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The Automatic Data Processing Equipment Selection Ofhee
ADPESO) of the Department

md' vel pment program tor
fication

f computer systems selection eriteria, and the ap

c“r wtion ol quatity
< Fhat such a

Seleetion

of the Navy is engaged 1 a
software to be used in the guanti

control procedures to selected software

program be undertaken by this ecentralized
Office 15 both proper and important to the
Qr‘]‘ cessful performance of our mission. This mission, briefly
&I stated, is to evaluate and seleet, or review the scleetion of,

commercially available automatic data processing equipment
Assistant Seeretary of the Navy for

for approval \-:' the

Financial Management

Thiz development program is the responsibility of AD
PESO's Software Development Division, and is concentrated
A COBOL Compiler Vahidation System has

been designed, implemented, and is being used throughout

in three areas
the Federal Government to determine the degree to which
COBOL compilers conform to the published standard. A
facilitate the process of COBOL benchmark pro-

gram conversion, evaluation, and nnplementation has been

svstoem t

completed and is being field tested. Finally, an experiment in
using a hbrary of synthetie programs for system performanes
measurement is being conducted

An evaluation of such a program r'w;lli!‘v\ a 'L'.\l‘rlpﬁwl\ of
the projects, the identification of project controls which have
been apphed, and the resultant or expected payoffs. These
will be discussed in turn

Why a quality control program?

The problem we are attempting to alleviate is a financial
one. During fiscal year 1973 ADPESO participated in 189
acquisition actions with a monthly rental value of $691,000
This does not melude 173 reutilization actions. The scope of

these actions is quite broad. Reeent acquisitions have in-
cluded 100 mini-computer configurations. 50 kev-to-disk
confignrations, and a medieal laboratory information system

How do the above dollar figures relate to software? Pre
ciwe measurements are difficult, but we estimate that the
Department of the Navy's annual software expenditure s
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of hardware. Darr Boot

&

approximately three times tha

has cited a similar figure for the U, S0 Air Fore
suspeet this figure 1s fairly universal
Our present work has as one of its prineipal purg

lowering of software production and mamter

These costs will of course vary with the naturs

in question. A 1964 SDC report® suggested that approxima

19 man-months were required for the delivery 1000 1
chine language instructions. The data were ders ron
projects, and included program design ding | testing

1000 additional hnes
was 5 man-months. Corbato’s data gathered tron
project® indicate that productivity can be vastly inereased
through the use of a lngher Yevel language, but sofrware stll
remalns an expensive product.

Much of the high software cost is the result

time. The meremental time per

and of conversion costs. Willlams* has reported on a con
version project undertaken in 1964 by the Lockhe
and Space Company. The 220 FORTRAN programs which
were converted, from an IBM 7004 to a UNIVAC (108
required five months for the job, at a cost of apj

$241,000. To alleviate this problem we need to t
degree to which higher level language translators conton
published standards, and we e

uld certainiy use more in the
way of eonversion ards, particularly data conver
Finally, we have found that the entire competitiy |
tion time can be disturbingly long  nine to 23 months i our
experience. We say “disturbingly’” because a long seli
process is expensive for both buver and vendor. Wi
interested m software which could perhaps be used in shorten

ing the time span

THE PROJECTS
The goals

The user of higher level languages i software develog
will reduce the cost of such development, principally by
creasing programmer productivity. Two languages, FOR
TRAN and COBOIL. have been stundardized so as to ineroase
their usefulness Standardization efforts are als
for BASIC and PPL1

some advantages, commercial compliers must adhere, in ther

ment

thl‘ r wa

If standardization is indeed to bear
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translation, to the published standard. The adherence to a
standard must nelude langz e semanties (where unam-
biguous) as well as language syntax. Effeetive implementation
of a standard requires a means of messuring the degree to
which compiters conform to the standard. Thus, the develop-
ment, use, and maintenanee of a validation system for CO-
BOL compilers has been an important effort on the part of
the Software Development Division

Portability is a measure of the case of moving a computer
program from one environment to another. Many factors
affeet a program’s portahility © the computer system, the
language used, program design, and the application. At this
time, we are specificallv anterested in COBOL program
portability A COBOL program would be completely portable
if all non-standard functions (e.g, extensions to the Jan-
guage) could be reduced to standard functions, all imple-
mentor names could be resolved, data representation were
‘implementor

standardized across computer systems, and no
defined” language elements were used. Practically, this
means that a completely portable COBOL program is a
figrment of the imagination! We ean, however, greatly im-
prove a program’s portability by developing software which
addresses itself to the above problems

