LATER USE.
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340 WRITE (NTAPE) T, (FUI)yI=14NF), (XDDCI)sT=1eNX)y (IXD(I),I=1,NX),

c
C SE

800
81C

342

343
345

C SE

350

399

999

* (X(X)yI=14NX)

E IF DATA SHCULD BE PRINTED.

IF (ITP.LTNTF JAND< NW.LT.NWRITE) GO TO 345

NFL = NF/S

IF (INFL%*E) JNE. NF) NFL = NFL+1

IF (MINI (NE. 4HMINI) GO TO 800

IF (NLINE (LE. 5 .OR, NLINE ,GE. MAXLIN) GO TO 8CC
IF ((NLINE+24+43+43+NFL+44NX]) GT. MAXLIN) GO TO 800
WRITE (NCT,225C)

NLINE = NLINE + 2

GC 7O 810

CALL PAGEED

WRITE (NCT,204G) T

WRITE (NOT,205GC) (F{I)e 1=1oNF)

NLINE = NLINE + 3 + 3 + NFL

NXS = 1
NXE = NX

NFLN = (NF-1)}/5+1

IF ((NXE + NFLN) .GTe. (NLPP-15)) NXE=(NLPP-15)-NFLN
WRITE (NOT,2060) (I, XDD(I), XD(I)},y X(I}, I=NXS,NXE)
NLINE = NLINE + &4 + (NXE-NXS+1)

IF {NX .EC. NXE) GO TC 243

NXS = NXE + 1

NXE = NY

IF ((INXE-NXS) .GT. (NLPP— G}) NXE=NXS+(NLPP- 9)

CALL PAGEHD

GO TO 342
NW =0
NW = NW+l

E IF RUN HAS DIVERGED.
NERROR=4
GO 350 T=1,4NX ’
IF (ARSIX(I)) .GT. D1VYOL) GC YO 999
CONTINUE

CONTINUE

WRITE (NTAPFE) BUFJBUFEQT 9+ (BUF41=1,16)
ENDFILE NTAPE
RETURN

ENGFILE NTAPE
CALL 2ZBOMB (6HTRSPZ HNERROR)
END
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SUBROUTINE TRSP2A (AyByCoeDeFMAGPPyVELyGL ¢XDO s X0y STARTT,DELTAT,
* ENDT yBETAyNWRITE gNX o NF s XNAME KA, NTAPE,NUTY)
DIMENSION A(KA21)3B(KA4Y)sC(KAs1),DIKA1),FMAGI{1),PP(]1),

* Xpei1}),X0(1)

COMMON  FLWRKV2/ XM1(250),XM2(250)

COMMON /LWRKV3, X€250),XD(250)

COMMON /LWRKV4/ XDPD(250),F(250C)

COMMON /LWRKVS/ FM1(250),FM21250)

COMMON /L START/ IPUNNC,DATE NPAGE JUMAME(3),TITLEY(22),TITLE2(12)
COMMON /LLINE/ NUINEMAXLINGMINI

DOUBLE PRECISION S,SS.ZtRO

DATA ZFRQ/0.DY/

DATA NITHNCT/5,6/

DATA NLPP,RUF,D1VTCL, PI + ECT/

* 54 v OeslebE+3543.1415927,3HECT/

THIS MODIFICATION QOF TRSPZ2 USES (1-C0OS)/2 FORCING FUNCTION.
RESPCNSE RCUTINE TC SOLVE THE SECOND ORDER DIFFERENTIAL EQUATION
(AYYDD + (BR)IXD + (C)X = (B)F FOR XDD, XD, X.

THIRD CORNDER NEWMARK-CHAN-BETA NUMERICAL INTEGRATICN IS USED.
THE FORCING FUNCTION, F 5, IS A SINGLE PERICD (1-COS)/2 FUNCTICN
BEGINNING AT T=STARTT AND FURWARD PP. THE COORDINATES ARE FCRCED
SIMULTANECUSLY (SUDDEN ENVELOPMENT) IF VECTOR PP IS CONSTANT, OR AS
A PENETRATING FUNCTIUN (EACH COGRDINATE FORCE LAGS 1TS PREDECESSOR
DEPENDING CON PENETRATION RATE AND STATION SPACING) IF VECTGR PP
IS NOT CONSTANT,
MATRICES A,B,CoD SHOULD NOT SHARE SAME CCRE LCCATION (CUE TC MULTB).
THE ANSWERS (T,F,XDDyXDyX) WILL BE WRITYEN ON NTAPE EVERY DELTAT AND
ON PAPER EVERY NWRITE * DELTAT.
NTAPE MUST HAVE BEEMN INITIALIZED WITH SUBROUTINF INTAPE. A HEADER,
TIME POINT DATA, AND END-CF-FILE WILL BE WPITTEN ON NTAPE HERE.
COMMCN /LSTART/ IS DEFINED IN SUBROUTINE START,
INNER PRODUCT SUMS ARE PERFORMED IN DOUBLE PRECISION.
CALLS FORMA SUBRCUTINES INV1MULT,MULTELFAGEHDZZE0OME.
THE MAXIMUM S1ZES ARE (BASED ON DIMENSIONS OF XDDeXD3XeF)

NX = 250

NF = 250
CODED BY RL WCHLEN., MAY 1965.
LAST REVISION BRY RL WOHLEN. MARCH 1976.

ALL SUPRCUTINE ARGUMENTS ARE INPUT

A = MATRIX COEFFICIENT OF XDD. SIZE (NXeNX). * DESTRQYED *

B = MATRIX COFFFICIENT OF XD. SIZE (NXyNX)e * DESTROYED *

C = MATRIX COEFFICIENT OF X. SIZE (NXyNX). * DESTROYID =*

D = MATRIX COFFFICIENT OF F. S1ZF (NXyNF). * DFSTROYED *

FMAG = VECTOR CF COORDINATE FORCE MAGNITUDES SUBJECT TO (1-C0S)/2
VARTIATIONS. SIZE(NF).

PP = VECTOR 0OF COORDINATE STATIONS: (CONSTANT 1= SUDDEN
ENVELDPMENT) . PDRSITIVE DIRECTICN FOR STATIOGNS 1S CPPOSITE
TC VEL DIRECTION. SIZE(NF).

VEL = PENETRATICN RATE.

GL = GUST LENGTH, PERIOD CF (1-CCS)/2 FUNCTIGN.

XG0 = VECTOR OF INITIAL VELOCITIES. SIZE (NX).

X0 = VECTOR OF INITIAL DISPLACEMENTS. SIZE (NX).

STARTY= START TIME. FCRCING FUNCTICON BEGINS.



NX
NF

KA

T
3
XD
XD
X

1
2

OMAOMAAOANAONOOOOOOOOOO O —

D

"o

DELTAT
ENDY
BETA
NWRITE

XNAME

NTAPE
NUT1

o onn

{1 T L E T I 1|
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INTEGRATICN STEP S1ZE.
END TIME.
PARAMETER OF GENERALISED ACCELERATION (BETWEEN .0 AND .25).
MULTIPLE OF INTEGRATION POINTS TO WRITE ON PAPER,
NWRITE = 1 WRITE EVERY POINT (192v3peee)
NWRITE = 2 WRITE EVERY SECOND POINT (143554ace)

ETC
SIZE CF MATRICES AsBysC (SQUART). NUMBER OF ROWS IN D. MAX=250.
STZ2E OF VECTOR FMAG, NUMBER OF COLS IN D. MAX=250.
IDENTIFICATICON OF DATA TO BE WRITTEN ON NTAPE. (A6 FORMAT).
POW DIMENSION OF Ay8,CsD IN CALLING PROGRAM.
NUMBER CF TAPE ON WHICH ANSWERS WILL BE WRITTEN. (E.G. 10).
NUMBER OF THE UTILITY TAPE. (E.G. 4)e

THE OQUTPUT DATA (12 BE WRITTEN ON PAPER AND NTAPE)} IS

nowwnn

TIME

FORCE EVALUATED BY (1-C0S)/2 EXPRESSION, SIZE (NF).
ACCELFRATION. SIZE (NX).

VELOCITY. SIZE (NX).

DISPLACEMENT. SIZE (NX).

NERROR EXPLANATICN
SIZE EXCE¥DANCE,
RUN HAS DIVERGED.

2001 FORMAT (////15Xs43H THE INPUT ICALARS TC SUBRCUTINE TRSP2A ARE ,

~w OV PN e

725Xy 10H STARTT = F10.6,
F/23X, 10H DELTAYT = F10.6,
/723X, 10+ ENDT = F10.6y
/723X, *CH BETA = F10.6y
/723X, 10H NWRITE = 15 ’
7723Xy 10H VEL = E15.8¢
7723X, 10H GL = E15.8 )

2040 FORMAT (//9%X,8H TIMF = F10.6)
2050 FORMAT (//9%Xs15H APPLIED FORCES / (10X, SE16.8))
2060 FORMAT (// ©9X,4H ROW, 6Xo13H ACCELERATION, £X,9H VELOCITY,

1 10Xy13H DISPLACEMENT // (10X, I3, 3E20.8)}
2250 FORMAT (/ 1X 123(1H-) )
c
NERROR=1
IF (NX GT. 250 .0Rs NF .GT. 250) GO TO 999
c
C PRINT INPUT SCALARS.
IF (MINI .NFE. 4HMINI) GO TO 10
IF (NLINE .LE. € <0ORs NLINE .GEF. MAXLIN) GO TO 10
IF ((NLINF+2+19) .GT. MAXLIN) GO TO 10
WRITE (NOT,2250)
NLINE = NLINE + 2
GO TO 11t
10 CALL PAGEHD

11

WRITE (NOT,2001) STARTT DELTATHENDT BETAJNWRITEZEL,GL

NLINE

= NLINE + 19

C SEARCH NTAPE FOR END OF WRITTEN DATA.
REWIND MTAPE
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5 READ
IF (IEQTCK «EQ.
DO 6 IRFC=1,NREC

6 READ (NTAPE)

GO TC 5
7 BACKSPACE NTAFE
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(NTAPE) RUFINSBUFINy TEOTCK, (BUFINsI=1,5)4NREC
3HEOT) GO TO 7

CALCULATE NUMRER OF TIME POINTS TO BE USED.

NTP =

CALCULATE A%x*-1%B, A%¥%¥~]13%(C,

REWIND NUTY
WRITE (NUTY)
CALL INV]

DO 45 J=1,NX
DC 45 1=1,NX
AlTsd) = BU(TI,J)
REWIND NUT1
READ (NUTY)
CALL MULTE
CALL MULTE
CALL MULTE

{Ay By

45

{(Ay By
(A, C,
(Ay Dy

FIND FIRST STATION (FORWARD PP)

FWDPP = PP(1)
DO 5C I=1,NF
IF (PP(T)
50 CONTINUE

TPIGL = 2.*P1/GL

((B(I,44),y
NX¢

«LTe FWDPP) FWDPP =

(ENDT-STARTT) /DELTAT + 1.1

Ax¥—1%D.

I=1,NX)’ J=1 4NX) B=
KA) B=Al

((B(I’J’, I=1.NX), J=I,NX) B=HK
NX, NX, NX9 KA'
NXy NXy NXo KA,
Xy

KA)
KA)
KA)

B=AIB
C=AIC

NXy NFs KA, D=A1D

+0 ENTER GUST.

PP(I)

CALCULATF INITIAL FORCE(F)y ACCELERATION(XDD).

DO 55 1I=14NF
55 FM1(1) = O.

