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ABSTRACT

CSKYTI is an out-of-core profile approach
Cholesky algorithm equation solver for large sparse
positive definite systems of linear equations.

CSKYTI is an adaptation of an existing CDC 6000 series
program, CSKYDG2, for the Texas Instruments' Advanced
Scientific Computer (ASC 6) at the Naval Research
Laboratory. The preprocessor program SETUP for

CSKYTI was similarly obtained from CSKYDG2's SETUP
program. This report documents a comparison of the
performance of CSKYTI and its SETUP on the ASC 6

with that of CSKYDG2 and its SETUP on the CDC 6600 at
DINSRDC. It would appear that the ASC 6 requires double
precision arithmetic to obtain the significance of
single precision computation on the CDC 6600. Even so,
the ASC 6 was found to be fast compared to the CDC 6600.

INTRODUCT ION

One of the long range projects of the Computation, Mathematics, and
Logistics Department has been the development of mathematical subroutines
suitable for use in the computer-aided structural analysis of ships.

Many unrelated efforts in both government and industry have resulted in
computer programs that treat particular classes of structural problems.
These programs often involve the solution of similar mathematical

problems but, since the solutions are reached independently, the efficiency
and accuracy of the various algorithms used may vary greatly. The need to
coordinate these diverse efforts, to develop improved methods of more
general applicability, and to produce more comprehensive programs for
solving Navy structural problems became obvious. A project was therefore
established to coordinate research efforts involving mathematical and
computational methods in the area of structural mechanics and to integrate
the work of mathematicians, computer specialists, and structural
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engineers in this field.

The present considerable interest in the finite element approach to
structural analysis is evidenced by the widespread use of NASTRAN (NAsa
STRuctural ANalysis program) and other such programs. According to the
NASTRAN Theoretical Manual,1 “"From a theoretical viewpoint, the formula-
tion of a static structural problem for solution by the displacement
method is completely described by the matrix equation KU=P.'' Thus, there
is a need for accurate efficient computer subroutines capable of solving
these large sparse positive definite systems of simultaneous linear
equations. However, the order of K is often so large that, even when
advantage is taken of K's symmetry and banded structure, it is not feasible,
and sometimes not even possible, to store K in the core memory of a
computer.

To handle such a case the computer program CSKYDGZ was developed.
CSKYDG2 is an out-of-core Cholesky algorithm equation solver which takes
the profile approach.2 CSKYDG2 makes use of SETUP, a preprocessor program
which stores the profile of the upper triangular half of the matrix K in
random access files. CSKYDG2 and SETUP were written in FORTRAN Extended
for the CDC 6000 series of computers. The present program CSKYTI was
obtained by modifying CSKYDG2 so as to take as much advantage as feasible
of the special features of the Texas Instruments' Advanced Scientific
Computer (TI ASC 6) at the Naval Research Laboratory. The SETUP pre-
processor program for CSKYTI was obtained similarly from the SETUP program
for CSKYDGZ. This conversion was undertaken chiefly to investigate the
effectiveness of the ASC's ''pipe line'' architecture with respect to the

"

""vectorization'' of computer code by comparing the performance of the two

versions of the same program on the ASC and the CDC 6600, respectively.

; ""The NASTRAN Theoretical Manual,' edited by R.H. MacNeal, National
Aeronautics and Space Administration, Washington, D.C., (1969) p. 3.1-1.

. Gignac, D.A., "CSKYDGZ2: An Out-of-Core Cholesky Algorithm Equation
Solver (with Respect to Profile) for Large Positive Definite Systems of
Linear Equations,' Naval Ship Research § Development Center Report 4655
(March 1975).
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MATHEMATICAL DETAILS

DEFINITION OF TERMS

e Positive Definite

A real symmetric matrix A of order n is said to be "positive
definite'" if its associated quadratic form XTAX is positive for all
vectors X other than the null vector 0. A is also characterized by the
fact that all its eigenvalues are positive. (The reader will remember
that all the eigenvalues of a real symmetric matrix are real.) Clearly A
is also nonsingular, that is, Al exists. A system of simultaneous
linear equations in n unknowns, AX=B, is said to be positive definite if
A is positive definite. In theory, such a system can never be singular,
though numerically it may turn out to be nearly so.

e Bandwidth

A real symmetric matrix A of order n is said to be banded and
have a bandwidth of m where 1 < m € n if aij=0 for |j-1+i| >m. The
quantity m is sometimes also called the semi-bandwidth of A.

e Profile

The "‘profile' of a real symmetric matrix A is the upper triangular
half of A stored columnwise from the diagonal element of the column to the
last non-zero element of that column.

