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0. SUMMARY & CONCLUSIONS

IAI Engineering Division has a need for an environment of integrated
software tools for both general and real-time software deveiopment.
Some 8GO soffware tools were catalogued, and classified into éens of
groups by various U.S. organizations, mainly by aerospace companies,
To obtain updated and first hand information, B. Livson visited 17 U.S.
organizations during May 11 - June 11:( The mix was 40% privete compani
and 60% academic and other organizations. Three major trends in U S.
sofiware tools and technology were surveyd more closely:

1. Several hundred installations all over the U.S. are usihg software
development work benches with UNIX software tools and a "SHELL"
type command language interpreter aliowing pipelining of software
tools, see Appendix. The UNIX itself had the draw-back of forcing
VAKX users to give up DEC's VMS operating system. The need arose
to provide a UNIX like envircnment residing on top of VAX VM5 or,
after a moderate systems programming effort, on iop of any operating
system of at least 32-bit word Tength main frames.
Lawrence Livermoore Laboratories developed and distributed the
Berkeley software tools package and SHELL command language inter-
preter with capabilities comparable to Tevel 7 UNIX.
B. Livson received full documentation and magnetic tapes to install
the Berkeley system on IAL Engineering VAX mac hines and, after some
systems programming, on our CDC CYBER, Berkeley tools packags
resembles IAT CAD/CDC utilities installed by our C.A.D. Department.
However, the powerful SHELL command language iﬁtewpreter combines
the tools together, and is a tremendous help to programmers, see
Appendix. For our VAX users, a combined VMS and Berkeley tool
environment will be a areat boost in productivity, as Hughes Aircraeft
Company experience indicates.

2. Packages of both static and dynamic tesiing tools are being develcped
eing (IVTs and

2ot DAY e [ -1 -
TODLPACK) . etc.  These tool packages

Q

d
and/or marketed by TRW, GRC (scftware workshop), B

fw"“igja Colorado Universit {

usually augment preprocessovs from structured FORTRAN into re

and from ugly FORTRAN into structured FO

i

#6224 -0
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Most aercspace and defence contractors are FORTRAN-LANDS, so that
such preprocessors will provide an attractive enhancement of their
programming environment.  Experiences with modern languages such
as JOVIAL 73 and PASCAL have not been encouraging. The Tack of
tools envivenment, and a large number of bugs even in such basic
tools as compilers have handicaped any wider use of modern program-
ming languages. ADA is still at.least 2-3 years away from wider
application. In the meantime, BELL C-language is most promising
allowing UNIX or VMS + EUNICE ¥ UNIX. Mosi of the testing tools
packages have very similar capahilities. The Tatest GRC software
workshop seems to be the best package in its category [2) by being
truly interactive, and menu-criven in an "intelligent" way.

IAI Engineering Division should seriously consider acguiring or
developing a test tools package.

3. Boeing, TRW and NASA have very ambitious projects to imbed most
software development including reguirements, design, data dictiona-
ries, documentation, coding, and testing analysis in relational data

bases. Although these projects are several years from completion,
IAI should very carefully watch these developments, and start its
own activities. 1In general, our technological level seems to match
U.S. software development level.In B. Livson's opinion, IAl Engineer-
ing Division has the same capability of daveloping its own sofiware
tools as any U.S. aerospace company division.

ROME AIR DEVELOPMENT CENTER (RADC)

Griffis Air-Force Base, N.Y. 13441, May 11-12.

Arrangements: U.S.ALF. Office of Scientific Research, European Gffice
of Rerospace R & D, Major dJames R, Kreer.

RADC contact: Rocco F. Iucrno.
AGENDA:

1.1 Software Requirements/Specifica

o

ions

PADC export: William Kzepka.

1

Dasciption: RADC is sponsoring TRW to develop the SREM sofiware

tool. and the associated methodoiogy for input oveoaraw

tion. SREM is based on older version 3 of the ISDUS pr01pc* LOO;

S -

PSA, probiem statement analyzer.

_— i

Y OvPR
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The objactive is to relecase SREM for general use in the U.S.A.F.
projects within two years. The emphasis is on: "

A.

1.2 Rational Software Works {(NSW) and the Associated

Functional Specifications

W. Rzepka and B. Livson went over a SREY specification for
énergy management and engine control software of a transport
plane. The presentation seemed to be almost identical to IAI
PSA trials.

Path Specifications

SREM methodology is geared to the presentation of actual-
execution paths somewhat the same way as very high Tevel
flow charts. This seems to contradict the basic notion
that a reaquirement specification should only answer the
"what" and not the "how"., It seems that SREM is intended
as a design tool, too.

