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ABSTRACT

The need to compute eigenvalues and eigenvectors

for large order syiiinetric matrices arises frequently
in the finite element approach to static structural

analysis as well as in the applied work of many other
fields in the Navy ’s varied research program . GIVENS

is an out-of-core FORTRAN callable eigensystem subroutine

which computes all the eigenvalues and specified eigen-
vectors for a large order real synunetric matrix using
modifications of the GIVENS tridiagonali zat ion procedure,
the QR method of Francis , and inverse iteration. GIVENS

has hcen put together from subroutines extracted from

the NASTRAN (NAsa STRuctural ANalysis) program. The use

of GIVEN S presupposes that the user can attach a special

FORTRAN compiler and a certain subroutine library

presently available on the CDC 6000 series computers at

DrNSRDC .

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

V 
hut , since the solutions are reached independently, the efficiency and

V 
accuracy of the various algorithms used may vary greatly. The need to

coordinate these diverse efforts , to develop improved methods of more

general applicabilit y , 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

1
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computational methods in the area of structural mechanics and to integrate
the work of mathematicians, computer specialists , and structural 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)1 and other such programs. Fundamental to the
finite element approach to vibration analysis is the solution of the

matrix equation

(K - AM)U=0

for natural frequencies (A) and normal modes (U). If both K and M are
real and symmetric and M is positive definite , this problem can be reduced
to one of computing the eigensystem of a real symmetric matrix C. However ,

the order of the problem is often so large that , even when advantage is

taken of sparsity, it is not feasible , and of ten not even possible , to

store the matrix C in the core (high speed direct access) memory of a

computer , let alone to compute C’s eigensystem in core. The need to

compute eigensystems for such large order real symmetric matrices also

occurs quite frequently in the applied work of other scientific disciplines

in the Navy ’s far-ranging research program .

The NASTRA1N program has mathematical “modules” to cope w i t h th is and

other mathematical or computational problems which arise in the course of

the NASVFR,\N structural analysis . To he sure , these modules can be accessed
directly for a mathematical problem as such but then ~ tI (Direct Matrix

Input) cards are required for the matrices. Unfortunately’, this 1IJ~1I card

procedure is not realistic for large order matrices . Accordingly, an

investigation was undertaken to see whether some of the mathematical

capabilities of these modules could be extracted from the NASTRAN program

and recast in the form of FORTRAN callable subroutines with a more efficient
inpu t fac ili ty for large order matrices. The present GIVEN S subroutine was
put together in this way with the assistance of Mr. Myles IkrnN’itz (Code

18fl) who removed the appropriate subroutines from the NASTRAN REAl) (Real

1 “The NV\STRAN User ’s Manual (Lev?l 15.0) ,“ N.-\S-\ SP - 22 , S c i e n t i f i c  and
V l V eChn ical Info nnation Office , National Aeronautics and Space Adm i n ist ra t ion ,
lcashinGton , T).(’. , June 1~) ’ .

2
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l i genvalue -\nalysis for the Displacement method) module along with the

required general library input and output subroutines rrom NASTRAN.

T1IIDRY

V flh is section briefly describes the procedure used by GIVEN S to com-

pute the ei gensystem of a real symmetric matrix. For a more detailed

presentation the reader is referred to the N-\STRA\ Theoretical Manual2 or
to the authors cited below. The GIVENS procedure is as follows :

(1) The matrix is reduced to a real symmetric tridiagonal matrix using

Wi lkinson ’s modification3 of the GIVENS method .4

(2) All the eigenva l ues of this tridiagonal matr ix  are computed us ing
Ortega and Kaiser ’s modi fi ca t io n 5 of the QR method of Francis.6 Since the

two matrices are’ similar , these are also the elgenvalues of the original

matrix.

(3) Certain eigenvectors ~those corresponding to the smallest eigenvalues

of those eigenvalu~s in a certain range) of the tridiagonal matrix are

computed using a method developed by Wilkinson.7 The Gram-Schmidt algo-

ritlun
8 is used to insure eigenvector orthonormality in the case of

repeated eigenvalues.

“The NASTR-\N Theoretical Manual (Level 15.0),” NASA SP-221 (Ol),
Scientific and Technical Information Office , National Aeronautics and Space
Administration , Washington , D.C., December 1972 , pp. 10.1-1 , 10.2-15.

V~) Wilkinson , J.II . , ‘The Algebraic Eigenvalue Problem ,” Oxford University
Press, 1965, pp. 506-510.