* Active Column
An "active column'' of a real symmetric matrix A is a column
which results in an undesirably large bandwidth.

CHOLESKY ALGORITHM

The Cholesky algorithm solution of a positive definite system of
simultaneous linear equations AX=B consists of two steps:
¢ The factorization of A into the product of a lower triangular
matrix S and its transpose T -- that is, finding S such that A=ST. This
is the Cholesky decomposition of A. S and T are the unique Cholesky
factors of A.
* The joint solution of the equivalent pair of triangular systems




SY
™X=Y

the first of which is easily solved by forward substitution and the second

]
o

by backward substitution.

The Cholesky algorithm is both accurate and efficient. It is also
quite stable and does not require pivoting.

Making use of symmetry we may rewirte the usual formulas for the
columwise Cholesky decomposition of A entirely in terms of T.

ty =Va
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The usual formulas for the forward substitution in terms of T are

= w2k
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The usual formulas for the backward substitution in terms of T are

B
Xn = tn'n
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X, =t .(¥, - ¥  CaYe) i=n-1,...,1
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Examination of these fornulas leads to the following observations:
e It is more efficient to incorporate the forward substitution
into the Cholesky decomposition, provided that one does not wish to solve




AX=B for several right-hand sides B with the same left-hand side A.

e Formulas can be modified to take advantage of the fact that
A and T have the same profile.

HYPERMATRIX APPROACH

The hypermatrix approach consists in regarding the elements of a
matrix A as some partitioning set of submatrices Ai' rather than the
scalars aij' For example, if n, the order of A, equals ni+n,+...ng (where
the n, are integers), then A can be regarded as a '"hypermatrix' of order ¢
whose elements are the obvious partitioning set of ani xn. submatrices.
"Hypervectors' are defined similarly. Thus the system AX=B defines a
hypermatrix system A'X'=B' of order ¢.

In extending the Cholesky algorithm to hypermatrices and replacing
the scalars aij by the submati®ices Aij in the above formulas, note the
following:

e Matrix multiplication, unlike scalar multiplication is not
commutative.

¢ Scalar division is replaced by the solution of a triangular
system.

e The extraction of square roots is replaced by Cholesky
decomposition.

The formulas for the hypermatrix Cholesky decomposition in terms of the

submatrices of T become

TLTU =M

T » @A,

T35 = Ay - Tyalys
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The formulas for the hypermatrix forward substitution are

¥y = a1 E
i3
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The formulas for the hypermatrix backward substitution are

RNy |
xn = an \n
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Note that the positive definiteness of A guarantees that those matrices
which must be invertible or positive definite according to the above
formulas are, in fact, invertible or positive definite. This statement is

so easily established as not to require formal proof here.

SETUP AND CSKYTI

SETUP is a preprocessor subroutine which packs the profile of A in
QDAM (Qued Direct Access Method) files on tape 1, according to the
specified partition. The SETUP subroutine first reads the order of A and
then reads the rows of the upper triangular half of A from tape 2. The
SETUP subroutine has four arguments. The partition is specified in the
first two arguments, NS and NNS, where NS is the partition vector and NNS
is the number of partitions.* The profile is characterized in the output
of the last two arguments with respect to the given partition. The LASTBLK
array contains the locations of the diagonal submatrices of the hypermatrix.
The NUMBLKS array specifies the number of submatrices stored from each

column of the hypermatrix.

*

IMPORTANT: It must be pointed out to the reader that the program
published in this report expects a uniform partition mesh of 10 except
for the NNSth partition whose width is i, 1 € i < 10. This limitation was
introduced to facilitate the use of QDAM.




The CSKYTI subroutine effects a Cholesky algorithm solution of a
system of linear equations via the profile approach, using the submatrices
packed in random access memory by S:TUP., The CSKYTI subroutine has five
arguments, NNS, NS, LASTBLK, NUMBLKS, and B -- the first four as already
described. The right-hand side of a system of !inear equations is passed
through the B array and the solution of the system is returned in the
same array.

As noted previously SETUP and CSKYTI are ASC 6 adaptations of programs
written for the CDC 6000 series of compute -s.