It is also important that we not sacrifice too much ef-
ficieney for the sake of portability. A recent study by Inter-
national Computer Systems, Ine® indicates that COBOL
programs are generally casier to convert (to other COBOL
dialeets) than programs in FORTRAN or assembly lan-
guages Unfortunately, the same study also indicates that the
relative operating costs of converted COBOL programs are
much higher than those for other languages. Our aim is to
achieve sigmificant portability at a modest cost in efficiency.
Beeause such an amm is quite relevant to benchmark pro-
grams. we refer to the conversion system we are developing
as the Benchmark Preparation System (BPS).

A significant factor contributing to delays in computer
systems acquisition has been the preparation and processing
time of user benchmarks Some way of measuring minimal
system throughput capability is required. For selection pur-
poses, benchmarks are the aceeptod measurement tool in the
Department of the Navy. The major problems with natural
benchmarks (1.e, existing application programs) have been
the following

(a) Each time an ageney seleets a system a new set of

benechmarks is prepared. This is wasteful.

(b The benehmarks are often not debugged, and usually

biased taward a given architecture

The latter problem will be partially alleviated by the
BPS. In order to reduce production duplication and costs we
are developing a “reference benehmark program library.”
This 18 a set of task-oriented synthetic programs which can
be used individually or in a mix, in conjunction with or in-
stead of natural benchmarks

Systems to fulill the goals

The COBOL Compiler Validation System consists of audit
routines, their related data, and an executive routine (VP-

routine) which prepares the sudit routines for compilation
Each audit routine is a COBOL program which ineludes
many tests, and supporting procedures indicating the results
of the tests. The audit routines colleetively contain the
features of Standard CORBOL (exeept for the Report Writer
module). The executive rontine automates the creation of a
file containing the audit routines with implementor names
mserted in the souree code, and the operating system control
cards required for compiling and exceuting each routine. The
testing of a compiler in a particular hardware operating svs-
tem environment i1s aceamplished by compihng and executing
cach audit routine. The output report pr wuced by each
routine indicates whether the compiler passed or failed
(individually) the test< in the rontine. If the compiler rejects
some language clemient by terminating compilation (giving
fatal diagnostic messages) or terminating  exceution  ab-
normally, then the test containing the code the compiler was
unable to process is defeted, and the audit routine compiled
again. A test 1s deleted by inserting NOTE at the beginning
of the test paragraph, thereby changing the source code in the
test paragraph to comment statements. The output reports
of the audit routines constitute the raw data from which the
members of the Federal COBOL Compler Testing Serviee
fan activity of the Software Development Diviston ) produce a
Vahdation Summary Report, which provides a consolidated
summary of the results obtamed from the validation of a
compiler.

The results of running the COBOL Compiler Validation
System do not suggest the degree to which the compiler is
usable (1.e, capable of data processing applications) but the

degree to which individual language elements are usable,

This will give an indication of conversions which will be
necessary in order to utihze a source program {rom another
system supporting the same language specitications stand-
ard. Thus, the Validation Svstem tests a COBOL Compiler's
adherence to the standard language syntax, and, where un-
ambiguous, language semanties. The latter of course 1s a more
difficult arca because of the lack of appropriate mechanisms
for precise semantic specifications. The Vahdation System
does not evaluate the implementation of a compiler (e is it
a text-in-core or compiler-in-core, ete) nor its quantitative
performance characteristios,

Additionally, the summary of a vahdation meludes an indi-
cation of unspecified language semanties (1Le, where latitude
15 given for vendor implementation), and ambiguous language
semanties. Finally, tables summarnizing the running time and
memory utilization of the audit routines, and a characteriza-
tion of compiler hard copy output and diagnosties are -
cluded in Validation Summary Reports.