Performance Reguirements

K. Rzepka claimed that SREM is more powerful than PSA in
presenting performance requirements such as timing, memory,
etc. constraints. Rzepka did not, however, have any updated
knowledge on the newer PSA versions.

Tool Flexibility

SREM allows the user to define key~words. This does not seem

L.

to be any major advantage over PSA, which has an ex tensive

ki

range of key-words. One can always manupulate the set of key-

1>

words, since only a small subset is in actual usage.
Swmmarizing, RADC does not have any edge over IAL in software
requirements engineering.

s

Computer Facility Tour

RADC experts:. Dennis Maynard & Pairicia Baskinger.
escription: Scme fifty computer facilities and thousands of

[ T f S Ve

5 tnrougnaut the United States are connected to the NSH

it B T - : SV FRTER P T L - R Al % i e "y o
ARPANLY.  This huge network allows users fo access a pumoer 01
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The main difficulty was not in creating a fast, rerocutable and
reliable communications network, but an extensive system program-
ming needed to enabie different mainframe types to swap files.
Tt would be most vital to network the IAI Maman, Engineering Div,
and Mabat IBM, CDC & VAX machine§. A similar effort was started
in Boeing Computer Services Company. '

1.3 Ada Programming Language Status

RADC expert: Elizabeth Kean.

Description: RADC is evaluating U.S.A.F. ADA development projects,
and competes with the Army to fssue the U.S. DoD ADA compiler and
the associated tool package including data base maﬁager, debugger,
editor etc, The progress with ADA seems to be much sTower than

the fuss created about it. RADC did not have even an experimental

compiler at the time of B. Livson's visit. Serious problems with

The general complaint was that ADA is too big. RADC scems to be
surprisingly poorly informed about the commercial ADA compiler

projects for Intel i APX-432 and VAX 11/780. B. Livson's impression
is that ADA is too immature to be appiied in our avionics software

projects.

1.4 FORTRAN Automated Verification System (FAVS)

EADC expert: Frank La Monica

Description: General Research Corporation has developed automated

verification systems for a number of computer languages:

FORTRAN (FAYS), COBOL (CAVS) & JOVIAL (JAVS).

An automated verification system includes both static and dynamic

testing tools generating data bases for browsing. (Browsing = data
i S includes drivers to execute any

combinations of tools and test cases. It instruments the cede to

collect statistics about paths {un) covered, statements executed,

modules invoked, etc. A listing of paths uncovered aids test case

géneratEOH; In addition, FAVS produces extensive documentation of

program interfacss. IAIL Engineering Division has tools such as DAVE |

& PROMO that partly cover FAVS activities, but FAVS has the sdvantage

of being a software development work-bench and not just separate Lools.
"‘ 1822 U
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Caur CDC or VAX machines. In any case, the RADC program support

GRC provides FAVS on a commercial bases for both CDC and VAx 11/780
machines. RADC people have actively used: FAVS with excellent cost
effectiveness. GRC develops AVS frontends enabling development on
any spacial purpose real-time command and control language..
Rewriting AYS is also possible, but a lot costlier than frontend
acquisition, according to F. La Monica.

As a highly appealing feature, FAVS includes a preprocessor from
FORTRAN into a block structured 1énguage, IFTRAN, and another pre-
processor Trom IFTRAN into FORTRAN, 1In fact, FAVS is written in
IFTRAN and is bootstrapped by the preprocessor into FORTRAN for
compilation. Thus, it is possible to write in a truly structured
Tanguage (FORTRAN 77 is not fully structured). It is also possible
to automatically transform our old unstructured programs into
structured and indented ones. This is a great help in program
maintenance.

Program Support Library (PSL)

1

RADC expert: Lawrence Lombardo.
Description: PSL is intended for very large software houses, and
has been used in the U.S. strategic Air Force software project

with 2,000 programmers. The basic idea is an ironman software
configuration control, where & programmer cannot upgrade the status
of his programming unit without the approval of his manager.
Various programming standards and test requirements are automatic-
211y monitored. Each prograem unit must be documented according to
& list of key-words. Chief pregrammers obtain nanagerial infor-
mation with any desired combination of key-words over all program-
mars. PSL is thus a super files search tool. PSL is also usaed o
drive any combination of tools and test cases. Several PSL libra-
ries can communicate with each othe B

othe
The practical experience with PSL has been quite poor, however.

in fact, RADC has been forced to pay ¥or the overhead of the
organization using this tool. Mos

hate this tool. At the

o

s

ES

&
S 3G Jan 4o musd £
soment no PSL version 1s available for

Lty

-~ .

