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INTRODUCTION

Recent developmeuts in the structural synthesis area point to the
developing use of advanced optimization techniques, combined with sophis-
ticated structural analysis, to provide a system which can be used for
production application. One such system has been described recently by
Sobieski and Bhat (1). Their system makes use of tke program, CONMIN,
as the optimizer, which is based on mathematical nonlinear programming
techniques of feasible-usable directions in combination with a structural
analyzer called SPAR, (2,3) which is a program of high modularity and - .

computer efficiency. These two programs have been combined through Opti-

mizer-to-Analyzer and Analyzer-to~Optimizer Processors and the use of a
standard computer operating system, in this case CDC NOS. This implemen-

tation provides a system which runs in a large computing environment (CDC

Cyber). While this implementation of the system is quite workable, it

has all of the problems of making use of a large computer utility, in
that turnaround time becomes of concern, and the ability to interact
with the system during execution is generally lost.

Recently, some attractive advances have been made in the computer
area, as it relates to general structural analysis capability. The intro-
duction of large scale mini-computers available at very reasonable
prices, now makes it possible to perform extensive structural analysis
on these machines. A number of computer manufacturers are now making
what can be called.maxi-mini-computers. with large central memories and
virtual operating systems, whose speeds are in the medium range of all
computing equipment. This type of computing hardware sells for, on the

order of, one tenth the cost of some of the large systems, such as IBM
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and CDC. Consequently, even though the processing speeds may not be

as fast as the large scale machines, the price performance certainly

is far better than anything we have seen previously. This availability
has led to decentralization of computing and allows a structural
analysis-design group to have its own computing capabllity under their
direct control. Even though the processing speed may not be as fast

as the larger systems, the turnaround time and the interactiveness of
this type of system is improved tremendously. It is just this kind of
system which NASA Langley has installed in their structural analysis-

design group and has implemented the program SPAR, a large general pur-

pose linear structural analysis package, on this system.

The question then becomes whether or not it is viable to move the
concept, as demonstrated by Sobieski and Bhat to the PRIME or similar
computer as a total system. The problem generated is that the overall
optimization problem generally involves a considerable number of re-
analysis steps as one approaches an optimal solution in the design
sense, Consequently, of concern is the operating speed of the analyzer
program SPAR on the PRIME P400 hardware at Langley. It certainly appears
that the analysis speeds must be increassed by an order of 5 to 10, in
order for the total system concept to be implemented on the PRIME and
to provide reasonable turnaround and interactiveness.

One potential for providing this increased speed on the PRIME or
similar hardware is that of parallel or array processing implemented
in hardware which has become available recently at very reasonable
prices. There has been considerable interest in array processing as
illustrated by the early machines, such as ILLIAC IV and the commer-

cially available CDC STAR. However, these two pleces of hardware are




very expensive in their design and implementation. On the other hand,
there are now manufacturers, such as Floating Point Systems, who make

array processors with execution speeds on the order of 7 to 10 million
instructions per second, and which are available for a price of around
50 to 60 thousand dollars and which can be interfaced directly to some
of the mini-computers presently available.

It is the potential of the counection of a Floating Points Systems
AP120 processor to a mini-computer which needs exploration. If, indeed,
the connection of an array processcc can provide significant increase
in execution speed for the SPAR analysis program, then the potential
for implementing the Sobieski-Bhat concept on a maxi-mini-computer
would be greatly enhanced.

This research project proposes to perform research in the area of
simulating the effects of the use of array processor techniques within
the program SPAR, in order to evaluate the potential speedups which may
result. This research is possible because of the availability of an
AP120 simulator package which now executes on a PRIME computer and the
availability of a PDP-11/40 with an AP120B attached at RPI. Consequently
the potential exists for simulating portions of the SPAR analysis pro-

gram both with the PRIME simulator and the PDP-11/40-AP120B h rdware.

PREVIOUS WORK

During the 1978-79 academic year, R’'T has worked with the Fleocating
Point Systems array processor simulator on our PRIME computer to obtain
some general information concerning potential speedups of small pieces of
computer code as lifted from some SPAR Prccessors (4). This preliminary

work shows results only of the floating point processor execution times,
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but does point towards considerable potential for significant speedup
of some of the tight loop areas of the SPAR code. Several sections of
code from SPAR have been recoded in Floating Point System's assembly
language and run on the AP120 simulator on the PRIME. The code is that
taken from a section of the matrix inversion processor of SPAR. A
comparison of computation times between the PRIME P500 and the AP120
for completing identical routines for a given joint was made, varying

several important parameters. The results are shown in Table 1.

Trial CONRNG NOF NZERO CPU(PRIME) CPU(AP120)
1 2 3 3 3.00 ms 0.07? ms
2 6 3 3 24.24 ms 0.80 ms
3 10 3 3 84.80 ms 2.26 ms
4 15 3 3 187.88 ms 5.37 ms
5 6 6 3 90.90 ms 2.39 ms
NOF - Number of degrees of freedom per joint

CCNRNG ~ Number of non-zero submatrices in a particular
row of the stiffness matrix
NZERO - Number of non-zero degrees of freedom for the

given calculation (Constraint conditions).

TABLE 1

These results, even though they do not include any I/0 time re-
quired to pass the data arrays between the PRIME and the AP120, pointed

to potential for significant speedup with the use of the array processor.

SCOPE OF PRESENT WORK

The present work has concerned itself with a systematic approach




to simulating and measuring the AP120 performance in relationship to

a number of SPAR processors. The past simulation data is reevaluated
and some additional data generated to better understand the potential
and feasibility of using an array proceasor such as the AP120 to speed-
up the analysis process for large structural systems.

The past simulator study measured only the execution time of the
array processor instruction set for some selected portions of trans-
lated SPAR code. There was not direc.. measuring of the input/output
and data transfer times between the PRIME and the simulated AP120 con-
nection. In this»éfﬁdy, a limited amouﬁt of acéuﬁi measuiéhénkgﬂof
input/output and data transfer times were made using a PDP-11/40 with
an AP120B attachment., Using these data, estimates are made as to the

relative speedups that can be executed ir a more complete implementation

on an array processor - maxi-mini computer system.
SPAR CODE USED

Since the previous study showed that a significant amount of man
power was required to rewrite existing FORTRAN routines from the SPAR
Processors in the assembler language of the AP120, it was decided to
test those sections of SPAR code which had already been translated for
the simulation study. This involved the actual implementation on the
AP120B of this code. Significant differences between the actual
AP120B and the simulator ccdes had to be resolved by debugging.

Seven SPAR subroutines or portions of SPAR subroutines have been
implemented in the AP120 assembler language and timing information

gathered for FORTRAN execution and AP120 assembler execution. The

sections of code were taken from five different SPAR Processors; EIG,
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INV, SSOL, K ani M. Each piece of code will be described individually.
EIG

The EIG Processor is used to solve vibration and bifuncation
buckling eigenproblems. Three short subroutines were selected from
EIG and portions of each were coded in AP120 assembler and implemented
on the PDP-11/40-AP120B system., The routines converted do not repre-
sent a significant contribution to the running time of EIG, but were
selected for their relative ease of program conversion and the fact
that they did use tightly coupled loops of vector floating point
multiplications and additions. The experience gained in using these
routines helped greatly in the conversion of more complex sperations.

The first routine tested was subroutine EIGLD, which is used by
SPAR to set problem dependent parameters. The particular code con-
verted was seven lines of FORTRAN which generates a vector with random
valued components. Figure 1 shows these seven lines of FORTRAN code.
In order to perform timing testing, three stand alone programs were
developed., The first represents the FORTRAN code to be converted.
Dimension, timing and input/output have been built around the seven
statements. This program is called FOR1.FOR and allows us to obtain
timing information for the FORTRAN execution. The second program de-
veloped replaces the FORTRAN statements with FORTRAN calls to Array
Processor utilities and to the AP assembler replacement code. This
program also contains timing generating elements and is used to ob-
tain timing information for the AP execution. This program is desig-

nated APFOR1.FOR. The third program is the AP assembler program which

performs the operations on the AP120B. It is developed as a FORTRAN
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callable routine and is called from APFORl. The assembler routine is

named APEGLD. These three programs are presented in Appendix A.

The sescond routine tested was subroutine EXPND1, which is used by
SPAR to perform the addition of one scaled vector to another and sub-
stitute the result into the original vector. The particular code con-
verted was 13 lines of FORTRAN which is shown in Figure 2. The timing
tests were performed using three stand alone programs. Program

FOR2,.FOR represents the 13 lines of code with dimensioning, timing

calls and input/output added. This progrem provides timing informa-
tion for the FORTRAN execution. The second program, APFOR2.FOR, re- "~
places the FORTRAN statements with FORTRAN calls to AP utilities and
the AP assembler code. This program also contains timing generating

elements and is used to time the AP execution. The third program is

-

the AP assembler routine which performs the operations on the AP120B

-

{ and is named APXPD1.APM, These three programs are presented in
Appendix B.

The third routine from EIG which was tested is NEWX, which per-
forms a number of operations on vectors, including zeroing, normal-
ization, and multiplication by a constant, Three separate portions
of the subroutine NEWX have been tested. The first one is five lines
P of FORTRAN used to zero a vector, This code is shown as Figure 3,

The three programs for this portion are FOR3.FOR, APFOR3.FOR and
i APNWX1.APM. These three programs are presented in Appendix C,
| The second portion of NEWX is 11 lines of FORTRAN which performs

a normalization operation on two vectors., This code is shown as

Figure 4. The three programs for this portion are FOR4.FOR,
APFOR4 .FOR and APNWX2.APM, These three programs are presented in

Appendix D.




-—

The third portion of NEWX is 6 lines of FORTRAN which performs
a multiplication of a vector by a constant. This code is shown as
Figure 5. The three programs for this portion are FOR5.FUR,
APFOR5,FOR and APNWX3.APM. These three programs are presented in

Appendix E.

INV

INV i8 the stiffness matrix inversion or reduction processor
for SPAR. Two routines which represent well over 50 percent of the
total CPU time used in INV have been implemented. The first is the
major portion of the Subroutine RED which performs the core of the
reduction process. Eighty-two lines of FORTRAN code have been coded
in AP assembler, representing the major test implementation for this
prcject. Figure 6 lists this code. Again three programs have been
developed for testing purposes. They are FOR6.FOR, APFOR6.FOR and
APRED.APM. These three programs are preaented in Appendix F.

The second routine from INV which has been implemented is AFEX,
Seventeen lines of FORTRAN have been converted to AP assembler and
this FORTRAN is shown as Figure 7, The three programs developed
for testing this code are FOR8.FOR, APFORB.FOR and APAFEX.APM. These

three programs are presented in Apper iix G.

SSOL

SSOL is the static solution processor for SPAR. It performs
the matrix multiplication operations required to obtain the displace-
ment vectors for each loading condition using the reduced matrix

from INV. The basic routine used is MULTEX, a routine found in the
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SPAR library. The eleven lines of FORTRAN shown in Figure 8 have
been implemented by the usual three prograns designated as FORJ.FOR,
APFORS.FOR and APMLTX.APM. These three programs are presented in

Appendix H,
K&M

The K and M processors assemble the system stiffness and mass
matrices, respectively. Both the K and M processors call the routine

TRAN6 to perform the transformation
T
TK™ % GKL * TL

for each node. Fifty-two lines of FORTRAN code répresenting the
major portion of TRAN6 have be~n implemented. This code is shown
in Figure 9. The three programs used to test timing have been de~
signated FORC.FOR, APFORO.FOR and APTRN6.APM, Listings of these

three programs are presented in Appendix I,
TEST PROGRAM

Six of the nine program sets described above were tested ex-
tensively on the PDP-11/40 - AP120B system. The most important im-
plementations are FOR6, which relates to the stiffness matrix reduc-
tion, POR9, which relates to the matrix multiplication process and
Z0R0, which performs rotational and translational transformations
of matrices.

In order to obtain some comparison of the application to real
problems, two problems were solvad using SPAR, These are FUSEL and

LUT, listings of which are provided in Appendix J. The CPU timing
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results of these runs are shown in Tables 2 and 3,
It is important to note that the INV processor uses the most
CPU resources, reprasent.ng approximately 40X of the total CPU time

in LUT and approximatel~ 75X of the total in FUSEL,

TEST RESULTS

The results of running compariscas batween FORTRAN execution and
AP execution of the same code are summarized in Table 4. These ratios
include both the execution times and the data transfer times in all
cases. It is this fact that accounts for the wide range of speedups
obtained.

In the case of the INV reduction process implementation, the re-
sult is quite favorable. Since the execution of routine RED repre-
sents more than one half of the CPU time for the processor INV, the
result indicates that one could expect on the order of doubling of
the speed in the processor using only this one small section of code

implezentation.

CONCLUISIONS

The results of this limited testing program add to the evidence
presented in Reference 4 as to the appropriateness of doing a full
blown implementation. The evidence is not conclusive that sufficient
speed can be obtained for an analysis-design speedup of sufficient
magnitude to warrzat full scale testing. However, the results
generated here are for . very small part of the SPAR system being
implemented on the AP. One must keep in mind that this limited im-

plementation has taken a considersble amount of manpower. The

10
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FUSEL run with SPAR on PRIME 65C

Processor CPU Time (Seconds)
TAB 13.6
ELD 6.9 i
E 15.5
EKS 79.4
TOFO 28.0
K 67.1
INV 768.2
AUS 2.7
DCU 0.5
SSOL 32.3
GSF 7.3
PSF 7.9 :

Tadble 2




Processor

TAB

ELD

TOPO

EKS

INV

AUS

SSOL

GSF

LUT run with SPAR on PRIME 750

Table 3

CPU Time (Seconds)

28.9
43.3
12.3
26.9
32.7
76.9
318.6
164.6
25.9
33.1

30.7
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Program Set

FOR2

FOR4

FOR®

FORS

FORY

FORO

- XPD1

- NWX2

RED

AFEX

- MLTX

TRN6

P Y

Run Time Comparisons

Table 4

FORTRAN TIME

AP TIME

26

19

51

6

40

22
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problem is that the level of sophistication of the computer programmer
must be high enough to be able to work with the very complex assembler
language of the AP. Even with an expert programmer, the programming
of the AP must be described as tedious and tricky, duz te the
parallelism inherent in the system.

The final conclusion is that the purchase of an array processor
for attachment to a maxi-mimi computer cannot yet be justified solely
on the evidence to date in the structural analysis area. Other appli-

cations would have to be included to justify the purchase.
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1045
1070

150

200
250
260

IRB=0

DO 1070 J=1,JT

DO 1265 I=1,JDF

X=INEX(I)

IRBPI=IRB+I

A( IRBPI )=RAN(0, 0 ) *RSCALE(K)
IRB=IRB+JDP

Figure 1

DO 260 J=1,NV2
JIZ=I+IZ

DO 250 K=1,NV1

KKZwK+KXZ

QKI=Q( KKZ, JJZ)
IP(KTEST(JJZ).NE.O) GO TO 150
IF(JJZ.NE.KXZ) GO TO 250
QKJI=1.0

CONTINUE

DO 200 I=1,LVEC

V2(I, J)=V2(I, J)+V1(I, K)*QKJ
CONTINUE

CONTINUE

Figure 2




R a

DO 70 N=1,NLOADS
IF(LSDO(N) .EQ. G)GO TO 70
DO 60 I=1,LVEC

60 V2(I,N)=0.

70 CONTINUE

1100

1200
1300

Figure 3

DO 1300 N=1,NLOADS
IF(LSDO(N).EQ.0) GO TO 1300
SUM=,0

DO 1100 I=1,LVEC
SUM=SUM+V2(I,N)*V1(I,N)
SUM=1./SQRT(ABS( SUM) )
Z(N)=SUM

DO 1200 I=1,LVEC
V1(I,N)=V1(I,N)*SUM
V2(I,N)=V2(I,N)*SUM
CONTINUE

Figure 4

DO 1850 Ne1,NLOADS
IP (LSDO(N) .EQ. 0) GO TO 1850
SUM=Z(N)

DO 1800 I=1,LVEC

1800 V1(I,N)=V1(I,N)*SUM
1850 CONTINUE

Figure 5
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1000

Craex

Cl010

Cl1015

Cl1020
Cl025
1015
1025
1030

1100
1200

1300
1400

DO
M=
Do
L=
DG

18

1000 K=1,NZERO
IABS(MAP(K))
1000 J=1,CONRNG
SUBMAP(J)

1000 I=1,NDF

B(I,J,K)= S(M,I,L)

PRELIMINARY B MODIPICATION.

DO
M=

1400 X=1,NZERO
MAP(K)

IF(M.LT.0) GO TO 1400
RA=BB(M,K)

IF(RA.GT. ZEROD) GO TO 1025

NEX=INEX(M )

IF(RA.LT.-ZEROD) GO TO 101§

KSING=XSING+1

NSING=KSING

WRITE( IOUT,1010) JOINT,NEX

FORMAT( 49H *** WARNING. SYSTEM X SINGULAR. JOINT/COMPONENT=IS,I2)
RA=.0

GO TO 1030
KNEG=XNEG+1

NNEG=KNEG -

IP(IPRT.LT.2) GO TO 1025

WRITE( IOUT,1020) JOINT,NEX

FORMAT( 38HONEGATIVE DIAG TERM. JOINT/COMPONENT= I5,I2)
RA=1./RA

CONTINUE

CONTINUE

BB(M,K )=RA

IF(X.EQ.NZERO) GO TO 1200

LA=K+1
DO 1100 L=LA,NZERO

TA=IABS(MAP(L))

RAB= RA*BB(IA,X)

DO

1100 I=IA,NDPCON

BB(I,L)= BB(I,L) ~RAB*BB(I,K)
IP(M.EQ.NDP) GO TO 1400
INEXT»M+1

DO

1300 I=INEXT,NDP

BB(I,K)= BB(I,K)*RA
CONTINUE

IF(CONRNG.EQ.1) GO TO 2500

Figure 6




1800
1900
2000
2100
2500

2600

DO 2100 K=1,NZERD
M= MAP(X)

IF(M.LT.0) GO TO 2100
RA= BB(M,K)

NSUB= CONRNG

DO 2000 I=2,CONRNG
NSUB= NSUB+1

LS= SUBMAP(NSUB)

MODIFY EII
DO 1600 ICOL=1,NDF

RAB= RA*B(1COL,I,K)

DO 1600 IROW=1,ICOL

S( IROW, ICOL,LS )= S(IROW,ICOL,LS) —RAB*R( IROW,I,K)
CALL CALCS(CONRNG,B,SUBMAP,NDF,S)

12 CDS OMITTED

THE COMPASS ROUTINE CAICS REPLACES THE FOLLOWING ON CDC

DO 1700 IROW=1,NDP
B( IROW, I, K )=RA*B( IROW,I,K)
IF( I.EQ.CONRNG)GO TO 2000

MODIFY EIJ S
JA=I+1

DO 1900 J=JA,CONRNG

NSUB=NSUB+1

LS=SUBMAP( NSUB)

DO 1800 ICOL=l,NDF

DO 1800 IROW=1,NDP

S( IROW, ICOL, LS )=S( IROW, ICOL, LS )~B( IROW, I K )*B( ICOL,J,X)
CONTINUE

CONTINUE

CONTINUE

DO 2600 L=1,CONRNG

K= SUBMAP(L)

DO 2600 J=1,NDP

DO 2600 I=1,NDP

S(1,J,K)=.0

Figure 6 (Continued)
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400

500

600

700

1000

100

200

DO 1000 ISUB=1,NSUBS
IF(ISUB.EQ.1) GO TO 600
J=IFIX(AK(LX))
IF(J.EQ.K4(LCON)) GO TO 600
LCON=LCON+1

IF( LCON.LT.LCONX) GO TO 400
WRITE( 6,500)

FORMAT( 29H0*** MPILE/KMAP INCONSISTENCY)
STOP

LSUB=LCON+CONRNG

K=K4( LSUB)

DO 700 J=1,NDP

DO 700 I=1,NDP
S(I,J,K)=S(I,J,K)+AK(LXSUB)
LKSUB=LKSUB+1

LCON=LCON+1

LX=LX+1

Figure 7

I=JLIST(1)

DO 100 L=1,N

DO 100 M=1,N
VOUT(L,I)=VOUT(L,I)+A(L,M,1)}*VIN(M,I)
IF(NSUBS.LT.2) GO TO 300

DO 200 K=2,NSUBS

J=JLIST(K)

DO 200 L=1,N

DO 200 M=1,N

VOUT(L, I )=VOUT(L,I)+A(L,M,K)*VIN(N,J)
VOUT(L,J )=VOUT(L,J)+A(M,L,K)*VIN(M,I)

Figure 8
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DO 2000 L=1,NNODES
LL=ITRANS(L)

DO 2000 K=1,L
KX=ITRANS(KX)
N=N+1

DO 100 J=1,6
DO 100 I=1,6
GXLTL(I,J)= .0
100 HKL(I1,J)= .0
FORM HKL= TK({TRANSPOSE) *GKL *TL
FIRST, GKL*TL.

anon

DO 1100 J=1,3

DO 1100 I=1,3

DO 1100 M=1,3

TLMJ=T{M,J,LL)

GKLTL( I, J)=GKLTL{ X, J) +S( I, M,N) *TIMJ

GKLTL( I,J+3)= GKLTL( I,J+3) +5( 1I,M+3,N) *TIMJ

GKLTL(I+3, J)= GKLTL(I+3, J) +5(I+3, M,N) *TLMJ
1100 GRLTL(I+3,J+3)= GKLTL(T+3,J+3) +S(I+3,M+3,N) *TLMJ

TK( TRANSPOSE ) *( GKL*TL )

DO 1200 J=1,3

DO 1200 I=l1,3

DO 1200 M=1,3

TKMI=T(M,I,KK)

HXL( I, J)= HXL( I, J) +TKMI*GKLTL( M, J)

HKL( I,J43)= HKL( I,J+3) +TKMI*GKLTL( M,J+3)

HKL( I+3, J)= HXL(I+3, J) +TKMI*GKLTL(M+3, J)
1200 HXL(I+3,J+3)= HKL(I+3,J+3) +TKMI*GKLTL(M+3,J+3)

TRANSPOSE, IF REQ.
IF(MAP(N).GT.0) GO TO 1400
DO 1300 J=2,6
JM=J-1
DO 1300 I=1,JM
EIJ~ HEKI{I,J)
HKL( I,J )=HKL(J,I)
1300 HXL(J,I)=EIJ
1400 LOC=IABS(MAP(N))
IF(NDP.LT.6) GO TO 1600
DO 1500 J=1,6
DO 1500 I=1,6
1500 H(I,J,L0C)= H(I,J,LOC)+HKL(I,J)
GO TO 2000
1600 DO 1700 I=1,NDP
NROW=INEX(I)
DO 1700 J=1,NDF
NCOL=INEX(J)
1700 B(I,J,L0C)=H(I,J,LOC )+HKL( NROW, NCOL)
2000 CONTINUE

Figure 9
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FORTRAN 1V v02.5-2 Tue O4-Nov-80 22:05:39 PAGE 001
coM 0%5-14-80 RPI® 66666 66666 66666 77777 11111 99999
c
C 113232332332 22322322323 2322822222323 222 2424322132323 223J]S3;
C
c This is Program POR1.POR which represents a portion
Cc of Subroutine EIGLD in Processor EIG. Used to obtain
ot timing information for PORTRAN execution.
C
C Corxresponding Programs are:
(o APFORL.FOR - PORTRAN of FOR) with AP Calls.
C APEGLD.APM - FP120 Assembler Program replacement
c of FORTRAN portions.
c APEGLD.ABJ - Object code of APEGLD.APM
Cc APEGLD.SAV - Linked version of APEGLD.APM.
(o
c 3222229922222 2222233022322 2 2223223222122 1242322223 23)]
C
C SUBROUTINE EIGLD
C
0001 DIMENSION A(6000), INEX(€ ), RSCALE(S)
0002 DIMENSION ITIM1(2),ITIN2(2)
0003 DO 11 II=1,6
0004 INEX(II)=II
0005 11 RSCALE(II )=FLOAT(II)
0006 JT=1000
0007 JDP=6
0008 WRITE(6,3001)
0009 3001 PORMAT(®' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
0010 READ(S,*) NTEST
0011 CPU1=SECNDS(0. )
0012 CALL GTIM(ITINM1)
0013 DO 270 1=1,NTEST
0014 IRB=0
001S$ . DO 1070 J=1,J7
0016 DO 1065 I=1,JDP
0017 K=INEX(I)
0018 IRBPI=IRB+I

0019 1065 A{IRBPI)=RAN(O,0)*RSCALE(K)
0020 1070 - RB=IRB+JDF
0021 270 “CUHTINUE

0022 CALL GTIM(ITIM2)

0023 CPU2=SECNDS(0. )

0024 WRITE(6,50) CPU1

0025 WRITE(6,50) CPU2

0026 CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)
0027 WRITE(6,70) INR,IMI,ISE,ITI

0028 CALL CVITIM(ITIM2,INR,InI,ISE,ITI)
0029 WRITE(§,70) IER,IMI,ISE,ITI
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FORTRAN IV v02,%~2 Tue 04-Nov-8C 22:05:39 PAGE 002

0030 50 YORMAT(' NUMBER OF SZICONDS PAST MIDNIGHT = ',¥15.7)
0031 70 FORMAT(' TIME = *,I2,°':°',12,':',12,':',12)

0032 CPU=CPU2-CPUL

0033 WRITE( 6,22 )CPU

0034 22 PORMAT(S5X, 'Elapsed Time = °',P10.5, 'Seconds’)
0033 STOP '
0036 END

ot AR



FORTRAN IV

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014

0015
0016
0017
0018
0019

0020
0021

0022
0023

nnnnnnnnnnnnnnnnng

11

3001

s e eNe!

v02.5-2 Tue 04-Nov-80 10:17:38 PAGE 001
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05-14-80 RPI# 66666 66666 66666 77777 11111 99999

23322322222 222 2222332222222 28222l dRtRds s s

This is Program APFOR1.FOR which contains the AP Calls
as replacements for FORTRAN code in FOR1.FOR.
Represeats a portion of Subroutine EIGLD in Processor
EIG. Obtains timing information for AP execution.

Correspending Programs are:
FOR1.FOR - Portion of Subroutine EIGLD in
Processor EIG.
APEGLD.APM -
APEGLD.ABJ -
APEGLD.SAV -

L3322 2222 2222322222288 222f 222 dd Rt 22 ddR2L] ]

DIMENSION A(6000),INEX(6 ), RSCALE(6)

DIMENSION ITIM1(2),ITIM2(2),ITIM3(2), ITIM&4(2)
DO 11 II=1,6

INEX( II)=II

RSCALE( II )=FLOAT(II)

JT=1000

JDF=6

SEED=0.

WRITE( 6, 3001)

PORMAT(® INPUT THE NUMBER OF TIMES TO BE EXECUTED')

READ(S5,*) NTEST
CPU1=SECNDS(0. )

APCLR

APPUT( SEED,12,1,2)
APPUT( INEX(1),0,JDP,1)
APPUT( RSCALE(1),6,JDF,2)
APWD

GTIM(ITIM2)

APEGLD(JT, JDF)

APWR

GTIM( ITIM3)
APGET(A{1),13,6000,2)
APWD

PEEERERRERE




FORTRAN IV

0024
0025
0026
0027
0028
0029

0030
0031
0032
0033
0034
0035
0036
0037
0038

0039

0040
0041
0042
0043

0044
0045

270

covououvouo

70
80

90

100

75
110
120

OO0 0n0000O00060n00

v02,5%-2 Tue 04-Nov-80 10:17:38
End of AP Calls.

CONTINUE
CALL GTIN( ITIN4)

CPU2=SECNDS( 0. )

7ALL CVTTIM(ITIM1,IHR,INI,ISE,ITI)
VRITE(6,70)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM2,IHR,IMI,ISE,ITI)
WRITE(6,80)

WRITE(6,75) IHR,IMI,ISE,ITI
CALLCVTTIM( ITIN3, IHR, IMI, ISE,ITI)
WRITE(6,90)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIN(ITIM4,IHR,INI,ISE,ITI)
WRITE(6,100)

WRITE(6,75) IHR,IMI,ISE,ITI
WRITE(6,110) CPU1

"RITE(6,110) CPU2

CPU=CPU2-CPU1

WRITE(6,120) CPU

FORMAT( 'STIME AT START OF DATA INPUT « ')

27

PAGE 002

FORMAT( 'STIME AT COMPLETION OF DATA INPUT AND EXECUTION®,

1' START = ')
FORMAT( 'STIME AT END OF EXECUTION AND START OF DATA'
1' OUTPUT = ')
FORMAT( *STIME AT COMPLETION OF DATA OUTPUT = ')

FORMAT( *+*',12,':',1I2,":1',12,':',12)

FORMAT( ° NUMBER OF SECONDS PAST MIDNIGHT = °',F15.5)
FORMAT( 5X, 'ELAPSED TIME = ',F10.5,' SECONDS')

FORTRAN Code replaced - Begin.

IRB=0
DO 1070 J=1,JT
DO 1065 I=1,JDF
K=INEX(I)
IRBPI=]IRB+I

1065 A( IRBPI )=RAN( 0,0 )*RSCALE(K)
1070 IRB=IRB+JDF

FORTRAN Code replaced - End.

STOP
END

g

T

sl




STITLE APEGLD
SENTRY APEGLD, 2

» TH1S ROUTINE REPLACES A SECTION OF CODE LOCATED IN THL EIGLD
* SUBROUTINE IN THE EIG PROCESSUR

. Corresponding Programs are:
" FOR1 .FOR
" APFOR1.FOR

" AUTHOR: K. FERSON

* DATE: FEBRUARY 1979

* Revised: L.J. Feeser and K. Matis
" Date: May 1980

" USAGE
* FORTRAN: CALL APEGLD(JT,JDF)

SPAGE

* ——-MAIN DATA MEMORY MAP-—-—

" wwzRzawemRkEwwxwwnwkwnwwnenwwsr  ( SPARTING ADDRESS)

" -
" A ARRAY *
LI »

® R R RRRREARRRARRA RN N R 13

A 4
" ow SEED *
" 9 ]

LR 2232323232322 2222282222232 23] 12

" w L]
"o RSCALE ARRAY "
" x »

LR A2 R332 22322222223 232R 2222234 6

L ®

} " ow INEX ARRAY -

’ . L -
b4 LER 32222323333 22R2222222222238 2231 o

’ .
A

, * ——-ARRAY DESCRIPTIONS-~-~

* A(JDF*JT).......REAL ARRAY. RANDOM VECTOR OUTPUT
THAT IS RETURNED ONLY ONCE. b

i




* SEED....++s.... RANDOM NUMBER STORED IN PROGRAM

MEMORY . 3
* RSCALE(6)...... REAL ARRAY. PASSED ONCE.
" INEX(6)........ INTEGER ARRAY. PASSED ONCE.