The benchmark preparation system performs conversion
i the major areas affecting portabality  of application
COBOL program=: nonstandard COBOL functions, imple-
mentor names, and data representation. A COBOL souree
program translator (NAVTRAN-C) takes native machine
COBOL programs and converts them to machine indepen-
dent COBOL (ANSI X3 231068 language specifications).
Those functions in the native machine COBOL which are
extensions to the ANSE language specibications (and therefore
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winot b
itor names i the benchmark programs are replaced with

onverted) are flagged by the translator. Imple-

pnique names in the machine independent source programs
These nemes are recognized and replaced by the VI-Routine
when the programs are inplemented on the target machine
Input data tles assoerated with the benehmark programs
are translated by a series of COBOL programs. These data
trapslution programs make use of data conversion subroutines
inherent in the respective COBOL Compilers (native or
target machine: i translating the machine dependent data
wachine independent format and viee versa. Machine
fependent data characteristies may include arithmetie sign,
word boundary alignment, and certain internal representa-
tions. The COBOL data translation programs are ereated
from the benchmark program tile descriptions. The ereation
i performed by program generation. File deseriptions i the
duta translation programs are those for the native machine
file, machine ll)\’"'lﬂ!ili'l.' file, and ANSI target file. The
e deseription s used to vead the native

native maching
machine data files and builld machine independent data files
Al datain these will be in display or eharacter mode with the
signs of numene data stored senarately. Essentially, machine,
dependent data are translated to a string of characters which
may then be subject to straight character code translations
for the appropriate machine.

Upon transfer of the data files to the target machine, the
reverse aperation oceurs. The machine mdependent datsa are
read aceording to the file deseriptions, and written using the
ANSE target file deseniptions. The data translation programs
also provide the capability of vahdating the data tles e g
numerically deseribed fields which do not contain numerie
data are identitied. This can be done by a separate execution
or moconjunction with ereating the dependent or target
machine data tiles. The benehmark package (programs and
lata hles) whieh is di=tributed isitself in machine independent
form. Programs are in a source program library (Population
Filer, The Population File eontains the benchmark source
programs, data translation programs and the VP-Routine.
Prior to benehmark processing the VP-Routine seleets the
machine independent COBOL programs from the population,
mserts the necessary COBOL implementor names and ereates
a job stream file for mput into the computer svstem. The
VP-Routine also provides the updating capability for the
A summary of all changes made to the
Population File and the job control language generated for
the run stream file s part of the output ereated by the VP
Routine. This surmmary 15 used to determine the changes a
vendor has to make i implementing the benchmark on his

Population File

svstem

The Referenee Benchmark Programs Library has been
used in performing an expertment to determine the suitability
of synthetie programs in alleviating the problems ercated by
natural benchmarks Five processing tasks were seleeted as
representing, i varving combinations, a large number of ap-
phication tasks. These were sequential file processing, in-
dexed sequential file processing, relative 1/0 processing,
sorting, and computation. COBOL programs were written to
perform each of these tasks, with each program controlled

by a set of compile-time and execution-tune parameters. 1h
ability to vary automatically certain parameters at comph
time provides us with the flexabihty to develop o fairty nich
mix from Just a fow basie programs

We have found. through our testing with these progrion
that a small number of simple, task-onented, svnthet
modules can be combined into a versatile job mix. A rel
tively small number of parameters 1s suflicient to enabl
single program to refleet the charneteristies of a broad class
of applications. Also, individual modules have proven useful
in exercwsing isolated computer systemn features, such as [ O
handiing. Finallv, if one aceepts a “modest™ workload chara
terization, aimed more at refleeting extremitios and crucial
areas rather than comprehensiveness, it is possible and
reasonable to construet a benchmark from a set of synthetic
modules,

PROJECT CONTROLS
”'hy

Bochm! has suggested that the phrase “software engineer
ing ' 18 a contradiction m terms because we have no data bas
to be used in measuring, in some wayv, what we produce and
how well we produee it. Yet, his own studies indicate that we

do have some data to work with In order to obtain maore,
those of us whose business it is to develop software must
keep records of our efforts. and thereby control then. This
does not present an undue hardship in our case since the
Department of the Navy strongly encourages that we be ac-

countable for what we do, how we do it and what it 1s worth

ll"'d‘

Beecause we are a small organization, our controls are
modest but, we think, effective

Much has been made of structured and modular program-
ming.? These concepts are gaining acceptance i Government
and private industry. While we take noissue with their merits
we would suggest caution m their appheability. Modulanity
will often reduee somie of 4 svstem’s complexity, but masy
introduce additions! complexity, particularly 1 the mter-
module eonnections. The nature of the COBOL Vahdation
System dietates that it be highlyv modular, but we have found
that much of its complexity i« due to its modularity. We have
algo found that GOTO-less programming can be awkward
and, especially in COBOL, costly. We realize that deviations
from the coneepts are “allowed ™ but then we are back to
what have for years been recognized as simply good program-
ming practices.