THE TEST EXAMPLES

EXAMPLE 1

1

The matrix family of Table 1, A&; , 1s generated as follows: Let N
be an integer 2 3. Let CN be the tridiagonal of order N with 4's on the
diagonal and a line of -1's above and below the diagonal. Let IN be the
identity matrix of order N. An (N+1)-banded matrix of order N?, A& is
constructed by

(1) stringing N C,, submatrices along the diagonal,

N
(2) inserting lines of N-1 ‘IV submatrices above and below the

diagonal, and
; Ry 1
(3) setting the remaining elements of AV? equal to 0,
Application of Gerschgorin's theorem shows A;? to be positive definite.

The right-hand side of the system AQZX = BNQ is chosen such that all

components of the exact solution vector have the value 1.
EXAMPLE 2

The matrix family of Table 2, A;?, is generated as follows: Let N be
an integer 2 3. Assume the real symmetric matrix of order N? and bandwidth
N with N? on the diagonal and -1 elements filling out the rest of the band.

Then change the value of each zero element in the last N rows and columns
to a -1. As before, Gerschgorin's theorem shows A§2 to be positive

— e S ety - me



definite. Note that from the viewpoint of bandwidth, A;g is a full

matrix. The right-hand side of the system AQ;X =C

all the components of the exact solution vector, except the last, which is

1, are :zero.

\2 is chosen such that

TABLE NOTATION

The solution times for.\bx = B‘\1 and AGX = (Z,\1 are tabulated in Tables

1 and 2, respectively. These test problems were originally run on the
CDC 6600 at DINSRDC asing the OPT=1 FORTRAN Extended compiler under the

SCOPE 3.3 operating system.”  They were rerun on the ASC 6 at NRL using

the NX FORTRAN compiler under the General Purpose Operating System (GPOS).

The column headings are defined as follows:

N
A

NS

N

AN
Tspmup
G S
SOLVT:

Troran

the order of the svstem,

svstem bandwidth,

the partition vector,

the order of the hypermatrix system.

hypermatrix system's bandwidth,

the time required to pack the hypermatrix system into
random access mass storage,

the time required to solve the hypermatrix system, and

the sum of the TSETUP and [SOLVP times.

(The above times are given in terms of CPU seconds.)
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OBSERVATIONS

At the outset it was suspected that ASC single precision computation
(32-bit word) could not provide solution significance comparable to that
of the CDC 6000 series (60-bit word). This was found to be the case.
However, since the ASC double precision word is slightly more significant
(64 bits) than the CDC 60-bit word, maintaining significance proved to
be no problem, all the more so since the ASC user is not unduly penalized
for resorting to double precision arithmetic to maintain significance.
(Changing from single to double precision arithmetic on the CDC 6000
series almost quadruples the running time of a given program.) Both
CSKYTI and CSKYDGZ provided the same significance--at least 12 to 13
significant digits--for the esamples in this report.

Clearly the improvement in computing time can only be described as
phenomenal. The ASC version of SETUP runs up to 31 times faster than
the CDC 6600 version, CSKYTI runs about 5 times faster than CSKYDG2 and
the total time may be as much as 17 times faster. The remarkable improve-
ment in SETUP's running time results from the more efficient reading and
writing of scratch tape 2 (which is really on a disk) by the head-per-
track disk drives of the ASC. The considerable improvement in CSKYTI's
running time over than of CSKYDG2 is no doubt due to the fair amount of
vectorization provided by the NX FORTRAN so as to exploit the 'pipeline"
architecture of the ASC.

ACKNOWLEDGMENTS

The author wishes to thank the following individuals for their
interest and assistance: Dr. Elizabeth H. Cuthill (DTNSRDC Code 1805);
Dr. Gordon Everstine and Mr. Michael Golden (DTNSRDC Code 1844); Mr.
Richard Van Eseltine and Mr. Paul Morawski (DTNSRDC Code 1843); and
Mrs. Barbara Brooks (NRL Code 422,23).

11




.

————E A AN I e

(Program listings are given on the following

et R

pages.)