" S—-PAD PARAMETERS

JT $SEQU 0 “TOTAL NUMBER OF JOINTS
JDF SEQU 1 “NUMBER OF DEGREES OF FREEDOM
X SEQU 2 “ADDRESS POINTER FOR RSCALE
RADDR SEQU 3 “BASE ADDRESS OF RSCALE ARRAY
CADDR SEQU 4 “BASE ADDRESS OF OUTPUT ARRAY A
INEX SEQU S “BASE ADDRESS OF INEX ARRAY
SADDR SEQU 6 “ADDRESS OF SEED
INCNT SEQU 7 "INNER TOOP COUNTER
OUTCNT $EQU 10 "OUTER LOOP COUNTER
» THE RANDOM NUMBER GENERATOR USED IN THIS ROUTINE IS IDENTICAL
* 7O FLOATING POINT SYSTEMS RANDOM NUMBER ROUTINE
* FORTRAN: IRB=0
" DO 1070 J=1,JT
- DO 31065 I=1,JDF
K=INEX(I)
- IRBPI=IRB+I E
" 1065 A( IRBPI )=RND( 0 )*RSCALE(K) 3
- 1070 IRB=IRB+JDF i 4
) i
APEGLD: LDSPI SADDR; DB=12, "LOAD SEED ALDR
NOV SADDR, SADDR; SETMA “"GET SEED
RPSF B; DPX(0)<DB "GET MULTIPLIER B
RPSF FMASK; DPX(2)<DB “GET FRACTION MASK j ]
DPX(1)<DB; DB=40000; WRTMAN , f
DPX(1)<DB; DB=1015; WRTEX "DPX(1)=1,
FMUL DPX(0),MD "MPY SEED*B
MOV JT, OUTCNT “LOAD OUTER COUNT
LDSPI RADDR; DB=S, "LOAD RSCALE ADDR -1 '
LDSPI CADDR; DB=12, "LOAD A ADDRESS -1 :
CLR INEX
DEC INEX
OUTLOP: NOV JDP, INCNT "LOAD INNER COUNT
INLOP:  FNUL; "PUSH




GT1:

CONT1:

CONT2:

B:
FMASK:

INC INEX; SETMA
FNUL
FSUB FM,DPX(1); DPY(O)<FM
FADD;

LDSPI K; DB=MD
FAND DPX(2),DPY(0);

ADD# X,RADDR; SETMA
FADD ZERO,DPY(0);

BFGT GT1

FADD
DPY( 2 )<FA
FMUL DPY(2),MD
FMUL
FMUL;
DEC INCNT
MI<FM; INC CADDR; SETMA;
BEQ CONT1
FMUL DPX(0),DPY(2)
JMP INLOP
DEC OUTCNT
BEQ CONT2;
SUB JDF, INEX
FMUL DPX(0),DPY(2)
IMP OUTLOP
NOP

SFP 27.0
SFP .9999999925
SEND

"GET K
*PUSH
“A*B -1, SAVE A*B
“PUSH
“STORE K
"ASSUME A*B>1
“FRACTION EXTRACTED WITH MASK
“GET RSCALE(K)
“GET FRACTION DIRECTLY
“IF B*Acl
“GET FRACTION IMMEDIATELY
"IF B*A>l
“GET NEXT FA RESULT
"SAVE FRACTION
"MULT RSCALE*RND(O0)

"DEC COUNT

"SAVE RESULT IN A
"GET NEXT NUMBER

"RESET INEX
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APPENDIX B

Listings of:

FOR2.TOR
APFOR2.FOR

APXPD1.APM
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TYPE FOR2
FORTRAN 1V v02.5-2 Tue 04-Nov-80 10:18:01 PAGE 001
COM 05-14-80 RPI# 66666 66666 66666 77777 22222 11111
C
C (2322213382223 23S2 223222222332 22 3222222222233}
C
(o4 This is Program FOR2.FOR which represents a portion of
c Subroutine EXPND1 in Processor EIG. Used to obtain
c timing information for FORTRAN execution.
C
(of Corresponding Programs are:
C APFOR2.FOR - FORTRAN of FOR2.FOR with AP Calls.
C APXPD1.APM - FP120 Assembler Proyram replacement
c of FORTRAN portions.
C APXPD1.ABJ -~ Object code of APXPD1.APM.
C APXPD1.SAV - Linked version of APXPD1l.APM.
C
C TR R AR A R A A R R R A AR R R R R AR AR IR R AR AR A RN AARNRRRRRR AN AR
C :
0001 DIMENSION Q(3,3),V2(1000,3),V1(1000,3),KTEST(3) H
0002 DIMENSION ITIM1(2),ITIM2(2) !
0003 JZ=0
0004 KZ=0
0005 NV1=3
0006 NV2=3
0007 LVEC=1000
0008 DO 1 JJ=1,NV1
0009 DO 1 II=), NV2
0010 1 QII,J3)=1.0
0011 DO 2 II=1,NV2
0012 2 KTEST(II )=l
0013 KX=LVEC
0014 WRITE( 6,3001)
0015 3001 FORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
0016 READ(5, *) NTEST
0017 DO 3 JJ=]1,NV1
0018 DO 3 II=1,KK
0019 V1(I11,JJ)=2.0
0020 3 V2(II,33)=3.0
C
D WRITE(6,2001)
D WRITE(6,2000) ((V2(1,J),J=1,3),I=1,3)
Cc
0021 CPU1=SECNDS(0. )
0022 CALL GTIM(ITIM1)
0023 DO 270 L=1,NTEST N
0024 DO 260 J=1,NV2
0025 JIZnJ+J2
0026 DO 250 K=1,NV1
0027 KKZ=K+K2




0028
0029
0031
0033
0034
0035
0036
0037
0038
0039
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

FORTRAN IV V02.5-2 Tue 04-Nov-80 10:18:01

oovon

2000 FORMAT( 3(1X,3F15.6,/))
2001 PORMAT(® V2 MATRIX BEFORE CALLS')

PAGE 002

QKJ=Q( KXZ,JJZ)
IF(XTEST(JJZ).NE.O) GO TO 150
IP(JJZ.NE.KKZ) GO TO 250
QKJ=1.0

150 CONTINUE
DO 200 I=1,LVEC

200 V2(I, J)mV2(I, J)+V1(I, K)*QKJ

250 CONTINUE

260 CONTINUE

270 CONTINUE
CALL GTIM(ITIM2)
CPU2=SECNDS( 0. )

WRITE(6,2002)
WRITE(6,2000) ((V2(I,J),J=1,3,,I=]1,3)

WRITE(6,50) CPUL
WRITE(6,50) CPU2
CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI
CALL CVTTIM({ITIMZ2, IHR, IMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI
50 FORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.7)
70 FORMAT(' TIME = ',12,':',I2,':',XI2,':',12)
CPU=CPU2-CPUlL
WRITE(6,22)CPU
22 PORMAT(S5X,F16.9)

2002 FORMAT( ' V2 MATRIX AFTER CALLS')
STOP
END
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TYPE APFOR2
FORTRAN 1V

C
o
C
o
c
o
C
C
C
(o
c
C
Cc
C
C
C
C

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020

0021
0022

0023

0Ooon

s e MeNe!

OM

3001

vVo2.5-2 Tue 04-Nov-80 10:16:27 PAGE 001

05-14-80 RPI# 66666 66666 66666 77777 22222 11111

R AT R AR AR R RN R AR A RN RN R R ARNRRARAARRARRNARANRARARR N

This is Program APFOR2.FOR which contains the AP Calls

as replacements for FORTRAN code in FOR2.FOR. Represents
a portion of Subroutine EXPNDl in Processor EIG. Obtains
timing information for AP execution,

Corresponding Programs are:
FOR2,FOR -
APXPD1.APM -
APXPD1 .ABJ -
APXPD1.SAV -

|3 222222222220 2R i 2222 iRl RdtRltaRsdddd)

DIMENSION Q{3,3),V2(1000,3),V1(1000,3),KTEST(3)
DIMENSION ITIMI1(2),ITIM2(2),ITIM3(2),ITIM&(2)
JZ=0

XZ=0

NV1=3

NV2=3

LVEC=1000

DO 1 JJ=1,NV1

DO 1 II=1,NV2

Q(II,J7)=1.0

DO 2 II=1,NV2

KTEST(II)=1

KX=LVEC

WRITE( 6,3001)

PORMAT( ' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
READ(5,*) NTEST

DO 3 JJ=1,NV1

DO 3 II=1,KK

V1(II,J3J)=2.0

V2(11,37)=3.0

WRITE(6,2001)
WRITE(6,2000) ((V2(I,J),J=1,3),I=1,3)

CALL GTIM(ITIM1)
DO 270 L=1,NTEST

what follows are the AP Calls which replace the
commented code below.

K=NV1*NV2




FORTRAN IV vV02.5-2 Tue 04-Nov-80 10:18:27 PAGE 002
0024 KBASE=0
0025 CALL APCLR
0026 CALL APPUT(KTEST(1),0,NV2,1)
0027 CALL APPUT(Q(1,1),100,K,2)
0028 CALL APPUT(V1(1,1),109,3000,2)
0029 CALL APPUT(V2(1,1),3109,3000,2)
0030 CALL APWD
D CALL GTIM(ITIM2)
0031 CALL APXPD1(KZ,JZ,NV2,NV1,LVEC,100,0,109,3109)
0032 CALL APWR
D CALL GTIM(ITIM3)
0033 CALL APGET(V2(1.,1),3109,3000,2)
0034 CALL APWD
C
(o End of AP Calls.
c
0035 270 CONTINUE
0036 CALL GTIM(ITIN4)
Cc
0037 WRITE(6,2002)
0038 WRITE(6,2000) ((V2(1,J),J=1,3),I=1,3)
o
0039 CALL CVTTIM(ITIM1, IHR, IMI,ISE,ITI)
0040 WRITE(6,70) IHR,IMI,LISE,ITI
D CALL CVTTIN(ITIM2, IHR, IMI,ISE,ITI)
D WRITE(6,75) IHR,IMI,ISE,ITI
D CALL CVTTIM(ITIM3,IHR,INI,ISE,ITI)
D WRITE(6,80) IHR, IMI,ISE,ITI
0041 CALL CVTTINM( ITIM4, IHR, INI,ISE,ITI)
0042 WRITE(6,85) IHRR,IMI,ISE,ITI1
0043 70 PORMAT(' TIME AT START OF DATA INPUT = *,12,':’
1,12,':',12,':',1I2)
0044 75 FORMAT(' TIME AT COMPLETION OF DATA INPUT AND '
1, 'EXECUTION START = ',12,°':',12,':1',12,":',12)
0045 80 FORMAT(' TINE AT END OF EXECUTION AND START ',
1'OF DATA OUTPUT = *,I12,°':°,12,':',12,':*,12)
0046 85 FORMAT(' TIME AT COMPLETION OF DATA OUTPUT = °*,
1I12,':',12,':°,12,':°,12)
0047 2000 FORMAT{ 3( 1X, 3rl15.6,/))
0048 2001 FORMAT(' V2 MATRIX BEPORE CALLS')
’ 0049 2002 FORMAT(' V2 MATRIX AFTER CALLS')
0050 STOP
0051 END

.
|
|
|
\
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STITLE APXPD1
SENTRY APXPD1, 9

THIS ROUTINE PERPORMS A SECTION OF CODE IN THE EXPND]1 SUBROUTINE
LOCATED IN THE EIG PROCESSOR.

* PUTHOR: K. FERSON

* DATE: MARCH 1979

" Revised: L., J. Feeser and K. Matis
" Date: May 1980

" USAGE

" PORTRAN: CALL APXPD1(KZ,JZ,NV2,NV1,LVEC,QBASE,KBASE, V1BASE,V2BASE)
" ALL PARAMETERS ARE INTEGERS)

- SPAGE

* ——MAIN DATA MEMORY MAP—-

"

L] EEEARRARREARARARNR AR AARANCARNIARNR (s‘rmlm muss)
(] "3 ®

" e V2 ARRAY »

o L ] ®

» 1322222242322 2222 223222222224 1004+N*N+LR1
" 4 4

" o V1 ARRAY »

" 1233233333222 22322222322 22222234 1°o+”.'

] « 4

- Q ARRAY *

L] ®

L4 1223222222232 2282822222222 ¢ 2] 100

" £ 4

.- = KTEST ARRAY .

" K R Y .

1243228833222 22222222220 ¢t 2 2] (4]

* S-FAD PARAMETERS

KZ SEQU O * NTEGER ADDRESS POINTER
JZ SEQU 1 “INTEGER ADDRESS POINTER
NvV2 SEQU 2 “OUTER LOOP COUNT

NV1 SEQU 3 “INNER LOOP CTUT

LVEC  SEQU 4 “VECTOR LENGTH

QBASE SEQU S “BASE ADDRESS OPF Q ARRAY

>



QADDR SEQU S “ADDRESS POINTER POR Q

KBASE SEQU 6 “BASE ADDRESS OF KTEST ARRAY
KADDR SEQU 6 “ADDRESS POINTER OF KTEST
CNT  SEQU 7 “INNER MOST COUNTER

V1BASE SEQU 7 “BASE ADDRESS OF V1 ARRAY

V2BASE SEQU 10 "BASE ADDRESS OF V2 ARRAY
VIADDR SEQU 11 “"ADDRESS rOINTER OF V1

VZADDR SEQU 12 "ADDRESS POINTER OF V2

V2FADR SEQU 13 “ADDRESS POINTER POR V2 TARGET

J SEQU 14 “OUTER LOOP COUNT
X SEQU 15 “INNER LOOP COUNT
VALUE SEQU 16 “TEMPORARY STORAGE
VITEMP SEQU 17 “BASE POINTER POR V1

" PORTRAN: DO 260 J=),NV2

APXPD1:

JIZ=J+JZ

CLR J
DEC QBASE “1O0OP SET UP
DPY(0)<SPFN; MOV V1BASE,V1BASE “STORE V1 BASE IN DATA PAD

" OUTER LOOP

LOOP1:

LOOP2:

CLR K

INC J2 “GET JZ&J

LDSP1 V1BASE; DB=DPY(O0) “RESTORE V1 BASE

MOV V1BASE,VITEMP; “LOAD BASE POINTER PFOR V1
DPY( 0 ) <SPPN “SAVE V1 BASE IN DATA PAD

“THIS FREES SPAD 7

FIRST INNER LOOP

PORTRAN: DO 250 K=]1,NV1

KKZ=K+KZ
QKJI=Q( KKZ, JJZ)
IP (KTEST(JJZ) .NE. 0)GO TO 150
IP (JJZ .NE. KXZ) GO TO 250
OKXJ=1.0

150 CONTINUE

MOV KADDR,KADDR; SETMA “GET KTEST(JJZ)

INC KZ “GET KZ+K

INC QADDR; SETMA “GET Q(KZ+Z,J2Z4J)

LDSPI VALUE; DB=MD “STORE KTEST(JJZ)

MOV VALUE,VALUE “TEST POR KTEST(JJZ)=0
BEQ CONT1

WV R wgeny e AN S ¥ & .. - -
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CONT1:

T 3 3 3 3 3

DPX( 0 )<MD
JNP START3
SUBS JZ,K2
BNE CONT2
RPSF ONE
DPX(0)<DB

DO THE 200 LOOY CALCULATIONS

FORTRAN : DO 200 I=}1,LVEC
200 V2(1,J7)=V2(I,J)4VI(I,K)*QKJ
STAR.s: MOV V1TEMP,V1ADDR; SETMA

LOOP3:

END3:

CONT2:

CONT3:

MOV LVEC,CNT
MOV V2BASE,V2ADDR; SETMA
FNUL DPX(0),MD;
MOV V2iu:IR,V2PADR
FMUL;
DEC V2FPADR
FMUL
INC V1ADDR; SETMA;
FADD FM,MD
FADD
INC V2ADDR; SETMA
FMUL OPX(90),MD;
DEC CONT
INC VZPADR; SETMA: MIcPA;
FMUL;
BNE LOOP)

FORTRAN: 250 CONTINUE

INC K
SUs# K,NV1
BEQ CONT3,;
ADD LVEC,VITENP
JMP LOOP2

PORTRAN: 260 CONTINUE

INC J
INC KADDR
SUB® J,NV2
BEQ CONT4;
ADD LVEC,V2BASE
JNP LOOP1

ONE: Sre 1.0

"STORE QUK=Q(KKZ,JJZ)
“GOTO INNER MOST LOOP
“TEST JJZ=KKZ

“SET QJK=1.0

“GET V1
"LOAD INNER COUNT
“GET V2
"DO QUK*V1
“LOAD TARGET ADDRESS

“PUSH
“LOOP SETUP

“pPUSH

“GET NEXT V1
"DO V24V1*QUK
“PUSH

“GET NEXT V2

“DO V1*QUK
“TEST CNT=O
“STORE RESULT

“PUSH

"TEST INNER LOOP

“REAJUST V1 ADDRESS

“INC OUTER LOOP COUNT
“INCREMENT KTEST ADDRESS
“TEST OUTER LOOP

“REAMJUST V2 ADDRESS




RETURN

CONT4:

:

o P




APPENDIX C

Listings of:

FOR3.FOR
APFOR3.FOR

APNWX1.APM

40



.TYPE FOR3
FORTRAN IV

0001
0002
£503
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032

nnnnnnnnnnnnnnnng
x

10

3001

60
70
270

S0
80

41

vVo2,5~-2 Tue 04-Nov-80 10:18:59 PAGE 001

05-14-~80 RPI® 66666 66666 66666 77777 22222

MER AR R AR AT AR AR AR AR AT RRA T RARARRAFI AN RN ®

This is Program FOR3.FOR which represents a portion
of Subroutine NEWX in Processor EIG. Used to obtain
timing information for FORTRAN execution.

Corresponding Programs are:
APFOR3.FOR — FORTRAN of FOR3.FOR with AP Calls,
APNWX1i.APM - FP120 Aazsembler Program replacement
of FORTRAN portions.
APNWX1.ABJ - Object code of APNWX).APM.
APNWX1.SAV - Linked version of APNWX1.ABJ.

LAA A A2 AR AR 2Rl iR 2222 22222222222 3]

DIMENSION LSDO(3),V2(2000,3)
DIMENSION ITIM1(2),ITIM2(2)
NLOADS=3

LVEC=2000

DO 10 II=1,NLOADS

LSDO(II )=11

KNTLS=0

WRITE( 6,3001)

FORMAT( ' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
READ(S5,*) NTEST

CPU1=SECNDS( 0. )

CALL GTIM( ITIM1)

DO 270 L=1,NTEST

DO 70 Nel,NLOADS

IF(LSDO(N) .EQ. 0)G0 TO 70

DO 60 I=1,LVEC

V2(I,N)=0.

CONTINUE

CONTINUE

CALL GTIM(ITIM2)

CPU2=~SECNDS( 0. )

WRITE(6,50) CPUL

WRITE(6,50) CPU2

CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)
WRITE(6,80) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM2,IHR,IMI,ISE,ITI)
WRITE(6,80) IHR,IMI,ISE,ITI
FORMAT( ' NUMBER OF SECONDS PAST MIDNIGHT = ',F15,7)
FORMAT(' TIME = ',X2,°':',12,':',12,"':',12)
CPU=CPU2-CPU1

WRITE( 6,22 )CPU

44444
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0033 22 FORMAT(5X, 'TIME=',F16.9)

0034 STOP

0035 END
]
|
i
|
:
:
|
:
i
|
E
3
3
;
i
,3

b
] ;
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016

0017
0018

0019
0020
0021
0022
0023
0024
0025
0026

ouvo

FORTRAN 1V

NoOoOOOaOnO0nNnNaOgnn g

10

3001

270

Vo2.5-2 Tue 04-Nov-80 10:19:2) PAGE 001

05-14-80 RPI# 66666 66666 66666 77777 22222 44444

LR AR AR ARl R 22222 RRRRRRdRRdR Rl iaR2RRRRl SR ]

This is Program APFOR3.FOR which contains the AP Calls
as replacements for FORTRAN code in FOR3.FOR. Represents
a portion of Subroutine NEWX in Processox EIG.

Corresponding Programs are:
FOR3.FOR -
APNWX1 .APM -
APNWX1.ABJ -
APNWX1,SAV -

L2222 2222220222222l dd 2Rl i ad st isi s sssdd] 2]

DIMENSION 1.30v¥ }),V2(2000,3)
DIMENSION ITIM1(2),ITIM2(2),ITIM3(<Y, ITIM4(2)
NLOADS=3

LVEC=2000

DO 10 II=1,NLOADS

LSDO( II )=IX

WRITE(6,3001)

APPUT( LSDO(1 ), 0, NLOADS, 1)
APWD

GTIM( ITIN2)

APNWX1( NLCADS , KNTLS, LVEC, NLOADS )

APWR

GTIM(ITIM3)

APGET(V2(1,1),NLOADS, 6000, 2 )

APWD

CONTINUE

CALL GTIM(ITIM4)

CPU2=SECNDS(O0. )

PEEEEEEEE

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIMZ2,IHR,IMI,ISE,ITI)
WRITE(6,80)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM3, IHR,IMI,ISE,XTI)
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FORTRAN IV

D

D
0027
0028
0029
0030
0031
0032
0033
0034 70
0035 80
0036 90
0037 100
0038 75
0039 110
0040 120

C

C

C

o

C

C

C

C

C

C

C

0041
0042

vo2.5~2 Tue 04~Nov-80 10:19:23 PAGE 002

WRITE( 6, 90)

WRITE(6,75) IHR,XMI,ISE,ITI

CALL CVTTIM(ITIM4,IHR,IMI,ISE,ITI)

WRITE( 6, 100)

WRITE(6,75) IHR,IMI,I3E,ITI

WRITE(6,110) CPU

WRITE(6,110) CPU2

CPU=CPU2-CPU1

WRITE(6,120) CPU

FORMAT( ' STIME AT START OF DATA INPUT = ‘')

FORMAT( ' STIME AT COMPLETION OF DATA INPUT AND EXECUTION',
1' START = ')

FORMAT( ' STIME AT END OF EXECUTION AND START OF DATA'
1' OUTPUT = ')

FORMAT( ' STIME AT COMPLETION OF DATA OUTPUT = °)
FORMAT( '+',I2,°:*,12,':",12,':",1I2)

FORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ',P15.5)
FORMAT( 5X, 'ELAPSED TIME = ',F10.5,' SECONDS')

FORTRAN code replaced - Begin

DO 70 N=1,NLOADS
IF(LSDO(N) .EQ. 0)GO TO 70
DO 60 I=1,LVEC

60 V2(I,N)=0.

70 CONTINUE

PORTRAN code replaced - End

STOP
END

Ll
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STITLE APNWX1
SENTRY APNWX1, 4

THIS ROUTINE PERFORMS A SECTION OF CODE IN THE
LOCATED IN THE EIG PROCESSOR

AUTHOR: K. FERSON
DATE: MARCH 1979

Revised: L. J. Feeser and K.

Date: May 1980

--—-USAGE-—---

Matis

* FORTRAN: CALL APNWX1(NLOADS,XNTLS,LVEC,VZADDR)

SPAGE

—-MAIN DATA MEMORY MAP——-

REAR R AR RN AR R R R R AR R RARNARRRR

i ®
* Z ARRAY *
* *

AR EARNAANRARRNRARRARCRANRRRNR

* *
* V1 ARRAY *®
» *

AAXARAAXARNRAARNRRNARRRRAARNRANR

* =
» V2 ARRAY *
* *

RER RN RAEARARRRARNARRNRRRARANTARNN

» *
* B ARRAY *
* *

AREAAERERRARRRARRNNRRRARRRRNN

* *
* LSDO ARRAY *
* ®

AR R AR AR R RN ARNERRARAARARN

~—=ARRAY DESCRIPTIONS——-

( STARTING ADDRESS )

NLOADS+LRM+2*( LVEC*NLOAUS )

NLOADS+LRM+LVEC*NLOADS

NLOADS+LRM

NLOADS

Z(NLOADS )......... REAL ARRAY. NEVER USED.

NEWX SUBROUTINE

45
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V1({LVEC*NLOADS)... REAL ARRAY. PREVIOUSLY PASSED.

V2( LVEC*NLOADS ). .. REAL ARRAY. RETURNED ONCE.

B(L®M)............ REAL ARRAY. NEVER USED.

LSDO(NLOADS )...... INTEGER ARRAY.

S~PAD PARAMETERS

NLOADS $EQU
KNTLS SEQU
LVEC  SEQU
V2ADDR $EQU
LSDO  SEQU
VALUE SEQU
OUTCNT SEQU
INCNT S$EQU

FORTRAN: DC 70 N=1,NLOADS
IF(LSDO(N) .EQ. 0)GO TO 70

KNTLS=KNTLS+1
DO 60 I=1,LVEC
60 V2(I,N)=0,
70 CONTINUE

DEC V2ADDR

MOV NLOADS, OUTCNT
CLR LSDO

DEC LSDO

OUTLOP: INC LSDO; SETMA

MOV LVEC, INCNT
NoOP

LDSPI VALUE; DB=MD
MOV VALUE, VALUE
BNE CONT1

ADD LVEC,VZADDR
JMP CONT2

CONT1: INC KNTLS

g Ty S Ty O T R T Qe S R v o il

PREVIOUSY PASSED.

"NUMBER OF LOADS

"INTEGER PASSED :

"TOTAL JOINTS*DEGREES OF FREEDOM
"ADDRESS POINTER FOR V2

"INTEGER MAP

" +EMPORARY STORAGE

"OUTER LOOP COUNT

"INNER LOOP COUNT

"SET UP V2ADDR FOR LCOP
"LOAD OUTER COUNT
“« LEAR ADDRESS POINTER

“GET LSDO(N)
"LOAD INNER COUNTER

"VALUE=LSDO(N)
“TEST VALUE=0

"AJUST VZADDR




S

LOOP: DEC INCNT

INC V2ADDR;SETMA;MI<ZERO;BNE 1OOP
CONT2: DEC OUTCNT

BNE OUTLOP

SEND

"CLR V2
"TEST OUTER LOOP

47
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APPENDIX D

Listings of:

FOR4 . FOR
APFOR4 .FOR

APNWX2 ,APM
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TYPE FOR4
FORTRAN IV vo2,5-2 Tue O04-Nov-80 10:20:24 PAGE 001
CoM 05-14-80 RPI# 66666 66666 66666 77777 22222 55555
Cc
C R AR TN N AR N AN R R AR R AN E R AR AR R R AR NI A A A RAAARNRNRS
C
C This is Program FOR4.FOR which represents a portion of
C Subroutine NEWX in Processor EIG. Used to obtain
c timing information for FORTRAN execution,
Cc
c Corresponding Programs are:
C APFOR4.FOR - FORTRAN of FOR4.FOR with AP Calls.
C APNWX2.APM - FP120 Assembler Program replacement
( of FORTRAN portion.
c APNWX2.ABJ - Object code of APNWX2.APM.
Cc APNWX2.SAV - Linked version of APNWX2.ABJ.
C
c (A 2328230032302 200 1282323038322 2023332020223 323203 2822883202 3)]
C
0001 DIMENSION V2{1000,4),V1(1000,4),LSDO(4),%(4)
0002 DIMENSION ITIM1(2),ITIM2(2)
0003 NLOADS=4
0004 LVEC=1000
0005 DO 11 II=1,NLOADS
0006 11 LSDO(II)=I1
0007 DO 12 JJ=1,4
0008 DO 12 1II=1,1000
0009 Vi(II,JJ)=2,
0010 V2(11,33)=1,
0011 12 CONTINUE é
0612 WRITE(6,3001) ;
0oCcl3 3001 FORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
0014 READ(S5, *) NTEST
C
D WRITE(6,90)
D WRITE(6,95) ((V1(I,J),J=1,4),1I=1,3)
0015 CPUl=SECNDS(0.)
0016 CALL GTIM(ITIMY)
0017 DO 270 L=1,NTEST
0018 DO 1300 N=1,NLOADS
0019 IP(LSDO(N).EQ.0) GO TO 1300
0021 SUM=,0
; 0022 DO 1100 I=1,LVEC
| 0023 1100 SUM=SUM+V2(I,N)* "1(I,N) ;
0024 SUM=1. /SORT(ABS{ SUM)) 2
0025 Z( N )=SUN 7
0026 0O 1200 I=1,LVEC E
0027 Vi(I, N)=V1(I,N)*SUM }
0028 1200 V2(I,N)=V2(I,N)*SUMN )
0029 1300 CONTINUE -
3
e T —_ g
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, FORTRAN IV V02.5-2 Tue 04-Nov-80 10:120:24 PAGE 002

0030 270 CONTINUE

0031 CALL GTIM(ITIM2)
: 0032 CPU2=SECNDS(0. )
c
. D WRITE(6,100)
* D WRITE(6,95) ((V1(I1,J),J=1,4),1I=1,3)
| D WRITE(6,110)
D WRITE(6,95) ((V2(I,J),J=1,4),1=1,3)
0033 WRITE(6,50) CPUL
0034 WRITE(6,50) CPU2
| 0035 CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)
k 0036 WRITE(6,70) IBR,IMI,ISE,ITI
', 0037 CALL CVTTIM(ITIM2,IHR,IMI,ISE,ITI) 1
0038 WRITE(6,70) IHR,IMI,ISE,ITI

0039 SO FORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ‘',F15.7)
) 0040 70 FORMAT(' TIME = ',I2,':',I2,':',I2,':1'12)

0041 90 FORMAT(' V1 MATRIX BEPORE CALL')

0042 95 FORMAT(3(1X,4F15.7,/))

0043 100 FORMAT(' V1 MATRIX AFTER RETURN')

0044 110 FORMAT(' V2 MATRIX AFTER RETURN')