We do follow modular programming concepts as design
atds This seems to have become a very common practice. A
recent Hoskyns survey® for the British Government showed
that 98 pereent of modular programming practitioners did so
in the design stage. A major benefit of this practice has been
a lowering of maintenance costs
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Figure 1 Project history chart for synthetic benchmarks

We've considered the “lead programmer™ idea and dis-
carded it as inappheable to our environment. We are blessed
with a surplus of “lead” programmers, and our projects,
while sometimes large, as in the case of the Validation Sys-
tem, are not massive

We keep records of our work. An “initial projeet form™ is
used to identify the project requestor, the purpose and nature
of the project, time requirements, resources required, and ex-
pected pavoff. We generally eannot atford the luxury of cop-
tinumg if resources required execed pavoff, in dollars. We
then prepare a work plan. This includes a schedule, cheek-
points, milestones, and manpower requirement distribution.
Milestones are distinguished from checkpoints in that the
former require a conerete action or document to be taken or
produced, while the latter may simply consist of an indication
that “parameter testing is complete”. Figure 1 shows the
work plan for our synthetic program library projeet. It
15 important that we indicate the distribution of manpower
over the project Iifespan, since this enables us to coordinate
manpower requirements for several projects. We review the
workplans whenever we feel it is necessary (but at least at
the cheekpoints and milestones) If we fall behind we revise
the workplan. Thus far, we've successfully resisted the temp-
tation to add manpower or adopt unreasonable catch-up
schedules when we fall behind. The necessity for such resis-
tance has been well documented by Brooks'® and athers.

We maintamed a log of compiler errors (computation, se-
quence control, input-output, ete.) but we abandoned this
because we did not find it averly useful. Over a sample period
of five months we produced approximately 10,000 lines of
COBOL code; and 42 compile-time errors. Approximately
half of these were “elerieal” errors (bad keypunching, sloppy

printing, ¢te.). Recognizing the smallness of the sample, we
would still make the generalization that any overly extensive
effort in beefing up a compiler’s syntax diagnosties capability
may be a waste of time.

A test log is kept for all projects. The log indicates which
program or module is being tested, aims of the test, whether
these were achieved, and resources used. The sane v
month sample showed that we aclieved our anms i just
under 60 pereent of the tests, and that new problers were
discovered in some 30 pereent of the tests. Also, the average
test run used less than three memory minutes of UNIVAC
1108 time. Ak our work is done in a remote Job entrey (hateh)
mode. Yet, the above figures seem ta imply that qur testing
habits are more consistent with what would be expectod noan
Sackoirn
and others have suggested that on-hine programming i
proves ethciency. It gppears that, addittonally, expernenecd

mteractive program development environment

programmers tend 1o bebave asaf they were imoan on-hine
environment, even af they are not

Bochm's' statistics indicate that 45-50 pereent of software
offorts are devoted to checkout and testing, and that onl
I'he data
base for these higures was derived from large systems projects,
such as the O3 360 development Ours are much more modest

about 20 percent of the time is spent in coding

projects, and our results are both different and more variable

About 50 percent of our time i the synthetie library project
was devoted to coding, and less than 25 pereent of the time
was spent on integration and testing. The Benchmark
Preparation System higures are quite different. Coding has
taken up less than 25 percent of our time, with integration
and testing using up some 60 pereent of the time. The result-
ing low figure for analysis and design (15 pereent) 1= due to
the simple fact that much 1s already known about the port-
ability problem arcas in COBOL,

Packaging and distribution of all our software produacts 101-
low fairly simple guidehnes. The programs. i machine inde-
pendent form (all implementor nanies are parameterized, as
are machine dependent features such as precision and size of
numerical fields), are placed on a standard magneiic tape
reel, together with a copy of the VP-Routine. The latter s
used for parameter substitution (to a form acceptable to any
specific system), “‘hbrary management’”, and job control
statements generation. Accompanying the tape is a user
guide, brief narrative description of the svstem, and, where
applicable experimental results. The programs are sclf-
documented, so that we can avoid excessive external docu-
mentation. While we recognize the importance of adequate
documentation, we have found that excessive documentation,
such as detailed flow charts can be a hindrance to proper
documentation. Distribution is through the National Tech-
nical Information Service