Givens , )V ., “Numerical Computat ion of the Characteristic Values of a
Real Symmetric Matrix ,” Oak Ridge National Lab., ORNL-15’4 , 1954.

Ortega, •J.~1. and H.P. Kaiser , “The LLT and QR Methods for Syn~iietric T n -diagonal Matrices ,” Computer J., Vol. 6, No. 1 (Jan . 1963), pp. 99-101.
6 Francis , J .G. F . ,  “The QR Transformation , a Unitary Analogue to the LR

• Transformation ,” Computer J . ,  Vol. 4 , No. 3 (Oct. 1961) and No. 4
( Jan . 1962).
- - 

Wilkinson , •J.H., “The Calculation of the Eigenvectors of Codiagonal
Matrices ,” The Computer J., Vol. 1 , 1958, pp. 90.
8 Bodewig, E., “Matrix Calculus ,” lnterscience Publisher , 1959.

C 3
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(4)  The eigenvectors of the original matrix are obtained from those of

the tridiagonal matrix by multiplying each tridiagonal eigenvector by the
series of orthogonal rotation matrices determined by GIVENS’ method.2

THE GIVENS SUBROUTINE

The calling sequence for GIVENS is

CALL GIVENS (N ,NV ,JTIME ,LFREC ,HFREC)

The value of the first integer argument N is the order n of the matrix .

Now n must be entered as the value of some variable N rather than as a

numerical constant , since the argument N is redefined in GIVENS. This

restriction does not apply to the other arguments of GWENS.

The values of the second integer parameter NV and of the fourth and
fifth real arguments LFREC and I-IFP.EC are assigned as follows: If the user

wishes to compute the eigenvectors of the k smallest eigenvalues , the
value of NV is k mid the values of LFREC and HFREC are immaterial. If the
user wishes to compute the eigenvectors corresponding to eigenvalues A in
the interval a < A < b , the value of NV is zero and the values of LFREC
and UFREC are a and b , respectively. The number of eigenvectors computed

is returned through the argument NV. If the user merely wishes all the

ei genvalues and no ei genvectors , the value of NV is zero and the common
value of LFREC and HFREC is c , where c is not an eigenvalue . (The reader

is reminded that GIVENS always computes all the eigenvalues.)
The value of the third integer argument JT IME is a time estimate

(integral number of seconds) for the eigensystem computation . One such
estimate is given by the formula

StIME = N3 + lSxlO 5

GIVENS reads the rows (or columns) of the matrix from tape 8, a row

(or a column) at a time. GIVENS writes the eigensystem output on tape 9

in the following way. The first record contains the N eigenvalues and
the succeeding NV records contain the specified eigenvectors ( i f  any) .

C
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At present GI VENS is available in the form of a pre-compiled

permanent file on the CDC 6400. The user ’s calling program must be

compiled with the FORTRAN comp iler ori ginally used to compile NASTRAN to
ensure compatibility with certain NAS’I’RAN subroutines . GIVENS also requires

certain subroutines from the SY~ 1ISC library. The sample setup below

illustrates the control cards required for GIVENS on the CI)C 6400.

JOB CARD
CHARGE CARD
ATFACH , SYSM I SC
LIBRARY ,SYS’IISC ,SYSIO.
•\TTAcH ,FILE ,GIVENSEIGNSYM , ID=CAD6 .
AUACH ,FTN ,FTN3POLV34O , ID=CSYS .
fl~ CARD
RFL (to field length on job card)
l~O:~I),Il1 ~1~
LGO.
IN) OF RL~ORD CARD
PROGRV\M ~t-\I N ( I  NT’iIT ,OIJT IIJT ,TAPE5= INIIJT ,TAPE6=OUTPI JT ,

TAPE8, TAPE9)
RJ:-\V I V  LI:REC

=

L \ IVI .  GIVE N S ( N NV , - JTI~~ , I~FRE C , I1FRFC )

The field length (N for the job card may he determined as follows :