DO 69 I=1,NX

£§ = ZEROD

DO 68 J=1,NX

S = BL{1,J3)*XD0O(J)
€S = §S + §
S = C{14J¥%X0G(I)
68 SS = SS + ¢
69 Xpp(1) = XDD(1) - SS

WRITF HEADFR AND
WRITE (NTAPE)

ANSWERS AT START ON NTAPE FOR LATER USE,
IRUNNO s XNAME 3y DATE o START T o DELTAT GEND TR NX ¢ NFgNTH,

* (PUF,I=1,10)

WRITE (NTAPE)
*

STARTT,

PRINT DATA AT START.
NFL = NF/5
IF (INFL%E)
IF (MINI
JF (NLINE

«NF.

oLE. & LCR,

WRITE (NOT,2250)

«NE. NF) NFL =
4KMINI) GO TO 70

NLINE .GE. MAXLIND) GO TC 70
IF (INLINF42+3434NFL444+NX)

(FMY(I) 2I=14NF)y (XDDUIDsI=14NX),y

(XDUL 1) 9I=14NX)y (XO(I)41=1,4NY)

NFL+1

«GVe MAXLIN) GO YO 70
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NLINE = NLINE + 2
GO TO 71
T0 CALL PAGEHD
71 WRITE (NDT,2040) STARTY
WRITE (NCT,2050) (FM1(I}s I=1,NF)
NLINE = NLINE + 3 + 3 + NFL
NXS = 1
NXE = NX
NFLN = (NF-1)/%+1
IF ((NXE + NFILN) GT. (NLPP-15)) NXE=(NLPP-15)-NFLN
82 WRITE (NCT,2060) (I4XDD(I)yXDO(I)oXO(I), I=NXS,NXE)
NLINE = NLINE + 4 + (NXE—-NXS+1)
IF (NX .EG. NXE) GO TC 83
NXS = NXE + 1}
MXE = NX
IF (INXE-NXS) oGT« (NLPP— 9)}) NXE=NXS+(NLPP- 9)
CALL PAGEHD
GG TO 82
83 NW =1

CALCULATE SCALAR CCNSTANTS FCR INTEGRATION.,

C1 = DELTAY / Zz.

C2 = (5 — BETA) %« DELYAT*22
€32 = (.25~ BETA) * DELTAT**3
Cs = BETA * DELTAT®ERZ

C5 = 1./DELTAT

C6 = 1./DFLTAT*%X2

C? = =2. + 1./BETA

C8 = (1s — 2.%KETA) * DELTAT=R%2

CALCULATE AT START ° 1t + DELTA TIME.
T = START, + DELTAT

FWDGPD = VEL®*(T-STARTT]
DC 95 I=1,NF
F{I} = 0.0

GPD = FWDGPD ~ (PP(I)~-FWDPP)

IF (GPD.GTe0e0 oAND. GPDLTLGLIF(I)=FMAG{1)*(1.~COS(GPD*TPIGL)}/2.
95 CONTINUE

REWIND NUT?

WRITE (NUTL) ((B(TeJd)e 1=14NX)y J=14NX) L =AIR
WRITE (NUTI) ((D(19sJ)y 1=14NX)y J=1,NF) D=A1D
WRITE (NUTL) ((C(TsJ)y T=19NX)s J=1oNX) C=AlC

CALL MULT (BoCAgNX JNXyNX yKA9KA Y A=AIBAIC
DO 101 I=1,NX :
DO 100 J=1,NX

100 A(I44) = C1%B(I,0) — C2%C{I,44) — C3%A(I4J)

101 A{I,1) = 1. + A(I,I}) A=P
DO 111 1=1.NX
DC 110 J5=1,4NX

110 B(1,3) = CYI2B(I,4Jd) + C4*CUIL)

111 BR(1,I) = 1, + B(1,1) B=S
WRITE (NUTY) ((C(1,J), I=14NX)y J=1,4NX)
CALL MULTSB thA'NX,“X'NX'KA,KA, A=S]IP

CALL MULT (A XO9XMI gNXyNX o1 4KAYKA) XM1=AX0O



REWIND NUT?
READ (NUTIY ({B(1,J0), I=1,NX), J=1,NX)
CALL MULT (EaB g AgNX gNXgNX oK AsKAD
DO 121 I=1,NX
DO 120 J=1,4NX
120 A(1,J3) = —C3*a(1,d)
121 A{1,1) = DELTAT + A(l,1)

CALL MULTB  (CoAsNXosNXyNXyKAKA)

CALL MULT (Ao XDOeXM2 4NX oNXy 1 3KALKA)
CALL MULTHR {CoyDeNXJNXgNFsKAyKA)

CALL MULT (DoeFeFMZyNXoNFy 19 KALKF)

DO 131 I=1,NX
DC 130 J=1,4NX
130 B(I,43) = C3%B{I,J)
131 B(T,I) = C2 + B(I,1)
CALL MULTE  (CoByNXyNXsNXsKAsKA)
READ (NUT1) ((D(Ysd)y I=24NX); J=1,NF}
CALL MULTE (B4DsNXoNXyNF ¢KAyKA)
CALL MULT (DyFMY4 XeNXoNFs19KAZKF)
DG 140 TI=1,NX
{1 = XMI(T) + XM2(I) + C4xFM2{I) + X(I)
140 XD (1) = C&% x (X(I) - XO(1))
REWIND NUT1

READ  {NUT1) ((E(1ysJ)y I=14NX)y J=1,NX)
READ (NUTT) ((D(I,J)y I=1,4NX)y J=1,4NF)
READ (NUTI} ((C(I4Jd)y I=1eNX)y J=14NX)

DO 146 T=14NX

SS = ZERC

DO 144 J=1,NF

S = DU14,J)*F(J)
144 SS = §S + S
146 XODU(I) = SS

DC 149 I=1,NX

$S = ZERO

DO 148 J=1,NX

S = B(I.J)xXD()

§§ = §S + §

S = C{IJ)%X(I)
148 SS = SS + §
149 XDD(IY = xOD(1) -~ SS

TRSPZA~~
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CALCULATE CONSTANT COEFFICIENT MaATRICES FOR TIME T2,T3,ETC.

DC 151 TI=1,4NX
DO 150 J=1,NX
150 B(1,J) = -CE8*C(1,4J)
151 B(1,1) = 2. + P(],1)
READ  INUTY) ((AGTeJ) s I=1,NX), JI=1,NX)
CALL MULTB  (AsBaNX NXJNXyKAyKA)
REWIND NUT?
READ  (NUTY) ((A(Isd)y I=14NX)y J=1,NX)
DO 161 T=1,NX
DO 160 J=14NX

160 C(T4J) = =CY*A(14J) + C4%xC(1,3)
161 C{141) = 14 + ClI,I)
READ (NUT1)

E=AIB
A=AIBALB

A=Q
A=L10
XMz2=AXDO"
D=SIAlID
FM2=DF1

B =R
BE=SIR
D=AID
D=SIRAID
X=LFO

x=x1
XD=XD1

e=AlR
D=AID
C=AIC



READ (NUT1)

READ (NUT1) ((A(T,J), T=14NX)y J=1,NX)

CALL MULTH (AsC X ogNXgNX yKAyKA)
CALL MULTE (A,D'NX’NXQNF’KA’KA)
DO 180 I=1,NX
DO 180 J=14NF

180 D(I,J) = CaxD(I,Jd)
DO 185 I=7,NX

185 XM1(1) = XO(1]

U CALCULATE X,XD,XDD FOR TIME = T2,T3,ETC.

DO 399 ITP=2,NTP
IF (ITP ,EC. 2) GO YO 340
DC 191 I=1,4NX
XMZ(T) = XM1(1)
161 xM1(1) x (1)
DO 192 Y=1,NF
FM2(I) = FMI(T)
192 FMI(I) = F (1)

1

T = STARTT + FLCAT(ITP-1)*DELTAY

FWDGPFD = VEL*(T-STARTT)

DO 195 I=1,NF :

F(1) = 0.0

GPD = FWDGPD — (PP(1)-FWDPP)

TRSP2A=— 6/ 7
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[
=21V
D=S1A1D

IF (GPDeGT40s0 «ANDa GPOLLTLGLIFII)=FMAG(I)*{1.~COS((PD*TPIGL)) /2.

195 CONTINUE
DC 201 J=1,NF

201 FM2(J) = F(J) + CT*xFMLI(S} + FM2UJ)

DO 206 I=1,NX
§S = ZERO
DO 204 J=1,4NF
S = DIT,J)%EM2())
204 SS = SS + S
206 X(I) = SS
pC 208 =
SS = ZERD
DC 207 J=1,NX
S = B(T,J)%xXM1(J)
SS = 83 + §
S = CUIJ)xXM2(d)
207 §S = §§ ~ ¢
208 X{I) = X(I) + <S
CC 209 T=1.NX
XD (1) = €5 * (X(I) — XM1(I))
209 XDD(I) =

1,NX

Co % (X(YI) = Z2.%XMi(I) + XMZi11))

C WRITE ANSWERS CN NTAPE FCR LATER UZE.

340 WRITE (NTAPE) Ty (F(I),1=1,NF),
* (X(I)s1=14NX)
c
€ SEE IF DATA SHCULD BF PRINTED.

(XDD(1) 9 I=14NX)y

IF (ITP.LTNTP JANDe NW.LTSNWRITE) GO TO 345

NFL = NF/S
IF ((NFL*E) .Nf. NF) NFL = NFL+1
IF (MINI JNE, 4HMINI) GO TC 800

(XD(I),I=1,NX),
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IF (NLINE LF. & 0R. NLINE ,.GE. MAXLIN)} GO TO 800
IF ((NLINF+2+43434NFL+4+NX) .GT. MAXLIN) GC TO 200
WRITE (NCT,225C)
NLINE = NLINE + 2
GQ T0 El0
800 CALL PAGEKD
819 WRITE (NCT,2040) T
WRITE (NOT,2050) (F(I), I=1,NF}
NLINE = NLINE = 3 + 3 + NFL
NXS = 1
NXE = NX
NFLN = (NF-1)/5+1
IF C((NXE + NFLN)} GT. (NLPP-15)) NXE=INLPP-15)-NFLN
342 WRITE (NCT,2C60) (I, XDD(I)y XD(I)s X(I)s I=NXS4NXE)
NLINE = NLINE ¢+ & + [NXE-NXS+1)
IF (NX .FGo. NXE} GC TO 343
NXS = NXE + 1}
NXE = NX
IF ((NXE-NXS) .GT. (NLPP— 9)) NXE=NXS+(NLPP- 9G)
CALL PAGFHU
GO T 342
343 NW = 0
345 NW = NW+1

-SEE IF RUN RHAS DIVERGED.
NERROR=2
DO 350 I=1,NX
IF (ARS(X(1)}) .GT. DIVTIOL) GO TO 999
350 CONTINUE

399 CONTINUE

WRITE (NT.PE) BUFBUF y: 0T+ (BUF4I=1,16)
ENDFILE NTAPE
RETURN

999 ENDFILF NTAPE
CALL ZZBCMB (6HTRSP2A 4NERRGR)
END
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SUBROUTINE TRSP3 (AyByCyDyTABTYZTARF 4XDO 4y X0 STARTT ,DELTATLENDT,
\‘J * NWR ITE g NX oNFyNTF o XNAMF,KD ¢ KF,NTAPE))
DIMENSICON A(1),B(1)4,C(Y)sDUKDsY),TABTIKF41),TABF(KF,1),
* XDO(1),X0(1)
COMMCN /ZLWRXV1I/ XPD({25CG), XD(250)
COMMON /ZLWEKV2/ X1250), TERK(2%0)
CCMMOCN /ZLWRKV3/ AIDFO{2E0), AIDF(250)
COMMCN ZLWRKV4A/ FIS500)
COMMON /LSTART/ IRUNNC,DATE JNPAGE sUNAME (3),TYITLE1(12),TITLE2112)
COMMON JLULINE/Z NLINF MAXLINGMINIT
DCUEBLF PRECISION S,SS,ZERQ
DATA ZERQ/Q.D/
DATA NITL,NCT/%5,6/
DATA NLFPL,RUFLDIVTCL, ECT/
* 54 4 GeeleE+35,3HEQTY/

RESPONSE ROUTINE TC SCGLVE THE SECCND ORDER DIFFERENTIAL EQUATION
(AYXDD + (BIXD + (C)X = (D) FOR XDD, XDty X.
Ay By AND C AKF UNCOUPLED DIAGCNAL MATRICES IN VECTOR FGRM.
CLOSED FORM SCLUTICON 1S USED YO FIND XDD, XDy AND X.
VECTCR F IS CPTAINED BY LINEAR INTERPCLATICN USING TABT,TAEF.
THE ANSWERS (T+FoXDDeXDpX) WILL BE WRITYEN ON NTAPE EVERY DELTAT AND
ON PAPER EVEFY NWRITE * DELTAT.
NTAPE MUST HAVE BFEN INITIALIZED WITH SUBRQUTINE INTAPE. A HEADER,
TIME POIMT DLTA, AND END-OF-FILE WILL BE WRITTEN ON NTAPE HERE.
COMMON /ZLSTAFT/ IS DEFINED IN SUBROUTINE START.
INNER PRCODUCT SUMS AFE PERFCORMED IN DOUBLE PRECISION.
CALLS FCRMA SUBRRCUTINES PAGEHD,Z2ZBOMB.,
THE MAXIMUM SIZES ARE (BASED ON DIMENSIONS OF XDDyXDoeXoF)
NXx = 25¢
NFE = 500
THE MAXIMUM NUMKER OF UNIQUE TIMES PAST STARTY IN TABY = 250.
CCDED EY WA PENFIFLD AND RL WOHLEIN, FERRUARY 1967.
LAST REVISION BY RL WOHLEN., MARCH 1976.