A few words of caution about these and other published
statistics and practices. First of all, they reflect a very specitic
environment. We have a small (eight people) staff with very
homogeneous backgrounds. Our systems are modest 1 sige,
and “utility’ oriented. All our work must be portable, since
we are currently using UNIVAC-1108, IBM 360 65, and
HIS 8050 systems for product development. Furthermore,
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onr COBOL compiler validation responsibilities have re-
cently required us to use our software on a Burgoughs 6700,
HIS 437, and LB 37001500 system. Thus, portability is truly
4 neeessity for us

Sceondlhy oven foroa similar environment, the statisties
<hould be viewed as “guidelines” They are simply products
of our experience which we hope to learn from but do not
expect to be bound by

THE PAYOI'}
What has 1t all cost us?

Total cost for the svathetic programs library, including
machine time, elerntcal support, and salaries was under
£6,000 This benchmark preparation, conversion package has
cost s about 880000 The COBOL Compiler Validation Sys-
tem was onginated i 1969 by the US. Navy Programming
Languages Group under the direction of Capt. Grace M.
Hopper, USNR A reasonable estimate of its initial eost is
not possible, but we do have an expeeted cost for the audit
routines wWe are preparing in anticipation of the revised
CoOBOL standard. Our schedule calls for completion of the
project by November, 1974 Total calendar time for the
project will be 15 months and we anticipate to expend 36
man-months on the effurt. Tota! cost for the new Validation
System should Le in the neighborhiood of $75,000. The new
systern will be approximately twice the size of the current
one, which 1= comprised of about 130 programs, or 100,000
lines of COBOL code. The implication here 1s that we expeet
our productivity to be about 33,000 hines of COBOL code
per man-vear, u remarkably high figure (Corbato® has re-
ported a number in the neighborhood of 1200 PL/1 lines of
cade per man-vear on the Multies project) This is due almost
entirely to the fact that we are “borrowing’ most of the de-
sign work from the present Validation System. We know the
modules we will require since the standard is defined for us.
The VP-Routine is already available. Many of the audit
routines will be extensions of eurrent ones. Thus, our time
will be spent primanly in adentifying tests, coding, and
testing

What are the beneftits?

We expeet the returns on our imvestment to be substantial.
The best COBOL compiler we have tested to date (“best”
in its conformance to the standard) has had some 30 areas of
non-conformance. This not only impacts portability, but can
have sertous side effeets. Many data base management svs-
tems are COBOL-based. Frrors in a compiler can easily re-
sult in “dirty”’ data getting into the data base. We have, for
example, identified some four different treatments of arith-
metie statements, each produeing different results! The vali-
dation of a compiler tells ug where the danger areas lie
Furthermore, vendors are required to correct diserepancies
onuce these have been identified Thus, our validation of
COBOL compilers enables us to reap the benefits of standard-

ization. Without such a measurement tool standardization
a fruitless endeavor,

The high costs of processing benehmarks has already been
mentioned. We know of a reeent seleetion where the totad
award was for approximately £5 milhon Included in tha
figure were some 3500,000 which the vendor spent in proe
ing the benehmark. Both the benchmark preparation sy<ton,
and our synthetie programs Wheary would pay for itself
even a small portion of these potential savings in vend
expenditures are passed back to the Navy

FUTURE EFFORTS

The benefits derived from vabdating COBOL comy
would also acerue in the validation of compilers for other
languages. FORTRAN, BASIC, and, later, PL 1 are naturs
candidates

Compiler efficicney, in terms of object code exeeution spe
and storage utilization, has a significant impact anoan insts
lation's throughput. This in turn affeets the timing of selo
tions and therefore of expenditures. We believe more of
ficient compilers mean fower dollaes spent, or more work dor
for the same dollar. Thus, we are planning s set of tost g
tines to determine the relative worth of o given comple
That 15, we want (o ne

sure how much room there s f

improvement in execution speed and storage required Thy
project 1z in the design phase and will restriet itself, nutially,
to FORTRAN corapilers, prineipallyv beeause 1t is easior to
measure cfliciency of FORTRAN compilers than those for
most other languages. Knuth's work!? suggests that our of
forts may prove fruitful