0045 CPU=CPU2-CPU1 i
1 0046 WRITE( 6,23 )CPU
, 0047 23 FORMAT(SX, 'TIME=',F16.9)
0048 STOP
0049 END

i
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TYPE APFOR4
FORTRAN IV v02.5-2 Tue O4-Nov—80 10:20:48 PAGE 001 a
COM 05-14~080 RPI® 66665 66666 66666 77777 22222 5555%5
C
c [Z3 1222222332228 2 223223222 X223 30282222222 2222R0R 22 R2d]
c
c This is Program APPOR4.FOR which contains the AP Calls i
(o as replacements for PORTRAN code in POR4.FOR. Represents
C a portion of Subroutine NEWX in Processor EIG. Obtains i
Cc timing information for AP execution.
C
c Corresponding Programs are:
Cc POR4.FOR
C APNWX2 .APM
C APNWX2 .ABJ
1o APNWX2 ., SAV
c
c (A2 2222223 3fR2X2222 2223030222232 2233228 2222223222222 32 1%]
o
0001 DIMENSION V2(1000,4).V1(1000,4),LSDO(4),2Z(4)
0002 DIMENSION ITIM1(2),iTIM2(2),ITIM3(2),ITIM&(2)
0003 NLOADS=4
0004 LVEC=1000
0005 DO 11 II=1,NLOADS
0006 11 LSDO(II)=II
0007 DO 12 JJ=1,4
0008 DO 12 1I=1,10.0
0009 V1(11,33)=2,
0010 V2(II,JdJ)=1.
0011 12 CONTINUE
0012 WRITE(6,3001)
0013 3001 FORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
0014 READ(5,*) NTEST
D WRITE(6,100)
D WRITE(6,90) ((V1(I,J),J=1,4),1I=1,3)
C
c THE FOLLOWING CALLS REPLACE THE FORTRAN COMMENTED BELOW
C
0015 CALL GTIM(ITIM1)
0016 DO 270 L=), NTEST
0017 CALL APCLR
0018 CALL APPUT(LSDO(1),0,NLOADS,1)
0019 CALL APPUT(V1(1l,1),100,4000,2) g
0020 CALL APPUT(V2(1,1),4101,4000,2) ?
0021 CALL APWD
D CALL GTIM(ITIM2)
0022 CALL APNWX2(100,4101,LVEC,NLOADS,8101)
0023 CALL APWR .
D CALL GTIM(ITIM3)
0024 CALL APGET(V1(1,1),100,4000,2)

e
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FORTRAN IV v02.5-2 Tue O4-Nov-80 10:120:480 PAGE 002

002% CALL APGET(V2(1,1},410},4000,2)
0026 CALL APWD

0027 270 CONTINUEL

0028 CALL GTIM(ITIM4)

FORTRAN code replaced - Begin

DO 1300 N=1,NLOADS
IF(LSDO({N).EQ.0) GO TO 1300
SUM=.0
DO 1100 I=1,LVEC
1100 SUM=SUM+V2(I,N)*V1(I,6N)
SUM=1./SQRT(ABS(SUM))
Z(N)=SUM
DO 1200 I=1,LVEC
V1(I,N)=V1(I,N)*SUM
1200 V2(I,N)=V2(I,N)*"SUNM
1300 CONTINUE

PORTRAN code replaced - End

OO00OO0O0O00O00O0O0O000O0000NO

0029 CALL CVTTIM(ITIMl, IHR,IMI,1SE,ITI)

0030 WRITE(6,70) IBR,IMI,ISE,ITI

CALL CVTTIM(ITIM2,IHR,6IMI,bISE,ITI)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM3,IHR,IMI,ISE, ITI)

WRITE(6,80) IHR,IMI,ISE,ITI

0031 CALL CVTTIM(ITIM4,IEBR,IMI,ISE,ITI)

0032 WRITE(6,85) IHR,IMI,ISE,ITI

0033 70 FORMAT(' TIME AT START OF DATA TRANSFER = °*,
112,':°,12,':',12,'1'12)

0034 75 PORAT(' TIME AT COMPLETION OF DATA INPUT AND '
1,'E¥Y® UTION STAXT = *,I12,':°,I2,'1',12,':',12)

0035 80 PFORMAT(' TIME AT END OF EXECUTION AND START °',
1'OF DATA OUTPUT = *,12,':',12,':',12,':',12)

0036 85 PFPORMAT(' TIME AT COMPLETION OF DATA OUTPUT = °,

112,':',12,':',12,':°',12)

WRITE(6,95)

WRITE(6.90) ((V1(I,J),J=1,4),I=1,3)

WRITE(6,97)

WRITE(6,90) ((V2(I,J),J=1,4),1=1,3)

00137 90 PORMAT(3(1X,4ris.7,/))

0038 95 PORMAT(' V1 MATRIX AFTER RETURN')

0039 97 PORMAT(' V2 MATRIX AFTER RETURN')

0040 100 FORMAT(' V1 MATRIX BEPFORE CALL‘:

0041 STOP

0042 END

voeCo

ovoo




STITLE APNWX2
SENTRY APNWX2, §
SEXT DIV

SEXT SQRT

THIS ROUTINE PERFORMS A SECTION OP CODE IN THE NEWX SUBROUT.NE
LOCATED IN THE FIG PROCESSOR

AUTHOR: X. FERSON

DATE: YEBRUARY 1979

Revised: L. J. Feeser and X. Matis
Date: May 1980

USAGE
PARTRAN: CALL APNWX2(V1BASE,V2BASE,LVEC,NLOAD, ZBASE)

ALL PARAMETERS ARE INTEGERS]

SPAGE

---MAIN DATA MEMORY MAP-—-

TREXAANNNRNSIRSRARNURWNNRNRY  / STARTING ADDRESS)

* »
* Z ARRAY .
. »

RERER T RANRRANEIRRARRNCR AR RSN mws+m§2'(LvEC'MADS)

L ]

. V1 ARRAY -
] L
seanssERRRRRRARRennnrnenrs  NLOADS+LRM+LVEC*NLOADS
* .
* V2 ARRAY *
* *

EAR AN TR RN AT NN SANERREREN ms+w

. .
hd B ARRAY .
. .

TR R AN RN A AN RGN AT RAR RN Nwms

. v
. LSDO ARRAY -
. .

L AAA SR d 222 2220222220222 ] (]
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”

L]

"

”

”

”

L]

”

”

APNWX2: CLR OUTCNT

—~~~ARRAY DESCRIPTIONS--—
Z(NLOADS)......... REAL ARRAY. NEVER PASSED.

V1(LVEC*NLOADS )... REAL ARRAY. PREVIOUSLY PASSED.
- RETURNED ONLY ONCE.

V2(LVEC*NLOADS)... REAL ARRAY. RETURNED ONCE.
B(LRM)............ REAL ARRAY. NEVER USED.

LSDO(NLOADS )...... INTEGER ARRAY. PKREVIOUSY PASSED.

S-PAD PARAMETERS

V1BASE $EQU 0 "BASE OF V1 ARRAY
V2BASE $EQU 1 "BASE OF V2 ARRAY
LVEC SEQU 2 “TOTAL JOINTS * DEGREES OF FREDDOM
NLOAD SEQU 3 "NUMBER UF¥ LOADS
ZBASE SEQU 4 “ADDDRESS OF Z ARRAY
V1ADDR SEQU 5 "ADDRESS OF V1
V2ADDR SEQU 6 "ADDRESS OF V2
CNT  SEQU 7 "INNER COUNTER
LSADDR SEQU 10  "ADDRESS OF LSDO ARRAY
OUTCNT SEQU 10  "OUTER LOOP COUNTER
VALUE SEQU 11 *TEMPORARY STORAGE
V1DEST $EQU 12 "Vl ADDRESS FOR WRITE
V2DEST SEQU 13 "V2 ADDRESS FOR WRITE

FORTRAN: DO 1300 N=1,NLOADS
IF(LSDO(N) .EQ. 0) GO TO 1300
SUM=0.

LOOP1: MOV LSADDR,LSADDR; SETMA

L

DPX(0)<DB; DB=ZERO

"CLEAR 1300 LOOP COUNTER

"GET LSDO(N)

“CLEAR DPX( 0 )=SUM

NOP

LDSPI VALUE; DB=MD "STORE LSDO(N)
MOV VALUE, VALUE "TEST LSDO(N)
BNE CONT1

JMP CONT2

11C0 LOOP CALCULATIONS
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FORTRAN: DO 1100 I=l1,LVEC

1100 SUM=SUM+V2(I,N)*V1(I,N)

*DPX(0) SHOULD BE ZERO

"

CONT1:

LOOP2:

L

"

L.

"

"

MOV V1BASE,V1ADDR; SETMA
MOV LVEC,CNT
MOV V2BASE,V2ADDR; SETMA
DPX(1)<MD
INC V1ADDR; SETMA
FMUL DPX(1),MD
INC V2ADDR; SETMA;
FMUL
DPX(1)<MD;
FMUL
INC V1ADDR; SETMA;
FADD FM,DPX(0)
FMUL DPX(1),MD;
FADD;
DEC CNT
INC V2ADDR; SETMA;
FMUL; DPX( 0 ) <FA; BNE LOOP2

FORTRAN: SUM=1.0/SGRT(ABS(SUM))
Z( N )=SUN

JSR SQRT
LDTMA ; DB= | ONE
NOP
DPY(0 )<T™

JSR DIV

“GET V(1,N)
"LOAD INNER COUNTER
“GET V2(1,N)

“SAVE V1

“GET V1(2,N)

"DO V1*V2

"GET Vv2(2,N)

“PUSH
“SAVE V1(LVEC,N)

“PUSH

“GET V2(LVEC,N)
"V2*V1+SUN

"V1rV2

"PUSH
“TEST LOOP
“GET V2(LVEC,N)
“SAVE SUM

“SQRT( ABS( SUM) )

“SET DPY=1
"DPY(1) DIV DPX(0)

OR THE INVERSE OF SQRT(ABS(SUM))

ADD# OUTUNT,ZBASE; SETMA; MI<DPX(0)

THE RESULT 1S IN DPX(0)=SUNM
DO THE 1200 LOOP CALCULATIONS

FORTRAN: DO 1200 I=1,LVEC
V1(I,N)=V1(1,N)*SUM
1200 V2(I,N)=V2(I,N)*SUN

1300 CONTINUE

“STORE Z(N )=SUM

e




1

LOOP3:

CUNT2:

ONE:
END:

nop
NOP

MOV V1BASE,V1ADDR; SETMA
MOV V1ADDR, V1DEST
MOV V2BASE,V2ADDR; SETMA
FNUL DPX(0),ND;
NOV LVEC, CNT
MOV V2ADDR, V2DEST
FMUL DPX(0),ND;
DEC V2DEST
FNUL;
DEC V1DEST
FMUL; DPX(1l)<FN
INC V1ADDR; SETNMA;
DPY(1 )<FM
NOP
INC VZADDR; SETMA
FNUL DPX(0).MD
INC VIDEST; MI<DPX(1l); SETMA
FNUL DPX(0),MD
DEC CNT
INC V2DEST; SETMA; MI<DPY(1l);
BNE LOOP3; FNUL
ADD LVEC, V1BASE
INC OUTCNT
SUB# NLOAD, OUTCNT
BEQ END; ADD LVEC,V2BASE
JMP LOOP1
$SFP 1.0
RETURN
SEND

“WAIT TO ACCESS MD
"WAIT SOME NORE

“GET V1(1.,N)

“LOAD TARGET ADDRESS
“GET V2(1,N)
“SUN*V1
“LOAD INNER COUNT

*LOAD TARGET ADDRESS
“SUN*V2

“LOOP SETUP
"PUSH
“LOOP SETUP
“GAVE V1*SUM

"GET NEXT V1

“SAVE V2*SUN

“GET NEXT V2
"V1*SUNM

"STORE V1*SUM
"V2*SUNM
“TEST LOOP COUNT
“STORE V2*SUNM

“INCREMENT BASE
*INC COUNTER AND LSDO ADDRESS
“TEST COUNTER

56
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APPENDIX E

Listings of:

FORS5.FOR
APFOR5.FOR

APNWX3.APM
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FORTRAN IV

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
001l8
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
Co:0
0031
0032

COM

aONQOO0OO00O00a00000000O0

3001

1800
1850
270

V0s.5-2 Tue 04-Nov-80 10:21:09 PAGE 001

58

05-14-80 RPI® 66666 66666 66666 77777 22222 66666

I3 2233222323223 232222 2202222 R 2Rl R st il ld )

This is Program FORS.FOR which represents a portion of
Subroutine NEWX in Processor EIG. Used to obtain timing
information for FORTRAN execution.

Corresponding Programs are:
APFORS .FOR — FORTRAN of FORS. FOR with AP Calls,
APNWX3 .APM - FP120 Assembler Program replacement
of FORTRAN portions.
APNWX3 .ABJ - Object code of APNWX3.APM.
APNWX3.SAV - Linked version of APNWX3.ABJ.

L8233 2 220 AR 2R 2222t RdRRRdR R 2SRl dRs Rl ARl 2E

DIMENSION LSDO(3),%(3),V1(1000,3)
DIMENSION ITIM1(2),ITIM2(2)
NLOADS=3

LVEC=1000

DO 1 II=1,3

LSDO(*1)=I1

Z(1I)=FLOAT(II)

DO 2 JJ=1,3

DO 2 II=1,1000

V1(II,JJ)=2.0

WRITE( 6, 3001)

FORMAT( * INPUT THE NUMBER OF TIMES TO BE EXECUTED')
READ(S, *) NTEST

CPU1=SECNDS(0. )

CALL GTIM(ITIM1)

DO 270 L=1,NTEST

DO 1850 N=1,NLOADS

IF (LSDO(N) .EQ. 0) GO TO 1850
SUM=Z(N)

DO 1800 I=1,LVEC
V1(I,N)=V1(I,N)*SUM

CONTINUE

CONTINUE

CALL GTIM(ITIM2)

CPU2=SECNDS(0. )

WRITE(6,50) CPU1

WRITE(6,50) CPU2

CALL CVTTIM(ITIM1,IHR,INMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM2,IHR,IMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI

‘hh B T T e
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FORTRAN 1V vVo02.5-2 Tue O04-Nov-80 10:21:09 PAGE 002

0033 50 PORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.7)
003¢ 70 FORMAT(' TIME = *',I2,':',12,':',I2,':',I2)

0035 CPU=CPU2~CPUl

0036 WRITE(6, 22 )CPU

0037 22 FORMAT(SX, 'TIME=',F16.9)
0G38 STOP

0039 END




sl |
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TYPE APFORS
FORTRAN IV vV02.5-2 Tue 04-Nov-80 10:21:34 PAGE 001
COM 05-14-80 RPI# 66666 66666 66666 77777 22222 66666
c
c L2 2212223222232 3222222022228 83 3222222 222223231
C
o] This is Program APFOR5.FOR which contains the AP Calls
o as replacement for FORTRAN code in FOR5.FOR. Represents
c a portion of Subroutine NEWX in Processor EIG. Obtains
C timing information for AP execution.
o
(o] Corresponding Programs are:
C FORS .FOR
C APNWX3 . APM
C APNWX3 .ABJ
o] APNWX3.SAV
Lod
C A R A A R R A R A AR R R AR R A RN AR A RN R AR AR A RRARRAARRANRNRARNNRNRAR
C

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
6017
0018
0019
0020
0021

0022
0023

0024
0025
0026
0027
0028
0029

3001

270

DIMENSION LSDO(3),2(3),V1(1000,3)
DIMENSION ITIM1{2),ITIM2(2),ITIM3(2),ITIM4(2)
NLOADS=3

LVEC=1000

DO 1 II=1,3

LSDO(II )=II

Z(II)=FLOAT(II)

DO 2 JJ=1,3

DO 2 II=1,1000

V1(II,J3)=2.0

WRITE(6,3001)

PORMAT( ' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
READ(S, *) NTEST

CPU1=SECNDS(0. )

CALL GTIM(ITIM1)

DO 270 L=1,NTEST

CALL APCLR

CALL APPUT(LSDO(1),0,NLOADS,1)

CALL APPUT(V1(1,1),10,3000,2)

CALL APPUT(Z(1),6000,NLOADS,2)

CALL APWD

CALL GTIM(ITIM2)

CALL APNWX3(10,6000, LVEC, NLOADS )

CALL APWR

CALL GTIM(ITIM3)

CALL APGET(V1(1,1),10,3000,2)

CALL APWD

CONTINUE

CALL GTIM(ITIM4)

CPU2=SECNDS(O0. )

CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)
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WRITE(6,70)
WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIM( ITIM2,IHR, IMI,ISE,ITI)
WRITE(6,80)

WRITE(6,75) IHR,IMI,ISE,ITI
CALLCVTTIM( ITIM3,IHR,IMI, ISE,ITI)
WRITE(6,90)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM4,IHR,IMI,ISE,ITI)
WRITE(6,100)

WRITE(6,75) IHR,IMI,ISE,ITI
WRITE(6,110) CPUl

WRITE(6,110) CPU2

CPU=CPU2-CPU1

WRITE(6,120) CPU

FORMAT( ' STIME AT START OF DATA INPUT = ')
FORMAT( ' STIME AT COMPLETION OF DATA INPUT AND EXECUTION®,

1' START = ')

FORMAT( 'STIME AT END OF EXECUTION AND START OF DATA'

1' OUTPUT = ')

FORMAT( ' STIME AT COMPLETION OF DATA OUTPUT = ')

FORMAT( *+',I2,':',12,":',12,":",12)

PORMAT( ' NUMBEER OF SECONDS PAST MIDNIGHT = °',P15.5)

FORMAT( 5X, 'ELAPSED TIME = ',Fl10.5,' SECONDS')

FORTRAN code replaced - Begin

DO 1850 N=1,NLOADS

IF (LSDO(N) .EQ. 0) GO TU 1850
SUM=Z(N)

DO 1600 I=1,LVEC

1800 V1(I,N)=V1(I,N)*SUM
1850 CONTINUE

FORTRAN IV
0030
0031

D

D

D

D

D

D
0032
0033
0034
0035
0036
0037
0038
0039 70
0040 80
0041 90
0042 100
0043 75
0044 110
0045 120

of

o

C

C

o

C

C

Cc

C

C

Cc

Cc

0046
0047

FORTRAN code replaced - End

STOP
END

PAGE 002
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STITLE APNWX3
SENTRY APNWX3, 4

THIS ROUTINE PERFORMS A SECTION OF CODE IN THE NEWX SUBROUTINE
LOCATED IN THE EIG PROCESSOR

AUTHOR: K. FERSON

DATE: MARCH 1979

Revised: L. J. Feeser and K. Matis
Date: May 1980

USAGE
FORTRAN: CALL APNWX3(V1BASE, ZBASE, LVEC,NLOAD)
ALL PARAMETERS ARE INTEGERS]

SPAGE

—~MAIN DATA MEMCRY MAP———

XEXXRERRXEXRXIXARRRRERARANN  ( STARTING ADDRESS)

L ] k4
* Z ARRAY *
* ®

EXRXERXNRRRANRNRARRRREFARNY  NLOADS+LRM+2*( LVEC*NLOADS )

® ®

* V1 ARRAY *
= "
REEARRAXRRERIRRRNRRRRRRNNNY  NLOADS+LRM+LVEC*NLOADS
® x
* VZ ARFRAY *
x 4

ERXARRRXXARNRTARARARARRIR AR NLOADS+LRM

* *®
* B ARRAY *
. »

TERERARARRRRRARRRNRANRNRNAY  NLOADS

* ®
* LSDC ARRAY *
® *

L2282 802882 222 ddsRd2RRE2S ] 0

—==—ARRAY DESCRIPTIONS-~-

62

oy
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» Z(NLOADS)......... REAL ARRAY. NEVER PASSED.

"  V1(LVEC*NLOADS)... REAL ARRAY. PASSED ONCE.
" RETURNED ONCE.

*  V2{LVEC*NLOADS)... REAL ARRAY.

" B(LRM)............ REAL ARRAY. NEVER USED.

63

*  LSDO(NLOADS)...... INTEGER ARRAY. PREVIOUSY PASSED.

* S-PAD PARAMETERS

V1BASE SEQU O "BASE OF V1 ARRAY

ZBASE SEQU 1 "BASE OF Z ARRAY

LVEC SEQU 2 “TOTAL NUMBER OF JOINTS * DEGREES OF FREEDOM
NLOAD SEQU 3 “TOTAL NUMBER OF LOADS

LSDO SEQU 4 “ADDRESS POINTER FOR LSDO ARRAY

OUTCNT SEQU 4 “"OUTER LOOP COUNTER

CNT SEQU 5 "INNER LOOP COUNTER

VALUE SEQU 6 "TEMPORARY STORAGE

V1DEST SEQU 7 "Vl TARGET ADDRESS

V1ADDR SEQU 10 "V1 ADDRESS POINTER

* PORTRAN: DO 1850 N=1,NLOADS

" IF(LSDO(N) .EQ. 0) GO TO 1850
. SUM=Z(N)
CLR OUTCNT

LOOP1: MOV LSDO,LSDO; SETMA
MOV LVEC,CNT
ADD# OUTCNT,ZBASE; SETMA
LDSPI VALUE; DB=MD
MOV VALUE, VALUE
BEQ CONT2

* DO LOOP CALCULATIONS
* FORTRAN: DO 1800 I=1,LVEC

" 16800 V1(I,N)=V1(I,N)*SUM
» 1850 CONTINUE

"GET LSDO(N)

“LOAD INNER COUNTER
"GET Z(N)

*SAVE LSDO(N)

“TEST LSDO(N )=0
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CONT1: MOV V1BASE,V1ADDR; SETMA; DPX(0)«MD *SAVE SUM IN DPX(0)
MOV V1BASE,V1DEST *LOAD ADDRESS REGISTERS
DEC V1DEST
LOOP2: FMUL DPX(0),MD "V1*SUM
INC V1ADDR; SETMA; "GET NEXT V1
FMUL "PUSH
FMUL; “PUSH
DEC CNT "TEST COUNTER
INC V1DEST; SETMA; MI<FM; "SAVE RESULT
BNE 1O0OP2
CONT2: INC OUTCNT "INC LSDO ADDRESS E
SUB# NLOAD, OUTCNT *TEST OUTER LOOP
BEQ END;
ADD LVEC,V1BASE "REAJUST V1 BASE
JMP LOOP1 “GN TO 1300 LOOP
END: SEND




APPENDIX F

Listings of:

FOR6 . FOR
APFOR6 . FOR

APRED.APM

65
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TYPE POR6
FORTRAN IV vo2.5-2 Tue O4-Nov-80 10:22:05 PAGE 001
COM 05-14-80 RPI#® 66666 66666 66666 77777 22222 177717
C
c AR AR R A AR AR AT R AN AN AN R IR RN RN AN N AR ANARARREAR IR RNBRRRNR
C
c This is Program FOR6,.FOR which represents & portion of
< Subroutine RED in Processor INV, Used to obtain
c timing information for FORTRAN execution.
C
(o] Corresponding Programs are:
C APFOR6 .FOR - FORTRAN of FORE6.FOR with AP Calls.
(o APRED.APM - FP120 Assembler Program replacement
o of FORTRAN portion,
c APRED.ABJ - Object code of APRED.APM,
c APRED.SAV -~ Linked version of APRED.ABJ.
C
c 1322223232323 222 2223223222222 3 22233322223 212323 22232283 X32222322¢%]
Lod
0001 DIMENSION BB(90,%0),MAP(6 ), SUBMAP(250),8(6,6,50),B(6,15,50)
0002 DIMENSION ITIM1(2), ITIM2(2)
0003 INTECER SUBMAP, CONRNG
0004 EQUIVALENCE (B(1,1,1),BB(1,1))
0005 NDPCON=90
0006 CONRNG=15
0007 ZEROD=, 00005
0008 RDF=6
0009 NZERO=6
0010 DO 5 II=1,6
0011 S MAP(II)=II
0012 DO 6 II=1,250,10
0013 SUBMAP( II )=l
0014 SUBMAP( I1I+1 )=2
0015 SUBMAP( 1I+2)=3
001lée SUBMAP( IX1+3)=4
0017 SUBMAP( 1144 )=5
0019 SUBMAP( II45 )=6
0019 SUBMAP( 1I+6 )=7
0020 SUBMAP( I1I+7)=8
0021 SUBMAP(II+8)=9
0022 SUBMAP( 11+49)=10
6023 6 CONTINUE
0024 ISTAGE=]1
0025 NDPCON=NDP *CONRNG
0026 DO 10 II=1,6
0027 DO 10 JJ=1,6
0028 DO 10 KK=1,50
0029 10 S(II,J7,KKX)=1,
0030 WRITE(6,3001)
0031 3001 PORMAT(® INPUT THE NUMBER OF TIMES TO BE EXECUTED'®)




FORTRAN IV

0032

0033
U034
0035
0036
0037
0038
0039
0040
0041

Co42
0043
0044
0046
0047

0049

0051
0052

0053
0054
0055
0056
0058
0059
0060
0061
0062
0063
0064
0066
0067
0068
0069

c‘ll‘

1000

c""

Cl1010

Cl1015

1020
Cl025
1015
1025
1030

1100
1200

1300
1400

vo2.5-2 Tue 04-Nov~-80 10:122:05

READ( 5, *) NTEST
IF(M2ERO.EQ.0) GO TO 2500
FILL B WITH UNMODIFIED DATA FROM SUUMATRIX LINE 1.
CPUL=SECNDS(0.)

CALL GTIH(ITIM1)

270 LI~1,NTEST

1000 K=1,NZERO
IABS(MAP(K))

1000 J=1,CONRNG
SUBMAP(J)

1000 1=1,NDF
B(I,J,K)= S(M,I,L)

8y8788

PRELIMINARY B MODIFICATION.
DO 1400 X=1,NZERO

M= MAP(K)

IP(M.LT.0) GO TO 1400
RA=BB(M,K)

IP(RA.GT. ZEROD) GO TO 1025
NEX=INEX(M)
IF(RA,.LT.-ZEROD) GO TO 1015
KSING=KSING+l

NSING=KSING
WRITE(IOUT,1010) JOINT,NEX

FORMAT( 49H *** WARNING. SYSTEM K SINGULAR. JOINT/COMPONENT=15,12)

RA=.0

GO TO 1030

KNEG=KNEG+1

NNEG=KNEG

IF(IPRT.LT.2) GO TO 102§
WRITE(IOUT,1020) JOINT,NEX

67

PAGE 002

FORMAT( 38HONEGATIVE DIAG TERM. JOINT/COMPONENT= I5,12)

RA=1./RA

CONTINUE

CONTINUE
BB(M,K)=RA

IF(X.EQ.NZERO) GO TO 12010
LA=K+1
DO 1100 L=LA,NZERO
IA=IABS(MAP(L))
REkBe RA*BB(IA,K)
DO 1100 I=IA,NDPCON
BB(I,L)= BB(I,L) -RAB*BB(I,K)
IP(M.EQ.NDP) GO TO 1400
INEXT=M+1
DO 1300 I=INEXT,NDP
BB(I,K)= BB(I,K)*RA
CONTINUE
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0070 IF(CONRNG.EQ.1) GO TO 2500
0072 DO 2100 K=1,NZERO

0073 M= MAP(K)

0074 IF(M.LT.C) GO TO 2100

0076 RA= BB(M,K)

0077 NSUB= CONRNG

0078 DO 2000 I=2,CONRNG

0079 NSUB= NSUB+1

0080 LS= SUBMAP(NSUB)

Cx=x® MODIFY EIIl

[010]:3 DO 1600 ICOL=1,NDF
0082 RAB= RA*B(ICOL,I,K)
0083 DO 1600 IROW=1,ICOL

0084 1600 S(IROW,ICOL,LS)= S(IROW,ICOL,LS) —-RAB*B(IROW,I,K)
Cos CALL CALCS(CONRNG,B, SUBMAP,NDF,S)
cDC 12 CDS OMITTED

C *** THE COMPASS ROUTINE CALCS REPLACES THE FOLLOWING ON CDC

0085 DO 1700 IROW=1,NDF
0086 1700 B(IROW,I,K)=RA*B(IROW,I,K)
0087 IF(I.EQ.CONRNG)GO TO 2000

Cxxx*x MODIFY EIJ S

0089 JA=I+1

0090 DO 1900 J=JA,CONRNG
0091 NSUB=NSUB+1

0092 LS=SUBMAP(NSUB)
0093 DC 1800 ICOL=1,NDF
0092 DO 1800 IROW=1l,NDF

0095 1800 S(IROW,ICOL,LS )=S(IROW, ICOL,LS )-B( IROW,I,K)*B(ICOL,J,K)
0096 1900 CONTINUE

0097 2000 CONTINUE

0098 2100 CONTINUE

0099 2500 DO 2600 L=1,CONRNG

0100 K= SUBMAP(L)
0101 DO 2600 J=1,NDF
0102 DO 2600 I=1,NDP

0103 2600 S(I,J,K)=.0
0104 270 CONTINUE

0105 CALL GTIM(ITIM2)

0106 CPU2=SECNDS(0. )

0107 WRITE(6,50) CPUl

0108 WRITE(6,50) CPU2

0109 CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)

WRITE(6,70) IHR,IMI,ISE,ITI




FORTRAN 1V
0111
0112
0113 S0
0114 70
0115
0l16
0117 33
olle
0119 11
0120

0121
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CALL CVTTIM(ITIMZ2,IHR,IMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI

FORMAT( ' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.7)
FPORMAT(' TIME = *,I2,°':',I12,':',12,':",1I2)
CPU=CPU2~CPU1

WRITE( 6,33 )CPU

FORMAT( 5X, 'TIME=',Fl1€.8)

WRITE(6,11 )(BB(II,1),II=1,27)
FORMAT(F16.7)

STOP

END




70

FORTRAN 1V vo2.5-2 Tue 04-Nov-8C 10:23:43 PAGE 001
COM 05-14-80 RPI# 66666 66666 66666 77777 22222 77177
(o
C (2323320282228 8220d223202220220 2222223823023 228233422328232 2]

C

C This is Program APFORE.FOR which contains the AP Calls
C as replacements for FORTRAN code in FOR6.FOR. Represents
C a portion of Subroutine RED in Processor INV. Obtains
(o timing information for AP execution.