PROGRAM LISTINGS

12




T R—

- WY v v

0no3k
nyl9
004y
nn4y

s
0043
0nda
npus
00de
0yu7

©

—
<

FARTRA® SOURCE LISTING TIME = 14149 ATE = 19 /Z11 477

SURRAUT I NE SETUP 2 JLASTRI ¢ N | )
I‘:L’C ! RE AL % (L wh, "iJ

DIMENSION HALD (3025)

DIMENS] S(t).,LASTBL (1),NUMBLK (303)

COMMAN A1 (1B0C0),A(6300)
COMMAN A1 (100),4(30250)
INDXX LJXYZ) JiYZlwei )2y R

FEwWT ’

': 1 ];]' b ]

NeN+uS (1)

PAsN&1

#LIMZNPA

Dt ’ vl 2y 2

xx-‘,lL_- \i)g.l

NSSENS(])

PG 3 I=1,N8S

KLIMsKLIM=]

READ(2) (HELD(K) K31 ,KLIM)

D6 3 Kzt ,KLI
Ox(l=1)¢K)3RALD(K)

Do 1§ 1s2, 3
NSBaNS(1=1)
JlISJ: QM
0 7 Jsil, 3
SJanS(J)
’ d,8,7

D8 S Ils1,NSH
IISTORRIISTARS
D8 § JJ=t,NSJ
IF CACIISTOR %JJ)Y) 6,85,;8

CONTINUE
NUMBLK (J)sNUMBLK (J)+1
e 10 7

.’.w)"ELI (__!):-‘ MR (_})
JOISPSJINISP+NS)

NSSENS ()

PO 8 1121,NSS

KL IMesK| 1V

READ(2) (MOLD(K),Ks) ,KLIM)

DB 8 Kzi,KLIM
A(NPE®(Tlel ek )2riLD(x)

IF (NUMBLK (1)) 9,9,10 '
NUMBLK (])s1

LASTBL (I)SLASTRL (Iet)+WUMBLK (1)

/S
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ETUR

CSN

04k
nNo49
0050
0051
nose
0UsSs
d0S4
V0SS
0056
0aS7
GUSE
NS89
Ntnt
6lo!
Nobe
Nveld
Noeod
0ueS
0366
0ie7
Die=
0698
LEN A
l]|l71
0072
0n7l
G674
noTs
nn7e
0077
G078
neT9
0080
06081
noBe
YR}
DRy
NGBS
dJ0Re
0087
00RE
0NRG
0090
0n91
nn9e
0y93
0094
009s
ny9e
0697
009k

PR o~

ASC

12

ee

16

17

FHRTRA SHURCE LISTING TIME = 148 TE = 8213417 L
STATEMENT
Lt,] N s 1
KLIMaNS
SoansS (1)
DO 1% 1si,NS
KLIMsKLIMe]
READ(2)(HELD(IK) Ke] , K| )
rm & ‘(:!'.
A(NPAK(] =1 'TRE 1. €Ky
g 12 7:‘, .
)6 12 Jel,NS
AL (NSSax(Jel)el )2 w(I=1)4J)
ne 22 (s, Q ]
.“\ é:‘ ::A' b N
A}('.\bh'.' )+ 2 | - - )
LRZ=NES» 8¢
LO2=2.GZ+*¢
CALL PUT( eL'x& o} g 1)
IDISPs
¢ 18 82, ~
SUaNS(]=]
10]1SPs I&F ¢MS
ISTHaz/~]
I»*L 2lep?
JOISPaNS
00 1S Js], ~
IF ([S‘Q“’I' MBLR (J)) S FEETRE
NSJeNS(J)
IISTOR seNSJ
IIKEEP==N¢JD ISP
De 14 I1=s1,NS0
1ISTAR =11STOR ¢NSJ
JIKEEP=]IIKEEP ¢
D8 14 JJ=i  NSJ
A1 (I1ISTER +JJ)3A(IIKEEP+JJ)
LEGZanSH»NS Y
LRZ=.02Z2»2 /5
IABCSLASTRL(Jet Y4 Je]HALD
CALL GPUT(1,LQZ,INDXX(IABC), 41)

JDISPeJRISP+nS8())
NESENS(I)

KSAVES!