Finallv, we believe that serious thougnt miust be given t
validating generalized data base management  systen
Specifically, we are interested in finding wivs of ascortainimg
that the data base one builds with the tems does mdeed
contain what we wish 1t to, that in retrieving data we get gl
that is proper, and only what 1s proper, and that u f such
systems does not impact the integrity of the data base W
also plan to develop simple analytical models to be used
evaluating different tyvpes of data crganizations The possibl
ongoing contamination of these data bases by inconsistont

objeet code has atready been commented on

CONCLUSION

Software to be used in improving or measuring the quality of
other software is neither difficult nor expensive to produce

Our efforts are concentrated in the svstem selection area
We believe, however, that the beoetits to be dentved from
such efforts have a brosder scope. and are substantial cnough
to warrant persual by any data processing organization

REFERENCES

1. Boehm, B W, “Software and its Impact: A Quantitative Assess
ment,”" Datamation, May, 1973

2 System Development Corporation, Estimation of Computer Pro-
gramming Costs, SP-1747 September, 1964




e

i

116 National Computer Conference, 1974

3

B ES—

Corbato, ¥ ) PL 1 oss a 1ol for Systen: Progenmmang, '~ Data
mation, May. 19649

Wilhams, D. A Conversion Case Study and Expemences,’
Arerican Management Associntion, Adminstrative Services Bref
g Session #05370-6G2. A Hard Look at Software"

Internntional Computer Systems, Ine, Programming jor Transfer-
abiity, AD-750 847, Nationsl Technical [nformation Serviee. 1972
Buird, GO N . "The DOD COBOL Compiler Validation System, '
Proceedings FJCC 1072

Laskov. B H and K Toster The Proof of Correciness A pproachk to
Relioble Systems. The MITE E Corporntion, ESITR-71-222, Bed
ford. Muassachusetis, 1971

%. Rhodes, Jolin
Computey Decvsioms October 1974

0, Baker F T “"Chief Programmer Team
Volumee (1 No 11472

10 Brooks, ¥ i’ Jr Why s the Software Late?" Data Managemer
August 1971

L Sackman. A Man Computer Problem Sl ong Averbiack Pol Lishe

Lnc. 1970

12 Kouth. ' F An Empuricsl Study of FORTRAN Programs
Koftware Practice and Ezperwnce Voluoe | John Wiley and =g

1971,

Tackle Software with Modular Programming

IBM Systems Jovrna




APHIC © 13 | s apt Ny, §
L @ 1(('1.3/“{—77/0/&
4. iiti and Subrr — e e A —

A Program for Software Quality Control

a7

J}. 3™ ecipient's Accegsion No,

3. Report Date

9. Petforming Organization Name and Address
Software Development Division
ADPE Selection Office
Department of the Navy
Washington, D. C. 20376

12. Sponsoring Organization Name apd Address
ADPE Selection Office
Department of the Navy
Washington, D. C. 20376

15. Supplementary Notes

10. Project/ Task/Work |x—_'

11. Contract ‘Grant No.

[V dybe o o T
i R

6. Abstracts

in system quality control are described:

compilers conform to the COBOL Standard;

measurement

17. Key Werds and Document Analysis. 17e

a system to

hree software tools developed by the Federal COBOL Compiler Testing Service for use

a COBOL Compiler Validation Svstem being
used throughout the Federal Government to determine the degree to which COBOL

facilitate the process of COBOL
programs conversion; and a set of synthetic programs for system performance

- Descriptors

Sof tware

Quality Control
Validation

Testing

COBOL

Performance Evaluation
Conversion
Benchmarking

17b. Ideatifiers /Open-Foded Terms

< kbl

s White Sectlon
! 5o Wt Sectin [
UNAUHIUNCED D

JUSTIFICATION.....ns

....... (OIS ——

SUTION, AWASBABILITY £ODE"
_Juk AL @ anL/o8 SPebini

A

>
17c. COSATI Field/Group  09/02 _ n—
18. Availability Statement 19, Sccurity Class (This 2% No. of Pages

Report)

__UNCLASSIELLD o

Release Unlimited. 2. = tass (This 22. Vice
ape
UNCLASSIENLD

FORM NTIS 35 (HEV. 3-72)

THIS FORM MAY BI REPRODUCED

SCOMM- C tavsa-Pryg

b\' rin; N g (hqnn/A 1on Repr.