C

C Corresponding Programs are:

C FOR6 .FOR

C APRED.APM

C APRED.ABJ

Cc APRED.SAV

C

C 2222232232222 222822222l ittt silsss s ]

C

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
onl12
0013
0014
0015
0016
0017
o018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031

DIMENSION BB(90,50),MAP(6 ),5SUBMAP(250),5(6,6,50),B(6,15,50)
DIMENSION ITIM1(2), ITIM2(2),ITIM3(2),ITIM4(2)
INTEGER SUBMAP, CONRNG
EQUIVALENCE (B(1,1,1),BB(1,1))
NDFCON=90
CONRNG=15
ZEROD= . 00005
NDF=6
NZERO=6
DC 5 II=1,6
5 MAP(II)=II
DO 6 II=1,240,10
SUBMAP(II)=1
SUBMAP( II+1)=2
SUBMAP( II+42)=3
SUBMAP( II+3)=4
SUBMAP( 1144 )=5
SUBMAP( 1145 )=6
SUBMAP( II+6 )=7
SUBMAP( II+7)=8
SUBMAP( II+8 )=9
SUBMAP( II+9)=10
6 CONTINUE

ISTAGE=1
NDFCON=NDF *CONRNG
DO 10 II=1,6
DO 10 JJ=1,6
DO 10 XK=1,50

10 S(II,JJ,KK)=1.
WRITE( 6, 3001)

3001 FORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')




FORTRAN 1V

0032

0033
0034
0035
0036
0037
0038
0039
0040

0041
0042

0043
0044
0045
0046
0047
6048
0049
0050

0051
0052
0053
0054
0055
0056
0057
0058
0059

0060

0061
0062
0063
0064

Cc

OoUOUuUo

c
o
Cc

LA 2 &4

270

70
80

90

100

75
110
120

vV02.5~2 Tue 04-Nov-81 10:23:43 PAGE 002

READ(5,*) NTEST

IF{NZERO.EQ.0) GO TO 2500

FILL B WITH UNMGDIFIED DATA FROM SUBMATRIX LINE 1.
CPU1=SECNDS( 0. )

CALL GTIM(ITIM1)

DO 270 L=1,NTEST

CALL APCLR

CALL APPUT(HAP(1),0,NZERO,1)

CALL APPUT(SUBMAP(1),12,250,1)

CALL APPU.{S(1,1,1),262,1800,2)

CALL APWD

CALL GTIM(ITIM2)

CALL APRED(2062,262,12,NZERO,NDF,CONRNG, ISTAGE , NDFCON )
CALL APWR

CALL GTIM(ITIM3)

CALL APGET(B(1,1,1),2062,4500,2)

CALL APWD

CONTINUE

CALL GTIM(ITIM4)

CPU2=SECNDS(O0. )

CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)

WRITE(6,70)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL CVITIM(ITIM2,IHR,IMI,ISE,ITI)

WRITE(6,80)

WRITE(6,75) IBR,IMI,ISE,ITI
CALLCVTTIM( ITIM3, IHR, IMI, ISE,ITI)

WRITE(6,90)

WRITE(6,75) IHR,IMI,ISE,ITI

CALL, CVTTIM(ITIM4,IHR,IMI,ISE,ITI)

WRITE(6,100)

WRITE(6,75) IHR,IMI,ISE,ITI

WRITE(6,110) CPUl

WRITE(6,110) CPU2

CPU=CPU2-CPU1

WRITE(6,120) CPU

FORMAT( ' STIME AT START OF DATA INPUT = ')
PORMAT( ' STIME AT COMPLETION OF DATA INPUT AND EXECUTION',
1' START = ')

FORMAT( ' STIME AT END OF EXECUTION AND START OF DATA'
1' OUTPUT = ')

FORMAT( ' STIME AT COMPLETION OF DATA OUTPUT = ')
FORMAT( '+',I2,":',12,':*,12,':',12)

FORMAT( ' NUMBEF OF SECONDS PAST MIDNIGHT = ',P15.5)
FORMAT( 5X, 'ELAPSED TIME = ',®10.5,°' SECONDS')

FORTRAN code replaced - Begin
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c DO 1000 K=1,NZERO
c M= IABS(MAP(K))

c DO 1000 J=1,CONRNG

c L= SUBMAP(J)

c DO 1000 I=1,NDF

C 1000 B(I,J,K)= S(M,I,L)

cc

CC**** PRELIMINARY B MODIFICATION.

c DO 1400 K=1,NZERO
c M= MAP(K)

o IF(M.LT.0) GO TO 1400

c RA=BB(M,K)

c IF(RA.GT. ZEROD) GO TO 1025

cc NEX=INEX(M)

c IP(RA.LT.—ZEROD) GO TO 1015

cc KSING~KSING+1

cc NSING=K3ING

cc WRITE( IOUT,1010) JOINT,NEX

CC1010 FORMAT(49H *** WARNING. SYSTEM X SINGULAR. JOINT/COMPONENT=IS,I2)
c RA=.0

c GO TO 1030

CC1015 KNEG=KNEG+1

cc NNEG=KNEG

cc IF(IPRT.LT.2) GO TO 1025

cc WRITE( IOUT,1020) JOINT,NEX

CC1020 FORMAT( 38HONEGATIVE DIAG TERM. JOINT/COMPONENT= I5,12)
CC1025 RA=1./RA
C1015 CONTINUE
C1025 CONTINUE
C 1030 BB(M,K)=RA
IP(K.EQ.NZERO) GO TO 1200
LA=K+1
DO 1100 L~LA,NZERO
IA=IABS(MAP(L))
RAB= RA*BB(IA,K)
DO 1100 I=IA,NDFCON
1100 BB(I,L)= BB(I,L) -RAB*BB(I,K)
1200 IP(M.EQ.NDF) GO TO 1400
INEXT=M+1
DO 1300 I=INEXT,NDF
1300 *B(I,K)= BB(I,K)*RA
1400 (:ONTINUE

IF(CONRNG.EQ.1) GO TO 2500
DO 2100 K=1,NZERO

M= MAP(K)

IF(M.LT.0) GO TO 2100

RA= BB(M,K)

nnnnngnnnnnnnnnnno




0065
0066
0067
0068

1800
1900
2000
2100
2500

2600

N0 00O0000000NnNO0O

vV02.5-2 Tue 04-Nov-80 10:23:43 PAGE 004

NSUB= CONRNG

DO 2000 I=2,CONRNG
NSUB= NSUB+1l

LS= SUBMAP(NSUB)

MODIFY EII

DO 1600 ICOL=1,NDF

RAB= RA*B(iCOL,I,K)

DO 1600 IROW=1,ICOL

S(IROW, ICOL,LS )= S(IROW,ICOL,LS) -RAB*B(IROW,I,K)
CAILL CALCS(CONRNG, B, SUBMAP,NDF,S)

12 CDS OMITTED

THE COMPASS ROUTINE CALCS REPLACES THE FOLLOWING ON CDC

DO 1700 IROW=1,6 NDF
B( IROW, I,K)=RA*B( IROW,I,K)
IF(I.EQ.CONRNG)GO TO 2000

MODIFY EIJ S
JA=I+1

DO 1300 J=JA, CONRNG

NSUB=NSUB+1

LS=SUBMAP(NSUB )

DO 1800 ICOL=1,NDF

DO 1800 IROW=1,NDF

S( IROW, ICOL, LS )=S( IROW, ICOL, LS )-B( IROW, I K )*B( ICOL,J,K)
CONTINUE

CONTINUE

CONTINUE

DO 2600 Le=1,CONRNG

K= SUBMAP(L)

DO 2600 J=1,NDF

DO 2600 I=1,NDF

S(1,3,K)=.0

FORTRAN code replaced - End

WRITE(6,200)(BB(II,1),II=]1,27)
200 FORMAT(F16.7)

STOP

END
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STITLE APRED
SENTRY APRED, 8
SEXT DIV

* THIS ROUTINE PERFORMS THE "RED" SUBROUTINE LOCATED IN THE INV
* MATRIX INVERSION PROCESSOR

* AUTHOR: K. FERSON

" DATE: DECEMBER 1978

* Revised: L. J. Feeser and K. Matis

" Date: May 1980

* ———-USAGE-——-

" FORTRAN: CALL APRED(BBASE, SBASE, MPBASE,NZERO,NDF, CONRNG, ISTAGE, NDFCON )
" ALL PARAMETERS MUST BE INTEGER])

" ———-DATA PAD STORAGE——-

" DPX(2) ... CONTAINS NDFP

" DPX(3) ... CONTAINS NDF*(K-1)*CONRNG
" DPY(1l) ... CONTAINS NDF*CONRNG
" DPY(2) ... CONTAINS RA

" DPY(3) ... CONTAINS NDF*NDP

* ~——-~MAIN DATA MEMORY MAP—-—

"ORARRARRATARRRRARRRARARNRR AN ( STARTING ADDRESS )

" =~ x

" ®* »

" ox B OR BB ARRAY *

" ® =

"ORXEARRRRARRRERRERERRRRRNR NN ] 24LR4+ISIZE *NDF*NDP+LRK
* *

”» 4 k4

"o AK ARRAY *

" x 4

" L322 82222232 ¢2 3232222222 R22%22 12+LR4++ISIZE*NDP*NDP

”» - k4

L] 3 k 4

" S ARRAY *

] = *

- L2822 2222222222228 222 2282k E2 34 12+LR4
- x ~

* *
N SUBMAP ARRAY hf
* ®




”

75

L2 3222222222222 iis sttt s s s 12

® ®
® L 4
* INEX ARRAY *
® x

AERRRA A TR ANR TR AR N RNARANARNRRNNRNY 6

x L
* ~
* MAP ARRAY *
® : ]

KX R AR IR R R AR R AAR RN AR O

——=ARRAY EXPLANATIONS~——

MAP(6) «evseveeeses. INTEGER ARRAY. TRANSFERED ONCE FOR EACH CALL
TO THE 'APRED' ROUTINE.

INEX(6) .c.cecss0.. INTEGER ARRAY. TRANSFERED ONCE FOR
EACH CALL TO THE 'APRED' ROUTINE.

SUBMAP(LR4)......... INTERGER ARRAY. TRANSFERED ONLY AFTER
BEING READ FROM THE DATA BASE.

S(ISIZE*NDF*NDF) ... REAL ARRAY. NEVER TRANSMITTED.

AK(LRK)............. REAL ARRAY. TRANSFERED ONLY AFTER BEING
READ FROM THE DATA BASE.

B(NZERO*NDFCON)...... REAL ARRAY. RETURNED ONCE FOR EVERY
CALL TO THE KOUTINE.

S-PAD PARAMETERS

BBASE SEQU O "BASE ADDRESS OF BB ARRAY

SBASE $EQU 1 "BASE ADDRESS OF S ARRAY

MPBASE S$EQU 2 "BASE ADDRESS FOR SUBMAP ARRAY

NZERO SEQU 3 "NUMBER OF NONZERO SUBMATRICES

NDP SEQU 4 “"NUMBER OF DEGREES OF FREEDOM PER JOINT
CONRNG SEQU 5 "NUMBER OF NONZERO SUBMATRICES IN THIS ROW
NSUB SEQU 6 "NUMBER OF SUBMATICES

SUBMAP SEQU 6 "ADDRESS POINTER FOR SUBMAP ARRAY .
ISTAGE SEQU 6 "CURRENT JOINT NUMBER

NDPCON SEQU 7 "NDF *CONRNG

ICNT SEQU 7 "LOOP COUNTER

K SEQU 10 "LOOP COUNTER

N27 SEQU 11 "CONSTANT=27. *
BBADDR SEQU 11 "ADDRESS POINTER OF BB ARRAY
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RADDR SEQU
NDFS  SEQU
J SEQU
BBADR1 SEQU
BADDR SEQU
BBADRF SEQU
SADDR S$EQU
BBADR2 SEQU
B1ADDR SEQU
LA SEQU
B2ADDR $EQU
ZERO  SEQU
11 SEQU
JONT  SEQU
ICOL  SEQU
N SEQU
CNT  SEQU
IA SEQU
IROW  SEQU
COUNT S$EQU
M SEQU
INEXT SEQU
I SEQU

12
12
12
12
12
12
13
13
14
14
15
15
15
15
16
16
16
16
17
17
17
17
17

"ADDRESS POINTER FOR RA=BB(M,K)
“SCRATCH REGISTER

“LOOP COUNTER

"ADDRESS POINTER FOR BB ARRAY
"ADDRESS POINTER FOR BB ARAY
"TARGET ADDRESS FOR BB ARRAY
"ADDRESS POINTER FOR S ARRAY
“ADDRESS POINTER FOR BB ARRAY
"ADDRESS POINTER FOR BB ARRAY
“LOOP COUNTER

“ADDRESS POINTER OF BB ARRAY
“CONSTANT=0.

"LOOP COUNTER

“LOOP COUNTER

“LOOP CCUNTER

“LOOP COUNTER

“LOOP COUNTER

“LOOP COUNTER

“LOOP COUNTER

“LOOP COUNTER

» INTEGER=MAP(K)

“COUNTER

"LOOP COUNTER

" FIND NDF*NDF AND STORE THE RESULT IN DPY(3)

* FIND NDFP*CONRNG AND STORE THE RESULT IN DPY(1)

" THESE DATA PADS MAY NOT BE USED FOR OTHER PURPOSES

APRED: LDSPI N27; DB=27.

MOV CONRNG, CONRNG; DEFX(1)<SPFN

MOV NDF,NDF; DPX(O)<SPFN “FLOAT NDF
FADD ZERO,MDPX(0); MOV N27,N27
FADD ZERO,MDPX(1); MOV N27,N27
DPX( 2 )<FA; "STORE NDP
FADD
FPMUL DPX(2),FA “NDF *CONRNG
FMUL DPX(2),DPX(2) “NDF *NDP
FMUL
DPY(1)<FM; “NDP *CONRNG=DPY( 1 )
FMUL
DPY( 3 )<FM “SAVE NDF*NDP=DPY( 3)

" PERFORM THE 1000 ILOOP CALCULATIONS

* FORTRAN: DO 1000 K=1,NZERO
" M=IABS(MAP(K))

"FLOAT CONRNG

T
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" DG 1000 J=1,CONRNG

" L=SUBMAP(J)

" DO 1000 I=1,NDP

" 1000 B(1,J,K)=S(M,I,L)
MOV BBASE, BADDR
DEC BADDR
CLR K

LOOP1 : MOV K,K; SETMA
MOV CONRNG, JCNT
MOV MPBASE, SUBMAP
DEC SUBMAP
LDSPI M; DB=MD
DEC M

" PERFORM THE J LOOP BY FINDING THE

" ADDRESS OF S(M,I,L)

LOOP2 ; INC SUBMAP; SETMA
RPSF ONE; DPY(O0)<DB
LDSPI N27; DB=27,
DPX( 0 )<MD

FSUBR DPY(0),MDPX(0); MOV N27,N27

FADD
FMUL DPY(3),PA
FMUL
FMUL
DPX( 0 )<FM
FIX DPX(0)
FADD;
MOV NDF,CNT
DPX( 0 )<FA
LDSPI SADDR; DB=DPX(0)
ADD SBASE, SADDR
ADD M, SADDR
SUB NDF, SADDR

" PERFORM THE INNER I LOOP

LOOP3: NOP
ADD NDF, SADDR; SETMA

NOP
DEC CNT
END3: INC BADDR; SETMA; MIMD;
BNE LOOP3
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"LOAD ADDRESS OF B(1,1,1)
"SET UP POR LOOPS

"GET MAP(K)
“LOAD J LOOP COUNT
"LOAD SUBMAP BASE
"GET BASE-1
"SAVE M=MAP(K)

"GET M-1

“GET SUBMAP(J)

“DPY(0 )=1.

“LOAD CONSTANT=27.

“SAVE L=SUBMAP(J)
“FLOAT(L-1)

"PUSH

“(L~1)*NDF *NDF

"PUSH

"PUSH

" “SAVE RESULT

"INT( ( L-1 ) *NDF *NDF )
"PUSH
"LOAD INNER COUNT
"SAVE RESULT
"LOAD ADDRESS POINTER
“ADD BASE TO POINTER
“ADD (M-1) TO POINTER
"LOOP SET-UP

“GET S(M,I,L)

"TEST LOOP
"STORE RESULT

H
|
i

]
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DEC JCNT "TEST J LOOP

BEQ CONT1 *IF DONE, CONTINUE

JMP LOOP2 “IF NOT, BRANCH BACK
CONT1: INC K "INCREMENT COUNT

SUB# NZERO,K "TEST K LOOP

BEQ CONTZ “IF DONE, CONTINUE

JMP LOOP1 "IP NOT, BRANCH BACK

* BEGIN THE 1400 LOOP

* FORTRAN: DO 1400 K=1,NZERO

" M=MAP(K)
" IF (M .LT. 0) GO TO 1400
" RA=BB(M,K)
" IF(RA .GT. ZEROD) GO TO 1025
" NEX=INEX(M)
" IF (RA .LT. -ZEROD) GO TO 1015
CONT2: MOV BBASE, BBADDR "LOAD BB BASE ADDRESS
CLR K
LOOP4: MOV K,K; SETMA "GET M=MAP(K)
INC X
NOP
LDSPI M; DB=MD “SAVE M
MOV M, M "TEST M=0.
BNE CONT3; "IP=0, CONTINUE
DEC M “GET M-l
JMP CONT13 "IF NOT, GO TO 1400
CONT3: ADD M,BBADDR; SETMA "GET BB(M,K)
RPSF ZEROD; DPY(0)<DB *DPY( 0 )=ZEROD
NOP
DPX( 0 ) <MD "RA=DPX(0)
FSUB DPX(0),DPY(0) “RA-ZEROD
FADD DPX(0),CPY(0) "RA+ZEROD
FADD “PUSH
BFGT CONT® "IF RA>ZEROD, GOTO 1025
BFGE CONT4 "IF RA>~ZEROD, CONTINUE
JMP CONTS "RA<~ZEROD

" =ZEROD<RA<ZEROD

* FOR THIS CASE THE SYSTEM 1S SINGULAR

* FORTRAN: KSING=KSING+l
" NSING=KSING
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" WRITE( IOUT,1010) JOINT,NEX
" FORMAT( 49H ***WARNING. SYSTEM X SINGULAR. JOINT/COMPONENT=1S,I2
" RA=0.
" GO TO 1030
CONT4: DPX(O)<DB; DB=ZERO "RA=0.
JMP CONT? “GO TO 1030
" RA<-ZEROD
* POR THIS CASE THE DIAGONAL IS NEGATIVE
" PORTRAK: KNEG=KNEG+1
) NNEG=KN:G
- IF(IPRT .LT. 2) GO TO 1025
- WRITE( IOUT,1020) JOINT,NEX
- 1020 FORMAT(38HO NONNEGATIVE DIAG TERM. JOINT/COMP=I5,12)

CONTS: NOP

" RA>ZEROD

" FOR TAIS CASE THE DIAGONAL IS O.K.

* PORTRAN: RA=1.0/RA

" BB(M,K)=RA
" IF(K .EQ. NZERO) GO TO 1200
CONT6 : RPSF ONE; DPY(0)<DB

NOP

JSR DIV

" DIV USES S-PADS 13,14, AND 15

* THE ANSWER IS RETURNED IN DPX(O0)
CONT7: MOV BBADDR,BBADDR; SETMA; MI<DPX(0)
SUB# K,NZERO

BNE CONT?

JMP CONT10

* REAJUST BB(M,K) ADDRESS TO BB(1,K)
" BY SUBTRACTING M

e

“DPY(0)=1.0

“DO DPY(0)/DPX(0) OR 1.0/RA

“BB(M,K)=RA
18 K=0 27?7
"IF NOT, CONTINUE

"IF YES, BRANCH TO 1200




* PERFORM THE 1200 LOOP CALCULATIONS

L)

" PORTRAN: LA=K+l

" DO 1200 L=LA,NZERO
" IA=IABS(MAP(L))

" RAB=RA*BB( IA,K)

" DO 1100 I=IA,NDFCON

" 1100 BB(I,L)~BB(I,L)-RAB*BB(I.K)

CONT®S8: SUB M, BBADDR
MOV BBADDR, BEADR1
ADD NDFCON, BEADR1
MOV K,LA

LOOPS : MOV LA,LA; SETMA
NOP
CLR ZERO
LDSPI IA; DB=MD
MOV IA,IA
BGE CONT9
SUB IA,ZERO
MOV ZERO, IA

CONTY9: DEC IA
ADD IA,BBADDR; SETMA
NOP
MOV 1IA,IX
FMUL DPX(O),MD;
MOV BBADDR, BBADDR; SETMA

FMUL
FMUL;
ADD IA,BBADR1l; SETMA
DPX(1)<PM;
PMUL FM,MD;
MOV BBADR1, BBADR2
FMUL;
DEC BBADR2
LOOPG ; FMUL

INC BBADDR; SETMA;

80

“REAJUST BB(M,K) ADDRESS
"LOAD BB(I,L)=BB(1,K)
"GET BB(1,L) ADDRESS
“LA=K

"GET MAP(L)

"IA=MAP(L)

"TEST POR NEGATIVE IA
"IF >0, CONTINUE
"OTHERWISE IA=-IA

"IA=TA-1
“GET BB(IA.K)

"LOAD INNER COUNT
“RA*BB(IA.K)
"“GET BB(I,K)
“PUSH
"“PUSH
“GET BB(I,L)
"SAVE DPX(1)=RAB
“RhB*BB(1,K)
"LOAD BB(I,L) TARGET ADDRESS
*PUSH
"LOOP SET-UP

o

*PUSH o
“GET NEXT BB(I,K) 1
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FSUBR FM,MD
FADD;
INC Il
INC BBADR1; SETMA
FMUL DPX(1),MD;

SUB® NDFCON,II

INC BBADR2; SETMA; MI<FA;
FPMUL;
BNE LOOP6

SUB NDFCON, BBADDR
INC LA

SUB# LA, NZERO
BEQ CONT1C

JMP LOOPS

* FORTRAN: 1200 IF(M .EQ. NDF) GOTO 1400

CONT10:

CONT1l:

LOOP7:

INEXT=M+1
DO 1300 I=INEXT, NDF
1300 BB(I,K)=BB(I,K)*RA

INC M

SUB# M,NDF
BNE CONT1l
JMP CONT12

ADD INEXT,EBADDR

MOV BBADDR,BBADRFP; SETMA
DEC BBADRF

MOV INEXT,CNT

PMUL DPX(0),MD;
INC CNT
INC BBADDR; SETMA;
FMUL
FMUL;
SUB# CNT,NDP
INC BBADRF; SETMA; MI«FM;
BNE LOOP?

"BB(I,L)-RAB*BB(1,K)
"PUSH

"INC COUNTER
“GET NEXT BB(I,L)
“RAB*BB(7,K)

"TEST LJOP

"STORE RESULT
"PUSH

"REAJUST BB(1I,K) ADDRESS
“INC LA

“TEST OUTER LCOP

“IPF DONE, CONTINUE

“IF NOT, BRANCH BACK

"TEST M=NDF
"IF NOT EQUAL, CONTINUE
"OTHERWISE, BRANCH

“INEXT=M+1l ,GET ADDRESS
“GET BB( INEXT,K)

"LOOP SET-UP

"LOAD COUNTER

“RA*BB( I,K)

“INC COUNTER
“GET NEXT BB(I,K)
“PUSH

“"PUSH
“™ST LOOP
“STORE RESULT
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" TEST THz 1400 LOOP

" FORTRAN: 1400 CONTINUE

CONT12: SUB NDF,BBADDR
ADD NDFCON, BBADDR
SUB# NZERO,K

BEQ CONT13

JMP 1OOP4

" PERFORM THE 2100 LOOP CALCUALATIONS

" FORTRAN: DO 2100 K=1,NZERO

" =MAP(K)

" IF(M .LT. 0) GO TO 2100
" RA=BB(M,K)

" NSUB=CONRNG

CONT12: LDSPI N27; DB=27.

CIR K

* CALCUALATE THE ADDRESS OF BB(M,K) BY FINDING
" M+(K-1)*NDFCON

LOOP8: MOV K,K; SETMA;
DPX( 1 )<SPFN
FADD ZERO,MDPX(1);MOV N27,N27
FADD

DPX{ 0)<MD;

”

" UPY(1) HAS THE VALUE NDF*CONRNG FROM BEFORE
FMUL DPY(1),FA
FADD ZERO,MDPX(0); MOV N27,N27;
FMUL
PADD; .
FMUL
DPY(0)<FA;
FADD FM,FA
BFGE CONT14;
FADD; DPX( 3 )<FM
JMP CONT17
DPX( 0 )<FA
FIX DPX(0)
FADD;

CONT14:

MOV CONRNG,NSUB
DPX( G )<FA

P

"REAJUST BB ADDRESS
"GET BB(1l,K+1) ADDRESS
"K=NZERO" ?

"IF SO, CONTINUE

"IF NOT, BRANCH BACK

"CLEAR OUTER COUNT

"GET M~MAP(K)
"STORE (K-1)
“FLOAT K-1

"FLONT M

"K—-1*NDF *CONRNG

"MiCON‘+.™
“TESN -
"STORY. .
"IF <O, BRANCH
"STORE M+CON*NDFP*K-1

“INRNG

"LOAD NSUB
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;3
LDSPI RADDR;DB=DPX(0) "STORE NDF*CONRNG*( K-1)+(M-1 ;
DEC RADDR “LOOP SET-UP ;
ADD BBASE,RADDR; SETMA “GET BB(M,K)=RA ?
* SET UP FOR THE 2000 LOOP :
" PORTRAN: DO 2000 I=2,CONRNG
" NSUB=NSUB+1
" LS=SUBMAP( NSUB ) 3
CLR ICNT "RESET ICNT
INC i7NT
DPY( 2 ) <MD “STORE RA IN DPY(2)
LOOP9: MOV ICNT, ICNT; DPX(O)<SPFN “FLOAT ICNT-1
FADD ZERO,MDPX(0); MOV N27,N27
ADD# MPBASE,NSUB; SETMA “GET LS=SUBMAP(NSUB)
DPY(-1)<DB; DB=40000; WRTMAN; “SET DPY(-1)=1,0
INC NSUB
DPY(~-1)<DB; DB=1015; WRTEX “SET DPY(-1)=1.0
DPX(~1)<MD;
CLR ICOL "CLR COUNTER
" START ADDRESS CALCULATIONS FOR THE LOOPS
* 70 FOLLOW. PIND (LS—~1)*NDF*NDF FOR THE S ARRAY
* ADDRESS OFFSET. FIND (K-1)*CCNRNG*NDF*NDF*(I-1)
" FOR THE ADDRESS OFFSET OF THE B ARRAY. 3
FSUBR DPY(-1),MDPX(-1); MOV N27,N27 "LS -i i
FADD; g
FMUL DPX(2),FA; »(I-1)*NDP :
CLR IROW ;
FMUL DPY(3),FA; »(LS~1 )*NDF*NDF ]
CLR NDFS 1
FMUL
FMUL;
FADD FM, DPX(3) »( I-1)*NDF+NDF*CONRNG*(K-1)
DPX(—1)<FM; “STORE LS—-1 *NDF*NDF
FADD
FIX DPX(-1); “"GET INTEGER OF (LS-1)*NDF*NDF
DPY(-3)<FA “STORE I-1*NDF+NDF *CONRN
FIX DPY(-3)
DPX(~1)<FA; "STORE RESULT
FADD ,
LDSPI SADDR; DB=DPX(-1); "STORE OPFSET ADDRESS FOR S i3
DPY(-3)<FA “STORE RESULT g
LDSPI BLADDK; DB=DPY(-3) “"STORE OFFSET FOR B ARRAY 3
» SET UP ADDRESSES FOR THE 1600 LOCPS §

" AND PERFORM THE 1600 LOOP CALCULATIONS

g
Jrose
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" FORTRAN: DO 1600 ICOL=1,NDF

RAB=RA*B( I1COL,I,K)
DO 1600 IROW=1,ICOL

" 1600 S( IROW, ICOL, LS )=S({ IROW, ICOL, LS )~-RAB*B( IROW, I,K)

" CALCULATE THE ADDRESS OFFSETS FOR THE S AND B ARRAYS

LOOP10:

ADD SBASE, SADDR
ADD BBASE, B1ADDR
MOV B1ADDR, B2ZADDR
DEC B1ADDR
INC B1lADDR; SETMA
INC ICOL

SUB IROW,NDFS

FMUL DPY(2),MD;

ADC NDFS, SADDR

FMUL;

MOV B2ADDR, B2ADDR;

FMUL;

MOV NDF,NDFS

CPY{ 0 )<FM;
MOV SADDR, SADDR;
FMUL DPY(O),MD
FMUL;
CLR IROW

* PERFORM THE INNER 1600 LOOP

LOOP11:

END11:

END10:

FMUL;
INC IROW

INC B2ADDR; SETMA;

FSUBR FM,MD

FADD
INC SADDR; SETMA;

DPX( O )<FA
FMUL DPY(O0),MD;

SUB# IROW, ICOL

FMUL;
DECMA; MI<DPX(0);
BNE LOOP1l]
SUB# ICOL,NDF
SUB 1COL,B2ADDR; BEQ GOT
JMP LOOP10O

" GET READY FOR THE 1700 LOOP

" B2ADDR HAS THE CORRECT ADDRESS FOR B( iROW,I,K)

"

" FORTRAN: DO 1700 (ROW=1,NDF

-

T T T P P P .

