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SECTION 1

INTRODUC TION

This final report has been prepared by the General Electric Company, Aerospace Electronic
Systems Department, Utica, New York under contract NAS8-28516. The report documents the
results of a thermal spreading resistance data generation technique study. The method developed

is discussed in detail, illustrative examples given, and the resulting computer program ig in-
cluded.



SECTION IT.

BACKGROUND

A. GENERAL

"Thermal spreading resistance" is defined as the conductive thermal resistance between a
source region and a sink region in 2 solid where the geometry is such as to preclude one dimen-
sional heat flow.

Knowledge of thermal spreading resistance is needed in two aerospace engineering areas.
These are the thermal design of electronic components or equipments and in the prediction and
control of thermal contact resistance.

1. Importance To The Design Of Electronic Components and Equipments

‘ The thermal analysis of a power semiconductor or integrated circuit can be reduced to
the problem of determining the appropriate spreading and bonding thermal resistances. As an
example, the problem of calculating the junction-to-case thermal resistance of a semiconductor
bonded to a substrate which is bonded in a metal case will be considered. Figure 1 illustrates
this problem,

JUNCTION

SEMICONOUCTOR CHIP
CHIP TG SUBSTRATE BOND

SUBSTRATE
SUBSTRATE TO CASE BOND
I.C. CASE

Figure 1. Semiconductor in an Integrated Circuit

Heat is generated in a region of known size, the junction region of the semiconductor.
The first, and most significant, spreading resistance of interest occurs between the junction and
the opposite face of the silicon chip, The next thermal resistance of interest is that across the
bond between chip and substrate, It is of significance that these thermal resistances are not in-
dependent although many thermal designers, under the pressures of a design schedule, have
treated them as such. The thermal conductance of the bond proper can vary several thousand-
fold depending on the use of a metallic or nonmetallic bonding material. The resistance to heat
flow between the semiconductor chip bond region and the rear of the substrate represents a
second spreading resistance, etc. In a typical integrated circuit package the entire bottom
region of the subsfrate would not be available as a sink for a single semiconductor chip due to the
presence of other heat dissipating chips. It is usually possible to estimate the effective sink re-
gion on the rear of the substrate from consgiderations of symmetry or because it exceeds dimen-
sions which appreciably affect the thermal spreading resistance. In those few cases where inter-
actions must be considered, the key analytical tool is superposition; Green's function approach



may _a.lso be employed to advantage. For example, see reference 1 and the discussion beginning
on page 37 of this report.

The importance of being able to predict thermal spreading resistances in single and
multi- layered materialin the evaluation of the thermal design of sémiconductor or integrated
circuits has been shown. Spreading thermal resistances are important in other electrical devices
such as phased array antenna elements, Peltier coolers, Seebeck generators and many devices
which utilize conductive heat transfer.

B. PREDICTION AND CONTROL OF THERMAL CONTACT RESISTANCE

The resistance to heat flow between two mating (touching, as in a joint) pieces of metal
ig called thermal contact resistance. When the actual microscopic regions of contact between
two mating surfaces are examined, it is found that metal-to-metal contact occurs in small dis-
crete regions where the asperities or microscopic protuberances make contact. References 2
and 3 describe this model of contact in great detail. Figure 2 illustrates this contact model.

REGIONS OF ASPERITIC CONTACT

Figure 2, Microscopic View of the Joint of Contacting Pieces of Metal

The heat flow to and from a region of asperitic contact into the contacting proper
s seen to be of the "spreading' type. In fact, the effective thermal contact resistance of any
contact may be considered as the sum of the parallel microscopic spreading resistances in the
contacts themselves, References 2 and 3 above deal largely with isentropic contacts in which the
thermal conductivity within the hodies of both contacts is uniform,

Analysis has shown that the bulk of the spreading resistance occurs close to the region
of actual asperitic contact and that the spreading resistance in any region varies inversely with
the thermal conductivity of the material. Figures 3 and 4 illustrate the first of these points,
Figure 3, drawn to scale, shows the equipotiential lines about a circular contact region each
drawn to show one-tenth of the total spreading resistance between the circular source region and
the body of a very large contact. It is seen that half of this total resistance occurs within one
contact radius from the circular contact or source region and 80 percent occurs within three
contact radii. Figure 4 illustrates these relationships. Figures 3 and 4 are taken from
reference 4,

The thermal conducﬁvity of contact close to the surface is of such importance that
even a thin 45 Angstrom thick layer of oxide on an aluminum contact can contribute measurably
to the thermal contfact resistance of an aluminum contact. This has been shown by Gale,

. reference 4.

Mikic and Carnasciali, reference 5, have utilized the above principle to enhance ther-
mal contact conductance by plating materials of higher conductivity on the contacting faces of a
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Figure 3. Temperature Profiles Described by Holm's Equation for Isothermal Circular Source
ona Semi-infinite Slab
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Figure 4. Percent of Total Constriction Resistance for a Single Isothermal Circular Source on
a Semi-infinite Slab as a Function of Distance into Body of Contact

metallic joint. They have attempted an analysis of spreading resistance from a circular contact
into a contzct composed of two layers of materials with different conductivities. An exact
houndary value solution of this basic problem has proven too difficult as no mathematical function
has been found which will satisfy the boundary conditions between the plating and the body
materials,

Professor C.J. Moore, Jr. 1 in his discussion printed at the end of reference 5 felt
this two layered spreading resistance problem could best be handled by a "well-conditioned
finite difference computer code. " Mikic and Carnasciali then question the economic feasibility
of 3uch..ca1culations. o

e

Attempts by the author of this study to solve the two layer thermal spreading resistance
problem using a finite difference approach utilizing Gauss-Seidel iteration have shown the cost of
digital computer calculation to be great.



SECTION I

THEORY

A. GENERAL

The governing differential equation for the thermal spreading resistance probEem ig
Poisson's equation. For those spreading resistance problems that are two-dimensional®™ or may
be reduced to two-dimensional problems, the equation is:

2 2 1y
i_} 21; = q, (1)
ox oy

Consider a rectangular field subdivided into rectangular subregions as illustrated in
Figure 5., The heat balance equation describing the heat flow among element m, n and its four
principal neighbors is:

(Tm,n 'Tm,n+1)Hm,n +(Tm,n - Tm-l,n) Vm,n +(Tm,n —Tm,n-l) Hm,n-l
+(Tm,n-Tm+1,n)vm+1,n = 9n,n @)

where:

T is temperature

q''" heat generated per unit volume

X,¥,2 are spatial coordinates

H,V are horizontal and vertical conductances, respectively

qm, n heat generated in mode m,n
The convention for the horizontal and vertical conductances used is shown in Figure 6.

Each of the following observations below will be helpful in understanding the discussion
which follows:

(1) When any temperature is known {e.g., as a boundary condition), it will

affect equation m,n by y1e’18ing a ferm qm, pn, which is subtracted from the
right hand side of equation {2) where q,, ' is: '
H

LA .
9m,n ~ Tm,n(Hm,n +Vm,n +Hm,n-1 * Vm+1,n) @)

lAssociate Professor of Mechanical and Aerospace Engineering, North Carolina State University,
Raleigh, N.C. .

2'I‘hqe method developed is applicable to three-dimensional problems as will be shown later in the
report.
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Figure 5. Rectangular Field Divided into 25 Finite Elements

m-1,n

m,n

m,n=-1
e—H
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Figure 6. Nomenclature for Nodal Interconductances




(2} I the original field is divided into M rows and N columns, and further if
M = N, then: :

(a) There will be N° linear equations.

(b) There will be not more than N unknowns (fewer if some temperatures
are initially prescribed),

(c) There canbe as many different and distinct nodal conductances zag there
are interconnections between nodes.

Now, if the system of linear finite difference equations is written in matrix form (taking the
nodes of Figure 5 into consideration) from left to right, top row to bottom row, as in reading -
English, a coefficient matrix results that has a pattern characteristic for field problems described
by Poisson's or LaPlace's equations. This pattern ig illustrated in Figure 7,

It was noted by Karlgvist (Reference 6) that the matrix in Figure T may be partitioned as
shown. It can be seen that each of the submatrices is N x N and the coefficient matrix is N2 x N
where the original finite element matrix was N x N in size.

B. DERIVATION OF AN EFFICIENT TECHNIQUE FOR EXACT SOLUTION OF THIS SYSTEM
OF EQUATIONS '

Defining the sub-matrices shown in Figure 7 as follows:

e — e e —

By g o 0 0 T Q,
A, By Cp 0 0 T, Q,
0 Ag Bq C3 0 T3|=1Q3
0 0 Ay By <, Ty Q,
[0 0 0 Ay By EIE

Figure 8. System Of Submatrices In Matrix Notation

Expanding the partitioned matrices (Figure 8) into a system of equations,
having normalized each equation with respect to the diagonal element:

-1 S
T, B,"lc,T, 0 0 | 0 = Blq
B, A T T B, c.T 0 | 0 = B, g
2 f9Ty 2 2 CoT3 : 2 9
0 B, AT B\ B, lc.T 0 = B, I
3 A37, 3 3 C3Ty 3 Q
0 B laT T B lor - 5, -1
0 4 B473 4 4 C475 g
-1 1
0 0 0 B, AT, Ty = Bl

Upon fedefining constants in the following manner:

-1 = -1 = -1 =
13.2 Ay = -Bz, B2 Cz_—A2, and B, Q2 = Cz, ete.
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the general equation has the form:

BTy 1+ Ti- 4Ty = G _ : (4)
The first equation can be solved for T1:
and the ith for Ti:

Ty = Civ AT v BT . ®

The goal is to find a recursion relationship built upon successive substitutions, which pro-
vides a solution for the ith unknown in terms of the (i+1)th. That is:

T = A'T,  +B' (7)
) S 1 1+ 1

1

Examining equation (5) for 'I‘1 above, it can be seen that:

o LI
A1 = A1 and B1 = C‘1
The equation for T2 is:
Ty = Cp+A T, +B,T - _ (8)
which, when written in terms of the equation for Tl’ becomes:
T, = |1-B.A | AT, +|1-B.4 |1l +B.B, ®)
2 271 273 21 2 271

The general coefficients found in this manner become

A' = [I-B.A. ' ]‘IA.
i ii-1 i
and
B,' = [I-B.A. | =l ipB. ' +cC.
i ii-1 i i-1 i
Therefore
—_ t t
L= A4 TintB : (10) .

The temperature matrices (columns) are found starting at the Nih row by making

T. = B (11)

'
N N

AN = 0 as a boundary condition results in modification of C__ above [ gsee equation (3) .

N

The system of equations has been solved by operating on 3\/1?- 2 submatrices, each of
which is the square root of the size of the original N x N coefficient. 3'¢/N inversions of these

10



Supmatrices are reduired. The total number of multiplications (an indication of the effort) re-
quired during solution is: '

No. of Multiplications = 3NZ+ N%/2. N+ NL/2' (12)
This may be compared against other direct methods (see Ref. 7):

Number of Multiplications

Method Required during Solution
Gaussian Elimination % N3 + N2 - % N

Jordan -%N3+N2-%N
Doolittle 3 N3 +NP- 2N
Cholesky % N3 +% N2 +-é N

Cornock's method (Ref. 8),a triangulation type, also makes use of the characteristic
pattern of submatrices which results during a finite difference solution for fields described by
Poisson's equation. When the field properties are homogeneous and isentropic, Cornock's
method is very powerful since only one of the above submatrices of order\/ N need be inverted.
However, for the general solution of the nonhomogenecus field, the number of multiplications
required is

12‘3‘1\12-% 32 a5 (13)

A serious drawback to Cornock's method is that it does not lend itself to ready general program-
ming for matrices of variable size as does the method described in this report.

That equation (12) is indicative of the computer effort required for solution has been sub-
stantiated in practice. Figure 9 shows the variation in cost realized in the solution of very large
matrices using the method developed in this report. Also, a strong feature of this method is that
very large systems of equations, e.g., 2500, can be conveniently handled in a direct solution.

The FORTRAN Y program contained in the Appendix was used on a Honeywell 630 computer
in generating the dollar costs shown in Figure 9. OQut-of-core storage of submatrices was utilized

for very large systems.

C. APPLICABILITY OF TECHNIQUE TO THREE-DIMENSIONAL PROBLEMS

The technique discusgsed above is suited to the solution of field problems having three
or more dimensions. Figure 10 illustrates the characteristic pattern of the coefficient matrix
. for a three dimensional finite element array. It is seen that the submatrices areWn size,
The same block tridiagonal pattern of submatrices is seen to occur as in the two-dimensional
case so the derivation above for the technique of solution for two dimensional matrices is still
- applicable. Thus, although the BASIC and FORTRAN Y program presented later in this report
are written for two-dimensional problems, little revision of these programsis required to handle
three dimensional programs. Since the submatrices are \3” N rather than the \3/ N in size, the
technique is even more powerful for three dimensional problems. The number of multiplications

11
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SECTION 1V
© " ILLUSTRATIVE PROBLEM AND PROGRAM

A sample thermal spreading resistance problem will be solved to illustrate the tech-
nique presented in Section II, The computer program used in the problem is written in BASIC
language. A general version of the same program written in FORTRAN Y is included in the
Appendix. :

A. DESCRIPTION OF SAMPLE PROBLEM

The thermal spreading resistance problem to be considered is depicted in Figure 11. Heat
is uniformly generated in a plane eircular region of radius a and flows to a circular sink of radius
b both coneentric with, and parallel to, the source region a distance H away in a conductive
medium. The conductive medium is divided into two regions of different conductivity. An exact
closed form solution of this problem has not been found.