D8 16 IIwi, NSS
KLIMsK | IVe]

READ(2) (HOLD(K) K81 ,KLLIM)
DO 16 Kef ,KLIM
A(NPOA(ITel )+ )sHALD(K)
06 17 11l=f,MSS

DO 17 JJeI1,N88

AY (NSSx(JJel )+IT)sa(KSAVE +N2(I]=t)+]])
08 27 11lei,NSS

Do 27 JJ=II,NS8S
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0g09
0010
0nt
nat1e
neo13
npt14
ne1s
nole
0017
o018
1019
0 ')?\)
n0e21
f '\22
a6el
noeu
Gnes
Dude
cp27
noes
nNye9
D036
N3
003¢g
Ne33
N34
ne3s
nule
0037
0n3s
angl39
nn4o
004
node
0043
0044
004s
onde
00u7
Nnous
0nug
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SURRSUTINE CSKYT] ( S,-D,lﬁﬁTﬁL SNUMBL K

IMPLICIT REALAB(A=H,0=2)
DIMENS]I® S (1

CoOMMS YRR
INDXXY cIXYZ Yu(JX

- -

el ) %200 +1

NSSUMI =

)€ ]5 _.:!, el
NSJeNS(J)
JSAVESLASTAL (J)
LLLTMsNUMBLK (J)=1

LEZeNS (JeLLLIM)ANS]T

LE2=lL.QZ#*2

LSAVESINDXX (JSAVE )

CALL BFIND(C1.LQZ,L8AVE)

CAL‘ ';(‘ET("L JZIL:-“.","LI'G

DB 1 K= ,NSJ

BR(K )R (NSSLIMT +K)

IF (LLLIMY 2,102
KLIM‘:J.L[LI

JMAs et

JKEEP=LASTRL (JMO)s=p2
NESUMRINSGLUMI

DS I3 KeKLIML, JMO
NSSUM2aNSSUM2eNE (K)

JFPls ]+

LLSAVE=2NUMABLK (J)+1

JHOLDem (LLSAVE+Y)
LLHOLO=LASTRL (J) +1

P8 @ LL=1,LLLIM

LeLLSAVE =L

JPULsJPAe

JEOL2SJIPOL 42

KLIMR22NS (JPHL)

LGZeKL [M2ex M2

LOZ=lLuZ2*2

INDEXSLASTRL (JPOL)eNUMBLK (JPAL) +1
INDEXSINDXX (INDEX)

CALL QFINDCT,LAZ,INDEX)

CALL GGET(1,LOZ,INDEX,AL1)
CALL FORWDS (A1,AA,KLIM2,NSJ)
LEZsKL [M2418]

LOZ2 Q72 %2

INDEXSINOXX (LLHOLD=LL)

CALL QPUT(1,LQZ,INDEX A
DO 4 Kst ,KLIM2
BC(K)SB(NSSUM2+K)

CALL MLTQLY (”H'LL"’L.“.LIHBI\SJ'l)
NESUM2eNSSUMR KL IM2
KLIM2SNUMBLK (JPAL ¢1)
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) LASTHL (1) ,NUMBLK (1),8(1
BE(40),A1(16G0),BCL40),A2(16
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CSxYTI

CSn

0uSH
0091
unye
nes3
G0S4
00585
6eSe
\;437
N0SE
5 .SQ
Nng
\|°y
nnee
N0l
noeu
Joes
Niihm
\|°7
Nopk
Jine
6079
097
nn7e
ni73%
an7d
noT8
ante
0071y
no7e
nn1e
2085
np8l
NORe
n9813
0ngAR4d
noas
0086
nns7

npae
0089
no9y
0091
no9ge
np93
009y
06095
nnYe
0n97
009K
0or9g

ASC FARTRA® SOURCE LISTING
STATEMENT
NS1ESNS(JIPEL +1)
LOZaNS1 *NSJ
LOZs Q2 %2
IMDEXSJSAVE = |
INDEXs] XXt§ EX)
CaLl Fl t1:L 023 X )
CaLL GET (1, L] L) )
1F (KL1IM2=1) S¢9,%
§ KSTORFSL 4Kl 1724Jdr
1& (K81 =% 7'),»
6 KLIM2eK] | =k STHRE
7 KSTREV=LASTHL (JPEL)
KST RFIASJKEF D i
N @ K=2,K| .
vS2BNS(JPRL 2wk )
LGZEHS2aNS !
LAZeLBZ »2
1‘~ “:"DI BEL
INDEXE] L BY)
CALL GFIND(1,L32,INDEX)
CatLt GET(1,.L Zc] EX,AL)
L.’I': Sc*N§
| l8LG2+»2
INCEXSHETRE 24n
INDEX®INDXX (INDEX)
CaLL QF] (1,LQ2, INDEX)
OGET ( INDEX,A2)