SETMA

"ADD BASE AND OFFSET FOR S
"ADD BASE AND OFFSET FOR Bl
"LOAD B2 ADDRESS

*GET Bl(ICOL,I,K)
"INC LOOP COUNT
“GET NDPS-IROW
“MPY RA*B1(ICOL,I,K)
“CHANGE BASE FOR S
SETMA "GET B2( IROW,I,K)
“"LOAD NDPS
"STORE RAB
"GET S(IROW,ICOL,LS)
“MPY RAB*B2

"RESET IROW

B4

"INC INNER LOOP

"S-RAB*B2

“SAVE RESULT IN DATA PAD
"MPY RAB*B2(+1)
"TEST INNER LOOP

“STORE RESULTS IN S

"TEST OUTER LOOP
“RESET B2 ADDRESS
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" 1700 B{IROW,I,K)=RA*B(IROW,I,K)

GOT: MOV B2ADDR,B1ADDR; SETMA “GET FIRST B(IROW,I,K)
* IROW ALREADY CONTAINS NDF

" IROW=COUNT (SAME SPAD)

MOV ICNT,J « "ICNT-1 TO J
INC J "J HAS VALUE OF I
LOOP12: FMUL DPY(2),MD "MPY RA*B(IROW,I,X)
FMUL;
INC B1ADDR; SETMA “GET NEXT Bl ELEMENT
FMUL;
DEC COUNT
END12: MI<FM; DECMn;
BNE LOOP12

" STORE RESULT IN B(IROW,I,K)

* GET READY FOR THE 1900 LOOP

* BASE OP B1ADDR IS EQUAL TO THE BASE OF B2(ICOL,J,K)

*» IN THE 1900 LOOP, ALSO B2(1COL,J,K)-NDF WILL GIVE THE
* BASE OF B1(ICOL,I,K)

" FORTRAN: IF(I .EQ. CONRNG) GO TO 2000

" JA=I+1 (ALREADY DONE)
" DO 1900 J=JA,CONRNG
" NSUB=NSUB+1
" LS=SUBMAP( NSUB)
MOV B1ADDR, B2ADDR *LOAD B2 ADDRESS
SUB NDF, B1ADDR "REAJUST Bl ADDRESS
SUB# CONRNG,J "TEST IF I=CONRNG
BNE LOOP13; "IF I IS NOT EQUAL, CONTINUE
DEC B1ADDR
JMP CONT16 "IF I=CONRNG, GO TO 2000
”
LOOP13: ADD# MPBASE,NSUB; SETMA “GET LS=SUBMAP(NSUB)
DPY(-1)<DB; DBE=40000; WRTMAN; "DPY(-1)=1.0
INC NSUB
DPY{-1)<CB; DB=1015; WRTEX "DPY(1)=1.0
DPX(-1)<MD
FPSUBR DPY(-1),MDPX(-1); MOV N27,N27 "LS—1
FADD

* CALCUALTE THE OFFSET WITH THE NEW LS VALUE
FMUL DPY(3),FA "MPY (LS-1)*NDF*NDF
FMUL
FMUL
DPX( -1 )<FM; "STORE THE RESULT
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MOV NDF,N
FIX DPX(-1);
MOV NDF,M

* GET READY FOR THE 180C LOOP CALCUALTIONS

* FORTRAN: DO 1800 ICOL=1,NDF
" DO 1800 IROW=1,NDF

"1OAD INNER COUNTER

“LOAD OUTER COUNTER

" 1800 S(IROW, ICOL,LS )=S({ IROW, ICOL,LS )-B( IROW, I,K)*B({ ICOL,J,X)

" PERFORM THE ADDRESS SET UP FOR THE LOOPS

FADD
DPX(-1)<FA;
MOV B2ADDR, BZADDR; SETMA
LDSPI SADDR; DB=DPX(-1)
ADD SBASE, SADDR
DEC SADDR

" PERFORM THE CUTER 1800 LOOP CALCULATION

* SINCE B(ICOL,J,K) DOES NOT CHANGE IN THE INNER

" LOOP. IT 1S ACCESSED ONLY IN THE OUTER LOOP

-

LOOP14: DPY( O )<MD
INC B1ADDR; SETMA
NOP
INC SADDR; SETMA
FMUL DPY(O),MD
FMUL;
DEC N

" PERFORM THE INNER MOST 1800 LOOP CLALCULATIONS

LOOP15: FMUL
FSUBE. FM,MD;
INC B1ADDR; SETMA
FADD
DPX(-1)<FA;
INC SADDR; SETMA
DEC N;
FMUL DPY(O0),MD
END15: MI<DPX(-1); DECMA;
BNE LOOP15;
FMUL
MOV NDF,NM:
FMUL
SUB N, B1ADDR;
FSUBR FM,MD

INC B2ADR; SETMA;
FADD

"STORE THE S ADRESS
"GET ADDRESS OF S
"DEC FOR LOOP

"STORE B2

"GET Bl

"TIMING NOP

"GET S ARRAY ELEMENT
"DO B1*B2

“DEC INNER COUNT

"DO S-B1*B2
"GET NEXT Bl ELEMENT

"STORE S-B1*B2
"GET NEXT S ELEMEMT
"TEST INNER LOOP
“DO (Bl+1)*B?
"STORE S=S-B1*B2

"RESET INNER LOOP COUNT
"RESET Bl ADDRESS

"(S+1)-(Bl+1)*B2
"GET NEXT B2 ELEMENT
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DEC M; “TEST OUTER 1800 LOOP :
DPX(-1)<FA “STORE (S+1)-(Bl+l)*B2 |
END14: BEQ GO; “"SAVE RESULT :

MI<DPX(-1); MOV SADDR,SADDR; SETMA
JMP LOOPl4

* TEST THE OUTER LOOPS FOR COMPLETION
*® FORTRAN: 1900 CONTINUE
* 2000 CONTINUE
. 2100 CONTINUE

GO: INC J "TEST 1900 LOOP
SUB# J,CONRNG "TEST IF J=CONRNG
BEQ CONT16 "IF YES, CONTINUE
JMP LOOP13 “IF NOT, BRANCH BACK
CONT16: INC ICNT "TEST 2000 LOOP
SUB# ICNT,CONRNG "IS I=CONRNG?
BEQ CONT17 "IF YES,CONTINUE
JMP LOOFR9 "IF NOT, BRANCH BACK
v e CONT17: INC K "TEST OUTER 2100 LOOP -- -~ . C e
SUB# K,NZERO "IS K=NZERO
BEQ CONT18 "IF YES, CONTINUE
JMP LOOPS "IF NOT, BRANCH BACK

* GET READY FOR THE 2600 LOOP CALCULATIONS

* FORTRAN: 2500 DO 2600 L=1,CONRNG
» K=SUBMAP(L)

" DO 2600 J=1},NDF

” DO 2600 I=1, NDF

" 2600 5(I,J,K)=0,

" RETURN

* FIND THE ADDRESS OFFSET OF S(1,1,K) BY FINDING

* (K-1)*NDF *NDF

CONT18: MOV COMRNG,CNT "LOAD COUNTER
DEC MPBASE "LOOP SET-UP

”

* DPY(3) HAS T.IE VALUE NDF*NDP

"

OUTLOP: 1INC MPBASE; SETMA; “GETK
FIX DPY(3) *INT( NDF *NDF )
FADD
DPX(1 )<FA
DPX( 0 ) <MD "STORE K
FSUBR DPY(-1),MDPX(0); MOV N27,N27 "K-1
FADD;




INLOP:

ONE:
ZEROD:

LDSPI COUNT; DB=DPX(1)

FMUL DPY(3),FA;
DEC COUNT

FMUL
FMUL
DPX( 0 )<FM
FIX DPX(0)
FADD
DPX(0)<FA
LDSPI SADDR; DB=DPX(0)
ADD SBASE,SADDR; SETMA; MI<ZERD
DEC COUNT
INC SADDR;SETMA; MI<ZERO; BNE INLOP

DEC CNT
BEQ CONT19
JMP OUTLOP
SFP 1.0
SFP .00001

CONT19: RETURN

SEND

"SET COUNT=NDF*NDF
"K=1*NDF *NDF

"STORE K-1*NDF*NDF
"FIX RESULT

“LOAD S ADDRESS OFFSET
"CLR FIRST ELEMENT
"CHECK LOOP
"CLR S{I,J,K)
"CHECK OUTER LOOP
"IF DONE, GO TO END
"IF NOT, BRANCH BACK
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APPENDIX G

Listings of:

FOR8.FOR

APFORS.FOR

APAFEX.APM
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TYPE FORS
FORTRAN IV vo2.5%-2 Tue 04-Nov-60 10:23:09 PAGE 001
COM C5-14-80 RPI# 66666 66666 60666 77777 00000 33333
c .
C AN A AR R T AR RN R R R R R TR A RN AN AR AR A RARA R AN AN AR AR RARNRARRERN
C
c This is Prograr FORS.FOR which represents a portion of
C Subroutine AFEX in Processor INV, Used to obtain
C timing information for FORTRAN execution.
C
(o] Corresponcing Programs are:
C APFORB.FOR - FORTRAN of FOR8.FOR with AP Calls.
(o APAFEX.APM - FPl120 Assembler Program replacement
c of FORTRAN portion,
Cc APAFEX.ABJ - Object code of APAFEX.APM.
(o4 APAFEX.SAV - Linked version of APAFEX.ABJ,.
C
C KR AT AR A AN R R RN AR R TR R AR R R R AN R AARNR RN AN AR ARRARNRARNRANRARRARRRNR
C
0001 DIMENSION AK(1000),5(6,6,10),K4(1C00)
0002 DIMENSION ITIM1(2),ITIM2(2)
0003 INTEGER CONRNG :
0004 DO 10 II=1,1000
0005 K4(II)=1
0006 10 AK(II)=]1.
0007 DO 17 II=1,6
0008 DO 17 JJ=1,6
0009 DO 17 XX=1,10
0010 17 5(II1,J3J3,KK)=PLOAT(II)
0011 NSUBS=100
0012 LCON»1
0013 CONRNG=1
0014 NDF=6
001% ILK=]
0016 LCONX=0
0017 LXSUB=1
0018 LSUB=1
0019 WRITE(6,3001)
0020 3001 FPORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
0021 READ(S5,*) NTEST
Cc
[ of
0022 CPU1=SECNDS(0.)
0023 CALL GTIM(ITIMl)
024 DO 270 1=1,NTEST
C
0025 DO 1000 1SUB=1,NSUBS
0026 IF(ISUB.EQ.1) GO TO 600
0028 J=IFIX(AK(1K))
0029 400 IP(J.EQ.K4(LCON)) GO TO 600




FORTRAN 1V v02.5-2 Tue 04-Nov-80 10:24:09 PAGE 002

0031 LCON=LCON+1

0032 IF(LCON.LT.LCONX) GO TO 400
0034 WRITE(6,500)

0035 500 FORMAT(29HO=*** MFILE/KMAP INCONSISTENCY)
0036 STOP

0037 600 LSUB=LCON+CONRNG

0038 K=K4( LSUB)

003% DO 700 J=1,NDF

0040 DO 700 I=1,NDF

0041 S(I,J,K)=S(I,J,K)+AX(LKSUB)
0042 700 LKSUB=LXSUB+1

7043 LCON=LCON+1

0044 1000 LK=LK+1l
0045 270 CONTINUE

0046 CALL GTIM(ITIMZ2)
0047 CPU2=SECNDS(0. )
0048 WRITE(6,50) CPUl
0049 WRITE(6,50) CPU2
0050 CALL CVTTIM(ITIM1,IHR,IMI,ISE,ITI)
0051 WRITE(6,70) IHR,IMI,ISE,ITI
e 0052 CALL CVTTIM(ITIM2,IHR,IMI,ISE,ITI)
0053 WRITE(6,70) IHR,IMI,ISE,ITI

0054 50 FORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.7)
0055 70 FORMAT(®' TIME = *',I2,':',I2,':',I2,':',I2)

0056 CPU=CPU2—-CPUl
0057 WRITE( 6,12 )CPU,NSUBS
0058 12 PORMAT( 3X, 'TIME=',F16.8,I110)
D WRITE(6,2001)(S(I,1,1),I=1,360)
0059 2001 FORMAT(Fl17.6)
0060 STOP

0061 END

P e e g - e el
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0001
0002
0003
0004
0005
0006
0007
00G8
0009
0010
0011
0012
no13
0014
0015
0016
0017
0018
0019
0020
0021

0022
0023
0024

0025
0026
0027
0028

OM 05-14-80 RPI# 66666 66666 66666 77777 00000

[ZX23 222332222222 2222222222222 2t dind s ]

This is Program APFOREB.FOR which contains the AP Calls
as replacement for FORTRAN code in FORS.FOR. Represents
a portion of Subroutine AFEX in Processor INV. Obtains
timing information for AP execution.

Corresponding Programs are:
FORS8 ,FOR
APAFEX .APM
APAFEX.ABJ
APAFEX.SAV

EXRXREARARARRAARRARRARANXIARRNARNRY ) AR TR RARAARNRNRRAARNRNRY

aonoaoa0aa0oao0000000000

DIMENSICN AK(1000),5(6,6,10),K4(1000)
DIMENSION ITIM1(2),I'PIM2(2), ITIM3(2), ITIM4(2)
INTEGER CONRNG
DO 10 II=1,1000
K4(II)=1

10 AK(II)=1.
DO 17 I1I=1,6
DO 17 JJ=1,6
DO 17 KK=1,10

17 S(II,JJ3,KK)=FLOAT(II)
NSUBS=100
LCON=1
CONRNG=1
NDF=6
IX=1
LCONX=0
LKSUB=1
LSUB=1
WRITE(6, 3001 )

3001 FORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')

READ(S5,*) NTEST

c
c
CPU1=SECNDS(C. )
CALL GTIM(ITIM1)
DO 270 L=1,NTEST
o

CALL APCLR

CALL APPUT(K4(1),12,1000,1)
CALL APPUT(S(1,1,1),1012,360,2)
CALL APFUT(AK(1),1372,1000,2)

33333

Wttt




93

FORTRAN IV vVo2,5-2 Tue 04-Nov-80 10:24:31 PAGE 002
0029 CALL APWD
D CALL GTTM(ITIM2)
0030 CALL APAFEX(1012,1372,12,NSUB, LK, LCON, LCONX,NDF,
1CONRNG, LXSUB)
0031 CALL APWR
D CALL GTIM{ITIM3)
0032 CALL APGET(S(1,1,1),1012,360,2)
0033 CALL APWD
0034 270 CONTINUE
0035 CALL GTIM(ITIM4)
0036 CPU2Z=SECNDS(0.)
0037 CALL CVTTIM(ITIM1,IHR, IMI,ISE,ITI)
0038 WRITE(6,70)
0039 WRITE(6,75) IHR,IMI,ISE,ITI
D CALL CVTTIM(ITIM2,IHR,IMI,ISE,ITI)
D WRITE(6,80)
D WRITE(6,75) IHR,IMI,1SE,ITI
D CALLCVTTIM(ITIM3, IHR, IMI,ISE,ITI)
D WRITE(6,90)
D WRITE(6,75) IHR, IMI,ISE,ITI
0040 CALL CVTTIM(ITIM4,IHR,IMI,ISE,ITI) .. ...
0041 WRITE(6,100)
0042 WRITE(6,75) IHR, IMI,ISE,iTI
0043 WRITE(6,110) CPUl1
0044 WRITE(6,110) CPU2
0045 CPU=CPU2-CPUl
0046 WRITE(6,120) CPU

0047 70 PORMAT('STIME AT START OF DATA INPUT = ')
0048 80 PORMAT('STIME AT COMPLETION OF DATA INPUT AND EXECI"Z1ON',
1' START = ')
0049 90 FORMAT( 'STIME AT END OF EXECUTION AND START OF DATA'
1* OUTPUT = ')
0050 100 FORMAT('STIME AT COMPLETION OF DATA OUTPUT = ')
0051 75 PORMAT('+°',12,':',I2,':1',12,':°,12)
0052 110 PORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.5)
0053 120 FPORMAT(SX, 'ELAPSED TIME = ',P10.5,' SECONDS')
DO 1000 ISUB=1,NSUBS
IP(ISUB.EQ.1) GO TO 600
J=IPIX(AK(LK))
400 IP(J.EQ.XK4(LCON)) GO TO 600
LCON=LCON+1
IP(LCON.LT.LCONX) GO TO 400
WRITE(6,500)
500 FORMAT(29HO*** MPILE/KMAP INCONSISTENCY)
STOP
600 LSUB=LCON+CONRNG
X=K4( LSUB)
DO 700 J=1,NDP

aoooaoacanoaoanaaan
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C DO 700 I=1,NDF
C S(I1,3,K)=8(I,J,K)+AX(LKSUB)
C 700 IXSUB=LXSUB+1l
c LCON=LCON+1
C 1000 LX=LX+)

0054
00SS
0056
0057

WRITE(6,2001)(S(1,1,1),1I=1,2360)
2001 FORMAT(F17.6)

SToP

END

PAGE 003
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" ~—-MAIN DATA MEMORY MAP-~——
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STITLE APAFEX
SENTRY APAFEX, 10

THIS ROUTINE SIMULATES A SECTION OF CODE IN THE AFEX SUBROUTINE
THAT 1S LOCATED IN THE MATRIX INVERSION ROUTINE 1NV

AUTHOR: K. PERSON

DATE: APRIL 79

Revised: L. J. Feeser anl K. Matis
Date: May 1980

-——~USUAGE-~~--
FORTRAN: CALL APAFEX(SBASE,AKBASE,K4BASE,NSUB, LK, LCON,LCONX,NDF, ...
... .CONRNG, LKSUB )

ALL PARAMETERS MUST BE INTEGER VALUES])

AR AR R A AR RN RRN AR RRARR AR (STARQING ADDRESS)

* ®
»* *

- *

- ]
EREEARARREASARNRRNRENRRRER oY )1 24+LR44+ISIZE*NDF *NUF+LRX
» *

L *

- AK ARRAY *

® =
RrEERERETARNRARRNSASRR IR e wrnnner ] 24LR4+ISIZE*NDF*NDF

* *

- )

* S ARRAY *

« =

TR ET AR IR RN IR R AR RN AR RN RARNRN 12+LR4

- L 4
1 -
* K4 ARRAY *
- 1

TREN TR AR A AR R AN AN AR ARA N AN 12

- L 4
- -
A 4 w
- L 4

REAN RN R AN RARAANRPIRARRARRNARNY 6

L ®
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L REXEERAR AR R R R RN ANRRAARNRARRRRERR 0

" ———ARRAY EXPLANATIONS-—

" AK(LRK)..... eessesssess REAL ARRAY. TRANSFERED ONLY AFTER

" BEING READ PROM THE DATA BASE. - -

" S(ISIZE*NDF*NDF)....... REAL ARRAY. NEVER TRANSFERED.

" K4 LR4)......¢40034s.%.. INTEGER ARRAY. TRANSFERED ONLY AFTER
" BEING READ rROM THE DATA BASE.

" S-PAD PARAMATERS

SBASE S$EQU 0 "BASE ADDRESS OF s(I,J,K)

AKBASE SEQU 1 "BASE ADDRESS OF AK(LK) ARRAY

K4BASE SEQU 2 :.-. "BASE ADDRESS OF K4(LCON) ARRAY . .
NSUB SEQU 3 "OUTER LOOP COUNT .

LK SEQU 4 :-~ "ADDRESS POINTER POR AK ARRAY - ~ ... [ LIuUUY
LCON SEQU 5 "ADDRESS POINTER FOR K4 ARRAY

LCONX SEQU 6 .. . "CONSTANT=L4+CONRNG

NDF SEQU 7 "NUMBER OF DEGREES OF FREEDOM

NDF2 SEQU 7 "NDF *NDF

CONRNG S$SEQU 10 "NUMBER OF NONZERO SUBMATRICES

LKSUB SEQU 11 "ADDRESS POINTER FOR AK ARRAY

TEMP SEQU 11 "SCRATCH REGISTER=K4(LCON)

J SEQU 12 "SCRATTH REGISTER=IPIX(AK(LK))
S1ADDR SEQU 12 "ADDRESS POINTER FOR S(I,J,K)
S2ADDR $EQU 13 "ADDRESS POINTER POR TARGET S(I,J,K)
AKADDR SEQU 14 "ADDRESS POINTER FOR AK ARRAY

CNT SEQU 15 "INNER LOOP COUNT

N27 SEQU 15 "CONSTANT=27.

ISUB $SEQU 16 "OUTER LOOP COUNTER

LSUB SEQU 17 "ADDRESS POINTER FPOR K4 ARRAY

* CALCULATE NDF*NDF AND STORE THE RESULT
" THIS VALUE IS USED TO CALCULATE THE ADDRESS OF S(NDF,NDF,K)
" FOR ANY GIVEN K.

APAFEX: LDSPI N27; DB=27. "LOAD CONSTANT=27.
MOV NDF,NDF; DPX(C )<SPFN »DPX( O )=NDP
PADD ZERO,MDPX(0); MOV N27,N27 "FLOAT NDP
FADD "PUSH
DPX( 0 )<FA "SAVE FLOAT(NDF)
FMUL DPX(0),DPX(0) “RDF *NDP

< -2




* FPORTRAN:

FMUL;
CLR ISUB
FMUL;
MOV AKBASE, AKADDR
DPX( 2 )<FM;
ADD LKSUB,AKADDR
FIX DPX(2)
FADD
DPX(1)<FA
LDSPI NDF2; DB=DPX(1)
JMP LOOP3

DO 1000 ISUB=1,NSUB

IF (ISUB .EQ. 1) GO TO 600
J=IPIX(AK(IK))

400 IF (J .EQ. K4(LCON)) GO TO 600

ADD# 1LK,AKBASE; SETMA
NOP

ADD# 1CON,K4BASE; SETMA .

FIX MD
FADD
DPX(1)<FA
LDSPI J; DB=DPX(1)
LDSPI TEMP; DB=MD
SUB#% J, TEMP
BEQ LOOP3

* FORTRAN: LCON=LCON+1

CONT:

IF (LCON .LT. LCONX) GO TO 400

INC LCON

SUB# LCON, LCONX
BGT CONT

JMP ERROR

ADD# LCON,K4BASE; SETMA
NOP

NOP

LDSPI TEMP; DB=MD

SUB# J, TEMP

BEQ LOOP3

JMP LOOP2

vl I

P S S T

i
RSN I SN

“PUSH
“CLEAR OUTER COUNT
“PUSH
“LOAD ADDRESS POINTER
“STORE NDF*NDP IN DPX(O0)
“POINT TO AK(LKSUB)
“FIX(NDF*NDF )
“pUSH
“"SAVE NDP*NDF
“NDP2=NDF * ;. DP

"GET AK(LK)

"GET K4(LCON)
"INT(AK(LK))
"PUSH
"SAVE J
"STORE J=AK(LK)
"STORE K4(LCON)
»J=K4(LCON) ?
“BRANCH IF YES

"ICON .LT. LCONX ?
"IF YES, CONTINUE
"IF NOT, ERROR

"GET K4(LCON+1)

"K4( LCON+1 )=J ?
"IF YES, BRANCH

"CONTINUE TEST

97
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" FIND THE STARTING ADDRESS OF THE S ARRAY
" GIVEN THAT DPX( 2 )=NDF*NDF

* FORTRAN:

LOOP3:

K=K4(LSUB)

MOV K4BASE,LSUB
ADD LCON, LSUB
ADD CONRNG,LSUB; SETMA
RPSF ONE; DPY(0)<DB
LDSPI N27; DB=27,
DPX{ 0 ) <MD
FSUBR DPY(O),MDPX(0); MOV N27,N27
FADD
FMUL DPX(2).FA
FMUL
FMUL;

INC ISUB
DPX{ 0 ) <FM;

INC LCON
FIX DPX(0)
FADD
DPX(1)<FA
LDSPI S1ADDR; DB=DPX(1l)

" PERFORM THE ADDITION OF AK AND S

* FORTRAN:

LOOP4:

DO 700 J=1,NDF
DO 700 I=1,NDF
S$(1,J,K)=S(I,J,K)+AK(LXSUB)
700 LKSUB~LKSUB+1l

ADD SBASE, S1IADDR; SETMA
MOV S1ADDR, SZADDR
MOV AXADDR,AKADDR; SETMA
DPX( 0 )<MD;

MOV NDF2,CNT
DEC S2ADDR

FADD DPX(0),MD
INC S1ADDR; SETMA;

FADD
NOP
INC AKADDR; SETMA
DPX( 0 ) <MD;

DEC CNT

98

“FIND LSUB

"GET K4(LSUB)
"DPY(0)=1.
“"LOAD CONSTANT
"SAVE X
"FLOAT K-1
“PUSH
"DO K-1 * NDF=**2
“PUSH
"PUSH
"“INC OUTER LOOP COUNT
“SAVE (K-1)*NDF=**2
"INC LCON .
"INT{(K~1)*NDF**2)
"PUSH
“SAVE ADDRESS POINTER
“SAVE ADDRESS POINTER

"GET S(1,1,K)
"LOAD TARGET ADDRESS
“GET AK(LXSUB)
“SAVE S(1,1,K)
"LOAD COUNTER
“LOOP *eT-UP
“S(1,J,K)+AKX(LKSUB)
“GET NEXT S(I,J,K)
“PUSH

"GET NEXT AX(ILXSUB)
"SAVE 5(I,J,K)
"TEST COUNT

R S

s




ONE:
ERROR:
CONT1:

S ——.

INC S2ADDR; SETNA; NI<FA;
BNE 1.00P4

SUB# NSUB, ISUB
BEQ CONT1

JNP LOOP1

SFP 1.0

NOP

RETURN

SEND

“SAVE RESULT

“TEST OUTER MOST LOOP

“START AGAIN

99
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APPENDIX H

Listings of:

FOLI.FOR

APFOR9.FOR

APMLTX.APM

100




101
.TYPE FOR9
FORTRAN 1V v0o2.5-2 Tue 04-Nov-80 10:25:36 PAGE 001
coM 05-14-80 RPI# 66666 66666 66666 77777 22222 33333

0001
0002
0003
0004

0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0017
on1s
0019
0020
0021

CCOMDECK MULTEX

1322232322222 28 2228222222332 222222322 2as22id R ]

This is Program FOR9.FOR which represents a portion of
Subroutine MULTEX in CDEC Library. Used to obtain
timing information for FORTRAN execution.

Corresponding Programs ave:
APFOR9.POR - FORTRAN of FOR9.FOR with AP Calls.
APMLTX.APM - FP120 Assembler Program replacement
of FORTRAN portion. Called from APSMLT.
APMLTX.ABJ - Object code of APMLTX.APM.
APMLTX.SAV -~

FOR?.FOR

APPOR7 .FOR
APSMLT.APM
APSMLT.ABJ
APSMLT. SAV

AR R AR AR AR AR AR R AR R AR R A AR TN AR RRAARARRARRRARS

SUBROUTINE MULTEX

${ N,NSUBS,JLIST,A,VIN,VOUT)

8/74 WD WHETSTONE

DIMENSION A(6,6,50),VIN(6,50), VOUT(6,50),JLIST(50)
DIMENSION ITIM1(2),ITIM2(2)

NSUBS=50

N=6

OO0 000000N00000

DO 11 II=1,50,5
JLIST(II)=1
JLIST(II+1)=2
JLIST(II+2)=3
JLIST(II+3)=4
JLIST(II+4)=5
11 CONTINUE

DO 12 II=1,6
DO 12 JJ=1,6
DO 12 KK=1,50
IF(II.NE.1) GO TO 12
VIN(JJ,KK )*FLOAT(JJ)

12 A(II,JJ,KK)=FLOAT(II)
WRITE( 6, 3001)

3001 PORMAT(' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
READ(5,*) NTEST




EC YRR P
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FORTRAN IV V02.5-2  Tue O4-Nov-80 10:25:36 PAGE 002
0022 CPU1=SECNDS(0. )

0023 CALL GTIM(ITIM1)

0024 DO 270 LlL=1,NTEST

0025 I=JLIST(1)

0026 DO 100 L=1,N

0027 DO 100 M=1,N

0028 100 VOUT(L, I )=VOUT(L,I)+A(L,M,1)*VIN(N,I)
0029 IF(NSUBS.LT.2) GO ‘70 300

0031 DO 200 K=2,NSUBS

0032 JI=JLIST(K)

0033 DO 200 L=1,N

0034 DO 200 N=1,N

0035 VOUT(L, I )=VOUT(L, I }+A(L,M,K)*VIN(N,J)
0036 200 VOUT(L,J)=VOUT(L,J)+A(M,L, K)*VIN(M,T)
0037 270 CONTINUE

0038 CALL GTIM(ITiM2)

0039 CPU2=SECNDS( 0. ) "

0040 WRITE(6,50) CPU1

0041 WRITE(6,50) CPU2

0042 CALL CVTTIM(ITIMI,IHR,IMI,ISE,ITI)

0043 WRITE(6,70) IER,IMI,ISE,ITI P
0044 CALL CVTITIM(ITIM2,IHR,IMI,ISE,ITI)

0045 WRITE(6,70) IHR,IMI,ISE,ITI

0046 50 FORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = °',F15.7)
0047 70 FORMAT(' TIME = ',I2,':',I2,':',I2,':',12)
0048 CPU=CPU2-CPU1

0049 WRITE( 6,33 )CPU

0050 33 PORMAT( 5X, SHTIME=,FP16.7)

0051 STOP

0052 300 STOP 'NSUBS.LT.2'

0053 END




e T BN

103
TYPE APFORY
FORTRAN IV vV02.5-2 Tue 04-Nov—-80 10:26:13 PAGE 001
COM 05-14-80 RPI# 66666 66666 66666 77777 22222 33333
CCOMDECK MULTEX
]
C LA S 2222222822222 2222232222 2308222222 282X 22
Cc
Cc This is Program APFOR9.FOR which contains the AP Calls
c as replacements for FORTRAN code in FOR9.POR. Represents
o a portion of Subroutine MULTEX in CDEC Library. Obtains
Cc timing information for AP execution.
C
(o Corresponding Programs are:
c FPOR9.FOR
(o APMLTX . APM
c APMLTX.ABJ
C APMLTX.SAV
C :
c 122222 2222222222 2222232322382 2223233323223 223 22223/
c
C SUBROUTINE MULTEX
(o4 $( N,NSUBS,JLIST,A,6VIN,VOUT)
C 8/74 WD WHETSTONE
0001 DIMENSION A(6,6,50),VIN(6,50),VOUT(6,50),JLIST(50)
0002 DIMENSION ITIM1(2),ITIM2(2),ITIM3(2),ITIM4(2)
0003 NSUBS=50
0004 N=6
o4
0005 DO 11 II=1,46,5
0006 JLIST(II)=1
0007 JLIST(II+1)=2
0008 JLIST(II+2)=3
0009 JLIST(II+3)=4
0010 JLIST(II+4)=5
0011 11 CONTINUE
0012 DO 12 II=]1,6
0013 DO 12 JJ=1,6
0014 DO 12 KX=1,50
0015 IP(II.NE.1) GO TO 12
0017 VIN(JJ,KK )=FLOAT(JJ)
0018 12 A(II,JJ,KK)=PLOAT(II)
0019 WRITE(6,3001)
0020 3001 FORMAT(®' INPUT THE NUMBER OF TIMES TO BE EXECUTED')
0021 READ( 5, * )NTEST :
0022 CPU1=SECNDS(0. )
0023 CALL GTIM(ITIM1)
0024 DO 270 LI=1,NTEST
0025 CALL APCLR
0026 CALL APPUT(JLIST(1),0,50,1) v
0027 CALL APPUT(A(1,1,1),50,1800,2)




FORTRAN 1V

0028
0029

0030
0031

0032
0033
0034
0035
0036
0037
0038
onz9
0040
004\

0042
0043
0044
0045
004/
0047
0048
0049
0050

0oos1

0052
0053
0054
0055

Ooovoovo

nnoonnanonnon

270

70
80

%0

100

75
110
120

V02.5-2 Tue O4-Nov-80 10:26:13 PAGE Cu2

APPUT( VIN(1,1),1850,300,2)
APWD
GTIM(ITIN2)
APMLTX( S0, 2150, 1850, 0, N, NSUBS )
APWR
GTIN( ITIN3)
APGET(VOUT(1,1),2150,300,2)
APWD

CONTINUE
CALL GTIM(ITIN4)
CPU2=SECNDS( 0. )
CALL GTIN(ITING)
CPU2=SECNDS(O0. )
CALL CVTTIN(ITIM1,IHR,INI,ISE,ITI)
WRITE(6,70)
WRITE(6,75) IHR,INI,ISE,ITS
CALL CVTTIN(ITINZ,IHR, INI,ISE,ITI)
WRITE(6,80)
WRITE(6,75) INR,INI,ISE,ITI
CALLCVTTTN( ITIN3, IHR, INI, ISE, ITI)
WRITE(6,90)
WRITE(6,75) INR,INI,ISE,ITI
CALL CVTTIM(ITIM4,IHR,INI,ISE,ITI)
WRITE(6,100)
WRITE(6,75) IHR,INI,ISE,ITI
WRITE(6,110) CPU1
WRITE(6,110) CPU2
CPU=CPU2-CPU1
WRITE(6,120) CPU
FORMAT( ' STINE AT START OF DATA INPUT = °)

EEEERRES

FORMAT( ' STIME AT CONPLETION OF DATA INPUT AND EXECUTION',
1' START = ')

FORMAT( ' STIME AT END OF EXECUTION AND START OF DATA'

1' OUTPUT = °)

PORMAT( ‘' STIME AT COMPLETION OF DATA OUTPUT = ')
FORMAT( *+*',I2,':',I2,:',12,':°,12)
FORMAT( ' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.5)
PORMAT( 5X, "ELAPSED TIME = ',F10.5,' SECONDS')
I=JLIST(1)

DO 100 L=1,N

DO 100 M=1,N

100 VOUT(L,I)=VOUT(L,I)+A(L,N,1)*VIN(N,I)

IP(NSUBS.LT.2) GO TO 300

DO 200 K=2,NSUBS

J=JLIST(K)

DO 200 L=1,N

DO 200 M=1,N

VOUT(L, I }=VOUT(L, I )+A(L,N,K)*VIN(N, J)

104

i

G o




105

FORTRAN 1V vV02.5-2 Tue O4-Nov-80 10:26:13 PAGE 003

C 200 VOUT(L,J)=VOUT(L,J)+A(NM,L,K)*VIN(N,I)
0056 STOP
0057 300 STOP 'NSUBS.LT.2'
00ss END

“a
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STITLE APMLTX
SENTRY APMNLTX,6

» SINULATES SUBROUTINE NULTEX(N,NSUBS,JLIST,A,VIN,VOUT)

2 3 3 3 3 3 3 3 3

AUTHOR: K. FERSON
DATE: FEB 79

Revised: L. J. PFeeser and X. Matis

Date: May 1960

—==USAGE~——

PORTRAN: CALL APMLTX( ABASE, INBASE, OTBASE, JBASE,NDF,NSUB)

ALL PARAMNETERS NUST BE INTEGER])

—MAIN DATA HEMORY MAP—-—

1S 233232322338 R222R22222222 42

-

. IN ARRAY

1833223233232 2222222 2322221242343 ]

-

. OUT ARRAY

1222222323223 2022220022324 34

hd A OR IA ARRAY

LA 2820222220l d Rt Rd ]

L]

hd LSDO ARRAY

| 4

LA A2 S AR AR S RS 22222222 2

=—~<ARRAY EXPLANATIONS~——
IN(NV*LVIN)..... REAL ARRAY,
OUT(NV*LVOUT)... REAL ARRAY.