OO0
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SUBROUTINE ARGUMENTS {alb INPUT)

A = MATRIX COEFFICIENT OF XDD. INPUT AS A VELTOK,
USED AS A DIAGONAL MATRIXe SIZE (NX)e *DESTROYED=*
B = MATRIX CCEFFICIENT CF XD. INPUT AS A VECTOR,

USED AS A DIAGONAL MATRIX. SIZE (NX). *DESTROYED*

C = MATRIX COFFFICIENT CF X. INPUT AS A VECTOF,

USFD AS & DIAGONAL MATRIX. SIZE (NX). FDFSTRCOYED=®
D = MATRIX CCEFFICIENT CF F. SIZE (NX4NF). 2DESTROYED®
TABT = TAELE CF TIMES FOR FORCE IN TaRF, SIZE (NF,NTF).
TAEF = TABLF (F FORCES. STZE (NF,NTF).
Xbo = VECTOR OF INITIAL VELOCITIES. SI2F (NX). *OESTROYED*®
X0 = VECTOR OF INITIAL OISPLACEMENTS. SIZE (NX). *DELTKOYED*
STARTT = START TIME.
DFLTAT = INTEGPATION TIME INVERVAL.
ENDT = END TIME,
NWRITE = MULTIPLE CF INTEGFATION PCINTYS TO WRITE ON PAPER.

NWRITE = 1 WRITE EVERY FOINT (1,243 400!
NWRITE = 2 WRITE EVERY SECCOND POINT (14355r4c.)
£ETC
NX = SIZE NF Ay By AND C (VECTORS). NUMBER OF ROWS IN Da. MAX=ZzS50.

O ﬁ‘\‘
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NF = NUMEBER OF ROWS IN TAET,TABF. NUMBER OF COLS IN D. MAX=50C.
NTF = NUMFER OF COLS IN TABT,TARF.

XNAME = IDENTIFICATICN OF DATA TO tE WFITTEN ON NTAPE. (A& FORMAT).
KD = ROW DIMENSICN OF DO IN CALLING PROGRAM,

KF = RCW DIMENSION CF TABT, TAEF IN CALLING PRCGRAM.

NTAPE = NUMBER OF TAPE ON WHICH ANSWERS WILL BE WRITVENS. (E.Ge. 10}

THE CUTPUYT DATA (TO BE WRITTEN CN PAPER AND NTAPE) 1S

T = TiMmE .

F = FCRCE CBTAINED EY LINEAR INTERPOLATICN ON TABF. SIZE (NF).

XeD = ACCFLEPATICN. SIZE (NX).

XG = VELBCITY. SIZE (NX}.

X = DISPLACEMENT. SI2E (NX).

AIDF = A*%-12DxF, SIZE (NX). (WRITTEN CN PAPER ONLY).
NEFPRCR  FXPLANATION

1 = ST2F EXCEFDS DIMENSICNG

2 = START TIME LESS THAN TABLE EOQUNDS.

3 = END TIME GPFATER THAN TAELE BOUNDS.

4 = MORE THAN 200 TIME BREAKS.

2001 FCORMAT (///7715X,4ZHh THE INPULT SCALARS TO SUBROUTINE TRSP3 ARE

VI N e

/723Xy 16H STARTT = F10.6y
F723X, 1CH DELTAT = F10.6,
/723Xy 1CH ENDT = Fl1Geby
1723%, 10k NWRITE = 1§ )

2040 FORMAT (//9X48F TIME = F10.¢€)

2056 FORMAT (//9X,15H APPLIED FCRCES / (10X, 5F16.E8))

2060 FORMAT (// 9Xs46h ROWs 6Xy13K ACCELERATION, EX.9H VELDCITY,
* 10X,13F DISPLACEMENT,y 4X,19H p%x%-1 % D * FORCES //

Y

(10X, 134 4E20.8))

2250 FORMAT (/7 1X 123(1H-) )

NERRQOR=1
IF (NX «GT. 250 W0Re NF .GT. 500) GO TC 999

PRINT INPUT SCALARS,

10
11

1F (MINI (NF. 4BMINI) GC TC 10

IF (NLINE JLE. 5 «0OR. NLINE .GE. MAXLINY) GO TO 10
IF ((NLINE+2+12) .GT. MAXLIN) GG TC 10

WRITE (NPT,2250)

NLINF = NLINE + 2

Gt 1O 11

CALL PAGERD

WRITE (NCT,2001) STARTT,DELTATSENDTNWRITE

NLINE = NLINE + 13

SEARCH NTASF FOR END OF WRITTEN DATA.

REWIND NTAPE

5 RFAD (NTAPE) PUFINGEUFIN,IECGTCK, (BUFINgI=1,5)4NREC

IF (IECTCK LEQe. 3RHECT) GO TO 7
DC & IREC=1,NREC

6 READ (NTAPE)

GO 10 %

7 BACKSPACE NTAPE



aOM OM

el

coOone,

CHECK TIME TAKRLE (TABT).
DO 18 1=1,NF

IF {(STARTT .LT. TABT(1,1)) GO TC 999

DO 12 J4=2,NTF

IF (TAETU(ILJ-1) .GE. TABT{(1,41) GO T0 14
12 CONTINUFE

J = NTF«+}
14 IF (ENDT .LE. TABT(1,J-1}) GO TO 18

GO T0O 999
18 CONTINUE

CALCULATE NUMEER CF TIME POINTS TC BE USEDS
NTP = (ENDT--STARTYI/DELTAT + 1.1

CALCULATE (ONSTANT..
DO 45 Y=1,NX
DO 40 J=1,NF

40 D(I,4) D(1,J)/7A(1)
ASTORE = JS5*R{I)/A(I)
C(1) = ClIYza(l)

B(I) = SQFTIC(I)}—-ASTORE>*2)
45 A{1) = ASTGRE
A = DAMP/({2.%MASS)
B = SCRT (STTF/MASS = (DAMP/ (2 .%MASS]) ) *x¥2)
C = STIF/MASS = OMEGA*%2

FIND UNJIQUE TIME BREAKS (TBRK) IN TABT AFTER STARTT.

NTRRK = C
DG 55 I=1,NF
DC 54 J=2 4 NTF
IF (TAET(I,4) .LE. STARTT) GO TO 54
IF (TART(I.J-1) .GE. TART(I.J)} GO TO 55
IF (NTBRK .EQ. 0) GO TO 52
DO 50 K=1,NTERK
IF (TART{I,J) .EQ. TBRK(K)) GC TO 54
50 COMTINUE
52 NTRRK = NTRRK+1
IF (NTBRK .LE. 250) GO TO &3

GC TC 9o
53 TBRK (NTERK) = TABRT(I.J)
54 CONTINUE
55 CONTINUE
DO 65 J=1,NTPRK
DO 60 1=J4NTERK
IF (TBRK{I) «Gte TBRK(J)) GO TU 60
TMIN = TERKI(I)
TRRKI(I) = TPRK(J)
TERK(J) = TMIN
60 CONTINUF
65 CONTIRUE

TRSP3 -= 3/ 6

NERROR=2

NERRCR=3

MAX=250.

NERROR=4

D=A1D
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SEY INITIAL VALUES.
WRITE (NTAPE) IRUNNCy XNAME,DATESTARTToDELTAT+ENDT4NXsNF¢NTP,

* (BUFs1=1, 1
T = STARTT

TB = STARTT

NW = NWRITE

18 =1

DO 86 1=1,NF
DO 84 J=1,,NTF
IF (T JLE. TABT{I,J+1) LOR. (J+1)}.EQ.NTYF) GO TO 86
84 CONTINUE
86 F(I) = TARF(I,3) + (T-TABY(1,J)) x (TABF(I,J+1)-TABF(1,4)) /
¥ (TABT(1,J+1)~TABT(I,J))
07 B& I=1,4NX
L5 = ZERO
DO 87 J=1,NF
S = D(1,J)1*F1])
87 SS = S€ + ¢
88 AIDF(I) = €S
DC 90 1=1,NX
90 AIDFOG(I) = AIDF(1)
DO 95 I=1,NX

xX(1) = XG(1)
XpDt1) = XDO(I)
95 XDD(I) = AIDFO(I) —~ 2.%A(IY*XD(1) — CUI)*X(I)

C INTEGRATION LOOP.
DD 299 ITP=1,NTP
IF (17P .f0. 1) GO T0 340
TX = STARYY + FLOAT(ITP-1)%DELTAT
105 7 = TX
TMTR = T-1&
C
€ SEE IF THERF 1S A TIME BREAK (TB) IN TEBRK BETWEEN PREVICUS TIME
€ BREAK AND CURRENT TIME (T).
IF (15 .GT. NTERK) GO TG 399
IF (T LT, TRRK{I&))} GC TO 110

T = TRFK(IB)
TMTE = T-TB

TR =7

1B = 1E+1

110 DC 11¢ I=1,NF
D0 112 J=1,NTF
IF (T JLE. TABT(ILJ+1) L.OR. (J+1).EC.NTF) GO TO 116
113 CONTINUE
116 FLI) = TABF(I,3) + (T-TABT(1,3)) * (TABF(I,J+1)-TABF(I,J)) /
* (TABT(I4J+Y)-TABT(I,J))
DO 118 I=74NX
§S = ZERC
DO 117 J=1,NF
S = D(I,4)%F(J)
117 SS = ST + ¢
118 AIDF(1) = SS
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CALCULATE KESPONSE DUE TO DISPLACEMENT, VELOCITY, FORCE AT
PREVIQUS TAETY BREAK AND DUE TO CURRENT RAMP,
DO 125 I=1,4NX

RS = (AIDF{TI)-AIUFO(I))/TMTE

IF (C(1) .EQ. 0.0) GO TO 120G

8T = B{1)%TMTH

S1 = SIN(EBT)

c1 = COS(RT)

AS1 = A(I)*S51

gC1 = BLI)*C1

EAE = FXPL-AtI)*TMTEI/ZE(L)

XGEAR = AG{II*EAB

XDOEAB = XDCG(TI)*EAF

xX(1} = ACEAP*(AS1+B(Cl} + XDOEALX®S]

1 + AIDFOUI )*(1.-EAB*(AS1+BC1I)/CIY)
2 + REX(IMTE 4 (—2.%A(TI+EAEX{LA(TI)*32-B(T}**2)%S}
a

+2.%2(1)1xBC1}Y/7CLTY M/7CUTY)
XB(1) =—XCEAB2C(1s%S]1 + XDCFAS*{-ASI+BCY) + AIDFOC{1)}*EAB*S1
+ RSx{1.-FEABR%(AS1+48C1)}/C(1)
XDD(I) = XOGEAB*C{I1)=(AS2-FC)}
+ XDOERAEX{(A(TI)**x2-B(1)**2)*L1-2,*A(11*BC1)

)

2 + AIDFO(I)*EAB*{—AS1+8CYl) + RS*EABxS)
GC TC 125

120 X(1) = ¥C(I) + XDO(IDZTMTE + S*¥AJDFO(TI*TMTB*+2 + RS*TMTBX*3/6.
Xo(1I) XDO(1) + AIDFOUII*TMYE + S5*RSATMTR%*%2

xeo (1)
125 CONTINUE

IF (T .GT. T} GC TO 34G

DC 120G I=1,.NX

XGl{I1) = X¢tI)