10 CALL CHOLSK (AA,BB,N
LGZBNSJANGJ
LOZ=LGZ»2
INDEXsJSAVE=-LLLI?
INDEXSINDX K (INDEX)
CALL GQPUT(1,LGZ,INDE
DO 11 K21 ,NSJ
HNSSUMYI ¢k ) =RA (K)
NESUMIENESUMT +NSJ

NNSPOSNNS+1
D0 36 JJs1 ,NNS
JENNSPHe )
NSJENS (J)
NSSUMI=NSSUMI oS
DO 31 Ksi ,NSJ

31 BRB(K)SH(NSSUMTI ¢K)
LLIMSNUMBLK (J)=}
JSTORE=LASTRL (J)eLL
LOZsnSJ#nNSJ
LOZsLGZ*2
LSTORERINDOXX (JSTARE)

/7

3J)

X,A0)

M

"11’2"“561" Slr.‘SJ)

S/117277




CSKYTI]

n

ASC FHRTKA S CE LISTIN 11

"

CALL OFIND(1,L82Z,LSTHRE)
CALL QGET (1 5l Z,L8TORE, }
CALL BCHK 5 (AA,BB,NSJ,1)
¢ 32 XK=zt ,NnS)

3, 1 (NSSU +K )ZHAR ()
TF 1§ I R ) 53,366,313

13 SSUMZ22NESIUIM]

KLIMaNS (J=
NESLUMP2=MNSS ~e )]
De G Kel, KL
34 BL(K)ZA(N5511124)
LEGZsK{ IMANSJ
LOZ=2LGZ*2
INDEXSJSTARE ¢
ItOEXS] XX {1 X
CALL F1l (1,LG2,!1 Fx)
CaLL GET(1,LQZ,1 EX,AA)
CALL MLTPL CBC AR, dKLIM NS 1)
D6 35 Kz, KL ]
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INITTAL DISTRIBUTION

Copies

~

CHONR
1 430/R. Lundegard
1 432/L.D. Bram

NRL
1 8441/J. Hansen
6 4223.23/B. Brooks
USNA
1 Dept Math
1 Library
NAVPGSCOL
1 59C1/G. Cantin
1 M. Kelleher
1 Math Dept
1 Library
NAVWARCOL
NROTC & NAVADMINU, MIT
NADC
NELC
NUC
NWC
NCSL

NSWC, WHITE OAK
1 331/E. Cohen

1 331/M. Vander Vorst

NSWC, DAHLGREN
NUSC, NEW LONDON

NUSC, NEWPORT

P T

Copies
1 NAVSEA, 03F/B. Orleans

1 NAVSHIPYD BREM/LIB
1 NAVSHIPYD CHASN/LIB
1 NAVSHIPYD MARE/LIB
1 NAVSHIPYD NORVA/LIB
1 NAVSHIPYD PEARL/LIB
1 NAVSHIPYD PHILA/LIB
1 NAVSHIPYD PTSMH/LIB
12 DDC

1 AIR FORCE AERO RES LAB
P. Nikolai

ro

BUSTAND
1. Dr. H. Oser
1 M. Cordes

1 U MARYLAND
Prof. Rheinboldt

1 GRUMMAN AEROSPACE CORP
Bethpage, N.Y. 11714
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Code

1552
1725

1730.

1745
1800
1802

1805

1809.

182
1826

184
18453

1844

1844
185
186
189

1892
1966

5214
522
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CENTER DISTRIBUTION

BAI, JUNE

JONES, R.F.,JR.
RODERICK, JOAN E
ROTH, PETER N

GIFFORD, LEROY N.,

5 MA, JAMES H.
NG, CHRISTOPHER
GLEISSNER, G.H.
FRENKIEL, F.N.
THETLHEIMER, F.
CUTHILL, E.H.

3 HARRIS, D.
CAMARA, A.W.
MEALS, L.K.
CULPEPPER, L.M,
LUGT, H.J.
SCHOT, J.W.
EDDY, R.P.
MORAWSKI, P.E.
VAN ESELTINE, R.T.
DHIR, S.K.
EVERSTINE, G.C.
GOLDEN, M.E.
HENDERSON, F .M.
HURWITZ, M.M,
GIGNAC, D.A.
CORIN, T.

SULIT, R.A.
GRAY, G.R.
TAYLOR, NM.
STRICKLAND, J.D.
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CASPAR, J R.
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