IA(LR).......... REAL ARRAY.

4
®
®

®
-

( STARTING ADDRESS )

NV’ uk+NV*LVOUT

NV+LR

LSDO(NV)........ INTEGER ARRAY.

v
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A SEQU O
ABASE SEQU O
INBASE SEQU 1
OTBASE SEQU 2
JBASE SEQU 3
NDF  SEQU 4
NSUB SEQU 5
VOUT SEQU 6

c SEQU 6
VIN  SEQU 7
r SEQU 7

NDFSQ SEQU 10
N27  SEQU 31
OUTCT SEQU 12
CNT  SEQU 12
COUNT SEQU 13
CT2  SEQU 13
D SEQU 14
SEQU 15
B SEQU 16
CNTER SEQU 17

"ADDRESS OF A OR A(L,M,K)
“BASE ADDRESS OP ARRAY A
"BASE ADDRESS OF ARRAY VIN
“BASE ADDRESS OF ARRAY VOUT
"BASE ADDRESS O ARPAY JLIST
"NDP=N NUMBER OF DEGHEES OP PPEEDOM
“NUMBER OF SUBMATRICES
"ADDRESS OF VOUT

"ADDRESS OF C OR VOUT(L,I)
"ADDRESS OF VIN

"ADDRESS OF P OR VOUT(L,J)
"NDP SQUARED
“CONSTANT
“LOOP COUNTER
"LOOP COUNTER
“LOOP COUNTER
“LOOP COUNTER
“ADDRESS OF D OR A(M,L,K)
“ADDRESS OF E OR VIN(NM,I)
“ADDRESS OF B OR VIN(M,J)
“LOOP COUNTER

“CALCULATE THE STARTING ELEMENT OF THE VOUT AND VIN ARRAYS
* THEREPORE PIND (I-1)*NDP

" FORTRAN: I=JLIST(1)

APMLTX

LDSPI N27,DB=27.

DPY(1)<«DB; DB=40000; WRTMAN
DPY(1)<«DB; DB=1015; WRTEX

MOV JBASE,JBASE; SETMA

"LOAD CONSTANT
“DPY(1)=1

“"GET I=JLIST(1)

MOV NDP,NDP; DPX(2)<SPPN *PLOAT NDP
PADD ZERO,MDPX(2); MOV N27,N27

DPX( 0 ) <MD “STORE I

PSUBR DPY(1),MDPX(0); MOV N27,N27 “I~-1

PADD;
DPX(2)<PA *STORE NDP

PMUL DPX(2),PA *(I~-1)*NDP
PMUL DPX(2),DPX(2) “NDP*NDP

TMUL

DPX( 0 )<«™M; "“STORE I-1*NDF
FMUL

PIX DPX(0); “INT(I-1*NDP)
DPA(O)<PM “STORE NDP*NDP
PIX DPX(O0)

DPX( O )<PA “STORE( I-1)*NDP

LDSPI VIN; DB=DPX{0);

"LOAD VIN
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FADD

DPX( 0 )<PA

LDSPI NDPSQ; DB=DPX(0)
* SET UP FOR 100 LOOP
* PORIRAN: DO 109 L=1,N

DO 100 M=1,N
100 VOUT(L,I)=VOUT(L,I)+A(L,M,1)*"VIN(NM,I)

MOV NDPF,OUTCT
MOV VIN,VOUT

DEC VOUT
ADD INBASE,VIN
ADD OTBASE, VOUT
DEC ABASE
ADD NDP,VIN
*DO .... VOUT(L,I)=VOUT(L,I)+A(L,M,K)*VIN(NM,J)
LOOP) ¢ INC VOUT; SETMA
NOP
INC ABASE; SETMA
FADD ZERO,MD
SUB NDF,VIN; SETMA; PFIDD
DPX(1)<MD "STORE A(L,NM,I)
MOV KDF, COUNT
LOOP2: FMUL DPX(1),Mm0
ADD NDF,ABASE; SETMA;
PMUL
FMUL
INC VIN;SETMM;
FADD PM,FA
DPX(1)<MD;
FADD;
DEC COUNT
END2: MI<FA; MOV VOUT,VOUT; SETMA;
BNE LOOP2
DEC OUICT
BEQ CONT1
SUB NDFrsSQ,ABASE
END1: JMD LOOP1

"CHECX POR NSUB LESS THAN TWO

(IE..NSUB=1)

* PORTRAN: IP(NSUBS .LT. 2 ) GO TO 300

CONT1:

DEC# lSUB
BNE CONT2;
DEC KNDFsQ
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"STORE NDP*NDF
*STORE NOF*NDF

"LOAD COUNTER
"LOAD VOUT

"GET VIN ADDRESS
"GET VOUT ADDRESS

“GET VOUT(L,I)

“GET A(L,M,I)
“VOUT(L, I )+0
“GET VIN(M,I)

“LOAN COUNT
"VIN*A
"GET A(L,M+1,I)

"G™T VIN(M+1,1)
"VOUT+VIN*A
“STORE A(L,M+1,I)

"STORE VOUT
“TEST M=NDP

"TEST L=NLP
“REAJUST A ADDRESS

“GET NDF*@*2-1
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JMP END

* SET UP FOR THE 200 LOOPS

* FORTRAN: DO 200 K=2,NSUBS

CONT2:

"CALCULATE THE STARTING ELEMENTS OF VOUT(L,J) AND VIN(M,J)

J=JLIST(K)
DO 200 L=1,N
DO 200 M=1,N

VOUT(L,I)=VOUT(L,I)+A(L,M,K)*VIN(M,J)
200 VOUT(L,J)=VOUT(L,J)+A(M,L,K)*VIN(M,I)

SUB NDF, ABASE

MOV ABASE,D

SUB NDF,ABASE
LDSPI CNTER; DB=l.
INC A

INC C

MOV VIN,E

SUB NDF,E

DEC E

MOV NDFP,CT2

* THEREFORE.... (J-1)*NDF

LOOP3:

" DO

.

INC JBASE; SETMA
INC CNTER
NOP
DPX(0)<MD; SUB NDF,C
PSUBR DPY(1),MDPX(0); MJIV N27,N27
FADD;
MOV NDF,CNT
FMUL DPX(2),FA
FMUL
FMUL
DPX(0)<FM
FIX DPX(0)
FADD
DPX(0)<FA
LDSPI FP; DB=DPX(0)
MOV P,B
ADD OTBASE,P
ADD INBASE,B
DEC B

VOUT(L,I)=VOUT(L,I)+A(L,M,K)*VIN(M,J)
VOUT(L,J )=VOUT(L,J )+A(M,L,K)*VIN(M,I)

“ADD OF A(M,L,K)
“REASUST A
"LOAD CNTER=1

“LOAD VIN(M,I)

"REAJUST C
"LOAD COUNTER

T "GET J

"INCREMENT X COUNT

"STORE J, INC VOU
" J1

"LOAD COUNT
"J-1*NDP

"STORE J-1*NDF

"STORE INCREMENT IN P
"STORE INCREMENT IN B
"GET F ADDRESS
"GET B ADDRESS

T T e
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LOOP4:

END4:
CONT3:

END3:
"

ADD NDF,ABASE; SETNA
NOP
INC B; SETNA
DPX(1)<ND
NOV C,C; SETMA

FNUL DPX(1),ND
INC D; SETMA,;

FNUL
DPY( 2 )<ND;

FNUL
INC E; SETMA;

FADD FN,DPY(2)
DPX( 0 )<ND;

FADD

NOV C,C;SETNA: MI<FA

FNUL DPX(O0).ND
NOV F,F; SETMA;

* TEST PFOR K=NSUBS

CONT4:

FNUY,
FNUL
NOP
FADD FM,MD
FADD,;
UEC CNT
NMI<FA; NOV F,F; SETMA;
BEQ CONT3
JNP LOOP4
INC F
MOV NDF, CNT
INC C
SUB NDF,E
SUB NDFSQ,ABASE
DEC CT2
BEQ CONT4;
SUB NDF,B
JMP LOOP4&
MOV D, ABASE
NOV NDPF,CT2

SUB NDF,ABASE

SUB# NSUB,CNTER

BEQ END; INC ABASE
JNP LOOP3

* FORTRAN: 300 RETURN

END:

RETURN
SEND
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“GET A

“GET B
"STORE A
"GET C

“A*B

‘“GET D

"STORE C

"GET E
“C+A*B
"STORE D

“STORE C=C+A*B

“E*D
"GET P

"F+D*E

"TEST INNER LOOP
"STORE F=F+D*X
“INC F ADDRESS

"RELOAD COUNTER

"REAJUST E ADDRESS
“REAJUST A ADDRESS

"TEST OUTER LOOP
"REAJUST B ADDRESS

“REAJUST A
"TEST K
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APPENDIX I

) Listings of:

FORO.FOR
APFORO.FOR

APTRNG6 .APM
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TYPE PORO
FORTRAN IV

Q001
0002

0003
0004
0005

0006
0007
0008
0009

0010
0011
0012
0013
0014
0015
0016
0017
00i9
0019
0020
0021
0022
0023
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This is Program FORO.FOR, which represents a portion of
Subroutine TRAN6 in the SPAR Library. Used to obtain timing
information for FORTRAN execution,

Corresponding Programs are:
APFORO.FOR - FORTRAN of FORO with AP Calls
APTRNG .APM - FP120 Assembler Program replacement of
FORTRAN portions.
APTRN6 .ABJ — Object code of APTRNG.APN
APTRN6 ,SAV — Linked version of APTRNG.APN

L2 32248222222t 2 22222322222 332 322 2R22R3222%22222)¢%4]

SUBROUTINE TRANG(MAP,H,NDF, NNODES, ITRANS,T)

4/73 WD WHETSTONE

COMMON/CONSTR/ JT,JDF,JDDF, INEX(6 ), MEXIN(6 ),KSYM(3)
‘COMMON/TEMPS/

$ HKL(6,6),GKLTL(6,6)

COMMON/I.0CAL/S(6,6,10)

DIMENSION MAP(10),H(6,6,1), ITRANS(4),T(3,3,1)
DIMENSION ITIM1(2),ITIM2(2)

H(NDF,NDF, 1) WHERE THE TOTAL DIM=NDF*NDF*KSIZE

44

3001

SINSERT SYSCOM>ASKEYS
CALL ASSIGN( 4, 'RK1:SFILE.DAT’,13,'RDO')
CALL ASSIGN(2, 'RK1:TFILE.DAT',0, 'RDO’')
CALL ASSIGN( 3, 'RK1:HFILE.DAT',0, 'RDO"')
FORMAT(F16.7)

READ(7,44)Z,8

READ(8,44)2,T

READ(9,44)Z,R
WRITE(6,3001)

FORMAT(' INPUT THE NUMBER IF TIMES TO BE EXECUTED')

READ(S5,*) NTEST

READ( 4, 44) (((S(1,J,K),I=1,6),0=1,6),K=1,10)
READ(2,44) ((T(1,J,1),I=1,3),J0=1,3)
READ(3,44) ((H(I,J,1),I=1,6),J=1,6)
CPU1=SECNDS( 0. )
CALL GTIM(ITIM1)
DO 3000 ITEST=1,NTEST
NDF=3
NNODES=)
DO 4 I=),4

ITRANS(I)=1
KK=1




SEE It S S
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0024 DO 7 I=1,10
0025 NAP( I )=KK
0026 7 KKe-KKX
0027 DO 9 I=1,6
0028 9 INEX(I)=1
0029 N=0
0030 SO PORMAT(' NUMBER OF SECONDS PAST MIDNIGHT = ',F15.7)
0031 DO 2000 Le=1,NNODES
0032 LL=ITRANS(L)
0033 DO 2000 K=1,L
0034 KK=ITRANS(K )
0035 N=N+1
c
0036 DO 100 J=1,6
0037 DO 100 I=1,6
0038 GKLTL(I,J)= .0

0039 100 HKI(I,J)= .0

c FORN HKL= TK(TRANSPOSE) *GKL *TL
c PIRST, GKL*TL.
c
0040 DO 1100 J=1,3
0041 DO 1100 I=1,3
| 0042 DO 1100 M=1,3
0043 TLMI=T(N, J,LL) ,
0044 GKLTL( I, J)= GKLTL( I, J) +S( I, MN,N) *TLM3I
0045 GKLTL( 1I,J43)= GKLTL( I,J43) +5( I,M+3,N) *TLMJ
0046 GKLTL(I+3, J)= GKLTL(I+3, J) +S(I+3, N,N) *TLMJ
CO47 1100 GKLTL(I+3,J+3)= GKLTL(I+3,J+3) +S(I+3,M+3,N) *TLMJ
c
, c TK( TRANSPOSE ) *( GKL*TL )
0048 DO 1200 J=1,3
0049 DO 1200 I=l1,3
0050 DO 1200 M=1,3
0051 TXMI=T(M, I,KX)
0052 HEXL( I, J)= EKL{ I, J) +TKMI*GKLTL( N, J)
0053 HKL( I,J0+3)= HKL( I,J+3) +TKMI*GKLTL( N,J+3)
0054 HKL(I+3, J)= HKL(I+3, J) +TKNI*GKLTL(M+3, J) -
0055 1200 HKL(I+3,J+3)= HKL(I+3,J+3) +TKMI*GKLTL(M+3,J+3)
c
c TRANSPOSE, IF REQ.
4 0056 IF(MAP(N).GT.0) GO TO 1400
} 0058 DO 1300 J=2,6
! 0059 IN=J-1
0060 DO 1300 I=1,JM
; 0061 E1J= HKL(I,J)
; 0062 HKL(1,J)=HKL(J,I)

' 0063 1300 HKL(J,I)=EIJ
0064 1400 LOC=IABS(MAP(N))
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0065 IP(NDF.LT.6) GO TO 1600

0067 DO 1500 J=1,6

0068 DO 1500 I=1,6

0069 1500 H(I,J,LOC)= H(I,J,LOC)+HKL(I,J)

0070 GO TO 2000

0071 1600 DO 1700 I=1,NDP

0072 NROW=INEX(T )

0073 DO 1700 J=1,NDF

0074 NCOL=INEX(J)

0c75 1700 H(I,J,LOC)=H(I,J,LOC )+HKL( NROW, NCOL)
0076 2000 CONTINUE
0077 3000 CONTINUE

0078 CALL GTIM(ITIM2)

0079 CPU2= SECNDS(O0.)

0080 WRITE(6,50) CPUl

0081 WRITE(6,50) CPU2

0082 CALL CVTTIM(ITI1il,IHR,IMI,ISE,ITI)

0083 WRITE(6,70) IHR,IMI,ISE,ITI

0084 70 FORMAT(®' TIME = *,I2,':',12,°':',12,':',12)

0085 CALL CVTTIM(ITIMZ2,IHR,IMI,ISE,ITI)

0086 WRITE(6,70) IBR,IMI,ISE,ITI

0087 CPU = CPU2 - CPU1

o088 WRITE(6,99 )CPU

0089 99 FORMAT(' EXECUTION TIME =',F12.7,' SECONDS')

0090 WRITE(6,88) (B(I,1,1),I=1,36),(GKLTL(I,1),I=1,36),
X(HKL(I,1),I=1,36)

0091 88 FORMAT(3E16.7)

0092 STOP

0093 END
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TYPE APFORO
FORTRAN IV vVo2.5-2 Tue O4-Nov-80 10:27:20 PAGE 001

é
z
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This is Program APFORO.FOR which contains the AP Calls

as replacements for FORTRAN Code in PORO.FOR. Represents
a portion of Subroutine TRANG in the SPAR Library.
Obtains timing information for AP execution.

Corresponding Programs are:
FORO.FOR
APTRNG . APN
APTRNG .ABJ
APTRNG . SAV

AR R AR AN R AR R R AT RN AR ARRRR PR RRS

SUBROUTINE TRANG(NAP,H,NDF, NNODES, ITRANS,T)
4/73 WD WHETSTONE
0001 COMNON/CONSTR/ JT,JDFP,JDDF, INEX( 6 ), NEXIN(6 ), KSYN(3)
| 0002 COMMON/ TENPS/
o $ HKL(6,6),GKLTL(6,6)
: 0003 COMMON/LOCAL/S( 6,6,10)
0004 DIMENSION MAP(10),H(6,6,1), ITRANS(4),7(3,3,1),CLR(60C)
0005 DIMENSION ITIM1(2),ITIN2(2),ITIN3(2),ITING(2),ITINS(2)
0006 DIMENSION ITIN6(2),ITINI(2)
C B(NDF,NDF,1) WHERE THE TOTAL DIN=NDF*NDF*KSIZE
C  SINSERT SYSCOM>ASKEYS

OOO0OOO0DO0O0O0O00OO0OOOONOO

| 0007 CALL APCLR i
0008 CALL APPUT(0,15000,1,1) I
0009 CALL APPUT(0,15500,1,1)
0010 DO 20 LOOP=1,200
0011 IADRO=( LOOP-1)*9
0012 CALL APPUT( IADRO, 15000+LOOP,1,1)
0013 IADRO=( LOOP-1)*6
0014 CALL APPUT( IADRO,15500+LOOP,1,1) h
0015 20 CONTINUE 3
0016 CALL APWD
0017 DO 16 LOOP=1,600

’ 0018 CLR( LOOP )=0.0 ;
0019 18  CONTINUE is
0020 CALL APPUT(CLR,0,600,2) <
0021 CALL ASSIGN(1, 'RK1:SFILE.DAT',0, 'RDO') |
0022 CALL ASSIGN(2, *RK1:TFILE.DAT',0, 'RDO') ;
0023 CALL ASSIGN( 3, 'RK1:HFILE.DAT',0, 'RDO’) é
0024 44 FORMAT(PF16.7) :

c READ( 7, 44)Z,S ]
c READ( @, 44)Z,T .




FORTRAN IV

0025
0026
0027
0028
0029
0030
0031
0032
0033

0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045

0046
0047
0048
0049
0050
0051
0052

0053
0054

0055
0056

naonoaaannannnu

3001

$0
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READ(9,44)2,H
WRITE(6,3001)
FORMAT(' INPUT THE NUMBER IF TIMES TO BE EXECUTED')
READ(S5,*) NTEST
READ(1,44) (((S(I,J,K),I=1,6),J=1,6),K=1,10)
READ( 2, 44) ((T(I,3,1),I=1,3),3=1,3) .
READ(3,44) ((H(I,J,1),I=1,6),J=1,6)
CPU1=SECNDS( 0. )
CALL GTIM(ITIM?)
DO 3000 ITEST=1,NTEST
CALL GTIM(ITIM1)
NDF=3
NNODES=3
DO 4 I=1,4
ITRANS(I)=1
-1
DO 7 I=1,10
MAP( I )=KK
XK
DO 9 I=1,6
INEX(I)=1
N=0
FORMAT( ' NUMBER OF SECONDS PAST MIDNIGHT = ',P15.7)

g

j

APPUT( INEX,0,6,1)

APPUT( ITRANS(1),6,4,1)
APPUT(S(1,1,1),82,360,2)
APPUT(H(1,1,1),442,36,2)
APPUT(T(1,1,1),488,9,2)
APPUT(MAP(1),4786,10,1)
APWD

GTIN( ITIM2)

APTRNG( 488, NDF, NNODES, 478 )
APWR

GTIM( ITIM3)
APGET(H(1,1,1),442,36,2)
APWD

GTIM( ITIM4)

PEREEREEERERES

1333333332222 2223222322323 22dR 220322ttt dtddRddd

FORTRAN Code replacement - Begin

DO 2000 L=l , NNODES
LL=1TRANS(L)

DO 2000 K=1,L
KX=ITRANS(K)

N=N+1

a2
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1500

1600

1700
2000

V02.5-2 Tue 04-Nov-80 10:27:20

DO 100 J=1,6

DO 100 I=1,6

GKLTL(I,J)= .0

HXL(I,J)= .0

PORM HXL= TK(TRANSPOSE) *GKL *TL
FIRST, GKL*TL.

DO 1100 J=1,3
DO 1100 I=1,3
DO 1100 M=1,3
TLMJ=T(N,J,LL)
GKITL( I, J)= GKLTL( I, J) +5(
GKLTL( I,J+3)= GKLTL( 1I,J+3) +5(
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I, M,N) *TLMJ
I,M+3,N) *TLMJ

GKLTL(I+3, J)= GKLTL(I+3, J) +S(I+3, MNM,N) *TLMJ

TK( TRANSPOSE ) *(GKL*TL)

DO 1200 J=1,3
DO 1200 I=1,3
DO 1200 Mw=1,3
TKMI=T(M, I,KK)

1100 GKLTL(I+3,J+3)» GKLTL(I+3,J43) +S(I+3,M+3,N) *TILMJ

HEKL( I, J)= HKL( I, J) +TKMI*GKLTL( M, J)
HKL( 1I,J43)= BKL( I,J+3) +TKMI*GKLTL( M,J+3)
HKL(I+3, J)= HKL(I+3, J) +TKMI*GKLTL(M+3, J)
HKL(I+3, J+3 )= HKL(I+3,J+3) +TKMI*GKLTL(M+3,J+3)

TRANSPOSE, IF REQ.
IP(MAP(N).GT.0) GO TO 1400

DO 1300 J=2,6

JM=J-1

DO 1300 I=1,JM

EIJ= HXL(I,J)

HKL(I,J)=HKL(J,I)

HKL(J, I)=E1J

LOC=IABS(MAP(N))

IP(NDP.LT.6) GO TO 1600

DO 1500 J=1,6

DO 1500 I=1,6

B(I,J,L0C)= H(I,J,LOC)+HKL(I,J)
GO TO 2000

DO 1700 I=1,NDP

NROW=INEX(I)

DO 1700 J=1,NDP

NCOL=INEX(J)
B(I,J,10C)=H(I,J, LOC )+HKL( NROW, NCOL)
CONTINUE
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0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074

oo uoUoUoUooUouoooLnOonn0n

3000

4000
70
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PORTRAN Code replacement - End
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CALL GTIM(ITINS)
WRITE(6,4000) ITEST

CALL CVTTINM(ITIM1,IHR,INI,ISE,ITI)
WRITE(6,70) IHR,INMI,ISE,ITI

CALL CVTTIM( ITIM2,IHR,IMI,ISE,ITI)
WRITE(6,70) IHR,INMI,ISE,ITI

CALL CVTTIN(ITIM3,IHR,IMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI

CALL CVTTIM(ITIM4,IHR,INI,ISE,ITI)
WRITE(6,70) IHR,INI,ISE,ITI

CALL CVTTIM(ITIMS,IHR,INI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI
CONTINUE

CALL GTIM{ITING)

CPU2= SECNDS(O.)

WRITE(6,50) CPU1

WRITE(6,50) CPU2

CALL CVTTIM(ITIM?,IHR,INI,ISE,ITI)
WRITE(S,70) IHR,IMI,ISE,ITI
PORMAT(' CYCLE = *',I5)

FORMAT(' TIME = ',I2,':',X2,':"',12,"

CALL CVTTIM(ITIM6,IHR,IMI,ISE,ITI)
WRITE(6,70) IHR,IMI,ISE,ITI

CPU = CPU2 - CPU1

WRITE( 6,99 )CPU

PORMAT(' EXECUTION TIME =',P12.7,"'
WRITE(6,688) (H(I,1,1),I=1,36)
PORMAT(E16.7)

STOP

END

1',12)

SECONDS' }

PAGE 004




“MODIFIED 29-MAY~-8@ TO USE M.D. INSTEAD OF TMRAM FOR ADDRESS
"TABLE
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STITLE TRANE
$SENTRY APTRNE. 4

THIS ROUTINE PERFORMS THE TRANEé SUBROUTINE LOCATED IN THE
SPAR LIBRARY. IT IS CALLED EXTENSIVELY IN THE K AND M PROCESSORS.

AUTHOR: K. FESON
DATE: MAY 197%

~---USUAGE-~-~-
FORTRAN: CALL APTRNE( TBASE,NDF , NNODES, MAPBAS )

$PAGE

====MAIN DATA MEMORY MAP-~--

L3000t IS P Ieeroerets ey ey (STARTING ADDRESS)

X p S

X X
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% b S
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----ARRAY DESCRIPTIONS----

INEXCE). ........ INTEGER ARRAY. TRANSFERED ONLY ONCE

ITRANSCe. 0. .. .. ... INTEGEK ARRAY. TRANSFERED ONLY ONCE.

HKL(36). ... ... ... REAL ARRAY. NEVER TRANSMITTED.

GKLTLC(36). .. .. .... REAL ARRAY. NEVER TRANSMITTED.

SLOCC3€6). . ..... .. REAL ARRAY. TRANSFERED ONCE FOR EVERY CALL TO
THE ROUTINE.

HCNDF,NDF,KSIZED. . REAL ARRAY. TRANSFERED AND RETURN-D FOR EVERY
CALL TO THE ROUTINE.

K4CLRE(S) OR MAP.. INTEGER ARRAY. TRANSFERED ONLY AFTER BEING READ
FROM THE DATA BASE.

B3(LE)> OR 7{3,3,.) REAL ARRAY. TRANSFERED ONLY AT (ER BEING READ
FROM THE DATA BASE.

---TABLE MEMORY USAGE---

A TABLE OF IHDIRECT ADDRESS OFFSETS MUST BE LOADED AT
THMRAM LOCATION 4096 (DECIMAL).

THE TABLE IS USED TO CALCULATE AN ADDRESS OFFSET FOR
AN ARRAY OF THE FORM X(3,3,L0C). THE VALUE 'LOC' IS
ADDED TO 4896 TO FIND THE ADODRESS OFFSET IN THE
TACLE. FOP EXAMPLE IF LOC=3, THE TABLE LOCATION
4096+3 OR 4899 1S READ AND A VALUE OF 18 1S LOADED

AS THE ADDRESS OFFSET FOR ARRAY ¥(3,3,3). THIS
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RECRESENTS THE ADDRESS OF XC(1.1,3)> WHEN ADDED TO THE
BASE ADDRESS OF XC1,1,1) IN THE MAIN DATA MEMORY.

409¢ - @
4097  -- @
4098 -- a
4099 -- 18
4100 -- 2”
4101 -- K13
4102 -- 45
4103  -- 54
4104 -- 63
4105 - 22
4186 -- 81
4107 -- 90
4108 -- 99
4109 -—-  tes
4118 -- 109
4111 -- 117
4112 -- 126

TABLE ADDRESS OFFSET ADDRESS

( THE TABLE SHOULD CONTAIN SEVERAL HUNDRED ENTRIES)

---TABLE MEMORY USAGE---

ANOTHER TABLE OF INDIRECT ADDRESS MUST BE LOADED AT
TMRAM LOCATION 4196 (DECIMAL ).