(N6, the amoun t of core memory required by GIVFNS , is given by the formula

= 

~~~~
where (N ( is expressed as an octal number. le t ~~~~~~~ he an est imate for the

f ield length of the ca l l i ng prog r am fo r GIVE N S . Then the to ta l  f ie l d
length (N is the octal sum

(N = + (N (

can he determined more e x a c t l y  from the load ‘u~p of a successful run.)

Similarly the t ime T (integral number of second s ) for the ioh card is

obtained from tI’~’ decimal sum

T = T~1 + ,VFJMJ~

where V l ~ is a time estimate for the ca l l ing  program and JTI~fli is the

third argument of GIV1 NS .

c 
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THE TESTS

Let An be the real symmetric matrix of order n 
= 10, 120 , 10 with 10

on the diagonal and 1 elsewhere. A is a positive defini te  matr ix  wi th
n-l repeated eigenvalues of 9 and one eigenvalue of 9+n 9 Let B~ be the
real symmetric handed matrix of order n = 10, 120 , 10 obtained by
imposing a bandwidth of 10 on An • B~ is likewise positive definite hut

with  d is t inct ei genvalues .
Table 1 contains the times (in seconds) for tridiagonalization and

the tridiagonal eigenvalue computation for An~ 
Table 2 contains the same

data for Bn • Four subroutine implementations of the basic algorithm
outlined previously are compared in these tables : GIVENS; TRI4 and

EIIOIJSS and EQRT25;” TRED1 and ThffQLl.12 The times were obtained
on the CDC 6400 at ITYTNSRDC . The GIVENS times were obtained with the
Scope 3.3 operating system , and the other times were obtained with the
Scope 3.4 operating system .

Westlake, J., “A Handbook of Numerical Matrix Inversion and Solution
of Linear Equations,” John Wiley E~ Sons, Inc., 1968, p. 141.
10 Nikolai , P.J. and N. - K. Tsao , “The ARE LINEAR ALGEBRA LIBRARY Hand-
book,” Interim Report, 1 September 1973-31 March 1974, ARE Til. 74-0106
(July 1974), Aerospace Research Laboratories, Air Force Systems Command ,
Wright - Patterson AFB. 

V11 The IMSL LIBRARY 3 Referen ce Manual , Vol . I , Edition 4 (FORTRAN 2.4)
CDC 6200/6400/6500/6600/7600 (1975), revised November 1974, International —

Mathematical and Statistical Libraries, Inc., Houston, Texas.
12 Smith , B.T., et al , “ Matrix Eigensystem Routines - EISPACK Guide ,”

• Lecture notes in Computer Science , Vol. 6, Springer-Verlag , New York
(1974).
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TABLE 1 - EIGENVALUTi C(1~1RTFAT I ON TIME S FOR A
FULL MATRIX A.N (N = 10, 120 , 10)

N GIVENS API IMSL EISPACK

10 .138 0. +.008 .019

.16 0. .018 0.

20 .380 .25 .107 0.

.33 .619 .019 0.

30 .797 .781 .371 .441

.45 .0231 .019 0.

40 1.543 .254 .793 .904

.63 .0110 .056 0.
50 2 .675  3.444 1.515 1.603

.89 +.019 .039 .201

60 4 . 2 7 6  .307 2 . 54~ 2 . 5 1

.115 +~QQ 3 ÷.079 .638

70 6. 4 9.186 3.998 3.869
.145 0. +~fl75 .654

80 9.137 .539 5.919 5.629

.181 0. .12 .69S

90 12. 582 18. 72 8 .302

.222 + .02 .116 1.103

100 l6.~66 .819 l1.29~ 10.6350

.263 0. .136 2.001

110 1.90l 33.473 14.91 14.178

.313 + .02 .192 2 . 72~
120 2 .856 43.869 19.299 l8.0 8