T MAX

UNIFORM HEAT SOURCE WITH AREA
POWER DENSITY q"

+17

Ko

N

CONSTANT TEMP. SURFACE AT TEMPERATURE tg

Figure 11. Mathematical Model for Spreading Resistance Nomographs
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Ratios of geometries and conductivities used in the generation of sample data are sum-
marized below. All data is generated and presented in nondimensional parameters.

Parameter Number of Values . Parametric Values

a/b 6 0.111, 0.222, 0.166, 0.551, 0.388, 0.5
H/b | 6 0.1, 0.2, 0.5, 1, 2, 5

C/H 5 0.1, 0.2, 0.3, 0.5,

K1/K2 5 0.01, 0.1, 0,2, 0.5, 1

The above three-dimensional problem can be viewed as two-dimensional since all heat flow
within the eylinder is in the axial and radial directions. Further, there is symmetry about the
axis of the cylinder. ‘

Figure 12lshows the arrangement of finite elements used in the illustrative data generation
program. .

B. CALCULATION OF NODAL CONDUCTANCES

The convention used for the nodal conductances was that the vertical conductance V(m n)
associated with each node was that in the upward direction and the horizontal conductance H(m n)
was that connecting with the node on the right. This is illustrated in Figure 13.

{m+1,n}
y(mvn)

Figure 13, Convention for Nodal Conductances

The calculation of conductances ig straightforward for all modes except for those nodes of
horizontal conductance lying on the axis of the cylinder, i.e., n = 1. The horizontal conductance
of this inner node was approximated by using the exact golution of Jacob (Ref. 9} for two-
dimensional heat flow within 2 cylinder having uniformly distributed internal heat generation for
the difference between the mean temperature of the cylinder and the outside surface with radial
flow.

The conductances of all other nodes could be calculated in an exact manner using calculus.
General expressions for the M, Nth nodal conductances in terms of M, N were developed and uged
in the sample problem to famhtate changing the program to allow the use of different numbers of
finite elements.

16



C. DETAILED DESCRIPTION OF ILLUSTRATIVE PROGRAM

Figure 14 shows the computer program for the illustrative program. The major steps in the
program are described below.

Line No.

10-60

70
80

90

110
160
200

210

290, 320
380-460
470

480-250

530-651
680-690
720-801
810-971
990, 1000
1010-1220
1010

1080

Description

Dirﬁensioning symbols will be defined as used in this program.
The same symbol may be redefined several times.

P=om
C1 is that part of the horizontal thermal resistance of nodes 10, 1
and 1, 1 between the nodal peint and the surface of these nodes.

(See discussion above concerning Jacob's formula.)

Expressions for entire horizontal resistance between nodes 10, 1
and 10, 2 as wellas 1, 1and 1, 2.

H is the horizontal conductance.
V is the vertical conductance to node ahove.

Generalized expression for horizontal conductance for most
modes, m, n.

Generalized expression for vertical conductance for most modes,
m, .

Entering adiabatic boundary conditions at top and sides.

A9 is the radius of the heat generating region.

Calculation and print of a/b (see Figure 11}.

Entering uniform heat input in the circular region described by
A9. Use is made of the area dependence share by vertical con-
ductance and heat input.

Setting of H/b (see Figure 11).

Adjustment of horizontal and vertical conductance for H/b.

Setting of C/H (see Figure 11).

Establishment and assignment of values for K1/K2 (see Figure 11},

Optional printout of H(m n) and V

» (m, n)

Generation of coefficient matrix.

M is row number of physical nodal pattern.

Sets subdiagonal and superdiagonal in the coefficient matrix (line
arrays W immediately either side of the main diagonal) to zero

{see Figure 15d).

{Continued on page 25)
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RECOMM GE RECOMM GE RECOMM GE RECOMM

lPRINTI' A/B ..’ "H/B "' "C/H l'l ‘lKl,Kg ..’ I'Y"
2 PRINT

10 DIM HO12,12).VC12,12).TC12,12),8C10, 10)
20 DIM XC10,10)2YC10,10),WC10,10),2C10010)
30 DIM AC!0,10),BC10,10),DC10:,10),EC10,10)
4G DIM FCO10,10%,GC10: 102, 1€ 10,100, JCIN, 10),KC10.10)
50 DIM La105100,M010,10)5N¢10,100,8¢10, 10),PC10,10)
60 DIM RC10,103,5C10,10),UC10,10D

70 P=3.141593565

B0 Cil=,.125/P

90 RIsCI+(LAG(2))/(2%P)

100 R2=R1/2

101 FAR N4awa TQ 5

102 FOR N3s)] T@S

103 F@R N2=a| TQ &

104 FAR Nis)] T@9

110 HC1,1)2HC 10121 /R

120 FBR M=2 T@ 9

130 H{(Ms1)=228H{1, 1)

140 NEXT M

1S0FOR M=t T@d 10

160 YiM,1)=pPr2

170 NEXT M

1RO FOR M=t T@ 10

190 FAR N=2 TQ 10
2O0M(M,NIZY/C L/ CAUPIRLBGIN/EN~1)))

210 VIM,NI=PRAR(N-1)

220 IF M>»1.1 THEN 240

230HC LMY= SeHC S N)

240 HI10,NYZ S 10,N)

250 V(M 10)aPx( 4%xN=5) /D

260 NEXT N

270 NEXT M

280 FOR M=1 T3 10

290 H(M,1G)20

300 NEXT M

310 F@R N=1 T@ 10

320 V(1.NY=)

330 NEXT N

380 IF Nisil THEN 2660

390 IF NiI=5 THEN 2660

400 [F Ni=T7 THEN 2680

410 IF N1=9 THEN 2660

420 49s1

430 IF N1<2 THEN 470

440 A9=2xN]-% .

A50 IF NI<]10 THEN 470

460 A9=18

470 PRINT USING 4AT1,A9/18,

AT1s PR 0F

430 C(1,1)ay¢2,1)x2.00Q00

490 IF Ni=} THEN 530

491 FAR N=2 T8 10

492 C(N,1)=0

Figure 14. Computer Program for Illustrative Example
(Sheet 1 of 6)
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RECOMM GE RECOMM GE

COMM Gt RECOMM GE

i

493
500
510
520
$30
540
550
560
570
580
590
600
610
415
620
630
640
650

NEXT N

FOR N=1 T N1t

CiNL 1))=Y 2,N)*2.0000
NEXT N

Hiz.1

IF N2<2 THEN 450
Him,2

IF N2<3 THEN 650
Hi=.5

IF N2<4 THEN 650
Hi=1

IF N2<5 THEN 450
H1=2

IF N2< 6 THEN 650
Hi=S

IF N2<«<7 THEN 650
Hi=10

PRINT USING 6S51.,H1.

ES11A08000F. 8

660
&70
&R0
690
700
1o
720
730
T40
750
760
770
180
7835
790
800

FBR M=1 T@ 10
FER N=! TO 30

VIMNI=VIMNY /H )
H{MsNY=HIM, NY®H1
NEXT N

NEXT ™

Ci=t

IF N3<2 THEN B0O
Ci=2

IF N3<3 THEN 800
Ci=3

IF N3<4 THEN 800
Ciz5

IF N3<5 THEN 800
Ci=7

PRINT USING 801.C1/10,

BOIIFSERRSR . 04

810
820
830
840
230
860
870
880
890
910
920
930
940
950
960
970

K2={

IF N4<2 THEN 910
K22

IF NAa< 3 THEN 910
X2=5

IF N4<4a THEN %10
K2=10

IF Na<$ THEN 910
K2=3100

FOR M=Cilet TO 10

FE@R N=s{ T8 10

VM, NY=Y (M, NI K2
HIMONY =S (M NI K2
NEXT N

NEXT ™

PRINT USING 972.1/X2

QT2SOIRERANFN NS

930

GAd TO 10t0

Figure 14, Computer Program for [llustrative Example

(Sheet 2 of 6)
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MM GE RECOMM GE RECOMM GE RECOMM GE RE

990 MAT PRINT H3
1000 MAT PRINT V3
1010 FOR M=1 T3 10
1020 MAT X=ZER
1030 MAT Y=ZER
1040 MAT W=ZER
1050 FBR N=1 T@ 10

1060 IF N=1 THEN 1090

1070 IF N=10Q THEN

1090

1090 WENsN=1I=W(N,N+1)=0

1090 IF N<2 THENI1

1o

1100 W(N,N=1I=<«H(M,N=1)

1110 IF Y¥> 9THEN 1

130

1120 WONSN+1)2=-H(M, N)
1130 XINsNIS=Y(M+1,N)

1140 YNNI~V {M,N
1150 C3=0

i160 1F N=t THEN 1}
1170 CI=WINLN=-1)
1180 IF Naj1o THEN

)
180

1200

1190 C33CI+WIN,AN+1)
1200 WINSNIZCI+XINLNI+YN,N)
1210 WINLNI==WIN»N)

1220 NEXT N
1230 MAT Z= INVCW)
1240 MAT Ws ZxX
1250 MAT Ts(~1)#W
1260 MAT W=Tx(1)
1270 MAT X= ZaY
1280 MAT T=ZER
1290 MAT Ta(-1)%X
1300 MAT X=T#C1)
1310 IF M<>] THEN
1 320MAT. A=Z%C
1330 MAT C=ZER
1340 MAT B=ws(1)
1350 IF M<>2 THEN
1360 MAT CaX#(1)
1370 MAT Dawx(1)
1380 IF M<>3 THEN
1390 MAT EsX#*(1)
1 400 MAT Fay#(])
1410 IF M<>4 THEN
1420 MAT G=X%(1)
1430 MAT 1=wWec1)
1440 IF M<>S THEN
1450 MAT J=xX%¢1)
1460 MAT K=wx(1)
1470 IF M<>6 THEN
1480 MAT LaX#(1)
1490 MAT M=Wx(1)
1500 IF M<»7 THEN
1510 MAT N=X%(1)
1520 MAT @=Wx(1)

Figure 14. Computer Program for Hlustrative Example

1350

1380

t410

14240

1470

1500

1530

{Sheet 3 of 6)
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GE R'ECQMM GE RECOMM GE RECOMM GE RECO

1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
14380
1690
1700
17110

IF M<>BTHEN 1540
MAT PaX=%(1)

MAT Qawk(1)

IF M<»9THEN 1590
MAT RxX%(1)

MAT S=W«(1)

IF M<10 THEN 1430
MAT TeZER

MAT T=X*(1)

MAT Usw*(l)

NEXT M

FAR M21 T2 10

FGR N2t T® 10
WM, NY=X (M, NYSY(MsNI=Z (M, N)=0)
NEXT N

NEXT M

MAT XaCxB

MAT Y=IDN

MAT Z=Y-X

1720MAT X=INV €Z)

1730
1740
1750
1160
1770
1780
17190
1800
1810
1820
1830
1840
1830

- 1860

1870
1980
1890
1900
1910
1920
1930
19240
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060

MAT ZzX*D
MAT D=Z%x(1)
MAT Z=(C#A
MAT CwxXnZ
MAT X= ExD
MAT Z=Y~-X%
MAT X=INV{Z)
MAT ZaXsF
MAT F=aZ%C1)}
MAT Z=E*(C
MAT ExX#%Z
MAT X= GaF
MAT Zay-X
MAT X=INV(Z)
MAT Z= Xl
MAT IaZ»x(1)
MAT ZxGeE
MAT GzX%Z
MAT X=J*1
MAT Z=yY=X
MAT XsiNVY(Z)
MAT ZaX=xK
MAT X=Zx(])
MAT Z= x5
MAT J=X*Z
MAT XnalL &k
MAT ZaY=-X
MAT XaINV(Z)
MAT Z=X&M
MAT Mz=Za(1)
MAT Z=L»J
MAT L=X#*Z
MAT XaN*M
MAT Zav~X

Figure 14. Computer Program for Illustrative Example

(Sheet 4 of 6)
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GE RECOMM GE RECOMM

COMM GE RECOMM

2070 MAT X3INV(2)
2080 MAT Z=2X+8
2090 MAT @=Za(1)
2100 MAT ZaN+L
2110 MAT N= X#Z
2120 MAT X=Px@
2130 MAT Z=Y=X
2140 MAT X=INV(Z)
2150 MAT Z=X#Q
2160 MAT Q=Z%(1)
2170 MAT Z=P#N
2180 MAT PsX*Z
2190 MAT Xemxg
2200 MAT ZsY-X
2210 MAT X=INV(Z)
2220 MAT ZzX%$§
2230 MAT S=Z%(1)
2240 MAT 2= ReP
2250 MAT RaX%Z
2260 MAT Xa T#5
2270 MAT Z=Y-S
20280 MAT X= INV (2)
2290 MAT ZaXxl)
2300 MAT UsZ«(t)
2310 MAT ZaT sR
2320 MAT T=ZER
2330 MAT X= ZER
2340 MAT X=S&T
2350 MAT Y=ZER
2360 MAT YaX+R
2370 MAT RaYsc1)
2380 MAT X=Q#Y
2390 MAT Y=X+P
2400 MAT PxY%(])
2410 MAT Xa=@#y
2420MAT YEXN
2430 MAT N=Y=(])
2440 MAT XxMey
2450 MAT Y=XsL
2460 MAT LaY*(1l)
2470 MAT XaKaY
2480 MAT YaxX+)
2490 MAT JxYe(1)
2500 MAT X=IxY
2510 MAT Y=X+G
2520 MAT GaY(1)
2530 MAT X=zFxY
2540 MAT Y=X+E
2550 MAT E=Y*(1)
2SE50MAT X2D *Y