THE TABLE IS USED TO LLOCATE AN ADDRESS OFFSET FOR AN
ARRAY OF THE FORM XC6.NCOL)>. THE VALUE OF ‘NCOL' IS
ADDED TO 419€ TO FIND THE TABLE MEMORY LOCATION OF
THE ADDRESS OFFSET

4196 -- @
41927 -- €
4198 -- 12
4189 - |

4260 -- 24
4201 -- 30
42062 - 3¢
4202 -- 42
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" 4204 -~ 4¢
" 4205 -- %S4
" 420¢ -~ €B
" 4207 == €6

" TABLE ADDRESS ADDRESS OFFSET

" (THE TAEBLE SHOULD CONTAIN SEVERAL HUNDRED ENTRIES)

" £~PAD PARAMETERS

TBASE S$EQU © "BASE ADDRESS OF T ARRAY

NOF SEQU 1 “DEGREES OF FREEDOM PER JOINT
NNODES $EQU 2 "NUMBER OF NODES IN ELEMENT

T2INC s$EQU 3 “OFFSET ADDRESS TO LOCATE T(1.,1,KK)
THTSIX $EQU 3 "CONSTANT OF 38

TWNTY1 SEQU 3 “CONSTANT uf 21

EIGHTH $ECQU 2 “CONSTANT OF 18

MAPBAS SEQU 3 *BASE ADDRESS OF MAP ARRAY (PASSED AS ARGUM
NROW  SEQU 2 "LOOP COUNTER

GKLTLE SEQU 4 “BASE ADDRESS OF GKLTL ARRAY

BASEGK $EQU 4 "BASE ADDRESS OF GKLTL ARRAY

HBASE $EQU 4 “BASE ADDRESS OF H ARRAY

HKINC $EQU 4 “ADDORESS POINTER OF H ARRAY

THREE S$EOU S “CONSTANT OF 3

HKADOR $EQU S “ADDRESS POINTER OF HKL ARRAY

N TEQU € “INDEX FOR MAP ARRAY

JCNT  SEQU € *LOOP COUNTER

J $EQU 6 “LOOP COUNTER

GKLTLA SEQU 2 “ADDORESS POINTER FOR GKLTL ARRAY
GKLTL1 sEQU 2 “ADDRESS POINTER FOR GKLTLC1,J)> ARRAY
HKL1  SEQU 2 "AUDDRESS POINTER FOR HKLC(I, D
HAUDDR1 $EQU 2 "ADDRESS POINTER FOR H ARRAY

S1ADDR SECU 10 “"ADDRESS POINTER FOR SCI.M,N> ARRAY
GKLTL2 $EQU 10 “ADDRESS POIMTER FOR GKLTL(2,J)
HKLZ  SEGL 18 "ADDRE'SS FPOINTER FOR HKL(J, 1) ARRAY
HADDRE $EQU 10 "ADDRESS PUINTER FOR HCI,J.L0C)

THA SECU 11 “TAEI.LE ADORESS POINTER

S2ADDR SEGU 11 “ADDRESS POINTER FOR SCI.M+i,N)
GKLTLI sEQU 11 *AUDRESS POINTER FOR GHLTLC(3, J>
HKTMP  $EQU 11 "ADDRESS POINTER FOR HKL ARRAY
ITRAN SEQU 12 "BASE ADDRESS OF JITRAH ARRAY

LL SEQU 12 “INDICY FOR T ARRAY = [TRANCL)

KK $EQU 12 "INDICY FOR T ARRAY = ITRANCK)




" FORTRAN:

 APTRHE :

H=08

S3ADDR sEQU 12

HKL $EQU 12
HADDR:  $EQU 12
K $EQU 13
ICHT  $EQU 13
Jm $EQU 13
CNT $EQU 13
ZERO  $EQU 13
1 $EQU 13
L $EOU 14
DFA $EOU 14
LoC 3EQU 14
INEX  SEQU 14
SIX $EQU 15
TIINC S$EQU 1€
SADDR $EQU 16 -
N22? $EQU 16
NCOL  $EQU 16
MAP $EQU 16

SEASE SEQU 1?7
BASEHK $EQU 17
TADR1 $EQU 15680 .
TADRZ $EQU 15588.

DO 2v6vd L=1.NMODES
LL=ITRANSC(L >

LDDPA;
CLR N
DEC N
CLR L;

MOV HAPBAS.MAPBAS; DPY(@)><SPFN
LOSPI SBASE:;
MOV SEASE,SBASE; DPX(3)<SPFN

LbsSrI L;
LOSPI 1TRAN;
ADTH# L, 1 RAN;
LOSPI THA;

CLR

LOSPI LL;

be=12.

DPX¢2><SPFN
DPX¢ B )<SPFN

DB=46.

DE=DPX(8>

DB=6.

SETMA
DE=TADR1
DPX( 1 ><XSPFN

DE=MD

ADD# LL.,TMA; SETMA

INC L

HOP

OPX(B){SPFN

“ADDRESS POINTER FOR SCI.M+2,N>

“ADDRESS POINTER FOR HKL ARRAY

"ADDRESS POINTER FOR H ARRAY

“INNER LOOP COUNTER FOR 2080 LOOF

“LOCP COUNTEF:

“LOOP COUNTER

"LOOF COUNTER

"CONSTANT OF @

"LOOF COUMTEF

“"QUTER LOOP COUNTER FOR 2688 LOOF

"0DATA PAD REGISTERS BASE

"TEMPORARY STORAGE OF MAP(HN)

"ADDRESS POINTER FOR INEX ARRAY

“COWSTANT OF 6

"OFFSET ADDRESS TO LOCATE T(1.1.KK)

"TEMPORARY STORAGE OF S BASE

"CONSTANT OF 27

“LOOP COUNTER

"ADDRESS OFFSET FOR MAP ARRAY

"BASE ADDRESS OF S ARRAY

"BASE ADDRESS OF HIL ARRAY
“"ADDRESS OF ADDRESS TABLE 1

"ADDRESS OF ADDRESS TABLE 2

BASE

"GET HIGH DATA PADS
"SET N=0

"INIT N TO -1
“INIT L
"STORE BASE OF MAP ARRAY
“LOAD SBASE - 36
"SAVE IN HIGH DATA PAD

"RESTORE L
"LOAD BASE OF ITRAN ARRAY
"GET LL=ITRANCL)>
"GET BASE OF TABLE
"RESET INNER LOOP COUNT
“"SAVE LL
"FIND ADDRESS OFFSET IN TABLE
“"SAVE L+1 IN HIGH DATA PAD

.WV i.”?~»fv*wvﬂ§
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LOSPI TRINC:DB=MD "SAVE ADDRESS OFFSET
MOV TEINC, TRINC: DPYC(2XSPFN “SAVE IN HIGH DATA PAD

" FORTRAN: DO 2000 K=1.L
" KK=ITRANS(K»

" ¢ N=H+1 IS FERFORMED LATER IN THE CODE »

LOQP2:  LDSPI ITRAN: 0B=&. “"LOAR BASE OF ITRAN ARRAY
LDSFI K DBR=DPX<1) "RESTORE K
ADD# K. ITRAN: SETMA “GET KK=ITRANHCK)
LOSFI TMA: DB=TADR! "GET BASE OF TABLE
NOP “WAIT FOR M.D.
LOSFI KK; DB=MD “SAVE KK
ADO# KK, THA: SETMA "FIND ADDRESS OFFSET IN TABLE
INC K; DPXC1)XSPEN “"SAVE K+1 IN HIGH DATA PAD
NOP "WAIT FOR M.D.
LOSFI T1INC: DB=MD "STORE ADDRESS QFFSET
MQV T1INC.Ti1INC: DPY(1 XSPFN “SAVE IN HIGH DATA FAD

" GET TLMJ=TI{M. J.LL>

" TBASE+T2INC GIVES THE ADDRESS OF TC(1.1.LL»
" FOUND IN THE PREVIQUS SECTION

" THE NINE VALUES OF T FOR M=1.3 AND J=1.3

" ARE STORED IN THE DATA PAD X REGISTERS

LOSPI T2INC: DR=DFY(2? "RESTORE T2INC
LOSPI THREE: DB=3. “"LOAD CONSTANT ;
ADD TBASE.TZ2INC: SETMA "GET T{1.1.LL) ;
CLR DPA; SETDPA "CLEAR DATA FAD BASE AD
INC T2INC: SETMA "GET Toa,1.LLD
oeXCaXX0e: DE=MD "SAVE Tol.i.Ll>
INC T2INC. SETMA "GET T(3.1.LL
DFXC1)<0B: DB=MD “SAVE T(2.1.LL>
INC T2INC: SETMA "CET T(t.&2.LLD
OFXC2 XDB: DBR=MD; "GAVE T(3.1.LL2
ADD THREE.DFA: SETOFA "GET NEXT SET OF DATA PADS
INC TSINC: SETMA "GET T(&2.2.LL)»
DPXC@X<XDe: DB=MD "SAVE T(t.2.LL)
INC T2INC: SETMA "GET TC(&2.3.LL?

GPXC1YXDB. DB=MD "SAVE T(2.&8.LL>




"GET TC1.3.LL?
“SAVE T(3,2.LL0

"GET NEXT SET OF DATA PADS
“*GET T(2,3,LL>

JHC TE2INC; SETMA
OPXc2 XXDB; DR=MD:

ADD THREE,DFA: SETDPA
INC T2INC: SETMA

OFXCAIMD “SAVE T(1,3.LL

INC T2INC; SETMA "GET T(3,3.LLY
DRXC 1 XXND “SAVE T(2.3,LLD

NOF

DFXC2YIMD “"SAVE T(E,3.LLD

PERFORM THE 1100 LOOP CALCULATIONS IN A SERIES OF STEPS

RECAUSE THE INDIVIDUAL CALCULATIONS ARE INDEPENDENT. EACH GIVEN
CALCULATION IS PERFORMED IN A SEPERATE IDENTICAL ROUTINE

THE INNER MOST LOOP ACTUALLY PERFORMS THE FORTRAN M LOOP INTERNALLY
WITH “HE CALCULATIONS

THE FORTRAN I LOOP IS THE INNER LOOF FOR THE RQUTINE

THE J LOOP IS OUTSIDE BOTH AS NORMAL

FORTRAN: DO 108 J=1,
DO 180 I=1,
GKLTLCI.J)=.09

188 HKL(I,1>=.0

DO 1108 J=1.3
DO 1108 I=1.3
DO 1108 M=1,3
TLMI=TC(M, I, LL)D
GKLTLCI J)> = GKLTLCI.J> + SCILM.NOXTLMJ
GKLTLCI, J+3) = GKLTLCI, 43> + SCT,M+3,NXTLMY
GKLTLCI+3. 0> = GKLTLCI+3,d> + SCI+3.M.NIXXTLMJ

110@ GKLTLCI+3,J43) = GKLTLCI+3, J+3) + SCI+3,M+3,N)

6
&

CALCULATE GKLTLCI.JD> = GKLTLCILJY + SCILM,NDORTLMY

LDSP1 SIX; DB=&.
CLR DPA; SETOPA

"LOAD CONSTANT
"CLEAR DATA PAD BASE

MOV THREE., ICNT
LOSPI GKLTLB; DBE=46.
MOV GKLTLB.,GKLTLA
DEC GKLTLA

LODOPA;: DB=12.

"LOAD J LOQP COUNT
“LOAD BASE ADR OF GKLTL

"LOAD BASE ADOURESS

"LOOP SET-UP

"GET HIGH DATA PADS




LOOFR3:

LOOP4 :

LDSFI SBASE; 0B=DPX(2)
LOSPI THTSIX: DB=3¢.
ADD THTSIX.SBASE; DPX(3)>{SPFN
LODFA: DB=0.
MOV SBASE.SADDR
MOV SADDOR.,S1AODR; SETMA
MQV S1ADDR, S2ADDR
ADD SIX,S2ADDR: SETMA
MQV S2ADDR, S3ADDR:
FMUL DPXC@).mMD
ADD SIX.S3ADDR: SETMA:
FhuL
FMUL OPXC1).MD
MOV THREE. ICNT:
FMUL; DPYCQ)XFM
FMUL DPX<2),MD
INC S1ADDR; SETMA;
FADD FM,DFYC@)>; FMUL
FADD: FMUL
INC S2ARDR; SETMA;
FADD FM,FA
FMUL DPX{@).MD;
FADD
INC SZADDR; SETMA; FMUL
FMUL DPX(1),MD;
DEC ICNT
FMUL: DRYCB)X<FM;

INC GKLTLA: SETMA;MICFA:

BNE LOOP4

" THE INNER I AND M LOOPS ARE COMPLETE
" REAJUST AND CHECK THE QUTER . LOOP

ADD THREE.OFA; SETDFA

DEC JCNT

BEQ CONT1:; ADD THREE.GKLTLA
JMP LOOP3

"RESTORE SBASE

“LOAD CONSTANT

"GET SCI.M.N+1) BASE

"GET LQW DATA PADS
"LOAD SCILM.NDY BASE
"LOAD SCI.M.ND

"LOAD SCI,M+1,N)

"OSIRTLMN L. LD

"LOAD SCI M+2,ND
"PUSH

"TLMICR, J,LLORSCTL ML, ND

“LOAD INNER COUNT
"STORE S1 PRODUCT
" SCIL M2, NOXTLMICS, J.LL)D

"GET NEXT S1

*S2 PRODUCT+ S1 PRODUCT

"GET NEXT S2
"S2+81+83 (PRODUCTS)
"SI1+1XTLMJ

"GET NEXT S3
YS2+1XTLMJ
"CHECK LOOP
“SAVE S1+1 PRODUCT
"STORE RESULT

"GET NEXT DATA PAD UNITS
“CHECK OUTER LOOP
“"REAJUST GKLTLA ADDRESS

" CALCULATE GKLTLCI+3.J> = GKLTLCI+3, 4> + SCI+3.M.NIXTLMY

" TLMJ IS STILL IN THE DATA PADS

CONT1:

CLR DPA; SETDPA
MOV THREE., JCNT
MOV GKLTLEB.GKLTLA
AQD THREE.GKLTLA

DEC GKLTLA

“GET FIRST SET OF DATA

"LOAD COUNTER

"LOAD BASE ADDRESS

"GET GKLTLCI+3.J)> ADDRESS
*LOOP SET UP
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MOV SEBASE.SADDR "LOAD S BASE
ADD THREE, SADDR “GET SCI+3.M.N) ADDRESS
LOOPS: MOV SADOR.S1ADDR: SETHA "LOAD S) ADDRESS
MOV S1ADDR.S2ADDR
ADD SIX,SSADOR; SETMA “LOAD S ADDRESS
MOV S2ADDR, S3ADDR;
FMUL DPX(@),MD "DO S1XTMLJ
ADD S1X,S3ADDR; SETMA: "GET 53 ADDRESS
FMUL
FMUL DPXC 1), MO "DO SEETLMJ
MOV THREE. ICNT. “LOAD INNER COUNT
FriuL: DPYCR)IFM "STORE S1xTLMJ
LOOPS : FMUL DPXC2),MD "DO SIATLMJ
INC S1ADDR: SETMA: “GET NEXT S1 ELEMENT
FADD FM,OPY(@); FMUL "S2 PRODUCT + S1 PRODUCT
FADD; FMUL
INC S2ADDR; SETMA; “GET NEXT S2 ELEMENT
FADD FM,FA
FMUL DPX(@),MD; "S1+1KTLMI
FADD
INC S3ADOR; SETMA: FMUL “GET NEXT S3 ELEMENT
FMUL OPXC1),MD; DO S2+1KTLMJ
DEC ICNT “CHECK LOOF
FMUL; DPYC@)<FM; "SAVE S1+1 PRODUCT
INC GKLTLA: SETMA:MICFA; “STORE RESULT :
BNE LOOPS ;
" RECHECK THE OUTER . LOOP
ADD THREE.DPA; SETOPA “GET NEXT DATA PADS
DEC JCNT “CHECK OUTER LOOP 5
BEQ CONT2; ADD THREE.GKLTLA "REAJUST GKLTLA ADDRESS |
JMP LOOPS f
" CALCULATE GKLTLCI,J+3) = GKLTL(I, 43> + SCIL M3, NDXTLMI
" TLMJ IS STILL IN DATA PADS
CONT2:  CLR DPA; SETOFA "GET FIRST SET OF DATA
MOV THREE, JONT “LOAD OUTER COUNT
MOV GKLTLE.GKLTLA "LOAD BASE ADDRESS
LDSFI EIGHTN; DB=18. “LOAD CONSTANT
ADD EIGHTN.GKLTLA "GET ADDRESS OF GKLTL(I,J+3)
DEC GKLTLA “LOOP SET UP
MOV SBASE, SADDK "LOAD S BASE ADDRESS
ADD EIGHTN.SADDR "GET SCI.M+3.N) AS BASE
LOOP?: MOV SADDR.S1ADDR: SETMA "LOAD S1 WITH BASE

MOV S1ADOR, S2ADOR




IX.SSADDR; SETMA
ZADDR, S3A0DR :
FMUL DPXC@),MD
ADD SIX,S3ADDOR; SETMA;
FMuUL
FMUL DFXC12.MD
MAV THREE. ICNT:
FMUL: OPY(AXFM
LOQPS : FMUL- OPX(2).MD
INC S1ADDR: SETMA:
FARD FM.OPY(@)Y: FMUL

AQD §
mav S

FADD: FMUL
iNC SCADDR: SETMA;

FADD FM.FA
FMUL DPX{ @), MD;

FADD

INC SIADDR; SETMA; FMUL
FMUL DPXC1),MD;
DEC ICNT
FMUL; DPYCOXXFM;
INC GKLTLA: SETMA:MI<FA;
BNE LOOPR

" CHECK THE OUTER J LOOFP
ADD THREE,DFA; SETDPA
DEC JCNT
BEQ CONTS3; ADD THREE.GKLTLA
JMPLOOP?
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“GET S

"00 S1XTLMJ
"GET S3

"D0 SSATLMJ
“LOAD INNER COUNT
"SAVE S1XTLMJ
"00 S3ATLMY
"GET NEXT S1 ELEMENT
"S1 PRODUCT +52 PROCUCT

"GET NEXT S2 ELEMENT
“"S1+82+83 FRODUCTS
“S1+1ETLNY

"GET NEXT S3 §
"DO S2+1%TLMJ 1
"TEST LOOP
"SAVE S1+1 PRODUCT
"STORE RESULY

"GET NEXT DATA PAD SET
“"CHECK LOQF
"REAJUST ADDRESS

" CALCULATE GKLTLCI+3.043) = GKLTLCI4Z, J+3) + SUI+3, M43, NIXTLMI

" TLMJO IS STILL IN DATA PADS

CUNT3: CLR DPA: SETDPA
MOV THREE., JCNT
MOV GKLTLBE,GKLTLA
LOSPI TWNTY1: DB=2;.
ADD TWNTY1.GKLTLA
DEC GKLTLA
MOV SBASE, SADDR
ADD TWNTY1.SADDR
LOOPS: MOV SADDR.S1ADDR: SETMA
MOV S1ADOR., S2ADOR
ADD SIX.SSADDR; SETMA
MOV S2ADDR, SIACDR;
FMUL DPX(@Y, MD
ADD SIX.S3ADDR; SETMA;

"RESET DATA PAD ADDRESS
"LOAD QUTER COUNT
"LOAD BASE
"LOAR CONSTANT
"GET GKLTLCI+3.J+3) ADDRESS
"LOGF SETUP
"LOAD BASE FOR S
"GET S (I+3,M+3,N> ADDRESS
"GET St

"GET s2

"S1XTLMI
“GET 83




LOQF10:

FMuL
FMUL DOPX(1).MD
MOV THREE.ICNT:
FMUL; DPYCQXFM
FMUL DPXC2),MD
INC S1ADDR: SETMA:

"E2XTLMY
"LOAD INNER COUNT
"SAVE S1XTLMJ
"D0 S3IKTLMJ
“GET NEXT S1 ELEMENT

FADD FM,DPYC@); FMUL "S1 PRODUCT + S2 PRODUCT
FADOD; FMUL
INC SSADDR; SETMA: "GET NEXT S2 ELEMENT
FADD FM.FA "ADD S1 + S2 +53 PRODUCTS
FMUL DPXC@ 0, Mo "00 S1+13TLMY
FACQD
INC S3ADDR; SETMA: FMUL "GET NEXT S3 ELEMENT
FMUL OPX(1),MD: "DO S2+1XTLMJ
DEC ICNT "CHECK INNER COUNT
FMUL; DPYC@XFM; "SAVE S1+! PRODUCT
INC GKLTLA: SETMA;MICFA; “"STORE RESULT
BNE LOOP1@

CHECK THE OUTER J LOOP

ADD THREE.DPA; SETOPA "GET NEXT DATA PADS
DEC JCNT "CHECK LOOP

BEQ CONT4: ADD THREE.GKLTLA

JMP LOOPS

THIS ROUTINE PERFORMS THE 1208 LOOP CALCULATIONS

GET TLMJ=T{M.J,KK)

TEASE+T1INC GIVES THE ADDRESS OF T(1.1.KK>
FOUND IN THE FREVIOUS SECTION

THE NINE VALUES OF T FOR M=1,3 AND J=1.3
ARE STORED IN THE DATA FAD X REGISTERS

EACH CALCULATION IS PERFORMED INDEFENDENTLY IN A SEPERATE
AND INDENTICAL RQUTINE JUST LIKE THE 1160 LOOP.

FORTRAN: DO 1200 J=1.3
DO 1208 I=1,3
»3

B DO 1288 M=i
" TKMI=T(M, 1,KK)>
" HKLCT.J) = HKLCTLJ) +TKMIXGKLTL(M, J)

HKLCT, J+3) = HKLCT, J+3) +TKMIXGALTLCM, J43)
HKLCI+3, 00 = HKLCI+3,4) + TKuIXGKLTL(M=3, )
1260 HKLCI+3,J43) = HKLCI+3, 043> + TKMI¥ GKLVL{M+3, +3)

[ 1]
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" CALCULATE HKL(I,J> = HKL(ILJ) +

LOOPA; DB=12.
LOSFI TI1INC: DB=DPY(1)>
ADD TEASE.T1INC, SETMA
CLR DPA; SETOFA
INC T1INC: SETMA

OFX<@<DB; DB=MD
INC T1INC: SETMA
DFXc § »DB: DB=MD
INC T1IHC: SETMA
DPXCE <DE; DB=mMD:

ADD THREE,DFA; SETDFA
INC T1INC: SETMA
DPX(0)><{DB; DE=HMD
INC T1INC: SETMA
DPX{1><DB; DB=MD
INC T1INC; SETMA
DPX(2)><DB; DB=MD;

ADD THREE.DPA; SETOPA
INC T1INC; SETMA
OPX(8 <MD
INC T1INC,; SETMA
OFXC1X<XMD
NOP
DPXC2)<MD

LOSPI S1X; DB=6.
LDSPI THREE: DB=3.
LDSP1 BASEGK: DE=4&.
MOV BASEGK.GKLTL!
LDSPI BASEHK; DB=it
MOV BASEHK, HKL

DEC HKL

MOV THREE, JCNT

“ BEGIN THE J LOOP CALCULATIONS

LOOF11 :

CLR DPA; SETDPA

MOV GKLTL1.GKLTL2; SETMA
INC GKLTLR2

MOV GKLTL2.GKLTLI:; SETMA
FMUL DPXC0).MD

INC GKLTL3; SETMA; FMUL
FMUL DPX<1),MD;

TKMIXGKLTL(M, J)
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"GET HIGH DATA FADS
*RESTORE T1INC
"GET T<1,1,KKD
"CLEAR DATA PAD BASE AD
"GET T(2,1.KK>
"SAVE T(1,1,KK>
"GET T¢(3,1,KK)>
"SAVE T(2,1,KK>
"GET T<1,28.KK?
"SAVE T(3,1.KK»
"GET HEXT SET OF DATA PADS
"GET T(&,2.KK)>
"SAVE TC(1.,2.KKD
"GET T<(&2,3.KK>
"SAVE T(2.2.KK>
"GET T(1,3,KK)>
"SAVE T(3.2.KK>
"GET NEXT SET OF DATA PADS
"GET T(2,3.KK)
"SAVE T(1,3,KK>
"GET T(3,3.KK)>
"SAVE T(2,3,KK>

"SAVE T(3.3,KK>

"LOAD CONSTANT OF 6
“LOAD CONSTANT OF 3
"LOAD GKLTL BASE

“LOAD GKLTL(M, J> ADDRESS
"LOAD BASE OF HKL

"LOAD BASE ADDRESS OF HK
"LOOP SET UP

"LOAD OUTER COUNTER

"GET FIRST SET OF DATA
"GET GKLTL(M, J>
"GET GKLTL(2,J> ADORESS
"GET GKLTL(2.D])
"TKMICL, J, LLO$GKLTL]
"GET GKLTL(3, D
"TKMIC2. J, LLO¥GKLTLR2

i




MOV THREE. ICNT
DPYC@)XXFM; FMUL
FruL OFX{2 . MO
FARD FM,.DPYCQ); FMUL
MQV GKLTLL1,GKLTLY; SETMA;
FADD: FMUL
FADD FM,FA;

LOF11A

ADD THREE.OPA: SETOPA
MOV GKLTLE,GKLTL2; SETMA:
FADD
FMUL DPXC8Y. MO
MOV GKLTLI,GKLTL3: SETMA;
FhMuL
FMUL DFX{1)>,MD
DPYCO X<FM; FMUL
FMuL DPX(2).MD;
DEC ICNT
FADD FM.DPYC@); FMUL;
INC HKL; SETMA; MICKFA;
BNE LOP11A

" CHECK THE OUTER LOOP AND REAJUST THE ADDRESSES

ADD SIX.GKLTL1
ADD THREE.HKL
DEC JCNT

BE@ CONT4A
JMP LOOP11

"
"

" PERFORM THE 120@ LOOP CALCULATIONS FOR THE SECOND EQUATION 5

. HKLI+3, 00 = HKLCI+3,J02 + TKMIXGKLTL(M+3, J)

CONT4A : MOV BASEHK. HKL
MOV BASEGK.GKLTL1
ADD THREE, HKL
ADD THREE,GKLTL1
MOV THREE., JCNT
DEC HKL

" BEGIN THE J LOOF CALCULATIONS

"

LOP11B:  CLR DPA; SETDPA
MOV GKLTL1,GKLTL2;

INC GKLTL2

SETMA

“CHECK OUTER LOOP
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"LOAD INNER COUNT
"SAVE GKLTL1 PRODUCT
"TEMICS, J. LLOXGKLTLE
"GKLTL1 PRODUCT + GKLTL2 PROD
"GET GKLTL(L.J
"PUSH
"GKLTL: 142+3 PRODUCTS
"GET NEXT DATA PADS
"GET GKLTLC(2.J>
"PUSH
"GRLTLC L, DEATKMICL, Jo Ll
"GET GKLTLCZ, >
"PUSH
“GKLTLC(2, JOXTKMIC2, J,LL)
"SAVE GKLTL1 PRODUCT
"GKLTLIXTKMIC 3. J.LL>
"CHECK INNER LOOP
"GKLTL 1+2 PRODUCT
"SAVE RESULT

!
|

"GET GKLTLC(M,J+1)
"GET HKL(I,J+1)

“IF DONE., CONTINUE
"IF NOT., JUMP BACK

"LOAD BASE ADDRESS
"LOAD BASE ADDRESS

"GET HKLC(I+3,J)> ADODRESS

“GET GKLTL(M+3,J) ADDRESS

“"LOAD OUTER COUNTER y
“LOOP SET UP )

"GET FIRST SET OF DATA R
"GET GKL.TL{(M,J)

“GET GKLTLCS.J> ADDRESS




MOV GKLTL2,GKLTLZ; SETMA
FMUL DPXC(@)>,MD
IHC GKLTL3; SETMA; FMUL
FMUL DPXC1),MD:
MOV THREE, ICNT
DPYCO)<FM; FmUL
FMUL DPX(23.MD
FADD FM,DPYC(B); FMUL
LOP11C: MOV GKLTL1,GKLTLL1; SETMA;
FADD;: FMUL
FADD FiM.FA;

ADD THREE,DPA; SETDPA

MOV GKLTL2.,GKLTLZ; SETMA;
FADD
FMUL OPX(@)>,MD
MOV GKLTL3,GKLTL3, SETMA;
FMUL
FMUL DPX(1).MD
DPY(Q)<FM; FMUL
FMUL DPX(2),MD;
DEC ICNT
FADD FM,DPYCB)>; FMUL;
INC HKL; SETMA; MICFA;
ENE LOP11C

" CHECK THE OUTER LOOP ANMD REAJUST THE ADDRESSES

ADD SIX,GKLTL!
ADD THREE, HKL
DEC JCNT

BEG CONT4B
JiP LOP11E
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"GET GKLTLC(S. D
"TKMIC1,J,LL >¥GKLTL]
"GCT GKLTLCE, J>
“TKMICE, J, LLOFGKLTLE
"LOAD IHMER COUNT
“SAVE GELTLY PRODUCT
"TTKMICZ, J, LL MGKLTLS
“GKLTL1 PRODUCT + GKLTLZ2 PROD
"GET GKLTLC(4,J>
"FUZH
"GELTL 14243 PRODUCTS
"GET NEXT DATA PADS
"GET GKLTLCS,J?
"PUSH
"GKLTLC4, JOXTKMICL, J,LL)D
"GET GKLTL(6.,J)
"PUSH
"GKLTLCS, JOXTKMIC2, J.LLD
"SAVE GKLTL1 PRODUCT
“GKLTL3*TKMIC( 3, J,LLD
"CHECK INKNER LOOP
“GKLTL 1+2 PRODUCT
"SAVE RESULT

"GET GKLTL(M,J+1)
"GET HKLCI,J+1)
“CHECK QUTER LOOP
“IF DONE., CONTINUE
"IF NOT, JUMP BACK

" PERFORM THE 12066 LOOP CALCULATIONS FOR THE THIRD EQUATION

" HKLC T, J+3)> = HKLCT, 43> + TKMIXGKLTL(M, J+3)

CONT4B : LDSPI EIGHTN; DB=18.
MOV BASEHK, HKL
MOV BASEGK,GKLTL1
ADD EIGHTN,HKL
ADD EIGHTN,GKLTLY
DEC HKL
MOV THREE., JCNT

" BEGIM THE J LOOP CALCULATIONS

"

"LOAD CONSTANT
"LOAD BASE ADDRESS
"LOAD BASE ADDRESS
"GET HKLC(I,J+3) ADDRESS
"GET GKLTLC(M,J+3)> ADDRESS
"LOOP SET UP
"LOAD OUTER COUNTER




LOP11D

LOFPL1E:

" CHECK THE OUTER LOQFP AND REAMST THE ADORESSES

CLR OPA; SETOFA

MOV GKLTL1.GKLTLZ2; SETMA
INC GKLTLE

MOV GKLTL2.GKLTLI; SETMA

FMUL DFX(©),MD
INC GKLTL3; SETMA; FMUL
FMUL DPX(1),MD;
MOV THREE, ICNT
DRYC @ FM: FMUL
FMUL DPXCE),MD
FADD FM.OPY(E); FMUL
MOV GKLTL1.GKLTLL1, SETMA;
FADD: FMUL
FADD FM.FA;

ADD THREE.DPA:

MOV GKLTL2,GKLTL2:; SETMA;
FADD
FMUL DPXC@)>.,MD
MOV GKLTL3,GKLTL3; SETMA;
FmuL
FMUL DPXC1),MD
DPY(@XFM; FMUL
FMUL DPX<2),MD;
DEC ICNT
FADD FM.DFY(@); FMUL;
INC HKL; SETMA; MICFA:
ENE LOF1IE

ADD SIX.GKLTL1
ACD THREE.HKL
DEC JCNT

BEQ CONT4C
JMP LOPLID

"GET FIRST SET OF DATA
“GET GKLTLC(M,J+3D
"GET GELTLC2,J+3)> ADDRESS
"GET GKLTLC(Z,J+3>

"TKMIC L, J. LLOXGKLTLL
"GET GKLTL(3,J+3)
"TKMIC2, J,LLY3GKLTL2
"LOAD INNER COUNT
"SAVE GKLTLY PRODUCT
“TKMICZ, J, LLOXGKLTL3
"GKLTLY PRODUCT + GKLTLES PROD
"GET GKLTLC1,J+3)>
"PUSH
"GKLTL 1+2+3 FRODUCTS
"GET NEXT DATA PADS
"GET GKLTLC2,J+3)
"PUSH
“GKLTLC L, J+3)XTKMIC L, J,LLD
"GET GKLTL(3.,J+3)
"PUSH
"GKLTLC2, J+3)¥TKMIC2, J,LL)D
"SAVE GKLTL! PRODUCT
“GKLTL3XTKMIC3, J. LLD
“CHECK INNER LOOP
"GKLTL 1+2 PRODUCT
"SAVE RESULT

"GET GKLTL(M., J+1>
"GET HKLCI,J+1)

“CHECK OUTER LOOP

“IF DONE, CONTINUE
"IF NOT, JUMP BACK

" PERFORM THE 1200 LOOP CALCULATIONS FOR THE FOURTH EQUATION

" HKLCTI+3, 043> = HKLCI+43,J43) + TKMIXGKLTLIM+3, J+3)

CONT4C :

LDSPI TWNTY1. DOB=gi.
MOV BASEHK, HKL

MOV BASEGK,GKLTL1
ADU TWNTY1,HKL

ADD TWNTY1.GKLTL1
DEC HKL

"LOAD CONSTANT
"LOAD BASE ADDRESS
"LOAD BASE OF GKLTL1
“GET HKLCI+3,J+3) ADDRESS
"GET GKLTL(M+3, J+3)> ADDRESS

"LOOP SET UP
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MOV THREE. JCHT

" BEGIM THE J LOOF CALCULATIONE

"

LOPLIF:

LOOP12:

" CHECK THE OUTER LOOFP AND REAJUST THE AOURESSES

" FORTRAN:

CLF DFA; SETOFA
MOV GHLTL1,GKLTL2; SETMA
INC GELTLE
MOV GKLTLZ2,GKLTL3; SETMA
FMUL DOPX(@>, MO
INC GELTLZ; GETMA: FMUL
FMUL DPX< 10, MO
MOV THFEE, ICNT
DPYCOOXSFM; FMUL
FruL DPXC2>,MD
FADD FM,DPYC(O); FMUL
MOV GKLTL1,GKLTL1; SETMA;
FADD: FMUL
FADD FM,FA;
ADD THREE,DPA;
MOV GKLTL2,GKLTL2; SETMA;
FAQD
FMUL DPX(@>,MD
MOV GKLTL3,GKLTLZ; SETMA:
FrMuL
FMUL DPXC1),MD
DPY(@)XFM; FMUL
FHMUL DPX(23.MD;
DEC ICNT
FADD FM.DPY(B); FMUL;
INC HKL; SETMA; MI<FA,
BNE LOOPlZ

ADD SIX,GKLTL1
ADD THREE.,HKL
DEC JCNT

BEQ CONTS

JUP LOP11F

IF (MAP(N> .GT. ©6) GOTO 1400

LDDPA; DB=12.