XDot1) = XD(1I?
120 AIDFC(I) = AIDF(I)

IF (T .LT. TX) GO TC 1¢S5

AIDFC(I) + RS:TMTB

c
C WRITE ANSWERS ON NTAPE FCR LATEP USE.
340 WRITE (NTAPE) T, (FUI)4I=140F)y (XDOD(I)oI=1 NX}y (XD(I}yeI=1,4NX},
* (X{I),I=14NX)
C
C SEE IF DATA SHOULD BE PRINTED.
IF (TTP.LTNTP AND. NW.LT.NWRITE) GO TO 345
NFL = NF/S
IF ((NFL*5) JNF. NF) NFL = NFL+1
IF (MIN1 JNE. 4EMINT) GC TC 800
IF (NLINE LE. & .0R. NLINE .GE. MAXLIN) CC TC BOO
IF ((NLINF4+2+4343+NFL+44NX) GTe MAXLIN) GO TO 800
WRITE (N(0T,2250)
NLINF = NULINE + 2
GO0 TO P10
800 CALL PAGEHRD
81C WRITE (NOCT,2040) T
WRITE (NCT,2050) (F(I)y, I=1,NF)
NLINE = NLINE + 3 + 3 + NFL
NXS = 1}
NXE NX
NFLN = (NF-1)/5+1

i
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IF (UINXE + RFLN) GT. (NLPP-15)) NXE=(NLPP-1S)-NFLN
342 WRITE (NOT,20560) (I, XDD(I), XD{(Y), X(I}, AIDFLlI), 1= NXS.NXF)
NLINE = NLINE + 4 + (NXE-NXS+1)
IF (NX .EQ. NXE)} GG TO 343
NXS = NXE + 1
NXE = NX
1F (INXE~-NXS) oGTe (NULPP— 9)1 NXE=NXS+{(NLPP- 9}
CALL PAGEHD

GN TO 342
243 NW = O
345 NW = NW+l

399 CCONTINUE

WRITE (NTAPE) BUF 4BUF ECT(BUF,1I=1,16)
ENDFILE NTAPE
RETURN

999 ENDFILE NTAPE
CALL 22BCMB (6HTRSP3 LNERRCR)
END
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SURRCUT INE UMAM]1 (A, REM,UMAM 3NyNRBM,K)
DIMENSICN A{K,1)y REBM(Ky1)y UMAM(K31)y W2(646)y W2(646)

GENERATE TRANSFCRMATICN RELATING INERTIA PLUS APPLIED LOADS TO
APPLIFD LGADS FGR INERTIALLY RESTRAINED SYSTEM.

CAL
THE

LS FORMA SUBRQUTINES BABT,ETAB.INVI MULTR,PAGEHD,2ZB0MB.

MAXIMUM SIZES ARF
N = 50C (BASED ON BTAB,MULTB)
NREM = 6

DEVELOPED PY CARL BRODLEY. JANUARY 1965,

LAS

T REVISION BY wA BEKFIELD. M™MARCH 1976.

SUBROUTINE ARGUMENTS

A = INPUT MASS MATRIX. SIZE(NoN1.
RBM = INPUT MATRIX OF RIGID BODY MODES, (NEEDNT BE ORTHORNORMAL)
SIZE(N,NREM).
UMAM = QUTPUT (UNITY MINUS A MESS). SIZE(N,N).
N = INPUT SIZE OF SYSTEM (NUMBER (OF CODRDINATES).
NRBM = INPUT NUMBFR OF RIGID BODY MODES, MAX=6.
K = INPUT ROW DIMENSICN CF A4REMsUMAM IN CALLING PRCGRAM.
NERRCOR  EXPLANATICN
1 = MORE THAN 6 RIGID BUDY MODES.
NERROR=1
IF (NRBM .GT. &) GO TO 999
CALL BTAR (A9REMsW1 JNoNRBMsK46)
CALL INV1 (W1.W2,NKEM46)
CALL PART (W2,REMyUMAMy NONRRM, 6,K)
CALL MULTE (A,UMAM, N,NsNy KgK}
DO 60 I=1,4N
DO 50 J=1,N
SC UMAM(I,J) = —-UMAM(TI,J)
60 'MAM(T,1) = 1.0 + UMAM(I,I)
RETURR
999 CALL zzBOMB (6HUMAM1 LNERROR)

END
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SUBROUTINE UNITY (Z,NsKR)
DIMENSION Z(KR,1)

GENERATE A UNITY MATRIX. (ONES ON THE DIAGONAL).
CODED BY RL WOHLEN. FEB 1965.

SUBRCUTINE ARGUMENTS

Z = CUTPUY MATRIX GENERATED. SIZE(N,N).

N = INPUT <SIZE CF MATRIX 2 (SQUARE).

KR = INPUT ROw OIMENSION OF MATRIX Z IN CALLING
DO 20 I=1,N
DO 10 J=1,KR

10 Z(I4J) = 0.0

20 Z(1,11 = 1.6

RETURN
END

PROGRAM .
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UPDATE-- 1/ &

SUBROUTINE UPDATE

UPDATE TAPE PROGRAM (PROGRAMMED TO WORK WITH DISK UNITS)
MAXIMUM SIZE = 40000 ELEMENTS FOR A DENSE MATRIX.

CALLS FORMA SUBROUTINES ... NONE USED.

CCDED RY RF HRUDA. APRIL 1969. REVISED NOVEMBER 1970.
MODIFIED FOR CONTRACT NASE-25922, MAY 1971.

INPUT
CARD 1 = IFINIT,TAPEID,NT1,MT2 FORMAT (2A6,13,15)
CARD 2 = LNS,LNE FORMAT {21I5)
CARD N = 10 ZERDS (REST OF CARD BLANK)} FORMAT (110)
VARTABLES

" e e = .

IFINIT = INITIL , NT2 WILL BE INITIALIZED AND UPDATE WILL
START AT BEGINNING OF NTZ.

NCINIT , UPDATE WILL BEGIN AT END OF DATA ON NT2.

sTOP » PROGRAM WILL BE STOPPED.

TAPEID = TAPE I.D. FOR TAPE THAT IS 7O BE INITIALIZED (EG T1234).
NT1 = LCGICAL NUMBER OF THE TAPE TC BF READ FROM (EG 11).

NT2 = LOGICAL NUMRER OF THE TAPE 7O BE WRITTEN ON (EG 10).

LNS = STARTING LOCATION NUMBER OF AN UPDATE BLOCK.

LNE = ENDING LOCATION NUMBER OF THE UPDATE S8LOCK.

Oy INDICATES END CF TAPE,

(MATRICES WITH LOCATION NUMBERS LNS THRU LNE WILL BE UPDATED)

EXAMPLE OF 1INPUT DATA FOR SUBRQUTINE UPDATE.

CARD COLUMN NUMBER

1 2
12345678901234567890 COMMENTS .
INITILTYIZ234 11 10 UPDATE FROM 11 ONTC 10 AND INITIAL 10 AS
5 9 UPDATE FROM MATRIX 5 THRU MATRIX 9,
2 2 UPDATE ONLY MATRIX 2,
19 0 UPDATE FROM MATRIX 19 THRU END OF TAPE1O.
00000000G00 RETURN TC CALLING PROGRAM,
NOINIT 12 10 UPDATE FROM 12 ONTO 10 (IF REQD)
14 24
3 7
9 12
00006000000
£YOP
BETA-CARD.

T1234,
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C

C REWIND TAPES, DEFINE NT1

DIMENS
DATA N
DATA

* 0
DATA N

1001
1002
2001

FORMAT
FORMAT
FORMATY
2002 FORMAT
2003 FORMAT
*

2004 FORMAT
x*
&«
*
2005 FORMAT
2006 FORMAT

2007 FORMATY
2008 FORMAY

*
*
*

3001 FORMAT
*
*

3002 FORMAT
xk

*
*

READ IN H
READ (
IF (IF
LN1
LN2
NPAGF
WRITE

REWIND
REWIND
READ

REWIND
IF (1¢
WRITE

REWIND

UPDATE-= 2/ 4

ION A140060)
ITyNCT/5,6/

Z,NSMAXy EOT, IDENSE/
« 940000 ¢ 3BHEQT 4 SHDENSE /
LPP/54/

(2A6413,15)

(215)

(1H1 47X 6HUPDATE 21X SHPAGE NCe I3}

{/ 26X3SHLISTING OF MATRICES CON LOGYCAL UNITI3,7THs T*PE A6)
{/ 20X3SHLISTING OF MATRICES ON LOGICAL UNITI3,7Hs TAPE Ab,

12H (CONTINUED))

( 26X 51(1H-) / 27X3HNOL.3X7HRUN NQO.4&X4HNAMESXS5HNRCWS
4XSHNCOLS 4X4HDATE /
ZTX3IH-—=3X6H~———=- 4L X6H—= ==L XEH——— ==
4X5H——=~~3X6H——==== /)

( 25XI5,3XA694XA693XT5,4X15 44XA6)

(/7 27X 14HEND OF UPDATE.)

{/7/27X 41HTHE FOLLOWING DATA WAS UPDATED FROM TAPE A6 /)
{ 20X 63(1H-) / 2TX3HNO3X7HRUN NCO.4X4HNAMESXS5HNROWS

LXSHNCOLS4X4HDATE /
2TX3H-==3X6H- o= 4 X6H—=———=f XSH~~ ===
4X5H 3X6H - /)
(/7727 42HTHE FOLLOWING INPUT DATA WAS NOT EXECUTED,

/ 32X S5HLNS = I5,5X 5HLNE 15,

/ 27X 35HUPDATE CONTINUES FOR REST OF INPUT./)
(/727X 42HMAX S1ZE EXCEEDED IN THE FOLLOWING MATRIX,
/ 25X 15,3XA694XA6y3XT5,4XI5,4X A6,

/ 27X 2BHTHIS MATRIX WAS NOT UPDATED.

/ 27X 38HUPDATE CONTINUES FOR REST OF MATRICES./)

EADEF CARD AND INITIALIZE CONSTANTS.
NIT,1001) IFINIT,TAPEID,NT1,NT2

INIT +EQe 4HSTOP) STOP

o

1

-

1
(NOT,2001) NPAGE
TAPEID, AND INITIALIZE NTY2 IF NECESSARY.
NT2

NT2

(NTI) T

NT D

INIT NE, 6HINITIL) GO TO 111

(NT2) TAPEID9LNZ2,EOTy (Z91=1916)

NT2
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- LIST ANY EXISTING MATRICES ON T2.
111 RERD (NT2) T2
" REWIND NT2

WRITE (NOT,2002) NT2,T2
WRITE (NCT,2004)
NLINE = 1
GO 70 113

112 NPAGE = MPAGE+1
WRITE (NCT,2001) NPAGE
WRITE (NCT.20037 NT2,72
WRITE (NOT,2008)
NLINE = 1

113 READ (NT2) T2,LN2,1FOTCKy IRUNNO,ANAME yNRyNC y ICATE
IF (IECTCK .EQ. 3RHECT) GO TO 116
READ (NT.)
IF (IRUNNC .EQ. ICHK) GO TO 115
ICHK = IRUNND
NLINE = NLINE+1
WRITE (NOT,1001)

115 WRITE (NCT,2005) LN2,IRUNNO,ANAME NRyNC+IDATE
NLINE = NLINE+I
IF(NLINE .GT. (NLPP-7)) GO TO 112
G0 70 113

116 BACKSPACE NT2
WRITE (NCT,2007) T1
NLINE = NLINE+4

C
C
c
C READ IN DATA CARD AND POSITION T1l.
200 READ (NIT,20602) LNS,LNE
IF (LNS.EG.0) GO TC 500
IF (LNS.LT.0) GO TQ 401
LNE1 = LNE
IF (LNE1.LT.LNS) LNEY>l = 9000
NMATS = LNFI-LNS+1
1F (LNS.EQ.LN1+1) GO TO 300
IF (LNS.GT.LN1+1} GO TO 201
REWIND NT1
LNl = 0
201 NUM = LNS-LNI-1
1F (NUM.FC.0) GO TC 300
DO 202 NO=],NUM
READ (NT1) TV,LN1,1EO0TCK
IF (IECTCK LEQe 3HECT) GO TO 401
202 READ (NTYY)
C
C UPDATE A BLOCK OF NMATS MATRICES FROM T1 ONYO 12.
300 DO 305 N=1,NMATS
IF(NLINE .LT. (NLPP-T}) GO 1O 301
NPAGE = NPAGE+1
WRITE (NQY,2001) NPAGE
WRITE (NOT,2003) NT2,72
WRITE (NOT,2008)
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301