.360 +.043 .213 3.32~
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lABLE 2 - FIGE NVAL UE C(~vllkJTATI ON T IMES FOR A
10-BANDED MATRIX RN (N = 10 , 120 , 10)

N CI V FN S ARL IMSI. LI SPACK

10 .131 0.  .031 0.

.022 0. 0. 0.

20 .332 .25 .116 .116

.280 0. .105 .129

30 .722 .727 .359 .365

.319 .199 .122 .167

40 1.308 1.819 .804 .772

1.050 . 452 .401 . 508

50 2.210 3.421 1.533 1. 14

1 . 211 . 654 .421 . 566

60 3 .501 5 .692 2. S87 2. 439

2 .124 1.106 .7~ 5 1.046

5.28~ 9.0~ 4 .04  3.581

2 . 5 l - ~ 1.159 .935 1.164
80 .645 13.116 5.896 5.392

3 . 3 9  1.386 1.169 1.629

90 10.519 18.464 8.374 7. ”49

4.337 2.161 1.584 2.114

100 11 .033 25.082 l1.2~() 10.299

5.560 2.617 2.036 2.752

110 18.328 33.138 14.949 13.625

6.608 3.3 74 2 . 443 3.266

120 23.601 42.~ 8l l9.23 17 .722

7 .59 1 3.78 2. ’8 3. 731

C 8
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()B SI ~RVA I i t  )NS

The Cl\VLNS program was undertaken w ith :i twofo ld  purpose: f i r s t , t(

see how difficult it is to extract a \V- \ S l R A VN module , recast it as a

s tand-alor e  H~RTRVN callable subroutine , and then eval uate this subroutine

as such ; and second , to provide an out-of-core cigensystem capability for

users of our computer. V f t j~~~ work has indicated th at it is not too
difficult to remove a NA~fl ft-\N module and make a subroutine out of it - -

assuming f a m i l i a r i t y  with the NASTRAN program . In the present instance

the N \ ~~FRV\N expertise was provided by Mr. Myles Hu rwitz of Code 1844.
Module removal should not be attempted without a NASVFR\N consultant .

No out -of-core svii~net r ic matr ix eig ensystem solve rs were at hand to

:-~-t fl i r c ;~i th  CI VI NS . Accord i n g l y , su i t ab le  in-core subrouti nes were
ch~ scn from the various subrout ine l ibraries  for comparison purposes. The
t ines for these comparison run s are presented in Tables I and . .  All
I ~ur -~UH i -n! it ines produced v i r tua l ly  identical resul ts  as regards accuracy .
It should :ilso be borne in mind that GIVT:NS requi res si gn i f i c a n t  amounts
of PI~ tine . VFhe behavior of the ARL subroutine TRT4 is surprising arid

warrants i nvestigation .

Gl\1 .NS is an experimental program . Because it was extracted from
\V\STR\N i t is perhaps a bit more complicated than if it had been written
directly . As expected , GIVENS has a t ime disadvantage when in-core
computation is possible. GIVENS is meant for sparse matrices too large

to fit in core .

-\CKNOh1JiDG~ll~NTS

The author wishes to thank l)r. Elizabeth Cuthill (I1TNSRI)C Code 1805)

for her interest and advice and to ac1~~ow1ed ge the invaluable assistance
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S U 1 1~ 0LJ T INE G lV t . NS ( N ,NV , J T  Ir1~~, L F C ,~~F~~.~~)

1~~T E ~G E R T , T 1 , T2  ,13
I N T E 7 ,-~ SY SBUF
~~AL LF~ E.C
E X T E R N A L  RE. A O , W R I T ~OIM~NSION MCE3 (7)~~IZ(1 )plITL E (1 )
D I M E N S I O N  N A M ( 2 )
E -~] U I V A L E N C E  ( Z , I Z )  , ( T I T L E ,IIT..[)