Figure 14, Computer Program for Illustrative Example
{Sheet 5 of 6)
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RECOMM GE RE

2570
2580
2590

- 2600

2610
2630
2640
2650
2660
2665
2670
2675
2680
2685
2690
2695
2700

MAT Y=aX+C
MAT CeyYs(1)
MAT X=R#&Y
MAT Y=X+A
MAT AsY%(1])
R7=AC1,1) 749
PRINT USING 26S0s,R7
1P848. 89
NEXT N1
PRINT

NEXT N2
PRINT

NEXT N3
PRINT

NEXT N4
PRINT

END

Figure 14, Computer Program for Illustrative Example
(Sheet 6 of 6) -
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r== .
' A W B
| S
C W D
E w
G |
w K
L W M
N W
P Q
W 5
1
T W u i
;
INDENTIFICATION OF SUB-MATRICES OF COEFFICIENT MATRIX
(b} () (d)
WIN, N+1)
X (N,N
Y (N, M) (N,N) W (N, N)
MAT
W (N, N-T)
C,EG, L 8,D,F,1,K w
N,P,R,T M,0,Q,5

INTERNAL MAKEUP OF THE SUB-MATRICES

Figure 15. Identification and Internal Makeup of Submatrices of Coefficient Matrix
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Line No.
1100
1120

1130
1140
1200, 1210
1230

1240
1270

1280
1320-1630
1640-1680

1690-2250

2320

2330-2610

2630

Description

Assigns values to first subdiagonal of the coefficient matrix W
{see Figure 15d) describing the mth row of the physical nodal
pattern. .

- Assigns values to first subdiagonal of the coefficient matrix W as

in line 1100.

Assigns values to the X submatrix (see Figure 15¢).

Assigns values to the Y submatrix (see Figure 15b).

Enters elements down the main diagonal of the W submatrices.
First submatrix manipulation statement.

Normalizes-the submatrix to the right of the W matrix diagonal
(see Figure 13a}.

Normalizes the submatrix to the left of the W matrix
(see Figure 15a),

Empties T matrix.

Assigns each of the submatrices, subdiagonal and superdiagohal,
mapped by Figure 15a after normalization. Note that matrices
X and W are functions of M, the row of the physical nodal pattern.

Clears matrices W, X, Y, Z, so they may be redefined below by
entering only nonzero elements.

These steps calculate the recurrence coefficients A;" and B;' ac-
cording to equation {10} of Section II. As these are calculated,
the superdiagonal and subdiagonal matrices of Figure 15a are
sequentially redefined to be these recurrence coefficients.

This statement enters the boundary condition that the temper-
atures along the bottom row of the physical matrix are zero.

Using the recurrence relationship developed in 1690-2250,
equation (10} is used to calculate the temperatures, one row

{of the physical nodal model) at a time. These (column) matrices
of temperatures are calculated in the following order {see Fig-
ure 15a) and with the following nomenclature: T, R, P; N, L -

J, G, E, C, A.

R7 is the temperature of node 1, 1 divided by the radius of the
heat source A9, defined in statements 420-460.

D. SAMPLE SOLUTIONS

Figure 16 presents the sample solutions of the illustrative problem. tpax is the
average temperature nodalpoint1, 1, see Figure12. It is cbvious that, for these solutions,
increasing the number of nodes in the physical model would have the result of increasing the
temperature in this hottest element. This was done and the resulis are discussed below.

25



Figure 16, S8ample Solution of Illustrative Problem
{Sheet 1 of 10)

26.



hs]

_,m

(0T -

WHY)

o

8 .9

7

P ECRST LIRS Y

T

ol

LlL

/

128

Illustrative Problem

f
Sheet 2 of 10)

10n g

Sample Soluti

igure 16

F

(

21



.8

(\H) & Q-¥vwq )
- o re -
v _4

s.

f

Problem

Sample Solution of Illustrative

igure 16.

F

Sheet 3 of 10)

(

28



7T

=

=7

T

B

10

BN

s

8 AN
[grliy

X

A
T

ki

hla s amidi

10,

6 .7 .8 .9

.5,

7.8.910

)

29

(Sheet 4 of 10)

e
HHN

T .8 270

.6

Figure 16, Sample Solution of Illustrative Problem




37 T 4
- H L
. - L]
' A -
; ~
[ 1
£ eE RS RS o B
an B
i =
k ¥ Tl el
Tsla =
o] - pa “
TE S
i
2 “
M E5i u -
: i
] 5ES 2
- yas = L]
= XN (U ©
~
REEE S - w
T ] —{
N : B -
lifs H o
L bl \
-1 N
1
Al 't 4"
Sy + —
g g 1 =
o
L
=
~
i
a
.u - -1-
P :
B |
"
\ ek

.0t

Illustrative Problem

i

(Sheet 5 of 10)

Figure 16. Sample Solution o

30



710

T

.18 .910

T 1
AR
AR RS B i
TP
muw i 8l
]
HI Ol
I -
FEE

t
e .Auﬂ

S .6 8.

Rl

.2

B .T.8.9%0

LB

.8

SR B~ W

Figure 16, Sample Solution of Illustrative Problem
(Sheet 6 of 10)

K}

o



T [Bilsarqnunn A G B e 7Y 7 T 0% T 4
I : : ATl P BN IiE A
T “ RN £y SRESK
§ i EESHEEES =2 TR T TEEEEg"
i i 1 HF 3 Fl
o | iy Y TLT S i m. i .\ il " "~ ®
o} ST RS k : S T EASEE N
HHO) EHAH. itk KT RN I il
11 NAER A I g / TIN_ A
f Ee=ad EEop L 8t u i {
HEiEs S ~H n,*
H o ¥
5 B i SHANLH AT =
:
i RN I A TR A RS AN ] A
i L NINEEES Tk 1k EAwEN LT 4 INERH AN
| <
- EREE[E SEET T 1T ] *ERE I . EEEEE
» _ AU - - .| ..l »\!”Bu
q T
] Fi- TN T RN 2 o I i
= s o e g
e e L e sreimi i iacd N
H- RS i e et w b B [ -
] paana il aed i i JrrEes
BHEHE 3 i i s
EEEE -1 ¢ . -]
it RHNEEE B}
rwunhnuu EESER R R St i lnnwi
spdt milln ! L
W P T
L - \1\||0
.:‘\n.‘
AR e
||I7.
5 T~
w
jaicpas "
- i
B . L1
1 : i
’ TR
i I R ENNA |
I i i [

m"76

.ot

32

Figure 16. Sample Solution of Ilustrative Problem
(Sheet 7 of 10)



1 Ba T T T TR
T i1t H HEs - i
L H 3 P | o
i » ~
4 | -+l -
: : : - -
H A : . o
& 2 : TR N
. o+ i -
/_ - : ok
I i : : :
AN : e
i S ES
g 2 . M EEEE
: i 1 -]
H : ! - o]
i ! o Tl
H — . “
L i Bt s
1 1 N

Ty

\
=,

[N

TEET

FH

T
Tt

T

HHE

7

Figure 16, Sample Solution of Illustrative Problem

(Sheet 8 of 10)

33



e
&
Fri
L

SRRl RN YL eRRR ES
e cERIH it iAicaEEE NI (A By ARl e
- 1 FH-I- e E 1 RC or S
AN 14 gl

ESERE A - T NEis i

-6 .7T.8.910

%

= | i HEHHE gl N ! g2
. -t - A b
———— ] g N L .
88 “haf L e SEEE = i
ERHEE i BERE LI | ERE
FHT ] ;
n..nur..‘.mmn e } s His =R
.. Epd it B et o8
AN - N : i A
=N i A e ol o i IR
L i i ORI T
L - - B . ] - H - -] -
I G b uNs RN ATl e L
NN i i : N i ! L L
r - ] E
1 Lk Bie
== 4 i e 4
Hr

-+

=]

LI I

«O1

6 .7 8.9 10

]

«& .7.8.5910

-]

+

Figure 16. Sample Sclution of Illustrative Problem
(Sheet 9 of 10)
34



v,b

"i“'
I

R
;-\«J

1 . ! 41L
i 1 " T
: £ EAr i | = 4 e

7.2 W

.7 ,8.,510

-91a

3

7

.5

7.8 .,810

6

6

]

2

Figure 16. Sample Solution of Niustrative Problem

(Sheet 10 of 10)

35



Effect of Increasing the Number of Finite Elements on the Solution of the Illustrative
Problem

An exact closed form solution exists for the cylindrical spreading resistance problem
in a medium of uniform conductivity. Kennedy (Ref. 10) shows that, as a/b —0,

t -t} Kl

( MAX" s) -1
g™ a
Figure 17 shows this trend for the finite difference model. With 1600 nodes, {tMaX -ts) K1/q" was
calculated to be 0.3788. With 2500 nodes, the nondimensional resistance dropped to 0. 9766; this
reduction is attributed to the inexact treatment of the horizontal resistance of the nodes in the
inner column using the equation of Jacob (Ref. 9) as described earlier.

Kl _ H_ -
> =1 b =] a=|
1.0
a_l a__1 a.__t
b 58 b 78 b~ 98
—q
b 38
0.9
¥
";, _U
T
5
.E a_1
et b |8
0.8
0 500 1000 1500 2000 2500

NUMBER OF NODES |IN PHYSICAL MODEL

Figure 17, Maximum Nodal Temperature for Minimum a/b as a Function of Number of Nodes

It would appear that a nodal model of 900 nodes would be a near optimum number for
generating solutions to this particular problem using the finite element approach.
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SECTION V

THEORY OF SUPERPOSITION OF SOLUTIONS OF SPREADING THERMAL
‘ RESISTANCE PROBLEMS _

A. GENERAL
The general steady state heat-conduction equation in Cartesian coordinates, known as the

Poisson equation, is given by

2. 2 2 e
8%t L 3% % v

axz a—yz- + g;i—— x = 0 : (14}
where
t = t{x,y,2) = temperature °F)
K = thermal conductivity (taken to be independent of temperature and position)
{Btu/hr-ft-° F)
q" = q"(x,y,%) = internal volumetric heat source (Btu/hr-—fts)
X, 5,2 = Cartesian céordinates

The generalized boundary conditions vary. For example, specified temperature:

e tAh PR R R (15a)
where: '

f =  specified function

X, Y12 2, = Vvalues of x,y, z on the boundary (b)
or, convection to a fluid:

ot _h

Sn X Vi B, | K [t(x, v, z) 'ou the boundary ~ tf} (15b)
where

n = outward directed vector normal to the boundary

h = Newtonian convective film coefficient (Btu/hr -ft2 -°F)

tf = hulk temperature of convecting fluid (° F)

37
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It is convenient to rewrite equations (14), {15a), and (15b) using a temperature difference
for the dependent variable that contains a reference temperature. This reference temperature is
typically taken to be a specified boundary temperature, as in equation (15a), or the fluid temper-
ature as in equation (15b). '

Hence, we define this temperature difference by

uit- treference : (16)

Equations (14), (15a), and (15b) can then be rewritten

2 2 2 : :
a‘z‘+a‘;+ag+e=o amn
ax Ay oz
U(X’ Y, Z) = g( y Y30 2 ) - : (183)

lxb,yb,zb o Yo

ay : h
= = 7 'Ll( » Y10 ) (18b)

X Yy Iy K R RAI _
where
G = q"'/K

These equations are linear as can be seen by observing that they contain no products of the
dependent variable (u) or its derivatives. Since they are linear, any linearly independent com-
hination of solutions will satisfy these equations due to the distributive property of linear oper-
ators, i.e.,

{xl + Xy + eal) = L(x1)+L(x2)+

where
L ig a generalized linear operator
This proper.ty méy be applied tg equation (17) as follows: Take uy and u, 'to be independent
solutions to equation (17). Next, define
Ug = 35Uy +a, U
where aj ujl + ag ug = 0 if, and only if, a3 = a2 = 0, i.e., u; and up are linearly independent.

Now substitute a, u, into equation (17), then ag ug into equation (17), and add the two
expressions {using (a)thé shorthand operator

9 32 32 32
Vi = + +
sz Byz 822

and (b) 01 corresponding to the 4y solution and Gy corresponding to the a2 u2 solution]:

2 2 N
Voa;uty a2u2+Gl+G2 = 0
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Since ‘}2 is a linear operator, and defining G = Gy + Gy, we can write:
v2(31 4y +aé uy) + G = 0
but
A; Uy + 3 Uy = Uy
therefore,
v 2 ug + G =20

Thus, u; is also a solution to equation (17). Applying the same procedure to, say, equation (18b}

‘aul _ h
sn K "M
E)u2 b .
an K 72
Adding
du du
1 2 _ h
st sh T K Uty

Since 9/3n is a linear operator, this can be written

.But Uy t Uy = U, then

Moo
Sn K 3

Thus, uj also satisfies the boundary condition.
B. ADDITIVE SOLUTIONS

A useful ramification of the superposition principle lies in the fact that the solution to a
complicated system may be formed by linear combinations of known solutions.