302
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NLINE = 1

READ (NT1) T1,LN1,IEOTCK, IRUNNO,ANAME ¢NRyNC,IDATE
IF (TEOTCK .EQ. 3HECT) GU TC 260

IF (ICHK .EQ. TRUNND) GO TO 3C2

NLINE = NLINC+]

WRITE (NCT,1001)

ICHK = 1RUNNO

NS = NR=#*NC

IF (NS GTNSMAX) GO TO 304

WRITE (MT2) T25LH2929 IRUNNOJANAME JNRyNC o JIDATE o IDENSEZt2491=1410)
READ (NT1) (A(1),1=1,NS) ’
WRITE (NT2) (A(I),J=1,NS)

WRITE (NOT,2005) iNZy IRUNNOJANAME yNR9NC »IDATE

LN2 LN2+1

NLINE NLINE+1Y

GC TO 3¢S

WRITE iNNT,3002) LN1, IRUNND,ANAME yNR4NC ,IDATE
READ (NT1)

NLINE = NLINE+8

CONTINUE

GC TO 260

C ERROR MESSAGEF,

c
c

401

WRITE (NCOT,3001) LNS,LNE
REWIND NT?

LNl = 0

NLINE = NLINE+S

GO TO 200

END OF UPDATE,

500

WRITE (NT2) TZ2.LN2,EO0T4(Z+1=1416)
ENDFILE NTZ

REWIND NT2

WRITE (ND1,1001)

WRITE (NOT,2005) IN2,EQOT

WRITE (NDT,200¢)

RE TUKN

END
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SURROUTINE UTAUI(A,U,
DIMENS™ON A(KFA,1),UL
COMMOCR / LWRKV1 / V(5

- DOUBLE PRFCISION SUM,

10

20

30

40

50

DATA 2ERU /0.D/
UTAUl FERFORMS THE OP

UTAUL1 CAN ALSO PERFOR

(AY=((UITRANSPOSE)* (A)%x{U)

IF N IS NEGATIVE A SYMMETRIC (2) IS COMPUTED.

MAXIMUM SIZE N=500

2eNeKRApKRUSKRZ)
KRU92) 9Z(KRZs1)
00)

SS$ZERC

UTAUl -~ 1/ 2

ERATION ({Z)=({L)TRAMSPCSE)*(A)x(U)
WHERE ) 1S AN UPPER TRIANGULAR MATRIX .

M THE GPERATION

BY CALL UTAUI(AsUsAy—ETC—~) .

INNER PRODUCT SUMS &<RE PERFORMED IN DOUBLE PRECISION.

FORMA SUEROUTINE 2ZFEOME TS CALLED.

CODED BY JUNN ADMIRE

*NASAXT  AUG 1972 .

LAST REVISICN BY RL WOHLEN. APRIL 1976.

AR
A - INPUY
U - INPUT
2 - CUTPUY
N - INPUT

KRA = INPUT
Keyr — INPUT
KRZ - INPUY

NERROR
1 = 128 EXCEEDANCE,

NN=TABS (N)

IF{NN .GT, S0G LOR. N
% JOR. NN GT. KRZ)} GO
DO 30 T=14NN

0N 1C K=1,.NN
VIKI=ALT,K)

DO 30 J=' 4NN

SUM=Z2EKRQ

DO 20 K=1,J
SE=2VIK)I*U(K )
SUM:SUM+SS

Z(14,4)=5UM

1IF(N GT., 0} GO TO 70
DO 60 J=1 4NN

DO 40 K=1,J
VIKI=Z{KyJ)

DO 60 1=1,J

SUM=ZER(

DO R0 K=1,1

SS=U(K, 1%V (K)
SUM=SUM+SS

GUMENTS
MATRIX (A)

UPPER TRTANGULAR MATRIX (U}

MATRIY (2)

ABS(N? NUMBER OF ROWS AND COLUMNS IN
ROW DIMENSICON CF (A) IN CALLING PROCRAM
KOW DIMENSYDON DOF (U) IN CALLING PROGRAM
ROW NDIMENSION OF (Z) IN CALLING FROGRAM

EXPLANATIONS

N «GTe KRA +OR. WN
TO 99¢

«GTe

KRU

SIZE(N BY N)
SIZEIN RY N)
SIZE(N BY N)

NERROR

(A),

1

(U) AND

(zZ)



60

63
70

8¢

90
100

2(X40)=SUM

DO 63 I=1,0MN
DO 63 J=1,NN
ZUJ1)=2(14J)
RETURN

DC 100 JI=1,4NN
U0 80 K=14NN
VIKI=Z(K4J)

DC 100 I=1,NN
SUM=ZERC

D0 90 K=1,1
SS=U(K,1)*Vv(K)
SUM=SUM+SS
21T,3)=SUM
RETURN

CALL 2ZBOMB(6HUTAUY 4NERRCR)
END

UTAUY -~ 27 2
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SUBROUTINE UTAUCYI (AU 3C9eZ yNoKRAyKRUJKRC 4KRZ)
DIMENSICN A(KRAy1)yUIKRU»1);CIKRC31),5,2(KRZ,1)
COMMCN /7 LWRKVI 7 VI(500)

DOUBLF PRFCISION SUMGSSLZERD

DATA ZERQ /0.D/

UTAUCY PERFORMS THE CPERATICN (Z)=((U) TRANSPOSE}*{A)x{U)+(C)
WHERE () IS AN UPPER TRIANGULAR MATRIX .

UTAUCY CAN ALSC PFRFQRM THE OPERATIONS
(A)=((UITRANSPGSEI*(AFx(U)I+(C) BY CALL UTAUCI(A,U+CrAy—~ETC~=)
(CY={(U)ITRANSPCSE )X (A)*(U)+(C) BY CALL UTAUCI{AU,CCy—ETC—) .

IF N IS NEGATIVE A SYMMETRIC (Z) IS COMPUTED.

MAXIMUM SIZE N=500

INNER PRCDUCT SUMS ARE PERFCRMEDR IN DCUBLE PRECISION.
FORMA SUBRCUTINE ZZECME IS CALLED.

CODED BY JUHN ADMIRE *NASAx*x AUGC 1972 .
LAST REVISICN BY RL WOMHLEN. APRIL 1976.

ARGUMENTS

A - INPUT MATPIX (A} *DESTROYED=® SIZEIN BY N)
U - INFPUY UPPER TRIANGULAR MATRIX (U) SIZE(N BY N)
C - INPUT MATRIX (C) SIZE(N BY N)
Z - QuTPLY MATRIX (2) SIZE(N EY N)
N - InPULY AES{N) NUMBER OF ROWS AND CCLUMNS IN(A),(U){C) AND {2)
KRA — INPUT ROW DIMENSION COF (A) IN CALLING PROGPAM
KRU — INPUT ROW DIMENSION OF (U) IN CALLING PROGRAM
KRC — INPUT RCW DIMENSICN OF (C) IN CALLING PROGRAM
KRZ — INPUT ROW DIMENSION OF (Z) IN CALLING PROGRAM

NERPOR EXPLANATIONS
1 = S12€E EXCEEDANCE.
NN=TABS(N)

NERRCR = 1

IF(NN .GT. 500 .ORe NN .GT. KRA .OR. NN .GT. KRU

% o0Re NN .GT. KRC «0ORe NN «GTe KRZ) GC TO 999

00 30 I=1,4NN

DO 10 K=1,4NN
10 VIK)I=A(TI,K)

DO 30 J=1,4NN

SUM=2ERD

DC 20 K=1,J

SS=2VIK) *U (K yd)
20 SUM=SUM+SS
30 A(I,J)=SUM

TF(N .GTe €¢) GG TC 70

DO 60 J=1,NN

DC 40 K=1,J
40 VIK)I=A(K,J)

D0 6C I=1,J

SuM=C(1,J)



50
&0
63
T0

80

90
100

299

DC 50 K=1,1
SE=U(Ky 1) %V{K)
SUM=SUM+SS
Z(I’J)=SUM

DO 62 Y=1,NN
DU 63 J=I 4NN
2(0,1)=2(1,0)
RETURN

DC 1060 J=1,.NN
DI} 80 K=1,NN
VIKI=A({K,J)

DO 100 I=1,4,NN
SUM=C(1I,J)

DO 90 K=1,I1
SS=UIK T )*VIK)
SUM=SUM+SS
Z(I1:J)=SUM
RETURN

CALL 22BCMB{6HUTAUCY,NERRDOR)

END

UTAUCY1~-- 2/ 2

P e e e X
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VCRESS

SUBROUTINE VCROSS (VA,VEB, VZ,VAMAG,VEMAG,VZIMAG,SINAB)
DIMENSICON VA(3),VB(3),vZ(3)

VECTNR (3-DIMENSICNAL) CROSS PRODUCT. (VAICROSS(VB) = (Vv2).
CODED Y RF HRUDA. OCTOBER 196&.

SUBROUTINE ARGUMENTS

VA = INPUT
VB = INPUT
vz = QUTPUY
VAMAG = QUTPUT
VEMAG = CUTPUT
VZMAG = OUTPUT
SINAB = QUTPUT
vzi(l)

VECTOR AL

VECTCR B.

VECTCR Z.

MAGNITUDE OF VA.

MAGNITUDF OF VE.

MAGNITUDE COF VZ.

SINE OF THE ANGLE BETWEEN VA AND VEB.

VA(Z2)*VR(3)~VA(3)®VB(2])

VZ(2) = VA(3)I*VB(1)~VA(L)*VE(3)

vVZ(3}

SA
Se
LY 4
pe
SA
Sk

fnowne 9N
o

VA(1)%VB(2)-VA(2)*VE(1)

SA + VA{I)**?
SR + VR{I)**xZ

10 Sz SZ + VZII)**x2

VAMAG

SQRT(SA)

VEMAG = SCRT(SB)

VZIMAG

SORTI(SZ)

SINAB = VZIMAG/(VAMAG*VEMAG)

IF (SINAR.GT.+1.0) SINAB
IF (SINAB.LT.-1.0) SINAB

RETURN

20 SINAF = 0.
RETURN
END

+1.0
-1.0
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SUKRCUTINE VDOT (VA,VE, PRODCT,VAMAG.VBMAG,COSAB)
DIMENSICN VA(3),VR(3)}

VECTOR (3-~-DIMENSINNAL) DOT PRODUCT. (VAIDDTIVB) = PRODCT.
CODED BY RF HRUDA. OQCTOBER 1968.

SUBROUTINE ARGUMENTS

VA = INPUT VELTCR A,

Ve = INPUT VECTOR Be.

PRODCT = CUTPUT SCALAR PRODUCT OF {(VA)IDOTtVE).

VAMAG = CUTPUT MAGNITUDE OF VA,

VBMAG = CUTPUT MAGNITUDE CF VS.

COSAB = CUTPUT COSINE OF THE ANGLE BETWEEN VA AND VE.
SA = Q.
SP = Q.
PRODCY = O.