COMMON 2 ( 1 )
C DMMO N / PA C K X /  I N , I O U T ,Ii ,NN , INC~CO MM ON /GIVN/ T I T L E ( i ~~C )
COM M ON /S T IMt . f ITLME
CO M M ON / U N P A K X /  IT 3 U T ,II1 , N N :~, IIN~ .~COMMON / S Y S T E M /  SY S BUF ,NOU T
COM M ON / M~ GX/  NMS C
DAT A N A M / ~.HG IV E ,..H r’J S /

C
C
C S E T J~ ENO OF OPEN COR E F0~, S1NO I~dJIC~~5
C NF IL ES ( NJ .  (dF GINO FIL ~~S + 1 ) * ( N T ):~~1*b 3~~.3~~i
C

NFILES~~i. 323
1CORE~~(ORSZ (Z)L C O Rt ~~L~~ORE# NFI L ES
J : L~~O~~E— N F I L t S  ‘~100 28 K J,LCOR .. . .

28 I Z ( K ) = O
C
C SET UP A OD~~ SS 76B FO~ T~1QSE ~OUT IF ~~s USI~~ C~)~~~Z, N JT ~U -~~Z
C

L~ O R F ~~P
C A L L  FI~~L C L N ( L C O R:)
LC O R L ~~L~ OF~. —N F I L E S
CA~~... XSTC (LT,- t , ~~,763)
CALL X SIO k~ (LCORE,1 ,833)

¼1

C
IrIM ~~ JTIM~. I I T ..t. (t~-t ):N
TITL E (i~~2):LFR~ C
TI T t (1 E~)~~HFR~ C
IITLE ( 1 J 7 )  ~ N V
TI TLE (I1L):C
“2 1) U ’

• MCB(3) N

MC B( ~) = C

~~B( 7) C

L..C ORL K O R S Z ( Z )
T S f D ~~E : M A X 0 ( 1 9 N , 7~~~+2 SY lU~~)
IMOPE ISTOPt-LLCOR E
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iF (IM ORE )27 ,2 7.31.

A N~~

*M~ SQPT (AZ)
Ai( = AN—AM .1 .

T 1= 9.0’AN ~ AN AP 1~ A M ~~411.O AN ’A N ~~APAK
T2-~~. 3
IF (AK.LE . 0.O) GO 10 1101.
T2 A P A K ~~(A K A K 4 1 .  0 )  (AN 42.J ) ( AN+ +3. ~) A K 4 (A K+ 1. .3)

I ,AI (~~( A K ,j . O ) ( A K + A K f 1 . ~3 ) / b .  C )
i1~~1 CONTINUE

A V = N V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T= T 14 1 2 + T3
N~~A ’4
M API
W RI TE (NOUT, 1000 ) T, N ,M
CALL TMTO GO (I)
IF (I .GE.T ) GO TO 101
I P 1 = — 5 0
I F I L E = T
C A L L  M E S A G E ( I P ~~,IFILE , ’~A M )

1C1 CONTINUE
1 000 ~~~ MA T 60F1 0~~** US ER I~~~3.~M A T I 0 N  M~~~~~~ ;a ; _ ~~~~~ GIV ~~N.S TI ME ELTI ~~AT L

. IS ,I~~, 9H SECONDS. /
• 36X ,1t~4PkOB LE M SIZE IS ,I~~,• 5~~e H , SPILL WILL OCCUR FU R TH IS CUR ~. AT ~ P~~0 B L E ’1 SIZE OF

I~~,2H .)
L30~ E= I(ORS Z (Z)
IBU F=L CORE -SYSBU F+ 1
LCO PE IB UF— 1
IM ORE = N- LC OR E
IF (N—LC ORE )29, fl ,3i

2~ CA LL GOPEN (3C .,Z (IBUF1 ,1)
R EWIND 8
00 5 J 1 , N
REA D ( 8)(Z (I),I=1,M)
CALL P A C K ( Z ( 1 )  ,30~., W R I 1t , MC~3)

~ C O N T I N U E
R EW IND 8
C A L L  c L O S E ( 3 0 ’ , 1)
C A L L  W P TTRL (MCB )
C A L L  ~IA LV EC
N V : I I T L E  ( 1 0 7 )

V I~ ( N~I.Lt ~.t) GC 13 62I F ( N . E O . 1 ) G O  T U 62

M C F ( 2) N

~1C P C 3)  N

‘4 C1 (  6) 2

ci 13
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MC B( 7) 1U0U 0. /N
C A L L  W R T T R L ( M C 3 )
MA A : 2 3
EPSI I :i. 1— ’.
MC BC 1) =3
C A L L  )0T~~L (MCt3 )
CALL R FA D I .(2C 1 , MCb ,3C6 ,LP S II , M A A )

6~ CO NTI’iuE
IT OJT = 1
111:1
N N N : N
II N R j
CA LL GOPE N (2U 1 ,ZUOUF ) ,U )
C A L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL C L O S L ( 2 .~1,1)
R E W I N D  ~
W R I T E ( ~~) ( 7 ( L K ) , L K : 1 , N)
IF ( N V )  ~~~~~~~~~~

3. CA L L  G O P E N ( 3 u 5 ,Z ( I [ 3 U F ) ,~~
)

DO t~2 J 1 , NV
CA LL UN PA C K (3U 7, Z (i ) ,~~EA D ) ,I~ETU R NS (t5 )
CO T O  75

1~ DO 2C I= i , N
2 Z (I )~~~.
2’- ~~~~~~~~~~~~~~~~~~~~~~~~~~
1 V CONTINUE