Consider a rectangular plate with internal heat generation. The governing differential
equation and boundary conditions are illustrated in the following sketch:

y &

o o

us fa

/Vzu+e'=o

/

u=g, (y ) —— 4"Vu=|£(-u
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Explicitly, we have the system

Vzu(x, y+G6lx 5 =0

ulx,0) = f 0(x) -
ax,a) = £ (x) - (19)
u©,y) = g (y)
vu(l,y) = (h/K) u(l, y)

The solution may now be written
u(x,y) = uy(x,y) + uglx, y) + ug(x, y) + wylx, y) (20)

The number of ancillary problems is taken equal to the number of nonhomogeneities in the sys-
tem. Since the governing equation and the first three boundary conditions are not hemogeneous,
the number of ancillary problems is four.
Substituting equation (20) into equation (19), we obtain the complete system:
2 2 2 2 _
VUt YUty Uty u4+G~ ¢

Uy +Uy FUg U, = f - (21)

u1+u2+u3+“4 = fa

ul~1ru.2+u3+u4 = go

- (R - _
TU; + gly + FUg + gLy, ~(T{-)[u1+u2+u3+u4] atx=1 y=y¥y
The get of ancillary problems corresponding to this system can now be written as:
Problem 1 Problem 2 Problem 3 Problem 4
2 2 2 _ 2
Vi +G=0 vy uy=0 Viuy =0 7u, =0
u =0 u =0 uy =0 ul(x, 0)=f0(x)
uy, = 0 uz'(x, a) = f,{x) uy =0 uy = 0
u =0 u =0 u3(0, y)=g,(y) u, = 0
dull )=t w,y) v,y =t uy,y) vug(ly) = ull,y) w1, v=E u,d,y)
vu] ’Y—K 1 ' ¥ vz ’Y_K 2 'Y vua » ¥ K 3 s Y 4\ K 4 ¥

Note that each of the ancillary problems now contains only one nonhomogeneity, a much
simpler form. Note also that their sum is equal to equations (21).

Hopefully, we can solve each of the ancillary p ~»lems or find the solutions in the liter-
ature. Once we have these, we merely add themto oo..in the total solution to equations (19).

It was mentioned that once a system has been degenerated to a set of ancillary problems,
the final solution is the sum of the individual solutions. This holds, provided the ancillary
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problems are properly defined. Care must be exercised in specifying boundary conditions so that
the sum of the individual solutions equals the total golution.
Consider, for example, the following three problems (taken from reference 10):

L PR

CASE | CASE II CASE 1|

Heat, which is generated uniformly over a circular disk S, spreads by conduction through
a cylinder of height H and diameter D to a constant temperature heat sink.

At first glance, the analyst might be inclined to assume that case III is the sum of cases I
and II; he would be wrong. To understand why, we must correctly define the boundary conditions
on each ancillary problem.

The governing differential equation in each case will be the same

2 2
v e bl @2
o X oy

The boundary conditions will be written in four parts corresponding to the regions bl, b2,
b3 and 8,

Case I:
uI(bl) = 0

BuI (b2)

in 0 (adiabatic surface) (23a)

3u; (b3)
on
3y (8)
an
where n i3 an ocutward directed unit vector normal to the surface.

GI {constant flux)
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Case II:

w(b2) = 0 (23b)

Sup (b3)
an

an II

Case III:

1}
<

um{bl)
um(i:."z) =0 - (23¢)

3 uIH(b3)
dn
3 uIH(S)

—5n - G

III

Now, add the governing differential equations for cases I and II

oy o oy 8 Uy
+ + +——y— = 0
3 x2 3 yz ax2 Ay
Regrouping
2 2
d ) .
e lupruy = 0
3x Sy
By our initial assumption upy; = uy + g Thus,
2 2
S R '
5 + 5 = 0
3 X 3y

The differerntial equation is satisfied.
Next, add boundary conditions, beginning in region bl:

BuH(bl)

UI(bl) + —"—'én—-— = 0

Note that we have mixed conditions which are inconsistent. This situation also exists in regions
b2 and S (except that in region S we could define Gy + Gqr & Grpp to make the boundary conditions
additive. Thus, case I is not the sum of cases I and II; we have, in fact, three nonanalogous
systems.
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C. FURTHER EXAMPLES

An excellent set of examples of the application of superposition principles in the calculation
of thermal spreading resistances may be found in Reference 1 in which the auther utilizes
Green's function in the calculation of thermal spreading resistances. For a discussion of Green's
function see Reference 11.
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SECTION VI

SUMMARY OF OTHER TECHNIQUES FOR CALCULATING AND ESTIMATING THERMAL
SPREADING RESISTANCE

The two handiest “rules of thumb' relationships that can be used to calculate or estimate
thermal spreading resistances were developed by Holm (Ref. 12) and Raillard (Ref. 13). Holm
derives the equation for the thermal resistance of a circular isothermal source on the face of a
semi-infinite slab as:

R = 7 ; K (24)
where

a = radius of circular source

k = thermal conductivity of medium

Figure 3 (Section II} shows the temperature profiles described by Holm's equation. Figure
J shows that 80 percent of the total resistance in a semi-infinite slab occurs within three radii
of the source. It can be seen that, when the size of the source is small compared to the thickness
of a slab of finite extent, Holm's equation can be used to make a conservative (high) estimate of
thermal resistance. Such geometries occur often in microelectronic components.

Raillard presents similar exact solutions for circular and rectangular sources having uni-
form generation located on the faces of semi-infinite slabs. The equation for the thermal spread-
ing resistance of the circular source bears a close resemblance to Holm's equation:

1

mak (25)

R =

In Appendix B of his report, Raillard presents an exact closed-form solution for the rectan-
gular source of uniform generation on a semi-infinite slab. He also derives the solution for uni-
" form generation in a strip of infinite length and finite width on a semi-infinite slab,

Two references treat the case of the rectangular source of finite width and infinite length on
a slab of finite depth. Wilcox (Ref. 14) treats the uniform heat generation source, while Gale
(Ref. 15) presents thermal spreading resistances for the uniform temperature source. The re-
sults of these two studies can also be found in Reference 16.

Muller (Ref. 17) and Kennedy (Ref. 10) present exact solutions to the problem of a circular
source at one end of a right cylinder with conduction to the side of the cylinder, the other end of
the cylinder, or to both places. Kennedy's source is uniform while the intensity of Muller's
circular heat source varies exponentially within the source region.

Hein (Ref. 1) examines stady-state heat transfer in a rectangular substrate or slab having
multiple heat sources, He has integrated circuits in mind. He considers convective heat transfer
and lead conduction for various heat-sinking conditions and his solutions are mathematically

exact.
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-Finally, it might be well to point out a principle which is somewhat analogous to Saint-
Venant's Principle in the theory of elagticity. Simply stated, T, the temperature in any thermal
spreading resistance problem, varies with 1/L where L is the distance from the source, when
L is large compared with the characteristic demension of the source, That is,

T « %_ when L >>a where a is characteristic source dimension

This is indicated by the form of the solution of Fourier's equation for spherical flow, i.e,,

¢ - xAd _ Em ty - t) ke, (g - ty)
B ad L, 9 ) (__1__ e
r dr L L )
E == 2 1
4rr .
Ly
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SECTION VII

PLANNED APPLICATION OF COMPUTATIONAL TECHNIQUE

General Electric's Aerospace Electronic Systems Department has developed an extremely
compact and thermally efficient packaging configuration for computer circuitry. Integrated cir-
cuits are bonded to multilayered printed wiring boards which are in turn bonded to compact
forced-air-cooled heat exchangers. This configuration is illustrated in Figures 18 and 19.

A heat transfer analysis program that calculates the temperature of each flatpack using
Gauss-Seidel iteration is currently employed. This technique has proven costly: 200% iterations
are required. Computer costs of $25 to $50 per analysis have been experienced.

The exact computational technique described in this report will be implemented in the near
future for this type of analysis. Costs are expected to be an order of magnitude lower than those

with the iterative technique. (See Figure 9 of Section III. )
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Figure 19. Location of Conductances and Temperatures
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SECTION VIII

- RECOMMENDATIONS FOR FUTURE WORK

1. The program should be rewritten for three-dimensional fields. Special attention to

such techniques as using the method developed in this report for the main coefficient
matrix on the submatrices themselves should be examined. The fact that very large
matrices can be efficiently handled by this technique should be capitalized upon.

The program as it now stands should be used in a thermal spreading resistance
parametric study similar to but larger in scope than the illustrative problem of this
study. Nine hundred to sixteen hundred finite elements should be used in such data
generation. :
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12.

13.

14,

15.
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APPENDIX

" GENERAL FORTRAN Y VERSION OF COMPUTER PROGRAM
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‘3 IDEXT 727=9C4,KELLY NED s DEL=8 65078300044700
$ OPTION FORTRAN

$ USE HEMORY/1QDQ/

% ENTRY MATSN

$ FORTY

5_ INCODE _ 1BMF

CMAIN MATN

SUBROUTINE MAIN
PARAFETER MAXCOR=1000

COMMON /MEMBRY/CORE(MAXCOR)
COMMON /FILES/INFILE, IOFILE, IFILEY, IFILE2
- COMMON /TIMES/ITIME(2), INATEC2),DELTIN

COMMGN /DERUG/IDERUB
PARAMETER MAXMAT=6%
PARAMETER MAXOFFSA

DIMEXSION 10FF(MAXOFF)
DEMEMSTON XARD(14)
PARAMETER MAXTITw12

DIMERSION ITITLE(MAXTIT)
FARAMETER MAXT[Muw2
PATA KOFBUQ/SHOERUG/

DATA |DEBUG/1/
DATA INFILE/CS/
DATA I0FILE/06/

DATL IFILEL/07/
DATA JFILEl/6HUQOGQ?/
DATA IFILE2/2RY

CATA ISIZE/4HSIZE/
DATA ICORE/MAXCQOR/
DATA KTITLE/ZGHTITLE /

CALL FXOPT(67,1,1.1)
CALL FXOPT(88,2,0,0)
CALL FXOPTI(K9,4,0,0)

CALL FXOPT(Z6,4,0,0)
CALL FXOPT(T71,¢,0,0)
—— .. . FEATNCINFILE,77)KARD

IFCKARD(L).NEJXTITLE) GO TD 94
CALL SUPERT(MAXTIT.KARD(Z)})}
94 CONTINUE

CALL NEWLIN
L KITE(IOFILE, 78)KARD
Cabl TIMBAT(ITIME, IDATE)

CALL ELTIME(DELTIN}
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558

77

78

CONTINUE
READUINFILE,77)KARD
FURMAT(1346,42)

CALL NEWLIN
WRITE(IOFILE,78)KARD
FORMATI(2H #,1386,A2,1H8)

IF(KARD(1YNE, KDEBUB) @0 TO 557
ICEBUG=D
50 TC 558

557

CORTTINUE
DECODE(XARD,1)KEY,N
FORMAT(AG,4%,15)

IF (KEY.EQU,ISIZE) GO YO %
CALL NEWLIN
*RITECIOFILE,53)

55
2

FORMAT(40H THE ABOVE CARD SHOULD BE A 'SIZE! GARD )
STOP
IF(NJLT . MAXMAT) 80 TD 222

223

CALL NEWLIN
WRITECIOFILE,223)MAXHAT
FORMAT(18H SLZE GREATER THAM, 110}

222

5ToOP

IF{%.6T40) B0 TO 224
GALL NEWLIN

225

WRITE(IOFILE, 225)
FORMAT(17H SIZE LESS THAN 1)
sToPp

224

NSDuheN
CALL SETNUM{2eNed)
RECORDS ARE [N SYSTEM STANDARD RANDOM FORMAT

WHICH MEANS THAT IF A RECORD IS OREATER THAN 318 WORDS
THEN THE RECUORD WILL BEGIN IN A NEW BLOCK
AND END A RLOCK EVYERY TIME

3 €1 €30 € 3 O)

Il TRIED USING PURE DATA RANDOM FILES{11.13e72), 8T
FOR SOME REASON THEY DID MOT SEEM TD wWORK PROPERLY,

NBLOCK=({NSO=1)/318 + 1)e(24N * 3)
CALL NEWLIMN
ARITE{IOFILE,87)N8L0CK

a7

FORMAT(IY0,43H BLOCKS OF RANDGW DISC STORAGE ARE REQUIRED)
nLINKS=(NBLOCK=1}/12 + 2
CALL NEWLIN

MRITECIOFILE,86)NLINKS
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¢

86 FORMAT(I10,42H LINKS OF RANDOM DISC STORAGE ARE REQUIRED)

NTIMESaQ
c 1

IF(IERR,EQ.0) GO TO &8
- REQUEST wAS REFUSED

~______HQALLRHEHL1N

“RITE(IOFILE,82)