10

20

DO 10 I=1,3

SA = SA + VA{I}%%2

SB = SB + VB{I)*=*2

PRADCT = PRODCTY + VA(I)Y*VB(]1)

VAMAG = SCQRT(SA)

VEBMAG = SCRT(SB)

IF (VAMAG.LT.1.E-~30 +CR. VEMAG.LT.1.E-30) GO TO 20
COSABR = PRCDCT/{(VAMAG*VBMAG)

IF (CNSARLGT.+1.0) COSAB = +1.0

IF (COSAB.LVTa=1.0) COCSAB = =1.0

RETURN
CCSAB = Q.
RETURN

END
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VM1 --— 1 &4

SUBROUTINE VMY (XVEC,DI1S,CON,AMP ,TDD,CONVRTZV,2M,

* NXyND ¢NCyNAJNTDDyKD IS 4KCON,KAMP,KTDD)

DIMENSYION XVFC(1)9DISUKDISs1) oCON{KCONy1) AMP (KAMP41) 2 TDD(KTDDy1)y
* ZV(1),ZM(1)

SUBRCUTINE TC INTEGRATE PRESSURE OR WEIGHT DISTRIBUTICN TQ OBTAIN
SHEAR AND MOMENT AT A SET OF PRESCRIBED STATIONS (XVEC). THE PRESSURE
OR WY DISTRIBUTION IS AMPLIFIED EY AN AMPLIFICATION DISTRIEUTICN (AMP).
CONCENTRATED MASS ITEMS (CON) USE 2 AMPLIFICATION FUNCTICNS IN GENERAL,
AMP ALWAYS AND TDD —(THETA DOUBLE D0T)-— IN THE EVENT COF THERE BEING
A NON-ZERC DISTANCE EBETWEEN ATTACH POINY AND CG. OR IF THERE IS LOCAL
CONCENTRATFD INERTIA. IN ANY CASE, AMP AND 7TOIr MUST ALWAYS BE DERINED
{FOR EXAMPLE -~ MAY BE UNITY CK ZERTO IN COLUMNS 2 AND 4).
NOTES...
1) THE DISTRIBUTED DATA (DIS,A,»,AND TDD) MUST HAVE THEIR SEGMENT
LIMITS IN ASCENDING CORDER, THE SEGMENTS MUST NOT OVERLAP AND
MUST EE IN ASCENDING ORDEEK,
2} CN ANY INTERVAL WHERE DISTRIBUTED DATA IS NCT DEFINED
(GAPS RETWEEN SEGMENTS), THE VALUES CN THE INTERVAL ARE ASSUMED
TC BE ZFRO.
3) THE CONCENTRATED ITEMS MAY BE SUPPLIED IN ANY ORDER {(ROWWISE).
CALLS FORMA SUBROUTINE ZZEOME,
CODED BY CARL ECDLEY. AUGUST 1966.
LAST REVISICON BY WA BENFIELD. MARCH 1976.

SUBRCUTINE ARGUMENTS
XVEeC = INPUT VECTOR OF STATIONS WHERE SHEAR AND MMWMENT ARE DESIRED.
SIZE(NX). STATIONS MUST BE IN ASCENDING ORDER.
INPUT MATRIX CF DISTRIBUTED WEIGHY (OR PRESSURE) STRAIGHT
LINE SEGMENT DATA. SIZE(ND,/ V. SEE NOTES 1,2.

DIS

CGL 1 = X AT SEGMENT END .
CGL 2 = X AT SEGMENT END 2.
CCL 3 = WEIGHT AT SEGMENT £ND 1.
CCL &4 = WEIGRT AT SEGMENT END 2Z.

CCN = INPUT MATRIX OF CONCENTRATED ITEM DATA, SIZE(NC,4). NOTE 3,

COL 1 = ATTACH STATION CF ITEM.

COL « = MASS OF ITEM.

COL 3 = CENTER COF GRAVITY OF ITEM,

CCL 4 = MOMENT CF INERTIA a3QUTY CG OF ITEM.

AMP = INPUT MATRIX OF DISTRIBUTED AMPLIFICATION STRAIGHT LINE
SEGMENT DATA. SIZE(NA,4). SEE NOTES 1.2.
CCLUMNS ARE SIMILAR TC DIS.

T0D = INPJT MATRIX OF SUPPLEMENTARY DISTRIBUTED AMPLIFICATION
STRAIGHT LINE SEGMENT DATA. SIZE(NTDD,4). NUTES 1.2.
COLUMNS ARE SIMILAR TO DIS.

CONVRY = INPUT CONVERSION SCALAR. {MULTIPLIES COL 3,4 OF DIS AND
CCL 2+4 OF CONJ).

v = OUTPUT VECTCR COF SHEARS AT THE STYATIONS XVEC. SIZE(NX).

M = QUTPUT VECTOR OF MOMENTS AT THE STATIONS XVEC. SIZE(NX).

NX = INPUT SIZE OF VECTORS XVEC, 2Ve AND ZIM.

ND = INPUT NUMBER OF SEGMENTS (RCWS) OF DIS.

NC = INPUT NUMEFR CF CONCEINTRATED ITEMS, (RCWS CF CON).

NA = INPUT NUMEBER GF SEGMENTS {(ROWS) CF AMP,

NTDD = INPUT NUMPER OF SEGMENTS (ROWS) OF TDD.

KDIS = INPUT ROW DIMENSICN GF DIS IN CALLING PROGRAM.
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KCON = INPUT ROW DIMENSION OF CON IN CALLING PROGRAM.
KAMP = INPUT ROW DIMENSION OF AMP IN CALLING PROGRAM.
KTDD = INPUT ROW DIMENSION CF TDD IN CALLING PROGRAM.

OO W UN

10

40
47

3c
48

35
49

20
D1

NERRCR EXPLANATICN
NON-POSITIVE SIZES.
STATIONS NOT 1IN ASCENDING ORDER.
INCORRECT DATA IN MATRIX AMP,
INCORRECT DATA IN MATRIX AMP.
INCORRECT DATA IN MATRIX TDD.
INCCRRECT DATA IN MATRIX TOD.
INCORRECT DATA IN MATRIX DIS.
INCORRECT DATA IN MATRIX DIS.

o nnnnn

DO 10 K=1¢NX
ZviK) =
IMiK) =
NERROR=1
IF (NX (LE. 0 .ORe NA .lLE. O .OR. NIDD .LE. O) GO TO 999
IF (NX .EC. 1) GC TO 47
NERROR=2
LD 40 I=24NX
K=1-1
IF (XVEC(K) «GE. XVEC(I)) GC TO 999
CONTINUE
NERRCR=3
IF (AMP(1,1) .GF. AMP{1,2)) GO TO 999
IF (NA .EC. 1) GO TC 48
NAMY = NA - 1
NERROR=4
DO 30 I=1,NAM1
K=1=+1
1F (AMP(I42) GT. AMP({K,1) .OR. AMP(K,1}! .GE. AMP{K,2)) GO TO

CONTINUE
NERROR=5
IF (TDD(1,1) .GE. TOD(1,2)) GO TQ 999
IF (NTDD ~.FQe 1) GO YO 49
NTM1 = NTDD - 1
NERROR=6

bC 3% I=1,NTM1
K =1+1
IF (TON(I 4Z) «GTa TDD(K,41) OR. TDD(Ks1) GE. TDDIK,2)) GO TO

CONTIVUE
NERROR=7
IF (DIS({141) .GF. DIS(142)) GC TO 999
IF (NC .tQ. 1) GO TO 51
NDM]1 = ND -1
NERROk=8

DC 20 1I=1,NDM1

K =14+

IF (DIS(I42) «GTa DIS(K,1) OR. DISIK,1) GEs DIS(K,2)) GO TO
CONTINUF

STRIBUTED DATA.

999

999

999
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51 1
J
K
VI «0
61 -0
ximl XVEC(1)
IF (XIM1 .GT. DIS(I,1)) XIM1 = D1S(1,1)
IF (XIM1 .GT. AMP(J41)) XIM1 = AMP(Js1)

?
1
1

nnhn

non

nHoe

50 XI = XVEC(K)
IF (XTI «GTe DIS(I42) .AND. DIS(I,2) .GT. XIM1) XI
IF (XTI «GT. DIS(I41) .AND. DIS(Iy1) .GT. XIM1) XI
IF (XTI 4GTe AMP(J42) AND. AMP{J,2) .GT. XIM1) XI
IF (X1 GT7. AMP(J,1) .AND. AMP(J,1) .GT. XIM1) XI

((DIS(I,4)-DIS(I,3))/(DIS(1,2)-DIS(T,42)))}*CONVRT

CONVRTADIS(I43) — FxDIS(I,Y1)

(AMP{ J44)-AMP(U853))/7(AMP(J,2)—-AMP (J,1)}

AMP (J43) - H*AMP(J,1)

= XI = XIM1

0.0

0.0

0.0

0.0

IF (DIS(I1,1) «LEs XIM1 .AND. DIS{I,2) «GE. XI) A=E+F%XIM1

IF (DIS(YIs1) oLE. XIM1 JAND. DIS(I,2) .GE. XI) B=F%DX

IF {AMP{J 41} oJLE. XIM1 JAND. AMP(J,42) .GFe XI) C=G+H*XIM1

IF (AMP(J4+1) JLEe XIM1 JAND. AMP(J,2) .GE. XI) D=H*DX

Gl = GI+VI®DX4+DX%%x2%{ A%C/2.+(A%D+B*C) /6. +B*D/12.)

VI = vI + OX*x(a*C + (AxD + BxC}/2. + BxD/3,.)

2VIK) = VI

IM(K) = GI

IF (XTI JEC. XVEC{NX)) GO TO 85

IF (XT «EC. XVEC(K)) K=K+1

IF (XTI <EGe. DIS(I42) +AND. I+1 .LE. ND} I

IF (XI .EQe AMP(J42) .AND. J+1 .LE. NA) J

XMl = XI

GG TC 50

DIS(I,2)
DIS(I,1)
AMP(J,2)
AMP(J,41)

"o wan

OODRPONIMM
>
Wi

nonown

T+1
J+1

c
C CCNCENTRATED MASS ITEMS,
85 IF (NC +EQ. ) RETURN
DO 102 I=1,NC
DO 90 J=14NX
IF (XVEC(J) +GE. CON(I,1))} GO TO 95
99 CONTINUE
GO TO 102
95 DO 115 M=1,NA
IF (CON(I41) .LE. AMP{M,2)) GO TO 120
115 CONTINUE
M = NA
120 VY = AMP(M,3)+(CON(I41)-AMP (My1))%(AMP(My4)-AMP(M,3))/
* (AMP (M,2)-AMP (M, 1))
IF (CONIT,1) oLTe AMP(My1) ORe CON(Y, 1) GTe AMP(M,2)}) VT = C.
IF (CON(T,1) FQe CON(I,43) JAND. CON(Is4) .EQ. 0.0) GO TO 105
D0 125 N=1,NTDD
IF (CON(I4)) oLE. TOD(Ns2)) GO TO 130
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125 CONTINUF

N = NTDD
130 VR = TDD(Ns3)+(CON(1,1)-TOD(N,1})%(TDD(N,4)-TDD(N,3))/

* (TDDIN,2)-TDD(N, 1))

IF (CON(I,1) LT. TDD(N,y1) ORe CON(I,s1) .GT. TDD(N,2)) VR = O.
105 VVS = CON(I2)%(VT + (CON(Is1) — CON(I43))%*VR)*CONVRT

VMS = CON(I,4)*VR®CONVRY

DO 100 K=JoNX

ZVIK) = ZV(K) + VvVS
100 ZM(K) = ZM(K) + VMS + (XVEC(K) - CON(I43))*VVS
102 CONTINUE

RETURN

999 CALL Z2BOMB {6HVM] +NERRCR)
END
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SURRCUTINE VMTR1 (PP ,Z4NPP4NZ,KZ)
DIMENSION PP(1)y, Z(KZy1)

GENERATE TRANSFORMATION MATRIX TO GIVE SHEARS AND BENDING MOMENTS IN
TERMS CF FORCFS AND MCMENTS.

CALLS FORMA SUBRQUYINE ZZBOMB.

CODED BY C BODLFY. JULY 1965.

LAST REVISICON BY WA BENFIELD. MARCH 1976.

SUBROUTINE ARGUMENTS

PP = INPUT VECTCR OF PANEL PDINT STATIONS. SIZE(NPP).

y 4 = QUTPUT SHEAR,MOMENT TRANSFORMATION. SIZE(2*NPP ,2*NPP).
NPP = INPUT NUMBER QF PANEL POINTS.