~EW I N O  9
CALL CLO SE (3C5,1 )

3~ IF (N M SG.GT. 0) CALL MSG W ~ T
R T U R N

3~ WRITE( 6 ,31 ) IMOR E, I PI OR E
3~ FQ~~M A1 (j H~~~j..( /)/ 37X ,1i1IN 5U F FI ~~IL N T ~~~~~~~~~~~~~~~ / ,O~~,

1. .4IH MO RE D E C I M A L  / O C T A L  LJC ~~T IUN~ -‘~..QUi R ...D.)
ST 3P

. W~ ITL ( ô,~’I)

.. . F M AT ( 1 H 1/ 1 , ( t H ~~/ ) / b t X ,~~2’1 JF ON L~~’1~~.)
ST 3D

.
~~ WRI T~~( 6,..b)..f c3 A T (1h1 /1i,(ihC/)/61X , r1i J~ ON L.~M A . )

S T O P
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INITIAL DISTRIBUTION

Copies Copies
2 CHONR 1 AIR FORCE AERO RES LAB

1 430/R. Lundegard 1 P. Nik o lai
1 432/L.D. Bram 3 BUSTAND

1 NRL , 844l/J. Hansen 1 Dr. H. Oser
1 Dr. M . Newman2 USNA 1 M. Cordes

1 Dept Math
1 Libra ry  1 U MARYLAN D

1 Prof. Rheinbold t4 NAVPGSCOL
1 59Cl/G. Cantin 1 GRUMMAN AEROSPACE CORP
1 M. Kelleher Bethpage , N.Y. 11714
1 Ma th Dept
1 Library CENTER DISTRIBUTION

1 NAVWARCOL Copies Code
1 NROTC & NAVADM INU , MIT 1 1552 Bai , J une —

1 NAD C 4 1725 Jone s , Rember t F., Jr.
Roderick , Joan E.1 NELC Ro th , Pe ter N.

1 NUC Cif ford , Leroy N .  , Jr.

1 NWC 1 1730.5 Ma , Jame s H.

1 NCSL 1 1745 N g ,  Ch r i s t ophe r

2 NSWC , WHITE OAK 1 1800 Gleissner , Gene H.
1 331/E. Cohen

2 1802.2 Frenki el , Francois
1 331/M. Vander Vors t

1802.4 Theilhei mer , Feodor
1 NSWC , DAHLGREN 1 1805 Cu thill , Elizabeth H.
1 NUSC , NEW LONDON 1 1809.3 Harris , Dorothy
1 NUSC , NEWPORT 1 1830
1 NAVSE A , 03F/B. Orleans 1 1831 Meals , L. Kenton
1 NAVSH IPYD PUGET/LIB 1 1835 Culpep p er , Linwood ‘1.
1 NAVSH IPYD CHASN/L IB V

1 1840 Lugt , Hans J .
1 NAVSHIPYD MARE/LIB

2 1843 Schot , Joanna W.
1 NAVSHIPYD NORVA/LIB Eddy, R. Philip

1 NAVSHIPYD PEARL/LIB 5 1844 Dhir , Surendra K.
Evers tine , Gordon C.

1 NAVSH IPYD PHILA/LIB Henderson , Fran cis M .
• 1 NAVSHIPYD PTSMH/LIB Hurwitz , Myles N.

Matula , Petro12 DDC
10 1844 Gi gnac , Donald A.
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(:opit ’s od&~
1 185() (or In , Thomas

1 186() Sul i t , Robert A.

1 1880 Camara , Abe l W.

1890 ( r ay ,  H u be r t  R .
Taylor , N ora N.
St rickland , Jeanne 0.

1 1892 (;ood , Sharon E.

2 1966 Caspar , •John R .
Liu , Y u a n — N i n g

30 5214.1 Repor ts Distribution

1 522 .1 L i b r a r y  (C)

1 522.2 Library (A)

18

-

~

2

~

i

~ 

J~~~ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~ •~~11~ ~~~~1 .i 1~~~~~ I



4P DTNSROC ISSUES THREE TYPES OF REPOR t’S -
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~‘*(~~~5NDC REPORTS. A FORMAL SERIES PUSUSHING INFORMATiON OF
PENI~~~.~~~

’..TECHNICAL VALUE. DESiGNATED BY A SERIAt. REPORT NUMBER.

(21 DEPARTMENTAL REPORTS. A SEMIFORMAL SERIES, RECORDING INFORMA~lION OF A PRELIMINARY OR TEMPORARY NATURE. OR OF LIMITED INTEREST OR
SIGNIFICANCE. CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION.

V (
~ TECHNICAL MEMORANDA. AN INFORMAL SERIES. USuALLY INTERNAL

NO11 0 PAPERS OR DiRECT REPORTS TO SPONSOR$~ NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION.
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