82 FORMAT(29H REQDUEST FOR DISC WAS REFUSED)

NTIMES=NTIMESs]

—  WRITEC(IOFILE.B3) NTIMES

83

88

IF(NTIMES,LT,MAXTIM) GO 1O 81
CAELL NEWLIN

FORMAT(25H REQUEST FOR DISC REFUSED,18,168H TIHEE. BIVE UP)
SYop
LALL SETSIZ(iSQ)

SEE IF WE HAVE ENOUGH CORE
MCORE=5#NS0 +« N
CALL NEWLIN 1

io1

YRITECIOFILE,101)ICORE
FORMAT{I10,384 WORDS OF GORE ARE GURRENTLY AVAILAGLE)
CALL NEWLIN

132

WRITECIOFILE, 102 }MCQRE
FORMAT(116,394 WORDS OF CGRE ARE REQUIRED FOR THE Jog)
IF(MCORE.LELICURE) GO T0 3

GEY MORE CORE

ICORE IS AUTOMATICALLY UPDATED TD REFLECTY THE ACTUAL NUMBER
OF WORDS THERE ARE UPON RETURN

Qora o

THE ROQUTINE BOES NOT FAIL
IT KEEPS TRYING UNTIL IT BETS THE CORE IT WANTS
CALL NEWL]N

103

"RITECIGFILE,103)
FOR¥AT(33H GET THE 4DBPRITIONAL CORE REOUIRED)
Catll GIMME(MCORE,ICQRF,GORE)

COMPLTE LINEAR OFFSET FOR EACH MATRIX
[OFF(1})=1
B0 4 [=2,MAXOFF

IOFFCI)RIOFF(I=1)+N5C
HiM=N
RESERVE SPAQE FDR 28N HMATRICES

91

JR2aNUN
00 91 I=1,J
CALL NEWNUM(KY) .

caLl FIRST(NUM CORE(TCFF (L)), NUM, NUN,CORECTOFF (23 )+ NUM, NUN,
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1 CORECIOFF(3)),NUMy NUM;COREL IDFF (4)) s NUM, NUM,
1 CORE{ICFF(5) ), NUM,NUM,CORECTOFF{6) ), NUM)
CALL FINISH
STaP
END
__._CPIRSY FIRSTY

SUBRGUT[NE FIRST(NUH B1,NR1,NCL,02,NR2,NC2,03,0R3, NC3;04 NR4,MC4,

. @5, NRS, NG5, 1 VEC) NYET)
L CUHHDN /FILES/INFILE, IOFILE, IFILEL, IFILE?

REAL QL(NR1,NC1)

CUMHON 7DEBUG/THESUS
DIMENSION IVECUNVEC)

REAL GQ2Z(NR2,8C2)
REAL Q3I(NRI,NC3)
REAL O4(NR4,nC4)

REAL QS(MR5,NC5)
TIMENSION [G1(4)
SIMENSION 102(4)

CIMERSION T03(4)
LIMENSION Jod4(4)
LIMENSION JD5(4)

1d1¢1)=0
ig2(1r=0

133¢23=0

IS44(1)=0
[aS{1)=0
jEi¢2)=0

132(2)=0
123(2)=0
164¢2)=0

1as(2)a0
101(3)&NRL
192(3)=NR2

TJ3(3)=NR3
IN4({3II=NR4
125(3)=NR5

1

Id1(4)=NCY
[82(4)snC2
163(4)=NC3

1044 )=NC4
[35(4)=nES

CaLL SETUPA(OIJ NR1,NC1,G2,nR2,NC2,03, "RBJ"'G:;! ids VRA, M0,

G5, NR5,NC5, 1VEG, NVEC, NLiM)

95
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P : e
c : :

c :
—L GENEPATE RECURSION COEFICIENTS A' AND B
CALL RSTR(Q1,141,1)
CALL RSTR{N2,1Q2,2)

~—— CALL RSTR(03,]3,3}
0o 19 NAME=3, {(NlIMe2=1),2

CaLL MMPY(Q3,143,02,102,04,104, 1ERR)
CALL MATIDW(O5, 1G5, NUM)

caLl MSUB(0S,145,04,104,04, 104, IERR)
CALL MINV(G4,NUM, NUM, IVEC,DET)
CALL RSTR(Q5,J95,NAME«L) ;
CALL MMPY(Q4,104,05,105,Q2,102, 1ERR)
CalL SAVE{Q2, 14z, NANE+1)
GALY MMPY{DX, U, 01, 191,55, 105, 1ERRY
CALL MMPY(U4,124,05,105,01,1G1, ERR)
CALL SAVE(Q1,T191,NANE)
—— 10 CONTINUE : S —

CALL MEWLtH
SRITECIOFILF,566)
566 FORMAT{14H DEBUG POINT *R)
CALL MATMAT
B854 _CONTINUE e —_— -

C
c
c USE a¢ AND BY [0 SOLVE FDR UNKNOWKS —
CALL MATZER(21,1G1)

Qlax

c
— CALL RSTR(02,]92,4UM#2=1) . ——
CALL MAYZER(22,1C2)
CALL SAVE(UR,IuZ.5uMep=1)
S I 7 3 & —_ -
MAMEENUMSD
] 20 MAMESNAME=2
.. CALL RSTR(B3,103,HaHE) - . —
G Gls SJQJU)IU.
CALL MMPY(03,1¢3,02,132,01,]161,I1ERR)
IF(IERR,NEL0) CALL GUIT(IERR)

¢ T odls X
CALL RSTRU{YZ2,132,8AME=1)
C .. Q28 Ry Psbyges o _

CALL MADBD(®R1,{d1,02,1G2,02, 102, [ERR)}
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[F{IERR.NE.0) ClLL QUIT{IERR)
CALL SAVE(Q2,132,NAME=1)
820 R,P,N,,

TIF (NAME,GE+4) GO T0 20
IF{ILEBUBLNE,0) 60 TO 687 2

._______EALL_NEHLIN

567

WRITECIOFILE,567) |
FORMAT{(14H DEBUG PQINT:D)
CALL MATMAY

647

CONTINUE

Q0 0

PRINT OUT THE RESULTS
CALL NEWPAB
CALL NEWLIN

8801

WRITE{IOFILE, 8801}
FORMAT(9H A WATRIX)

CALL RSTR(Q%,101,1)

CALL PMATI(OL,1Q1(1),101¢23,101(3),1GQ1C4))
CALL NEWPAG

CALL NEMWLIN

sao2

WRITECIOFILE,BBO2)
FORMAT(9H © MATRIX}
CALL RSTR{G1,1Q91.3}

CALL PMAT(Q1,101(1),10Q1¢23,101(3),1G1(4))-

CALL NEWPAG
CALL NEWLIN

BBDJ

WRITE(IOFILE,B803)
FORMAT(9H P MATRIX)
CALL RSTR(G1,191, (NUK=R)#2ry)

CALL PMAT(Q1,I41(1),1Q1(2),101¢3),1Q1(4))
CALL NEWPAG
CALL NEWLIN

aap4

HRITE(IOFILE,B84804)
FORMAT(9H R MATRIX)
CALL RSTR{01,101,{NUK=1)u2=1)}

CALL PHAT(Ql.[01(1):101{2}-lﬂ1(3) 191(4))
CALL NEWPAG
CALL NEWLIN

8805

WRITECIGFILE,BE05)
FORMAT(IN T MATRIX?
CALL RSTR(O1,101,(NUM )#2=yq)

CALL PMAT(Q1,191(1),1QL¢2),101(3),1G1(4))
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c

RETURN
END FIRST
END i

CSETUPA

SETUPRA , ' . .
.SUBRUUTINE SETQP“H(NRHJNCHQVINRVJNCVDC¢NRC;NBC»!,NRX;NCX;
i : ) YaMNRY,NCY, IVEC, NVEC, MUIM)

COMMON "/FILES/INFILE, IOFILE, IFILEL, IFILE2

COMMON /DEBUG/IDEBUA

LIMENS]ION

IVEC{NYEC)

DIMENSION
LIMENSION

H{MRR, NCH}
Y(NRV,NCV)

DIMENSION C(MRC,NCC)

___*___;_ﬁlnEhSlnu

DIMENSION
DIMENSION

X(NRX,NCX)

Y(NRY,NGY)
IN(d)

DIMENSION
LIMENSION
DIMENSTION

1viel
1ct4)
1x04)

BTMERSTON
DImENSION

IRACS)
KARD{14)

DATA_JHEAT/4HHEAT/

IH(Ly=NUM
IH{2)sNUM
IH(II=NRH

IH(4)=NCE
T¥{1l)=NUK
[V{2)aNUM

I¥(31=NRY
[V{4)=zKCY
[C{1)anuUM

[C{2)a}
IC(3)=NRC
JIC(a)sNCC

IX{1)=NUN
IX{2)r=KUM
IX{3)=NRX

IX(4)=hCX
[Y{)L)IsNUNM
[Y(2)=NUM

IY{3)=NRY
IY(4)aNCY

Call NEWNUM{INLUEXC)

Call NEWKUM(INDEXH}
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CALL NEWNUMCINDEXY)
CALL MATZER(H.IH)
CALL MATZER(V,IV)

CALL NATZER(C, IC)

Plz3.14159265

C1=,5/P1

Ri=Cis(ALOG(2, 0))/(2.0'?!)

R2eR1/2.0

H(l,1)%1,0/R1

HONUM, 1) 28, 0/R1
DO 180 Me2,NUNM=1
H{Me1)a2, gen(1y1)

. 180

218

BO 210 Mz1,NUM

¥{M,1)ap1/2,

B0 310 M=si,NuM

0

289

GO 300 Na2,NUM

KMy Nyal,0/(1,8/04, 8'?1)'iLUG(FLOAT(N)/lFLOAT(N} 1.8}

ViMyN)EP]24,08{FLOAY{N}ol,0])
IF(MeGT,1) GO TD 288
Hilsh)= . 58H(1,N)
NG, NI S [ NIIMa¥)

300
3148

ViM,1g)aPle(4,08 FLOAT(N)= 5 0)!2.0

CONTINUE
COMTINUE

340

DC 340 M=1,NUM

H{M, kiM)=0.0

DO 370 Nail,NuM

370

¥(1,NM)=0.0
c2=1,10
§3=1.0

DO 460 Msi,NUM
00 450 N=1,NuM
VIMaN)I=CIaV(M,N)

450
450

H(H;N)=C2*H(N'N,

CONTINUE
COMTINUE _

441

READCINFILE, 461, ENDu4aBIXARD

FORMAT(1346,42)

Call NEWLIN

464

FRITE(IOFILE.454)KARD
FORMAT(2H #,13A6,A2,1H%)
1F(K#RB(1),EQ, [HEAT) 80 TO 462

CALL NEWLEN
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WRITE(IOFILE,463) ‘
463 FORMAT(I5SH ABOVE CARD SHOULD BE A YHEAT® CARD)

S51Qp

462 DECOCE(KARD,465)11,12
465 FORMAT{10X,215)
1F{11,LE.0,0R,11:0T,12 ) GO TO 472

IF{12,6T«NUM) GO TO 473
G0 TO 479 o
472 CALL NEMLIN

WRITE(IOFILE,474)
474 FORMAT(20W 1 I5 QUT OF BOUNDS)
STop

473 CALL NEWLIN

KRITECIOFILE,475)
3]

SToP
479 CONTINUE
DO 446 Nmi, NiM

466 C(N,1)20,0
D0 487 N=[1,12
L]

#2,0 -
CALL NEWPAG
CALL NEWLIN
WRITE(IQFILE,469)

469 FORMAT(26H INITIAL MEAT INPUT MATRIX)

Call PMAT(C,IC(1),10¢2),IC03),1C(4))
G0 TD 4714

468 CALL NEWLIN
470 FORMAT(49H UNEXPECTED END OF FILE, EXPECTING A 'HEAT' CARD)
WRITECIOFILE,470)

STOP
471 CONTINUE
CALL NEWPAG

CalLl HEWLIN
HRITE(IOFILE,70Y)
701 FORMAT(9H H MATRIX)

CALL PMAY(H,IH(1),IH{2), IH(3),1H{4))
CALL NEWPAG
CALL NEWLIN

WRITE(IOFILE,702)
702 FORMAT(9H ¥ MATRIX)
CALL PMATIV, IVCI), JVC2), IVE3d, IVia)y

CALL SAVE(C, [Cy»INDEXC)
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—_ .
CALL SAYE(H,[H, INDEXH)
CALL SAVE(V, 1V, INDEXY)
1F(IDEBUGLNEL0) B0 TO 664

CALL NENLIN
WRITECIOFILE,564)
564 FORMAT(14H DEBUS POINT 4)
CALL MATHAT ,
664 CONTINUE . .

g
] THE KATRICES ON THE DTABONAL (AND OF COURSE THEIR ]NVERSES)
c ARE DIFFERENT ONLY FOR THE FIRSY, SECOND, AND LAST”TIHES,
DO 11%p Mzl, NUM ] B
I3n=1
IFGH.EO.l.OR.N.EG.z.DR.M.ED.NUN)IBB-B
1X(1)nNUN -
IX(2)aNiN
CALL MATZER(X,IX)
1Y(1)aNUM
1Y(2)=NuM