NZ = CUTPUT SIZE OF SHEARMOMENT TRANSFORMATION. (NZ=2*NPP).
KZ = INPUT ROW DIMENSION OF Z IN CALLING PROGRAM.

NERROR EXPLANATICN
1 = LESS THAN 2 PANEL POQINTS.
2 = PANEL POINTS NOT IN INCREASING ORDER.

NERROR=1
IF (NPP L7, 2) GG TC 999
NERROR=2
DO 5 I=2,NPP
IF (PP(I-1) .GE. PP(I)) GO TC 999
S CONTINUE

NZ=2%NPP
DC 10 I=1,NZ
DC 10 J=1,N27
10 2(1,J) = O.
BC 25 1I=1,NPP
K=1+NPP
DO 25 J=1,1
L= J + NPP
Z(I,3)=1.0
Z(KyL)=1.0
25 Z(KoJ)=PP{I)-PP(J)
RETURN

999 CALL ZZBOMB (6HVMTR] LNERROR)
END
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SUBROUTINT WRITAN (IANRyNC,ANAME.KR]
DIMENSION TA{KR,1)

CCMMON /L LINE /NUINE.MAXLIN,MINY

DATA NIT,NUT/5+6/

WRITE MATRIX CF ALPHA-NUMEFRIC CHARACTERS (A6) (N PAPER.

REQUIRES 132 CCLUMN (MINIMUM] PRINTER,

UP TO 20 DATA FIELDS PER LINE. PRINTS ONLY NON-BLANK FIELD ROWS.
CALLS FORMA SURROUTINE PAGEHD

CODED RY JOHN ADMIRE *NAS* (CT 1974,

SUBROUTINF ARGUMENTS {ALL INPUT)

IA = MATRIX TO BE PRINTED. SIZE(NR,NC).

NR = NUMPER OF ROWS IN MATPIX IA.

NC = NUMBER OF CCOLS IN MATRIX JA.

ANAME = MATRIX IDENTIFICATION. (A6 FORMAT).

KR = ROW DIMEMSION OF YA IN CALLING PROGRAM.

2010 FORMAT (,/15H DUTPUT MATRIX A&y2X YTH(Z4,2HM X 14426 ) /7

* 12X,20(1X,1HT I241H)EX) /)

2020 FORMAT
*

2030 FORMAT

2040 FOPMATY

2050 FORMAT

(//715H CUTPUT MATRIX A64.2X 1TH(I1442H X T442H )
3Xx, SHCONTINUED //12X420(1Xs1H{ 1251H}41X)/)
{1X921443X,20A6)

(15+CEND OF WRITAN.)

(/71X131(1H~))

CHECK IF NEW PAGE NFEEDED

IF{MINI

«NE. 4HMIN]I) GO TC 1C

IF(NLINE JLE. 5 JOR« NLINE JGE. MAXLIN) GO 7O 10
NBC=NC/20

IFINBC*20 JNE. NC) NBC=NBC+1

NNL=1CG+NR

IF(NEC

«GTe 1) NNL= 9+NR%(NBC+])

1F (NNL+NLINE .GT. MAXLIN) GO TO 10
WRITE(NOT,205C)
NLINE=NLINE<2

GC TG

20

10 CALL PAGEHRD

WRITE MATRIY

20 WRITE(NDT,2010) ANAME yNRynNCo(LylL=1,20)
NLINE=NLINF+6

DO 90

NZFRO=0

Js=1

1=1 ,NR

30 JE=JS+10

TR(JE GTo NCY} JE=NC
DO 40 J=JdS,JE

40 TF(TALTILJ) NE. 6H }) GO TO 50
GO0 T0 7o

50 NLINE=NLINE+1
TFINLINF LEe MAXLIN) GO TO 60
CALL PAGEHD



&0
70

80

90

WRITAN-— 2/ 2

WRITE (NOT,2020) ANAME3NR ¢yNCy (Lst=1,420)
NUINE=NLINE+6

WRITE (NOT42030) I4JS9(1A(1,4J),J=4SJE)

NZEK(=1

IF(JE .FCs NC) GO TG &0

JS=J4S+2¢0

GO TO 3¢

IF(NC cLF.?O +OR . NZERD.ECJ. 0 «0R. I .EQ. NR, GO TU 90

NLINE=NLINF+]
WRITE (NOY,2030)
CONTINUE

WRITE (NOT,2040)
NLINE=NLINE+2
RETURN

END
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SUBROUTINE WRITE (AyNRNC, ANAME,KR)
DIMENSION A(KR,1)

COMMON /LLINE /NLINE,MAXLIN,MIN1
DATA HIT NOQT/S,6/

WRITE MATRIX OF REAL NUMBERS ON PAPER,

REQUIRES 123 COLUMN (MINIMUM) PRINTER.

UP TO 10 DATA FIELDS PER LINE. PRINTS ONLY NON-ZERO FIELD ROWS.
CALLS FUORMA SUSROQUTINE PAGEHD.

CODED BY FRL WOHLEN. DECEMBER 1668,

MCDIFIED BY JOHN ADMIRE *NASA* SEPT 1973

SUBROUTINE ARGUMENTS (ALL INPUT)

A = MATRIX TO BE PRINTED. SIZE(NR,NC).

NR = NUMRER OF ROWS IN MATRIX A.

NC = NUMBER OF CO'S IN MATRIX A.

ANAME = MATRIX IDENTIFICATION. (A6 FORMAT).

KR = RAW DIMENSION OF A IN CALLING PROGRAM.

2010 FORMAT

(/7158 CUTPUT MATRIX A6e2X 1H(I44,2H X 1442H ) //

* 10X910(7X4IHL 12,41H))/)
2020 FORMAT (//15H OQUTPUYT MATRIX A692X 1H(I442H X I442RH )
* 3Xy GHCONTINUED //10X210(7Xe1H{ 1I251H)1}/)

2030 FOPMAT
2040 FORMAT
2050 FORMAT

(1X5215,2%X41P10E11.4)
(14HOEND OF WRITE.)
(/71X123(1H-})

CHECK IF NEW PAGE NEEDED

IF{MIN]1 oNF. 4HMINI) GC TO 10

IF(NLINF .LE. 5 .0R. NLINE .GE. MAXLIN) GO TQ 10
NRC=NC/10

IF(NBC*10 oNEo NC) NBC=NBC+1

NNL=10+NR

TFINRC (GCTe 1) NNL= 9+NRX:(NRC+1)

IF(NNL+NLINE .GT. MAXLIN) GO 70O 10
WRITEINCT,,2050)

NLINE=NLINE+2

GO 10 20

10 CALL PAGEHD

WRITE MATRIX

20 WRITFINCT201C) ANAME sNRyNCo(LoL=1,10)
NLINE=NLINE+6

pe 90

NZERD=U

Js=1

30 JF=J5+0
«GTe NC) JE=NC

IF(JE

I=14NR

DO 40 J=J48,dF

40 IF(ARS(A(14d)) oGTe 0) GO TO 5C
GO TN 70

50 NLINE=NLINE+]
IF{(NLIKRE JLEe MAXLIN) GO TJC 60



60

70

80

90

LALL PAGEHD

WRITE (NOT,2020) ANAMEZNRZNCy (LyL=2,10)
NLINE=NLINE+6

WRITE (NOT42030) T,3Se(A(I4J)4J=JSyJE)
NZERO=1

IF(JE .FQ. NC) GO TO 80

JS=JS+10

GC T0 20

IF(NC .LF.10 eQRe NZERDLEQe O «ORse I LECe NR)
MEUINE=NLINE+]

WRITE {20T7,2020}

CONTINUF

WRITE (NOT,2040)

NLINE=NLINE+2

RETURN

END

GO

WRITE --

2/ 2

70 90
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SURRCUTINE WRITIM (1A:NReNCANAME KR)
DIMENSTICN TA(KR,1)

COMMUN /ULINE /HLINE,MAYLIN,MINI
DATA NITLNCT/S5,67

WKITE MATRIX OF INTEGER NUMBERS CN PAPER,

REQUIRES 116 COLUMN {MINIMUM) PRINTER,

UP TO 20 DATA FIELDS PER LINE. PRINTS CONLY NCON-ZERO FIELD ROWS.
CALLS FORMA SUERCQUTINE PAGEHD.

CODED &y FL WCHLEN, JULY 1968,

MODIFIED B6¥ JCHN ADMIRE *NASA%* SEPT 1973

SUBRCUTIMNF ARGUMENTS (ALL INPUT)

IA = MATRIX T0 BEL PRINTED. SIZEINRWNC).

NR = NUMPEF OF ROWS TN MATRIX IA.

NC = NUMKER 0F CCLS IN MATRIX IA.

AMAMET = MATKIX IDENTIFICATION. (A6 FORMAT).

KR = ROW GIMENSION OF IA IN CALLING PROGRAM,

2010 FORMAY (//15H C.704T MATRIX A6,2X 1H(I&2H X I442H ) 7/

* 16%,20(1 5 © { IZ,1HV)SY

2020 FORMAT (F/15H (o o &7 MATRIX AcelX 1H{I42H X 16,71 )

* 23X, OHCONTINUEDR /716X 20(1X42E0 1241H11/)

2030 FORMAY (1Xy215+5X4201I5)
2040 FORMAT (YSHOEND CF WRITIM.
2050 FORMAT (/1X¥t6(1H-))

CHECK IF NEW PAGE NEEDED

TF{MINT JNEo 4KMINI) GO TC 10
IF(NLINE +iFe & o0R. NLINE GEL MAXLIN) GO TC 10
N+C=NC/Z0
IF(NEC*20 JNFe NC) NEC=NBC+2
NNL=10+NR
IF(NRC .G7. 1) NNL= G9+NR*(NEC+1)
IFONNL+NLINE LGTe MAXLIN)} GC TC 10
WRPITE(NDT 42C5G)
NLINE=NUINE+2
ce 10 2¢

10 CALL PAGEHD

WRITE MATRIX

20 WRITE(NOT 42C10) ANAME ¢NRoNC4{LoL=1,20)
Nt INE=NLINF+6
Dt 90 1I=14NR
NZERC=0
Js=1
30 JE=JS+19©
IFCJF LGCT. Mo, JE=NC
DO «0 J=JS,JtF
&0 IF(TIatisd) oNE. GY GG .U 50
GG T0 7C
50 NLINE=NLINF+]
TF(NLINE JLE. MAXLINY ¢ TG €0



60

70

80

S0
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CALL PAGFEHD
WRITE (NCT,2020) ANAMEJNRJNCo(LyL=1,20)
NLINE=NLINE+6

WRITE (NCT9203C) I2JSo(1ALY4J)9J=0S,4JE)

NZERC=)

IF(JF .FCe NC)Y GU TO 80

JS=JS+2¢

GO T0 3¢

IFINC LE.20 .0OR. N2ERD.EQ. 0 CRe I +EG. NR)} GO TO 90

NLINE= _INE#]
WRITE (NCT,2C30)
CONTINUE

WRITE (NOCT,2040)
NLINF=NLINE+2
RETURN

END
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SUBRCUINE WTAPE  (AsNRAJNCA.ANAME 3KR 4NTAPE)

DIMENSION A(KR,1)

COMMCN ZLSTART/IRUNNG DATE S NPAGE yUNAME(3),TITLEI(12),TITLE2Z(12)
DATA BUF yECToDENSE/O +2HEOT 4SHDENSE/

WRITE MATRIX A CON TAPE.

INITIALIZE TAPE W1TH SUBRCUTINE INTAPE.

REWIND TAPEF &EFOPE FIRST USE OF THIS SURRCUTINE.

MOTE..o THIS ROUTTIYE 1S DESIGNED SPECIFICALLY FOR WRITING CN A DISK
(FG COC—> 00 DISK). ULING THIS RCUTINE TO WRITE ON A PHYSICAL
TAPE DIRECTLY (1€ WITHOUT USING THE LISK AS AN INTERMEDIARY)
WILL PFCBALLY GIVE POCR RESULTS (DUE YO THE TOLERANCE
CHARACTERISTICS OF A TAPE DRIVE) ANG SHOULD BE AVCIDED IF AT
ALL PCSSIRLE.