LOSPI MAPBAS. DB=DPY(@)
LDSPI N; DB=DPX(2)

INC N

SETDPA
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"LOAD OUTER COUNTEF

"GET FIRST SET OF DATA
"GET GKLTLC(M+3, +3)
"GET GKLTL(S,J+3)> ADORESS
"GET GKLTL(S.,J+2D
"THMIC 1, J, LLOFGHELTLL
"GET GELTLCS, J+3)
"TEMICZ, J, LL ORGELTLE
"LOAD INNER COUNT
"SAVE GKLTL1 PRODUCT
"TKMIC3, J,LLOXGKLTL
"GKLTL1 PRODUCT + GKLTL2 PROD
"GET GKLTL(E,J+3+3)
"PUSH
“GKLTL 1+2+32 PRODUCTS
"GET NEXT DATA PADS
"GET GKLTL(S,J+3)
YPUSH
YGKLTLCE, J+2+3KTKMICL, J,LL)D
"GET GKLTLCE,J+3)D
"PUSH
"GKLTL(S, J#3XXTKMIC2, J,LLD
"SAVE GKLTL!1 PRODUCT
"GKLTLIXTKMIC 3, J,LLD
“CHECK INNER LOOP
"GKLTL 1+2 PRODUCT
“SAVE RESULT

YGET GKLTL(M,J+1)
"GET HKLCI,J+1)
“CHECK OUTER LOOP
"IF DONE, CONTINUE
"IF NOT, JUMP BACK

"GET HIGH DATA PADS
“RESTORE BASE OF MAP
“RESTORE N
“N=N+1




ADD® H.MAPBAS; SETMA
MOV N.N; DPXr2)(SPFN
LODFA; DEBE=0

LOSPI MAP; DB=MD
CLR ZERO

SUB MAP, ZERD

BGT CONTE

JMP CONT?

* PERFORM THE 1300 LOOP CALCULATIONS

FORTRAN: DO 1360 J=2.6

JM=J-1

DO 1300 I=1,JM
EIJ=HKLCT. .
HKLCT, J)=HRLCD, 1D

" 1300 HKLCJ, 1)=E1J

CONT®:

MOV BASEHK, HKTMP
LOSP1l SIX. DB=6.
LOSPI J; OB=1.

" BEGIN THt OUTER LOOP

“

LOOP13:

MOV J,JM
MOV BASEHK,HKL2
ADD SIX,HKTMP
MOV HKTMP, HKL1
DEC HKL1

ACO J.HKL2

SUB SIX,HKL2
INC J

" PERFORM THE INNER LOOP

LOOP14:

NOP
ADD SIX.HKLZ2: SETMA
NOP
IhZ HKLYL, SETMA
NOP
MOV HKL1.HKL1; SETMA; MI<KMD
DEC UM

MOV HKLZ2,HKL2: SETMA; MI<MD.

BNE LOOP14

" TEST OUTER LOOP

"GET MAP{N

“SAVE N

"GET NORMAL DATA PADS
"SAVE MAP(N)

"SET ZERG=0

“TEST MAP(N) .GT.0©
"CONTIWUE: IF FALSE
"OTHERWISE., GOTO 1400

"LOAD BASE
“LOAD CONSTANT
"LOAD OUTER COUNTER =~ 1§

"LOAD THE INNER COUNTER
“LOAD BASE
"GET HKL(I,J) ADDRESS

“LOAD HIKLCT, I

“LOOP SET UP
“GET HKLCJ,1)> ADDRESS
"LOOP SET UP

“GET J

"GET HKL(J, ID
"GET HKLC(1.,J>
“"STORE HKLCI, Jo=HKLCL. D)

“HKLCJ, TH=HKLCT, D
“LOOP DONE?

iy




"

L)

CONTZ:

sues SIX,J
BEC CONTD
JME LOOPLZ

FOFTRAN: 1400 LOC=1ABSCHMAP(N)>

LOSFI SIX; DBE=€

LDEPI H2?: DB=2D

LOOPA: (E=1Z.

LOSFI N, DB=DPX(2)
LDSF1 MAPBAS; DE=DPY(O)
ADD# N,.MAPBAS; SETMA
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"TEST J=¢
“IF EQUAL., END

"LOAD CONSTANT

"LOAD CONSTANT

"GET HIGH DATA FADC
"RESTORE M
"RESTOFE EASE OF MAP ARRAY
“GET MAP(N>

LDDPA; DB=0. “GET NORMAL DATA PADS
CLR ZERD "GET ©
+0SP1 LOC; DB=MD "LOC=MAP(N)
MOV LOC.LOC “1S LOC NEGATIVE
BGE CONTS8 "1F POSITIVE., CONTINUE
SuUB LOC, ZEROD “GET -LOC
MOV ZERO.LOC “STORE -LOC
" CALCULATE THE BASE ADDRESS OF H(1,J,LO0C)
CONTS: DEC LOC "GET LOC -1
MoV LOC,LOC; DPXC@)XSPFN “FLOAT LOC-1
FADD ZERO,MOPXC@); MOV N27,N2P
FADD;
KPSF THYSIX
DPYCBO<DB "OPY(@)=3€E.
FMUL DPYCQ),FA "3ExL0C-1
FHuL
FMUL
DPXC@XFM
FIX DPX(@)> *GET INT(326%L0C-1>
FADD
DPX(B)XFA; “STORE RESULT
LDSFI HBASE; 0(B=442. “LOAD H BASE
LDSPI HADOR; DB=0FX(®) "GET H{1.1,L0C, ADDRESS
" FORTRAN: IFC(NDF LT é) GOTO 16060

H

THE ADDRESS OF H(1,1.L0C)> MAS EBEEN CALCULATED FOR USE
IN EITHER THE 150@ OR 17890 LOOPS

SuB# SIX,NDF
BGE CONTI
JMP CONT10

“TEST FOR NDOF LT. €
“1F TRUE., CONTINUE
"OTHERSWISE, GOTO 1€00




" BEGIN T

" FORTRAN

CONT9:

HE 150@ LOOF FORTRAN

: DO 15068 J
DO 1508 I
H(I.J,L0C
GOTO 2866

1,6
1,6

w N

ADD HBASE.HADOR: SETMA
10V HADDR, HADDRR2
MOV BASEHK.HKLY; SETMA
DPX(@>{MD:

DEC HADDR2
LDSPI CNT: DB=36.

" PERFORM THE 1560 LOOP CALCULATIONS

LOOP1S:

"

FADD DPX{@&>,MD
INC HADDR; SETMA;

FADD
INC HKL1; SETMA
DPX{ 8 ><MD;
DEC CNT
INC HADDR2; SETMA; MIKFA;
BNE LOOP1S

JMP CONT11

" PERFROM THE 1860 LOOP CALCULATIONS

11}

" FORTRAH: 1688 DO 17@@ I=1,NDF

CONT18:

HROW=IHNEX( 1)
D0 1768 J=1,NOF
HCOL=INEX( J)

= H(I, JL,L0CY> + HKLCIL, O
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"GET H(1.1,L0C)
“LOAD DESTINATION ADDRESS
"GET HKL(1,1>
“STORE H(1,1,L0C)

"LOOP SET UP

"H(IL, J,LOCO+HKLCT, I
"GET NEXT H(I.J,LOC)
"PUSH
"GET NEXT H(I,J)

"STORE H(I,J,LOC>
“"TEST LOOP
"SAVE RESULT
"FINISHED?

"GOTO 2006

1768 H(I.J,L0C>=H(1, J,LOC>+HKL{NROW, NCOL >

LOSPI SIX; DB=6.
CLR INEX

CLR I

ADD HBASE . HADDR

DEC HADDR

LDSPI TMA; DB=TADR2

" OUTER LOOP

"LOAD CONSTANT OF 6.

“GET IMEX BASE ADDRESS 3
"CLEAR OUTER COUNTER ’
"GET H(1,1,L0C) ADDRESS
"GET HC1,1,L0C> ADDRESS ~1
"SET ROM BASE ADDRESS
4
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LOOPle: ADD# I.INEX: SETHA "GET INEXCID
MOV BASEHK . HKADDF “GET HKL{1.1)> ADDRESS
DEC HKADDF "LOQF SET UF
LDSPI NROW: QB=pD “STORE NRQW=I{NEXCI)
ADDY HRQW, HKADDR "GET HKLCHRQW. 1> ADDRESS
INC HADDOR "GET HUI+1,J,L0C) ADDRESS ;
MQV HADDR, HADDR1 "L.OAD H ADDRESS ;

" INNER LOQF SET UF

CLR 4 "CLEAR INNER COUNT

ADD# 1. INEX: SETMA “GET INEXCJD

NOP

MOV HADOR1.HADDR2: SETMA “LOAD TARGET ADDRESS
LOSPI NCOL: DB=MD “NCOL=INEX( )

ADD# NCOL..TMA; SETMA "GET INCREMENT FROM ROM
DFX(@XXMD; “STORE HUNCOL., 1)

SUB SIX,HADDRE "LOOF SET UP

NOP "WAIT FOR M.D.

LBSPT HKINC: QB=MD “STORE TABLE INCREMENT
ADD# HKINC.HKADDR: SETHMA "GET HKL{NROW, NCOL >
INC 1 "INC GUTER LOGP COUNT
NQP

" INNER LOOFP CALCULATIONS

LOOP1?: INC J; "INCREMENT INNER LOOP COUNT

FADD DPX{2»MD ' "HCT, J: LOC »+HKLCNROW, NCOL >

ADD# 1 INEX: SETMAG "GET INEX{JDD
FAQRD "PUSH

NOP

ADD SIX.HADDR1: SETMA "GET H{I.J+1.L0C)

LOSPI NCOL: DB=MD "STORE NCOL=TNEX(J)

ADD# NCOL.TMA; SETMA "GET INCREMENT IN ROM TABLE

NOP

DPX{@><MD "SAVE HOIL J+1,L00)

LOSPI HKINC; DB=MD "SAVE INCREMENT

ADD# HKINC,HKADDR: SETMA "GET HKLUNROW, NCOL >
SUB# NOF.J "TEST INNER LOOFP

ADD SIX.HADDRZ: SETMA; MIKFA; "STORE RESULT

BNE LOOP1I?

SUBS® NOF., 1 "TEST OUTER LOOP
BEQ CONT11 "IF DONE, CONTINUE
JMP LOOP1E "1F NOT. GBRANCH BACK
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| CONT11: LOOFA: DB=1E “GET HIGH DATA PADS
| LOSF] L: DR=DOPX. Q) “RESTORE L
| LOSPI K; DB=DFX(1) “"RESTORE K
} SUBe K.L "IS INNER K LOOP DONE
BEQ CCHTI2 “IF YES. CONTINUE
JME LQOPE “"OTHERWISE. BRANCH BACK
courtie: SUBs L.NNODES “"TEST QUTER MOST 20@0 LQOF
BEQ CONTI3 "IF FINISHED. END
JMPLOOFY "OTHERWISE. BRANCH BACK
THYSIX: $FP 3§
CONT13: RETURN
$END
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{XQT TAB

START 80, 53 ROTATIONS ABOUT Y EXCLUDED
TITLE" FUSELAGE MODEL,PSPAR1

TEXT

" MEMBRANE-ROD-BEAN FUSELAGE MODEL
“NONREPEATABLE PART

JLOCS PFUSELAGE DIA. 800. CM.,LENGTH=800. CM.
FORMAT=2SCYLINDRICAL COORDINATES

1l 400. 0. O. 400. 337.50. 26 1 5

16 400. 0. 800. 400. 337.5 800.

MREF

PCRMAT=2

1 -2 0. 0. 10000000.

21 0. 0. 10000000.

MATC

1 .72+6 0.3 .0028 22.-68% AL-ALLOY,METRIC UNITS
E23 SECTION PROPERTIES SROD ELEMENTS

1l 4.166SAREA OF THE RODS

SHELL SECTION PROPERTIES

1 0.1SSKIN THICKNESS

E21 SECTION PROPERTIESSBEAM ELEMENTS

DSY 1 16804. O. 1262.7 0. 108. 144. 0. 6.07684 0. 0.
0. 0. 0. -8.7778 17. 3.2222 17. 3.2222 -17. -8.7778 -17.
CONSTRAINT CASE 1

ZERO 1,2,3;1,168 CANTILEVER THE FUSELAGE
(XQT ELD

E23SROD ELEMENTS

NSECT=18

NREF=2

11714318

4 208

5 218

6 228

52 683

53 698

5S4 708

7 231 41018

E413 MEMBRANE PANELS

NSECT=13

1171822161 $

49 65 66 50 2 16 13

17 33 341811 2 2 168

23 39 40 2411 9 2 168

32 48 33 178

48 64 49 333

E21

NSECT=13

NREP=1

12216216 8

49 50 2 16 2 168
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33 348

34 358

39 408

40 41S

41 42$

42 438

43 44$

44 458

45 463

46 47S

47 488

48 338

(XQT E

(XQT EKS

(XQT TOPO

(XQT K

[XQT INV

(XQT AUS

SYSVEC;APPLIED FORCES 1
I=];J=65; -10000.

SYSVEC; APPLIED FORCES 2
I=);J=69;77; —-20000. 20000.

SYSVEC;UNIT VEC
I=1; J=1,80; 1.0

DEFINE WT=DEM DIAG 0 O

DEFINE UN=UNIT VEC

OBJF AUS 1 1=XTY(UN,WT)

[XQT DCU

PRINT 1 OBJP AUS 1 1

(XQT SSOL

(XQT GsP

[XQT PSP

(XQT VPRT

PRINT APPL FORC 1

PRI T STAT DISP 1

{XQT SSOL

RESET SET=2

(XQT GSP
RESET SET=2

{xQT PSP

RESET SET=2

(XQT VPRT

PRINT APPL PORC 2 1
PRINT STAT DISP 2 1

[XQT EXIT

1
1




(TQ TAB
START 3728

TITLE"SATURN V LAUNCHER UMBILICAL TOWER (LUT)

TEXTS

“SATURN V LAUNCHER UMBILICAL TOWER ( LUT)

"DAT ESIGNEDS'T0 EXEMPLIFY THE USE OP “INC"
"AND "MOD"” COMMANDS IN THE “ELD" PROCESSOR,
MATERIAL CONSTANTSS$

$
S

1 3.+7 .29962668 .28$
CONSTRAINT CASE 18

S

ZERO 1 2 3 456; 1 418
BEAM ORIENTATION SPECIFICATIONSS

113
211
E21 SECTION
GIVN
GIVR
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GiVN

1
1l

0.8
0.3

PROPERTIESS

1l 9012.12 O.

O VWO IO WUMELEWN

1

12
13
14
1s
16
17
18
13
20
21
22
23
24
25
26
27
28
29
30
3l

2096.4
63.35
4461.
1814.5
9012.1
2096.4
28.14
2824.8
1140.7
1140.7
21.7
105.3
446.3
15.16
21200.
475.7
3980.6
16667.
475.7
3988.6
14264.
475.7
3266.7
12609,
361.5
3266.7
10773.
361.5
3266.7
9068.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

250.4
76.5
63.35
135.1
63.8
250.4
76.5
20.14
95.7
44.
44.
2.89
2.79
22.1
15.16
21200,
475.7
116.9
16667.
475.7
116.9
14284,
475.7
115.1
12609.
361.5
115.1
10773.
361.5
115.1
9668.

o.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

MATERIAL PROPERTY IS DEFINED WITH A

GENERATE BASIC TABLES DEFINING STRUCTURE

WEIGHT DENSITY

JOINTS 1-4 ARE COMPLETELY CONSTRAINED

44.16
22.4
7.3
31.77
20.
44.16
22.4
5.5e
24.71
l6.18
16.18
3.53
4.86
10.59
4.3
276.
26.04
29.11
2286,
26,04
29.11
20§.
26.04
27.65
l182.
19.24
27.65
160,
19.24
27.65
138,

9.478

30.32$
31100. 3
951.4 8
3.478
24554, $
951.4 $
3.478
21538. 3
951.4 8
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GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN
GIVN

32
a3
34
3s
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
50
59
60
6l
62
63
64
€5
66
67
68
69
70
71
72
73
74
75
76
77
78

361.5
3266.7
7459.

361.5
2364.3
5969.

361.5
2364.3
4585,

248.5
2096.4
2402.4

248.5
2096.4
2402.4

248.5
1814.5
1266.5

192.3
1814.5
1266.5

192.3
1014.5

641.5

192.3
1814.5

641.5

192.3
1614.5
2987,3
1140.7
1326.86

446.3

15.16
56886.9
2987.3
2987.3
2987.3
2987.3

15.16

26478.

562.

732.
1157,

26300,

562,

1556,

JOINT LOCATIONSS
1 360. 907.
2 -360. 907.

0. 361.5
0. 115.1
0. 7459.
0. 361.5
0. 86.3
0. 5969.
0. 361.5
0. 88.3
0. 4585.
0. 248.5
0. 76.5
0. 930.1
0. 248.5
0. 76.5
0. 930.1
0. 248.5
0. 63.8
0. 454.9
0. 192.3
0. 63.8
0. 454.9
0. 192.3
0. 63.8
0. 107.3
0. 192.3
0. 63.8
0. 107.3
0. 192.3
0. 63.8
0. 203.5
0. 44.
0. 53.1
0. 22.1
0. 15.16
0. 170.3
0. 203.5
0. 203.5
0. 203.5
0. 203.5
0. 15.16
0. 26478.
0. 562.
C. 732,
0. 1157,
0. 26300,
0. 562.
0. 1556.
-2880. 270.
~2880. -270.

0. 19.2¢ 723. $
0. 27.65 3.8 8
0. 117. 11233, §
0. 19.24¢ 723. $
0. 24.7 3.578
0. 96. 8917. $
0. 19.24¢ 723. $
0. 24.7 3.578
0. 76. 6659, $
0. 12.88 497. §
0. 22.4 0.4 S
0. 56.73 34.4%8
0. 12.88 497. §
0. 22.4 8.4 8
0. 56.73 34.458
0. 12.88 497. $
0. 20. 1.7 8
0. 32.65 7.638
0. 9.84 304.6 8
0. 20. 1.7 8
0. 32.65 7.638
0. 9.84 384.6 $
0. 20. 1.7 8
0. 17.94  2.01$
0. 9.84 384.6 $
0. 20. 1.7 8
0. 17.94 2.018
0. 9.84 384.6 8
0. 20. 1.7 8
0. 29.43 4.523
0. 16.18 1.148
0. 18.23 1.718
0. 10.59 .5 8
0. 4.3 30,328
0. 3¢.71 4.9 8
0. 29.43 4.528
0. 29.43 4.528
0. 29.43 4.528
0. 2°.43 4.528
0. 4.3 30.328
0. 326. 28584. S
0. 18.41 1124. S
0. 24.35 1464, $
0. 40.19 2314. S
0. 294. 38700. $
0. 19.41 1124. S
0. 56.6 3112, §

589. -2160. 2 483

589. -2160. 2 483

144




1
1l
1
13
14
15
16
17
le
1%
20
21
22
23
24
25
26
27
28
$3
54
S5
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
353
354
k1.1
356

N OV BOWLSWw

=360.
360.
316.
-316.
-316.
316.
6.
=316.
-316.
3l16.
108.
-108.
108.
-108.
108.
-108.
108.
-108.
316.
0.
=316.
0.
3l16.
=316,
=316.
3l16.
240,
108.
-108.
-240.
-240.
-108.
108.
240.
108.
-108.
-108.
108.
240.

-240.

so.

-240.

-427.
-427.
3489,
348.
132,
132,
480,
480.
0.

0.
480,
480,
348.
348,
132.
132.
0.

0.
240,
781.
240.
-27.
751.
751.
-271.
-271.
3486.
480.
480.
348.
13z2.
0.

0.
132.
348,
132.
348.
132.
240.
480.
240.
C.
480.
480.
0.

0.
290.
4860.
480.
290.

-2880.
~2880.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
-2520.
~-2520.
-2520.
~-2520.
-2520.
-2520.
-2520.8
-2520.3
-2520.8
-2520.8
-1920.
~1920.
=1920.
-1920.
~-1920.
-1920.
-1920.
-1920.
~-1920.
-1920.
-1920.
=1920.
-1920.
-1920.
-1920.
-1920.
=-1920.
-1920.
=1920.
-1920.
1680.3
1680.8
1680.8
1680.8

-270.
270.
270.

-270.

~270.
270.
270.

-270.

-270.
270.
108,

-108.
108.

-108.
108.

-108.
108.

-108.
270.

0.

-270.

0.

240.
108.
-108.
-240.
-240.
-108.
108,
240,
108.
-108.
-108.
108.
240.
0.
~240.
0.
240,
-240.
~-240.
240.

=109.
-109.
340.
3480.
132,
132.
480,
480.
0.

0.
480,
480.
348.
348.
132.
132.
0.

0.
240.
589.
240.
=109,

348,
480.
480.
348,
132.

0.

0.
132.
348.
132,
348.
132.
240,
480.
240.

400.
480.
0.
0.

-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
~2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
-2160.
=2160.
-2160.

1440.
1440.
1440.
1440.
1440.
1440.
1440.
1440.
1440.
1440.
1440.
1440.
1680.
1680.
1660.
1680.
1680.
1680,
16680.
1680.

NRNNRNNMNRNRODPNMNODNNNMNLODNNODEONNDNNNNDNNDNODN

15
15
15
15
15
15
15
15
15
15
15
15
16
16
16
16
16
16

16

483
403
248
2438
248
248
243
248
248
248
248
248
2483
248
243
243
248
248
248
248
248
248

208
208
208
208
208
203
208
208
203
208
208
208
208
208
208
208
208
208
208
208

"4 T T




-

F’! -

357 -240.

358
359
360
361
362
363
364
RMASSS

-50 .
50,
240,

190.
0.
0.

190.

290.

190.

290.

190.

REPEAT 4 18

49 100.0258
REPEAT 4 18

89 43.880$
REPEAT 4 18
109 24.7888
REPEAT 4 18
129 47.4808
REPEAT 4 18
149 30.6328
REPEAT 4 18
169 64.7108
REPEAT 4 18
189 56.9388
REPEAT 4 18
209 84.4608
REPEAT 4 18
229 72.4728
REPEAT 4 18
249 110.5858
REPEAT 4 18
269 116.0488
REPEAT 4 18
289 121.7508
REPEAT 4 1S
309 106.598$
REPEAT 4 18
329 151.378$
REPEAT 4 18
349 231.4788
REPEAT 4 18
369 308.2828
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"FLOOR 2
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NSECT=2 ; 22 26 1 122 s
22 25 1 122 ]
NSECT=3 ; 13 25 1 121 |
13 22 1 226 s
14 22 ]
20 27 3
9?15 1 121 3
1118 1 125% S
12 17 3
17 21 1 1213 s
15 21 $
18 23 1 1212 8
NSECT=4 ; 51215 1 121 8
7 18 3
8 1? s
1516 1 122 8§
NSECT=5 ; 913 1 121 §
11 20 3
12 19 S
1314 1 126 8
GROUP 2 "FLOOR 3
MOD JOINT=24 ; MOD NSECT=5 $
NSECT=1 ; 925 1 141 s
5 9 1 141
521 1 122 3
8 21 ]
6 23 3
NSECT=2 ; 2226 1 122 8
2225 1 122 3
NSECT=3 ; 1325 1 121
13 22 l 126 8
14 22 $
20 27 S 240,
4148, le. 0. 0.
12372, 0. 0. 0.
12372. 0. 7168. 32768.
584. 224. 2080. 240.
1. 0. 0. Q. %
3. 1. 0. O.***PITLE
VMAX 0.
4. 1. 0. O, =
VMAX 0. 7.
0. 13. 0. Q. nex
16384. 0. 0. 48.
16520. 0. 0. 40,
0. 0. 18948, 0.
12624. 0. 0. 0.
1. 10240. 1920S. 0.
8256. 0. 0. 48,
1. 32768. 0. 0.13 14 1 126 H]
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NSECT=18
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NSECT=18
NSECT=18
NSECT=18
RSECT=18
NSECT=18
INC NSECT=0

"FLOORS 4-19
INC NSECT=3 $
MOD JOINT=0 ; MOD NSECT=O $
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6268 1114208
6469 1114208
6472 1114208
6465 1114208
6165 1114208
6169 1114208
INC NSECT=6 $
MOD JOINT=280S
NSECT=61 ; 5361 11 2208
NSECT=61 ; 61 63 11 2208
NSECT=61 ; S6 63 11 2208
NSECT=61 ; 57 62 11 220 $
NSECT=61 ; 62 64 11 2208
NSECT=6€1 ; 60 64 11 2 20 $
NSECT=62 ; 55 63 11 2 208
NSECT=62 ; S8 62 11 2299
NSECT=62 ; 59 64 11 2 20 $
NSECT=63 ; 62 63 11 2208
NSECT=63 ; 61 64 11 2 208
NSECT=64 ; 54 61 11 2 20 $
NSECT=6S ; 61 66 11 2208
NSECT=65 ; 63 66 11 2 20 8
NSECT=65 ; 63 67 11 220 $
NSECT=65 ; 62 67 11 2 20 $
NSECT=65 ; 6370 11 220 8
NSECT=65 ; 62 71 11 2 20 $
NSECT=6S ; 62 60 11 220 $
NSECT=65 ; 64 68 11 2208
NSECT=6S ; 64 72 11 220 $
NSECT=65 ; 64 65 11 2 20 8
NSECT=65 ; 61 65 11 220 $
NSECT=65 ; 61 69 11 220 S
GROUP 4 *INTER-PLOOR COLUMNS AND DIAGONALS
INC NSECTN §
MOD JOINT=OS
NREP=2  $
NSECT=72 ; 125 11 4 138
2549 11 4 18
} 25 45 s
NSECT=73 ; 222 11 2248
122 11 22458
: 32¢ 11 2248
4246 11 2248
NSECT=74 ; 2 23 s
421 s
122 11 2 28
NSECT=75 ; 26 47 s
27 47 s
28 45 s
NSECT=76; 4969 11 4 18
]
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NSECT=77 ; 49 66 11 2 28
50 66 11 2 23
NSECT=78 ; 50 67 S
49 CS 11 2 238
52 65 3
INC NSECT=3 $
NSECT=16 ; 69 09 111520 S
NSECT=16 ; 70 90 111%520 8
NSECT=16 ; 71 9 111520 3
NL¥CT=16 ; 72 92 111520 8
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0. 224. 0. 0.
1. 0. 0. Q,nwr
3. 1. 0. O.***PITLE
» RECUR4 0.
| 4. 1. 0. Q. nex
RECUR4 c. 6.
0. 1S. 0. Q.%we
16724. 0. 0. 48.
0. 0. 0. 16.
0.7 INV . PACTOR K
[
[XQT M . PORM SYSTEN M
| s PORM SYSTEM M WITH MASS ENTRIES BY
s CONVER1ING MATERIAL PROPERTY WEIGHT
s DENSITY INTO MASS DENSITY
RESET G=386.0u83
(XQT AUS . GENERATE LOAD DATA
N+RM=SUM( CEM, RMAS )$
s
ALPEA; CASE TITLES
1*INERTIA LOAD POR PRESTRESS
s
r UNIT VECTORS=RIGIDS
DEFINE X=UNIT VECTORS 1 1 3,38
s
APPLIED PORCES=PRODUCT( -31'6.088, M+RM,X)$
[xQT SsOL . COMPUTE STATIC SOLUTION
| (xgT csr
| RESET EMBED=1S$
(r.T XG . PORM SYSTEM KG, PRESTRESS SOLUTION
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FACTOR K+KG

SOLVE SYSTEM EIGENPROBLEM
PRESTRESS VIBRATION ANALY 70 87 1115 20
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