CALL MATZER(Y,1IY)
IF(IG0.EQ.011C¢tI=NUN

IF(IGOJEN,0)ICL2)aNUN
IF(180,E0,0)CALL MATZIER(C, 1C)
CALL RSTR(H,IH, INDEXH)

DD 72§ Nm3,NumM
TF(N.EQ.1.0R.NeEG,NUM} GO TO 599
1F(160.,EU,0)CtN,Nat)ag,p

IF(IG0.EQ.0)C(N,NeT)a],0
590 IF(N.LT,2) GO TO 610
IF(IGO.EQ. D) TN, Nwt3mniM, Nal)

610 IF(NsGE.NUM) G0 TO 430
IF(IGOsEQ.O)ICIN, NoL)mmp (M, N)
630 JF(M.GELNUM) GO TO 640

ACNpNYB=Y (Me), )
840 Y(H,n)3ey(M,N)
C33=6,0

IF(N,EQ.1) 60 To 680
CIZeC (N, N~1)
680 IF(N.GE,NUH} 60 TD 700

CIIeCITeC (N, 1+l
790 IF(IGO.ED.OIC(N.Niandcsti(N.N}GY(NpN))
720 CONTINUE

IF(IGD!EQ.U)CALL MINY(C,NUM,NUM, IVEG,DET)
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CALL MMPY{C,1CsXeIX.H,H,IERR)
FFCIERR NEL0) CALL QUITCIERR)
CALL MNEG{H,IH) .

c SAVE H (E:DJF:O.G_)
CALL SAVE(H, [H,He2)
— IF(M,GT.1) g0 TO BRA

CALL RSTR(H,IHsINDEXC)
CALL MMPY(C,ICsHsIMsXs1X, [ERR)
IF{IERR.GT+0) CALL QUIT(IERR)

c SAVE A
CALL SAVE(X,IX,N#2e1)
60 YO 1159

888 CALL MMPY{C,IC,Y+IY,X,1X,[ERR)
) CalL MNEG(X,IX?
IFCIERR.MELD) CaLE QUIY(IERR)

_C SAVE {CJE)G.'-.D)
CALL SAVE(X,[X,Hm2=1)
1150 CONTINUE ‘

IF{IDEBUGLNE.D) GD TO 845
CALL NEWLIN
WRITECIQFILE,565)

565 FORMAT(14H DEBUS POINT 8)
CALL MATMAT
645 CONTINUE

RETURN

c END SETUPA
END

CSAVE SAVE

SUBROUTINE SAVE(A.IA, INDEX)
COMMON /FILES/INFILE, IOFILE, IFILEY,IFILER

DIMENSION A(1)
LIMENSION TA(4)
DIMEMSION JR(3)

DATA NRW/O/
DATA KOUNT/0/
IFCIMNEX, LY, 4 ORaINDEX,GT.XOUNT) B0 TO BYG3

IF(I4C1),LEL,C) CALL QUITCL)
IF(IAC2).LELG) CALL QUIT(L)
c CHECK TO SEF IF RANDOM RECORD SIZE 15 LARGE ENOQUGH

IFCCIACL)WIAC2))BTAMAXWRD) CALL QUITCL)
18(1)=14(1) '
1B{2)=1A(2)

18¢{3)=1
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WRITECTFILE2'INDEX) 1B
NReTA(1)
HCmla(2)

NCOLSmTAC4)
[2mKfn]

- 13aNCOLSe(NR=1)41

WRITECIFILELVINOEXD ((ACT)» inil,13#02),1121,13,NC0(5)
MRWENRW&L. , ’ )
RETURN

ENTRY RSTR{A,1A, INDEX)
IF{INDEXoLTo1lsOR INDEX. BT KOUNTY B0 TN RG1

READ(IFILE2 ' INDEX) I8
IF(1B(3},EQ,0) CALL QUIT(INBEX}
CHECK TO SEE IF THE DIMENSIONS OF THE MATRIX ARE LARGE ENOUOH

[FOIe(1),0T,14¢3)) CALL QUIT(Y)
IF{IB(2).6T,IAC4)) CALL QUIT(L)
1A¢1)=]18¢1)

[A{2)=1B(2)
FReIACL)
hEz1A{2)

HCOLS=sIA(4)
[2zhRel
I13=HCOLS* (NR=1)+2

READ(IFILELTINDEX)ICCACY),1213,11412),1151,]3,NCOLS)

"NRW=NRW+1

RETURN

ENTRY FINISH
CALL NEWFPAG

1111

CALL NEWLIN
WRITE(IOFILE,1111)NRW
FORMAT(110,21H READ=-WRITES EXECUTED)

CALL NEWLIN
WRITECIQFILE, &}

FORMAT(12H NORMAL HALT} : e

5ToP
ENTRY SEYSIZ{NUMBR)

HAXHRD=NUMBR
CALL RANSIZ(IFILEL,MAXNRD,D)

CALL RANSIZ(IFILE2,3) , —

RETURN
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ENTRY SETNUM(NUMBR)
MAXXKNT=NUMBR

CALL SETDUM(NUMBR)
. RETURN

ENTRY NEWNUMCNUMBR)
KOUNTaKOUNT+1
IF(KDUNT, LE . MAXKNT) GO TO 60t

KRITE{IOFILE,502)MAXKNT
502 FORMAT(10H MORE THAN, 110, 9W MATRICES)
CALL QUIT(1)

503 CONTINUE
NUMBRaKOUNT
18¢13=39

18¢2)=0
I8(3)=0
WRITECIFILE2'KOUNT) IR

RETURN

ENTRY MATIFER{A, 14}

NSURTIACI)RIA(A)

D0 1 1=1,NSQ
1 4¢1)=0,0

RETURW '

SRz

JO _NEGATE A MATRIX

ENTRY MNEG(A,]A)
NSOeIA(3)ela(q)
B0 82 J=s1,NSd

62 a(l)==AL1)
RETURN

ENTRY MATIDNCA,1A,NUM)
IFCIACIY o LT NUHL,ORGIA{4),LT,NUM) CALL QUIT(L)
JA{1Y=NUM -

IA(2)sNUM
HEQaTA(IIeIAL(4)
A0 2 1=1,NS0

2 AC1)=0.0
U0 3 [21,NUM -
e MSQEJA{3)e(1el1) * |

3 A(NSD)=1,0

64



RETURN

c ) .
i 881 CALL NEWL[N :
WRITE(IOF [LE,B02V INDEX

802 FORMAT(20H BAD MATRIX INDEX OF,}10)

CALL QUIT(1)

‘ STop
¢ END SAVE
END
ENERLT® NEWLIN

SUBROUTINE NEWLIN

COMMON /DATTIM/ITIME(2),]DATE{2)

PARAMEFER MAXs20
DIMENSION IMEAD(MAX)
DIMENSION JHEAD(MaX)

DIMENSION IVEG{NNGRDS)
DATA JHEAD/MAX®6H /
DATA [OFILE/E/

DATA MAXLIN/SH/
DATA INAME/1H /.

NDATA M| INESZAS =

DATA 1601/1/
DATA IPAGE/D/
DATA N2/J3/

DATA IBLANK/L1H /
16902=1
B0 70 ¢ 1,32),1601

32

IF(NLINES.GT.0} GO TO 5
IPAGE=IPAGE«]
WRITE(IOFILE,18)

13

FORMAT(IML, 7/
WRITE{IOFILE,&) ITIME,

IDATE, IPABGE

~ § FORMATC 9M TIME IS ,2A6 , 4H ON ,

206,80X,

&7

1 5HPAGE=,15)
WRITE(IOFILE,87)JHEAD
FORMAT(20H . TIT(E=,20486)

7

HRITE(IOFILE,7} IMEAD
FORKAT(LOH SUBTITLE®,2048)
O 8 1=1,N2 )

8
9

WRITE(IOFILE.9?
FORMAT(LR )
NLINES=N2+3

NLINESZNLINESL
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NESBT+MAXLINYNLINESuG

ENTRY NEWPAB
MLINES=)
RETURN

ENTRY SETHED(MNWORDS, LVES)
1Gn2e2

GO TO (1,2),1601
1 CALL TIMDAT( ITIME,IDATE)
1G01=2

2 MLINESZD
IPAGE=D
DO 3 Is9,MAX

3 IMEAD{1)SIBLANK
80 Y0 (32,22),1602
22 DO 4 1, NWORDS

4 INEADCI¥=IVEC(])
RETURN .

ENTRY SUPERT{NWORDS,IYEC)
DO 80 I=1.NWORDS
60 JHEAD(I)=|VES(I)

RETURN
c END MEWLIN
END

cQulrT QuiT
SUBROUTINE QUITLIERR)
COMMON /FILES/INFILE,IOFILE,IFILEL, IFILE2

DIMENSION 1B(3)
58029
hNSQunSQeeNSH

WRITE{IOFILE,21)1ERR
21 FORMAT(22H QUIT BECAUSE OF IERR=,[!10)
1G0s1

69 10 777

EMTRY MATMAT

160=9
777 CONTINUE
WRITECIQF ILE,L1€)

12 FORMAT(19H MATRIX INFORMATION)
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WRITE(TOFILE,13)

13 FCRMAT(BOH MATR!X NUMBER ND, ROKS IN USE NO,. COLS IN
1 USE EVER USED) .
B0 10 [=1,MAXKNT
REAL(IFILE2t1)1@
10 WRITE(IOFILE,11)1,1B
11 FORMAT(4120)
IF{]IB0.,EG.0) RETURN
CALL PDUMP
5Tap
C
ENTRY SETDUM(IERR)
MAXKNTS[ERR
RETURN®
C EnD_QUIT
EMD -
sTKVRS SUBROUTINE TO OBTAIN INYERSE OF MATRIX, CALL DECOM FIRST INVRSg2p
o ) } CD&0ODA, 007 DATE 05,04/465 INYRS030
SUBROUTINE INVRS(A, INTR,NSIZE,NNJ INVRSO40
DIMENSION A(MSIZE,MSIZE}, INTR(MSIZE) INVRSDS)
* OBTAINS EXPLICIT INVERSE OF DECOMPOSED HATRIX IMYRSD6D
* SUBROUTINE DECUM MUSY BE CALLED FIRSY INYRSO 70
NENN [NVRSHBR
IFCINTRIN) 18,1718 IMYRS09n
1 D0 13 K=1,N ) INYRS10D
KMaKm1 INVRS11D
IF{KMI2,7,2 INYRS120
2 IF(K=N)J3, 7,3 INVYRS13)
L] COMPLETE REDUCTION BELOW DIAGONAL INVRS140
) 3 _KPeKket i . _INVRS15%
DO 6 1sKP,N INYRS160
X2AC(I,K}) INYRS170
IF(X)4,6,4 INVRS180D
4 DO 5 J=1,KM INVRS199
S ACT 3R (K, JymXehl], ) [¥V¥R5209
5 CONTINUE TNV¥RS2190
] DIYIDE THROUGH BY PIVGT ELEMENT INVRS220D
T X=1.07A(K,K) INVRS230
A{K,K)=1,D INVRS24p
DO 8§ J=1,N INVRS26D
8 AtK,Ji=a{K,J)eX INYRS260
IF(KM}9,13,9 : . IKYRS270D
. REDUCE TERMS ABOYE DIAGONAL INVRS284a
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9 U 12 l=1,KK I[NVRS290
Nzl (1,K) INYRS300
IFexy10,12,10 INYRS3in