CALLS FCRMA SUBRCUTINE 22B0OMB.

CODED RY W A RENFIELD. MAFCH 1966.

REVISFD BY RF HRUDA., NCVEMBER 1970.

MODIFI1ED FCR CONTRACT NASE-25022, MAY 1971.

SUBROUTINE ARGUMENTS (ALL INPUT)

A = MATRIX TO BRE WRITTEN CN TAPE. SIZE(NRAsNCA).
NRA = NUMEEF NF ROWSE CF MATRIX A.

NCA = NUMFFR COF CCLS OF MATRIX A.

ANAME = MATRIX IDENTIFICATICON. (A6 FORMAT).

KR = S0OW DIMENSION OF A IN CALLING PROGRAM.

NTAPE = NUMBER COF TAPF. (E.G. 10}.

NERRCP EXPLANATICN
1 = NON-POSITIVE RCW OR COLUMN S1ZE.

INTERNAL VARTIAPLES THAT ARE PUT ON TAPE (TRANSFERRED THRU COMMGN]}.
IRUNNC IS RUN NUMBER CF PRCBL{EM. (A6 FCRMAT).
DATE 1S DATE. (A6 FORMAT). FUOR EXAMPLE 15FE65.

NERROR = 1
IF (NRA LT. 1 JOR. NCA LT. 1) GO TO 999

SEARCH TAFE FCUR END OF WRITTEN DATA.
10 READ (MTAPE) TAPEID,LN, IEGTCK
IF (IFCTCK .FQ. 3HEQT) GO TC 20
PEAD (NTAPE)
GG TC 1C

END OF WRITTEN DATA HAS BEEN FCUND.
20 BACKSPACE NTAPE
ARTTE (NTAPE) TAPEIDyLN,BUF s IRUNNO, ANAME,NRA,NCA,DATE yDENSE,
%* (FUF,1I=1,10)
WRITE (NT. - ) ((A{1,J)yI=1,RRA),4J=1,4NCA)
LN = LN + =
WRITF (NTAPE) TAPEID,LNSEOT4(BUF I=1,416)
ENDFILE NTAPE
REWIND NTAPE
NREC = 2 *= {(LN-1)
DO 30 IREC=1,4NREC
30 READ (NTAPE)
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RETURN

999 CALL 22BCMB (6HWTAPE +NERRCR)
END
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SUBROUTINE XLORD (V,LVsLAS,NNZA)

DIMENSICN VI1),LVI1)oWI256)sLWI256),1IU(26),1L(16)
DATA NIT\NCT/5,6/

DATA LWDIM/256/

ARRANGE ELEMENT LOCATIONS (LV) INTO INCREASING ORDER.
REARREANGE TLEMENTS (V) ACCORDINGLY.

DEVELOPEDR BY R A PHILIPPUS. OCTOEER 1968,

LAST REVISICN BY WA BENFIELD. MARCH 1976,

SUBPGUTINE ARGUMENTS

INPUT VECTCR. A ELEMENTS, *DESTROYED*

CUTPUT VECTCR. A ELEMENTS. (ARRANGED)

INPU. VECTCR. ELEMENT LOCCATIONS OF A. *DESTROYED=*
OUTPUT VECTOR. ELEMENT LCOCATIONS OF A. (ARRANGED)
INPUT START LCCATICN CF A IN V.

INPUT NUMBER CF NON-ZER(CS IN A.

v

Lv

LAS
NNZA

oy onnonn

NERRCOR EXFLANATICN
TWC LIKE LOCATICON NUMBFRS ENCCUNTERED.
TWwO LIKE LCCATION NUMBIRS ENCOUNTERED.
TWC LIKE LOCATICN NUMBERS ENCCUNTERED.

1
2
3

nnn

VOO ON

3001 FCUPMAT (SCH1TWC LIKF LCCATION NUMBERS ENCOUNTERED IN XLCORD ATI11/)
3003 FORMAT (5(112,£12.3))

c

' IF (NNZAJLEL.Y) RETURN
LAE=LAS—1+4NNZA
LAEMI=LAE-]
NESEG=1

C

C QUICK SEARCH FOR 1 CGR 2 SEGMENTS.
NERRCR=1
DO 5 I=LAS,LAEM]
IF {(LVIT).LTLVII+1)) GO TO 5
IF (LV(1).FQaLV(I+Y)) GC TC 990
NSEG=NSEG+1
TA=1
IF (NSEG.CT.2) GG TQ &
S CCONTINUE

IF (NSEL.FQ.1) RETURN
NNZS=TA-LAS+]

C CHOCSF BZTWEFN MESH AND SINGLETON METHCDS
FNNZA = NNZA
FNNZS = NN2ZS
X = FNNZS/FNNZA
DESCID = &6CO0/(FNNZA + 1420.)
IF (X «GTa DESCID) GC TO 6

MESHING METHCD

REalal

LES = LAS
CBE=LRT-14+NNZS
LCS=LRF+]



50

55

&0

65

70

75

80
85

90

100

105

A
/

c
6

tCE = LAE
IB=L8S
IC=LCS
Iw=0
12=L8S%-1

IF (LVCIB)-LV(IC)) 654992455

IW=1IW+]

WlIW)=V(IC)
LWEIW)=LVL{IC)
1IC=1C+1

NN=1

IF {(IW.EQ.tWDIM} CO TO 95
IF (IC.GT.LCE) GC T0O 75
GO T0 &5Q

IW=IW+1

WIIW)I=VI(IB)
Lw(lwl=tv(it)
IB=TIR+]

NN=2

IF tIW.EQ.LWBIM) GO TG 95
IF (1B.GT.LEEY GO TG &5
GO Y0 50
NELTM=LEBE-T1B+1
I=1C-~-1

DO 80 J=1,NELTM
VII)=V(LEF)
LVII)=LVILBE)
LBE=LRBE-1

I=1-1

IF (IW.EC.C) RETURN
DC 90 I=l,1W
1Z2=12+1

VIIZ)=W(1)}
LVIIZI=LW(1)

RETURN
NELTM=LEE-1B+1
I=1C-1

DO 100 J=1,NELTM
VI{I)=V(LRE)
LV{I)=LV{(LBE)
LRE=LRE-]

I=1-1

IR=JF+I-LEE
LBE=1C-1

DC 105 1I=1,LWDIM
12=12+1

VIIZ)=v(l)
LvIiTZ)=LW (1)

IW=0

GO TO (6G470) 4NN

SINGLETON METHCD

M=1

XLORD -~ 2/ 4

NERROR=2
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I=LAY
J=LAS—1+NNZA
7 IF(I.GE.J) GO TG 170
110 K=1
IJ=(J+1)/2
IT=LVI(YY)
IFILV(I).LF.ITY GO TO 120
LVITIJ)=LVI(])
LV(I)=17
IT=LV(1J)
TG=V(1J)
vIId)I=vil)
VITIY=TG
120 L=J
IF(LVIY).CE.ITY GC TC 140
LVeIdI=Lviy)
LviJ)=17
IT=LV(IJ)
T6=V(1J}
vVilJi=v{J)
Y {(J)=TG
FILVIIYLLELIT) GO TO 140
LVITIJ)I=LVI(])
LviI)=17
IT=LV(IJ)
TG=V(IJ)
VIIJd)=(1)
V(1)=TG
GC 70 140
130 Ltv(L)=LV(K)
LVIK)I=ITY
T6=VI(L)
VL }=V(K)
VIK)=TG
140 L=L-1
IF(LVIL).CTLIT) GC TC 140
ITT=LVIL)
150 K=K+1
IF(LVIK)LTLITY GO TC 150
IF(K.LE.L) GO TC 120
IF(L-T.LE .3-K) :C TO 160
IL(M)=1
TU(M)=L
1=K
M=M+1
GC 10 180
160 ILI{M)=K
IU(M)I=Y
J=L
M=M+]
GO TC 1E¢
170 M=M-1
IF{M.FC.0) GO TC 21¢
I=1L (M)
J=TU (M)



180

190

200

210

215

IF(J~-T.GCE.11) GO TO 110
IF{1.EQ.LAS) GO TO 7
I=1-1

I=1+1

IF(1.EQ.J}Y GO 1C 170
I1T=LV(I+1)
TF(LVITI).LE.IT) GG TO 19¢C
TG=V{I+1)

K=1

LVIK+1)=LVIK)

VIK+1)I=V(K])

K=K-=1

IF(IT.LT.LV(K)) GO TO 200
LVIK+1)=IT

VIK+1)=TG

GO TO 190

DO 215 I=LAS,LAEMY
IF (LVIT)EC.LV(I+1)) GO TG 990

CONTTMUE
RETURN

ERRCR STATEMENTS

990

992
995

WRITE (NOT,3001) LV(I)

GO T0O 995

WRITE (MCT,3001) LV(IB)

WRITE (NOT,3003) (LVIL)4VIL)yL=LAS,LAE)
CALL ZZB0OMb (SHXLORD oNERROKR)

END

XLORD —— &4/ &

NERROR=3
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SUBROUTINE ZERO {Z4NRH4NCyKR)
DIMENSICGN 2{KR,1)

GENERATE A MATRIX OF ZEROCES.
CODED BY RL “'OHLEN., FEB 1965.

SUBROUTINE ARGUMENTS

Z = OUTPUT MATRIX GENERATED. SIZE(NR,NC).

NR = INPUT NUMBER OF ROWS IN MATRIX Z.

NC = INPUT NUMBER OF COLS IN MATRIX Z.

KR = INPUT ROW DIMENSION OF MATRIX Z IN CALLING PROGRAM.

DO 10 I=1,4NR

DO 10 J=1,NC
10 2(1,J) = 0.0

RETURN

END
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SUBROUTINE Z2ERDLR (A,NoKR)
DIMENSION A(KR,1)

SET LOWER HALF OF SQUARE MATRIX A 70 ZERQ.
CODED BY RF HRUDA. rEB 1965.

SURRCOUTINE ARGUMENTS

A = INPUT, OCUTPUT SUPPLIED AND RESULT MATRIX. STIZE(N,N]}.
N = INPUT SIZE CF MATRIX A (SQUARE).
KR = INPUT ROW DIMENSION OF & IN CALLING PROGRAM.

DO 10 I=2,N

M1 = 1-1

DO 10 J=1,IM1
10 Atl14J) = 00

RETURN

END
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SUBKOUTINE ZEROUH (AyN.KR)
DIMENSION A(KR,1)

SET UPPER HALF CF SQUARE MATRIX A TO ZERQ.
CODED BY BF HRUDA. FEB 1965,

SUBROUTINE ARGUMENTS

A = INPUT, QUTPUT SUPPLIED AND RESULT MATRIX. SIZE(NsN).
N = INPUT SIZE OF MATRIX A (SQUARE).
KR = INPUT R(OW DIMENSION OF A IM CALLING PROGRAM.

DO 10 J=24N

JMY1 = J-1

pPC 10 I=1,JM1
10 All.J) = 0.C

RETURN

END
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SUBRDUTINE 2ZBOMB (SUENAMyNERRCR)
DATA NIT4NOT/5,6/

2Z80MB 1S CALLFD WHEN AN ERRCR HAS BEEN ENCOUNTERED
IN A MAIN PROGRAM CR SUBROUTINE.
Z2BCMB PERFORMI THE FOLLOWING
(1) PRINTS THE PROGRAM NAME AND £RROR NUMEBER WH. E
ERRCR OCCURRED,
{2) A WALK BACK 1S PRODUCED
(3) A TuMpP IS PRCODUCED
(4) PROGRAM 1S TERMINATED
CODFD BY JUUHN ADMIRE  #%NASAx* AUG 1972.
MODIFYED BY JOHN ADMIRE =NASAx DEC 1675

AR GUMENTY
SUBNAM — INPUT  SUBEROUTINE NAYE WHERE FRROR QCCURRED,
NERROR - INPUT ERRCR NUMBER FROM SURROUTINE WHERE EKROR CCCURRED.

FURMAT(20RISTOP IN SUBROUWTINE A6y 13H AT NERROR = 13)
WRITE(NOT,32001} SUBNAM,NERROR

CALL STPACE

CALL DUMP

STOP
END