10 A(E,K)=0,0 INVRS32D
DO 11 Jai,n . THYRS3I30
1t A€, 0)sACK dYuXepACT, ) INVRSI40
12 CONTINUE INVRS35D
13 CONTINUE INYRS360
INIERCHA s 1
KM=nwi FROM PREVIOUS LOOP INVRSIB(
DO 16 J=1,KM INVRS390
. K=Heg INVRS400
KPeIKTR(K)} IxYRS410
TF¢KPY14,16,14 INVRS420
14 00 15 Jz1,N 1HYRSAI0
A=A ([,KP) INVRS440
ACI KPY=ACT,K) INYRS450
15 ACl,K)=X INVRS460
18 CONTINUE INVRS470
17 RETURN INVRS 489
18 KMENel INYRS 490
DO 21 J=2,KHM INYRSS500D
K2INTR(1) INVRSS1D
1F{K)19,21,19 INYRSS20
19 KPal=} INYRS530
00 22 J=1,KP INVRS554¢
X=AL1, ) INYRSHSN
ACLaJdImA(K,J) INVRSS60
20 A(K,J)nX INYRS579
21 CONTINUE INVRS580
G0 70 1 INVRSS590
END INVRSE00
sMINY MATRIX INVERSE ROUTINE MINYON2G
CO600D4,007 DATE 05/04/65 HENVOD3E
SUBROUTINE MINY(A,NSIZE,N,INTR,DET) MINVOD4N
TDIMENSION ACMSIZE,MSIZEY, INTRUMSIZE) MINVGDSD
CALL DECOMCA, INTR,HSIZE,N) MINVBO&D
CALL DTMNCA,INTR,MSIZE,4,DET) MINvVOGTA
CALL INYRG(A,INTR,MSIZE, N} HINVOORY
PETURN Hinv013n
END MINy0l140
SMKMFY CO6ANDALNL2 MATRIX MULTIPLY ROUTJINE 05/18/686 HMPYDQDZ
. MMPYODD3
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SUBROUTINE MMPY(A,1DA,8,1D08,C,1DC,IND) MMPYO 40
DIMENSION 4(1),B{(1),C(1),1DA(C4),1D8(4),IDC{4) MMPYOOSN
tAx1pa(l) ' MMPYDOSD
JARTDA(2] MAPYOG70
KARIDA(I) . . MMPYD0B0
1E=JpB{1} MMPYOO9D
JBnDB(2) MMPY01490D
MBEIDB{3) HMMPYOL119
IC=]DC(1) MMPYD120
JCaIpC(2) MMFYG130
HCalBC(3) MMPYD14D
KC3IPC(4) . MMPYR150
INDRD _ MMPY0160
[F{JA.NE, [B)IND=2
IF({HC LTelA}eOR (NG, LT, JB))IND=Y MMPYD180
IFCINDJNELOYRETURN MMPYD1%0
Ibc(iy=1DAaL)
IDC(2)=1DE(2)
DG 1 r=1,14 MMPYO200
D3 1 Ka1,J8
LCsMCe(K=1}a] MMPY0Z20
C(LCYal,.0 MMPY023D
KBmkBa(Kel) MMPYO240
Dg 1_J=z1,18
LAzHA®(J~1)+1 MMPYO240D
LE=KB+J MMBY0D279
1 CLE)=CLLC)+ACLA}SB(LE) MMPYD280
RETURN HMPYO290
END MMPYO3GD
sMaDR CD600044010 MATRIX ADD ROUTINE 0%/18/66 MADDOOG2
. - COPYRIGHT 1946 BY GENERAL ELECTRIC COMPANY MADD0B63
: SUBROUTINE MADD{A,IDA.8,I1D8,C,1DC, IND} MADDDO4d
DIMENSION A({1),B(1),C¢1),I0A(C4),1D8(4),1DC¢4) MAGDDOSG
TAsiDa(L) ' MALDDD &)
JAzslna(2) MAlIDOO 7D
[18=10B(1) MADDOBSG
JB=1nB(2) MADIGO9D
IC=10C¢1) MADDOQS3
JC=1DC(2) MADDODSS
mA=1DA(3) MADLD100
¥BalLB(3) MADDO12D
FCEILC(I) MADDO1Z0
nCsIDC(4) Hapfio13o
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INDeQ MADDOt40
IF<(:A.NE.IB).UR.tJA.ME.JB)J!NDaz
JFC{MCeLTo A}, GRo(HC.LT-JA))!NBli MADDD160D
IF{IND,NE, ODRETURN ’ MaDDOL70
o IDCt1r=10A(L)
—— - IDCt2)=1DA(2)
DO 1 y=1,J4 MADDOLRY
Jim ey MADDO190
LAEHAQJH MaDDOZ00
LBaMBagM MaDLOZ19
LierpagN MaDDa220
DO 1 Isi,]A HADDO230
LA=lasl MALDO24)
LBal B+l MADDD25¢
LC=i+1 MADOBZ260
1 COLCYaptLAY+B{LB) HADDO27D
RETURN MADDOZBO
END MALDO290
‘*MSUB CD6DDD44011 MATRIX SUBTRACT ROUTINE 05/18/66 MsUgoag2
" COPYRIGHT 1986 BY GENERAL ELECTRIC COMPANY MSUBDB03
UBR B4 +10B,C, IDC, IND) MSUBO4a
DIKENSION A{1),B(12,C(1),1DA(4),1DBt4),10C(4) MSUBOpSa
LA=IDA(1) MSUBODGD
JAz{DALR) MSUHOGZE
I8=1DB{1) MSLiBoo8L
JBsIDB(2) MSUBOODY
1C=10C{1) MEURdINe3
JCm]DC(2) MSLE0D9s
MAs[DACT) MSURO1DD
MB=1DB(3) MSUBD110
MCmIDGC(3) MSUBOL29
HCa{DC(4) MSURD130
Inpag MSuUs0149
IF((TAwNE2IR) s ORe (UAsNEo JB) ) INDR2
TFCIMCaLlTalA) s ORe{NCo LT JA) ) IND®L MSUBG150
IF{INT . NEQDIRETURN = MSUS0170
18C0¢1)=1DAC1)
INC(2¥=1D4(2)
po_ 3 Jd=1, 04 MSLB0181
NEERES] MSUBD19g
LASHA®RJM MSUB0200
LdsMBeJN MSUBGR10
LCmHC e JH MSUB022)D
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HsuBo230

DOt 1=1,14a
_ INLINYSE MSUBOZ2410
— LEBatRe} MSUBD250
LCe[Ced MSUBG250D
1 C(LC)sA(LA)=B(LB) . MSUB0270
*_____._ﬁii,nn MSUBG2810
ND MSLBO290
-Bscon SUBROUTIAE TO DECOMPOSE MAYRIX FOR SIKULTANEOUS EOUATIONS DECOMaZY
» Che0gb4,007 DATE 05/04/65 DECOMO 3O
SUPROUYTINE DECON(A, INTR, HSTZE, U} GECOMO4g
DIMENSEON A(MSIZE,MSIZE), INTR{NSIZE) DECOROSD
» MATRIX DECOMPOSITION USED WITH SOLV SUBROUTINE FOR SOLUTION DECOMD6D
. OF LINEAR SYSTEHNS DECOMO70
s IF MATRIX A IS SINGULAR INTR(N) WILL- 8E SET TO .ZERO "PECOMDOSD
' hMENN DECOMDGD
¥TR=1 DECOM100
SRS ] DECOM110
DO 10 J=my,NH DECOM1 20
AMAXa;BS(A(J-J)) DECOM13(
JP=jeq DECOM140
IN=D DECOMIBD
B0 2 [=JP,N DECGMLGD
ATABS(ACT,J)) DECOM178
IF(AMAX=8T31,2,7 DECOM1Bg
1 AMaX=aAT DECOM1SD
Inal DECOMZ200
2 CONTINUE DECDM21q
IF{AMAX)4,3,4 BECOM2290
3 INTR(y)m) DECOMZ 30
60 _TD 11 DECQM240
4 [F{IN)B,T7.5 DECOMZ5)D
5 MTR=z=NTR DECOMZED
LC & I=Q,N DECOM270
IRETYRNE) DECOMZBY
ACJ,1)SACIN, T DECOMZOO
8 A(IN, T)SAT DECOM3GH
7 INTR{JI=IN DECQH3LD
AmAXeml 0/ACJ,sd) DECGM320
HO 16 E=JP,.M DECOM3 Y
TFCAaCI,J))B,10,B BECOM340
B AT=ACL,J)eANAX DECOM3GN
AClaJd)=AT DECCHM3I6D
G0 9 K3JP, N DECOM3T7 )
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9 ACI,KIZACJI KINATSACT,K) ' DECOM3IBG

.10 CONTINUE DECOM390
IFCANaNIIL2,10,12 DECOM4nN

11 NTRs=g _ i DECOM41D

12 [NTR(N)aNTR ' -~ DECOM423
KETURN DECOM43D

- END DECON44p
eBTHN o DETERMINANTY EVALUATION SUBROUTINE OTMNDOZD
] CN800D4.007 LATE 05/04/765 DTMN0G3D
SUBROUTINE DTMN(A,INTR,MSIZE.NN,DET) i DTMNDG 4D

LIKEKSION A(MSIZE,MSIZE}, INTR({WSTZE} DTHNODSD

1
e COMPUTES DET, THE DETERMINANY OF THE DECQMPOSED MATRIX _ OTHNOQGR

- SUBROUTINE DECOM MUST BE CALLED FIRST DTMNOOTO
. INTRON) WILL CONTAIN INTEGER POWER OF TEN GF MULTIPLYING FACTOR  DTMNBO&NH
EPf=1,£38 DTMNOOSD
NE238 DTMNOLED

A2 N : s DTHNO110
ATRIINTR(N) ; DTMND120D
IFINTR)2,1,3 . ' DTMNG130

1 GTT=0,0 BTNNOL40
60_T0 10 - DYMNELSD

2 DTTz=10, DTMNOL16D
50 TO 4 ' DTHNDLT7 0

d HTY=sD.1 : DIMNR16D
4 D0 9 I=1,N : . BTHNZL9D
£T=ARS(DTT) ' : DYMNG22D
IE{ARSCAC I, 1)), 0)8,9,7 DYMNQ21g

5 IF(0T=1.)649,9 DTMNR220

6 UTITanTTeEP ) DTMNDRIO
NTRsKkTR-NE - DYHNO24D

60 TO 9 . ‘ . DTHNO250

7 IF(DT=1,0)9,9,8 : DYMNG260
B LTT=RYT/EP . , : DYKNB270

ATRENTR4NE DTHND28D

9 DTTSDTT#A(1,1) DTMNO299

INTR(NISNTR X DTMNO3GO

10 BET=0TT DTHNO310

KETURN DTMABAZD

Enp DIMNQ33D

«PMAT SURROUTINE TG PRINT MATRIX PMATONZ]

SUBFCUTINE PMATUA, NR, NC, MM, NN)

CIRENSION A{MM,NN},P(6) . o : PHATO050
KROW=NR PHATOGSY
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NCOLENG PMATOO7D
B £ S PMATO0BD
J=1 PMATOOSD
1 IPa¥ PHATO100
JPey . PMATO110
D0 2 Kx=1,6 PHATRL20
KEKmK PMATDL3D
PK)2A(L,J) PMATOLAG
Ja Jet _ PRATO150
TFUJ.GT.NCOLIG0 1O 3 FRATG160
2 COMNTINUE PrATO170
i CALL NEWLIN )
HRITE(6.4J!P.JPa(P(K).Kll.KK) PHATG1B0
4 FORHAT(Z!4.6(1PE16'B)) PHATO19p
80 _To 1 PMATOZ200
3 CALL NEWLIN
HR!TE(&"’IPDJP)(P‘K}IK=1JKK’
12141 ) . PHMATO220
T PMATO23
IFCILLELNROWIGO TO 4 PMaTDZ40
_  _RETURN P
END PMATO260
3 GMaPp DECX GETHMOR
$ INGODE 18MF
LBL GETHOR,GETMOR
TTL BETMOR
SYMDEF GETMOR
REM TO 08TAIN MORE CORE OR DISC
RENM CALL GETMOR(TYPE.RESULT,HUH,FCJ
REM TYPE=9_ FOR CORE
REM TYPEml FOR RANDOM DISC
REM TYPE=Z FCGR LINKED DISC
REM RESULT=0 IF SUGCCESSFUL
REM RESULTs1l [F UNSUCCESSFUL
REM NUM I3 NUMBER OF LINKS DESIRED OR
REM .. MUMBER QF K (31024 WORDS) DESIRED
REM FC IS THE FILE CODE IN THE FORM sAOBOQFC
REK {USED ONLY WHEN BETTING MORE TISC)
GETMOR -LDA 4,1
Log 2,1+
San SHSHN00001
T®1 STORA CORE REODUEST
TZE

RANDOM RANDOM DISEC REQUEST
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Lng Bs1e ' LINKED DISC REQUEST

ST2 TEMP2el

, TRA ORTOA
RANTDOM | pg 5,48
ORQ =1, 00
ORTOA  OR4 =2,pu

. STORA ST ZERD
: HME GEMORE
ZERO0 8B5S 1 .

Iia M}
YES  LDO ®6HO00000
TRA CONT
' =6400000%
CeNT  5Tq ils
TRA 0.1
£xD . ,
5 GHAP RECK, COMDK 81524 0908726 IMME
5 INCODE 1BMF ‘
TIL BIVE=ME=MORE~-[ORE IMMEDNDD]
. LsL BIMME,BIVE=ME~MORE=CORE IMMED 842
T a IMBEDD D3
s _SUBAQUYINE T0 ADJUST SIZE OF SPECIFIED ARRAY T8 SPECIFIED IMMEGDD4
. NE#” SIZE, MME GEMQRE IS USED TO ADD MORE #ORDS GF MEMQRY, IMMEDOOS
» MME GEMREL 1S USED TO RELEASE SURPLUS WORDS OF MEMORY, ' IMMEDQ DS
] IMMERQADT
¢ CALLING SEQUENCE IMHEGDDA
- CALL GIMME ( NEWSIZ, OLDSIZ, ARRAY NAME ) IMMEOGES
» I¥MEDQLD
% THE ARRAY SPECIFIED MUST BE LUGADED AT THE VERY YOP OF MEMGORY, IMMEDDLY
. USING EITHER 4 § USE CONTROL CARD OR A BLOCK DATA SUSPROGRAM, IMMEQO12
" ( IT 1S ALSO_NECESSARY THAT THE ARRAY BE IN LABELED COMMON, ) IMMEDQ13
" ' IMMEDDL4
* WARN1WG==~THIS SUBROUTINE CHANGES THE SECOND ARGUMENT IMMEQO1S
. T0 REFLECY YHE NEW $IZE OF THE ARRAY IMMESG16
. IMMEOO17
. SYFREF  ,FCMV,

__BIMME SavE ' IMMEU018
" IMMEDD19
¢ THESE FEXT INSTRUGTICNS ARE USED TO MONITOR PERFORFANCE OF GIMWE IMMEDD20
* THEY MAY BE REMOVED IF NOT WANTEDs ALDNG WITH THWE CODE AT SYMBOL IMMEIDZY
« DQOME, SET DONE EQU GBIHME+L [F REMOVED. IMME(D2Z
. . IMMEGH23

MME _ __BETIME BET TIME OF DAY IMMEQO24
IMMEDD25
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MME GELAPS GET PROCESSOR TIME USED TILL NOW

IMMEQD26

STO TEMP2 IMMEGQ27
. : IMMEQG28
® CHECK TWAT THE REFERENCED ARRAY 13 LOADED AT THE TOP OF CORE TMHMEDD29
. ' TMMEOD3D
. _____SBAR ney GET THE ADDRESS OF THE TOP OF CORE IMMEQDI2
- Lno ®e, DL ' B IMME0G32
ANO =20777,DL IMMEOD33
oLs 9
STXD ARADR save
____ARAGR S@p e, 0L _ SUBTRACT ADDRESS UF ARRAY
E LA {OWLOD CHECK LONLOAD
CAKA =1B18,DL INDICATOR
Tuz LON 10 oL OHLOADED
&
‘# MIGHLGAD PREPROCESS AND CHECKS
* e :
LDA =130y SEY FLAG
STCA RLSFLG, 70 TO ALLGW MEMORY RELEASE
5T TENP SAVE ARRAY SIZE
SBa J.1e .SUBTRACT CLAIMEL ARRAY 5125
1Ze : **] + s EQUAL.
CHEQ 1,0y MAYBE ARRAY WAS LOADED ON ODD LUCAT]DN IMMEQGSD
Tal ERROR _ ess SURRY, SOMETHING ELSE AT TOP OF CORE IMMEG04U
Lo@ TEMP ‘RESTORE ARRAY SIZE
o T4 BIM + 2o CONTINUE
[
¢ LOWLOAD PREPROCESS AND CHECKS
L ]
TTLON LoXe ARADR ACDRESS OF ARRAY
CHPXp  LIMITS COMPARE WITH LOWEST UNUSED
TM] ERRQR 1 0o ARRAY NOT | CAUED ABGYE PROGRAM
LXLG LIMITS ANPDRESS OF HIGH UNUSED LINIT
CMEX0  ARADR COMPARE WITH BASE (OF ARRaY
TH] ned ox20Ky LIMIT IS RELOW BASE
LoXo ARADR ACJUST LIMIT
SaLxo =1,0U TC BE
SXLE LINITS BELON ARRAY
LDA 2,1 COMPUTE FLAG
SB4 .1 INDICATING THAT
STGC A RLSFLG, 70 RELEASE MAY OCCUR (1F MEBGATIVE)
6N 570 Je1n MAKE SURE OLL ARRAY SIZE 15 CORRECY




»

IMMECD4Y

& COMPUTE THE NUMRER OF 1024 WORD BLUCKS THAY ARE REOUIRED IMMEQD42
it IMMEGO43
Lo 2:1s NUMBER OF WORDS REQUIRED IMMEGD44
SepQ Jale NUMBER OF WORDS ALREADY IN THE ARRAY IMHMEDD4S
ADR =1023,DL ROUNDING YP FACYOR IMMEDC49
ORS 11 DIVIDE BY 1024 IMMEDSBR
8T8 TEMP - - SAVE NUMBER OF X TO GROKW
12E DONE v NO CORE ADJUSTMENT REQUIRED
* IF BGIMME IS NOT TGO RELEASE CORE, INSERY THE FOLLOWING INSTRUCTION
* HERE
1L I41 DONE_ - 22 o NO MORE CORE REQUIRED:
Lha TEMP UPBATE THE NUMBER
aLs 10 0f WORDS IN
ASA T.1e THE ARRAY
¢ IF GIMME 1§ NOT To RELEASE SURPLUS CORE, REMOVE THE FOLLOWING TGO IMMEDND5S
® INSTAUCTIONS, : IMMEQOS?
CHra 0.DL IMAEDDSA
TH] BIVEUP ses CORE CAN BE RELEASED IMMEDDSS
. IMMEDDSG
® LOOF TG FEYCH REGUIRED CORE JN 2K INCREMENTS IMMEGDSY
L4 : IMMEQ RS2
LaopP 5TO TEMPZ SAVE THE NUMBER OF K
___CMPO 1,00 HOW MANY MORE K
T2E LAST ves GET 1K MORE . IMMEDDSS
mME GEMORE BET 2K MORE IMMEQDES
ZERD 0,2 IMMERD& S
T5X1 CNT +ve CORE REQUEST REFUSED IMMEQDS7
Lol TEMPI URDATE THE
Sl 200 NUMBER OF K IMHENGAD
T2E DOKNE vas DONE IMMEQD71
TRA LooP ese GCONTINUE IMMERD72
LAST “ME BEMORE GET THE LAST 1K BLOCK IMMECQE73
ZERD 0,1 IMMEGE 74
TSX1 CNT vep CORE REQUEST REFUSED IMHEDDTS
‘ IRL DONE se. DONE IMMENDTS
» ’ IMMEROD?7
CNT 408 COUNT COUNT NUMBER OF REQUESTS REFUSED IMMEDQ?78
Lpg 41 00yeb4, DL GO Y0 SLEEP FOR A WHILE GCHO41921
ThRe ~3,1 ees TRY AGAIN IMMEDDBY
hod ) : . _— — IMMEDNBD
# SEQUENCE TO RELEASE SURPLUS CORE IMMEDQB]

@



&
GIVEUP SIZN

IMMEUDBY

s, DU CHECK RELEASE FLA®
TPL DONE +»esPOSITIVE, NO RELEASE REQUESTED
Lca TEMP GET ABSQLUTE VALUE OF NUMBER OF 8LOCKS
aLs 10 MULTIPLY BY 1024 ~ IMMEOO8S
EAA DONE SEY RETURN ADDRESS FOR SEMREL IMMEDOBZ?
MME GEMREL se9 RELEASE CORE ’ IMMEDOES
.. . : IMMECDB®
& PRINT SYATISYICS FOR THIS CALL TO GIMME IMMEOD9D
Y ‘ ¥ IMMEOAG)
DONE MME GELAPS COMPUTE PROCESSOR TIME USED BY GIMME [MMEDO92
SsQ° TEMP2 - ) o i : IMNEQDST
MME GETIME CQMPUTE ELAPSED TIME INMEQD94
sen TEMP2e14 ’ IMMEQ]SS
TPL as? : «e3D]D NOT PASS MIDNIGHY
ADG 25,5296E9 ADD 24 HOURS TO CORRECT
TOY 1) CONVERY TO FLOATING POINT IMMEDR96
LDA 0,00 . IMMEGDST
LDE =71a2b5,DU IMMEdNSS
FNO _ IMMEDDO9
Fiov =2,304E8 CONYERYT "TO HOURS FROM 64THS OF MILLISEC, IMMEO1lD0
FST TEMP2¢1 SAVE FOR PRINTING IMMEGL101
Lia TEuP2 CONVERT PROC., TIME TO HOURS
{11 el
- LDA 0,00
LDE 271825,0U
FND
Fov 22,3IN4E8
FST TEMpP2Z
o CalLL  LFPRNW{FILE,FORM1)
Lba TEMp PRINT NUMBER K CORE
TsX1 oFORV,
_ LDA COUKT PRINT NUMBER QF REOUESTS REFUSER IMMEQ103
TSX1 oFChY. IMMEQ1DS
LDA TEMP2 ' PRINT PROCESSOR TIME USED BY SIMME IMMEQLD6
TsX1 1 FONY, — JMMED127
Lia TEMPZ2#1 PRINT ELAPSED TIME IMMEDLUS
TSX1 FONV,. IMMEGL1G9
CALL sFFILa . IMMEQ119
STZ courT’ RESEY FOR NEXT CALL TO BTMME IMMzO111
RETURN GIMME - 1MMEDL112
‘‘‘‘‘‘ . . IMMEN113
ERROJR CaLL FXEM{#61,MESS5,a5)

(i

Fr



RLSFLE Egu GIVEUP
LIMITS Bony 37VEU ‘
o LOKLED Bo0OL 24
TEMP 835§ 1 IMMED11S
TErP2 &SS 2 STORAGE FOR PROCESSOR AND ELAPSED TIME . IMMEO116
IEMPI BsS 1
COUNTY ZeRC . - IMMEDLL?
MESS Bl 5, ARRAY NOT LOADED ABOVE PROGRAM
TIMES,
01 8y USED +F7.6,11H HRy PROC.s F7.4,11H HR, ELAPS-)
BLOCK GIMHED
FILE  DEC 06
END , IMMEO121
s GMAP DECK, COMDK T773% G11671TINME
-1 INCODE 1BMF T i
Lel TIME, TIME AND DATE SUBPROGRAM TIMEDDLO
TTL BRILL CONVERSION PROGRAM TIHEDG20
1TLS TIME, DATE, AND ELAPSED YIME SUBPROGRAM TIMEONID
- TIMEOD4D
. CALL TIMDAT (TIME,DATE) ‘ TIMEOOSS
5 TIMEGDED
¢ WHERE TIME = 2 CONSECUTIVE WORDS WHERE THE CURRENT. TIME WILL RE TIHEQQ70
& PLACED AS HH:IMMISS TIMEDBED
» DATE = 2 CONSECUTIYE WORDS WHERE THE CURRENT DATE WILL RE  TIMEOODSD _
" PLACED AS MM/DD/YY TIMEDLO0
'R : TIMEOLLD
TIMDAT SAVE a TIMEDL2S
j MHE BETIME GET DATE IN A AS MMDDYY AND TIME IN Q IN TIMEO13D
REM S4'THS MSEC SINCE MIDNIGAT, TIMED140
STQ TIME SAVE TIME TIMEDLSD
LARL 38 PLACE DATE I~ § TIMEG1&D
LDA x6H PLACE SPACES IN & TIMEG17n
LLR 12 ' MOVE MM INTO A TIMEB18)
ALS 5 TIMEALSD
ORA s3HE8/,0L INSERT SLASH TIMEGZOD
LLR 12 MOVE DR _INTO A TIMEQZ10
ALS & TIMEDZ2C
ORA a3HG0/ . b4 INSERT SLASH TIMED23D
LoXg 3,1 LOAN ADDRESS OF DATE TIMEGZ2440
STa 0.0 STGRE FIRST TINED250
sTR 1, : AND SECOND WORD TIXEDZ60
Log TIME - PUT TIHE IN G TIMEOZT7D
ORS & CONYERT TO MSEC TIMEDZ2B1

78



TINEQ290.

Dlv 1000, 0L CONVERY YD SEC
DIV 10,01 ‘TIMEQI0D
5T4 TiME STORE UNJY SECONDS ‘TIMEQ31D
Brv 64DL ' TIMEDS2)
STA TIME+4 STORE TEN'S OF SECONDS TIMEG3 3o
Dlv 10,0L ) TIMEO40
STYA  TImMEe2 STORE' UNTT MINUTES TIMED 35S0
Dly 6,DL - - ‘ : TIMED3GO
ST4 TIME+d STORE TEN'S OF MINUTES TIMED37D
DIV 10,0L UNTY HRS YO A, {0'S OF RRS TN O YINEUIBO
ALS 30 TIMEDIS T
LLR 5 ASSEMBLE HH IN RIGHT OF @ ‘TIMED4DS
QLS [ TIMEG41D
0RO =015, 0L INSERY COLON TIMEG4ED

. GLS é ‘ TIMED430
oRQ TIME®3 TIMEO 449
GLS 6 TIMED A4S
RO T]ME®2 -INSERT MM TIMEO460 .
QL5 [ ' TIMEGATS
DRG - =01%,0L INSERT COLON TIMED480
Loa =6H PLACE SPACES N A TINEQ4%0 =
LLS 6 ' TIMEOS DO
ORQ TIME#1 TIMEOS51D
LLS ) TIMESGSED
ORG TIME .INSERT S§% TIMEDS 30
LLR 24 : TIMEDS40
LDXo 2.1 LOAD ADDRESY OF TIME TIXEQGSH
STA 80 STORE FIRST AND TIMEDS60
STQ 1,0 SECOND WORD “TIMEGS70
RETURN TIMTAT ‘TIMES581
EJECT ] TINEGSS0

. TIMEO600D

. CALL ELTIME{TIMEL) TIMEDSL)

. TIMEDEZD

® WHERE TIMEL = LDCATIQN WHERE ELAPSED TIME [N NSEC, I5 PLACED, TIMEO63Y

. ' TIMEQG&40

ELTIME BAVE ; TIMEDES
MME GELAPS BET ELAPSED TIME IN Q IN S41THS MSEC, TIMEQS60O
ags 6 CONYERT TO MSEC TIMEOS70
STQ 2,;1e STORE IN TIMEL TIMEOG6BO
RETURN ELTINME : TIMED&S

TIME  BSS 4 TIMEO7GA
END TINEGT10

5 EXECUTE

5 FEILE 17

5 FILE 08,,1R

3 LIMITS 200,17K,,20K

JIYYLE THERNMAL TEST CASE

SIZE 50

HEAT 1 5 )

3 ExM0B
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