Enginearing Division

Tibrary does not seem to be suitable Tov the
) ) 25222 -0
C
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people told about a slow ten year shift towards a paperless environ-

environmert. IBM has sponsored development of the PSL, and perhaps} -

this tool would be useful for Maman.-

RADC Paperless Laboratory

RADC experts: As in 1.2 & 1.5,
Description: RADC paperless laboratory is t]ose]y related to the

[ NS

ARPANET an< PSL projects. Both RADC and Boeing Computer Services

ment. The corner-stones of this effort are computer networks,
massive disk space, fast communications, personal CRT scopes with
large buffers for fast page refresh and a let of graphicsf
Present day technologies are sufficient for a paperless environment.
but the investments and training needed necessitate a slow transi-
tion.

System Reliability

RADC experts: Anthony Coppola -and Gerald Clion.
Description: An effort to combine hardware and software reliability

s e w3 e w bes ws em e w

models is under way. B. Livson remained highly sceptical about RADC

reliability modelling efforts. Both N, Singpurwalla and B. Littlewood

from the George Washington University claimed that the RADC models
are not worth the paper on which they are written. The basic proble

=

with software reliability modsls is that there is no way to quantify
software reliability in the resuirements and design phases so that
no meaningful software reliability allocation is possible.

There are no software reliability data-banks (excluding the DACS
trial that miserably failed) unlike the extensive hardware component
gata-banks. Hardware concepts such as redundancy are not practical
in sofiware reliability due to integration problems, memory and
execution time constraints, lack of software development manpower,
etc. Any attempt of a full scale redundancy would probably lead

to a worse software. Certain methodologies were developed to
fmplement Tault tolerant software as deeply nested ervor routines
for critical software components. This, however, does not render
to any qguantification. As mentioned, software re]iabi]iiy modes 5

can be applied only at the dynamic testing stage.
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B. Livson has an idea how to enable tha use of these models already
at static testing, basad on the new automated static analysis tools
that extract error information covering some 20% of coding errors,
and just 6-8% of all software errors. This, however, gives some
idea about error rate per source statement. The main use of statisq
tical models would be to estimate the testing required. This does
not work out for the following two reasons:

1, Programmers do everything to obstruct error data collection.

2. The models stabilize only after 75% debugging, and thus render
themselves almost useless.

in short, RADC people are frustrated about modelling.

The RADC expert on mcdelling, Alan Sukert, vacated his position
“ and very Tittle further modelling is under way in RADC.

Clearly, the engineering, and not the statistics, approach should

be employed to improve software reliability without trying to

gquantify the actual reliability attained.

Joseph Cavano in RADC 1is trying to build comprehensive software

guality metrics including numerous areas from portability to

readability. Good complexity models would be useful to properly

concentrate testing efforts. One must, however, distinguish between

problem complexity and programning complexity. Automated aids are

available to measure the less important programming complexity.

In general, the complexity models as well as the rest of quantitativ

[

software models are in a very poor shape.

RADC has been active1y sponsoring the modelling of hardware vrelia-

bility growth. Since the 1975 Hughes report, very Tittie c¢oncrete

was achieved. '

A. Coppola & G. Clion seem to be quite optimistic about their ability

to predict hardware reliability. They spoke about a IZ5% accuracy.

This dees not conform to our experience. It is pointed out that

the Coppola group is not involved in any reliability improvement

T work (Fautt Tree or Faiture Modes and Effect Analysis) Tike IAI

Peliability Engineering. 1In B. Livson's opinion, our Department.
of Statistical Reliability is more practically oriented in cur

emphasis on confidence levels, K-factors, and failure reporting and
’ . !
!

corrective action analyses with extensive software deveiopment in

et
o220
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these fields. The Copuola group (28 employees) is active in
components engineering and sponsors MIL-HDBK-217C updating.

Cata and Analysis Center for Software (DACS)

RADC experts: L. Duval. S. Gloss-Soler. G. Caren.
Description: DACS has sponsored a number of reports:

- Quantitative software models 1nc]ud1ng software life-cycle cost
models (not promissing).

- Productivity data-base (of very Tittle value).

- Reliability data-base (no value).

-

B. Livson has studied these reports in 79-80. DACS is conducting
data searches for the industry. DACS wants to use the NBS software
tcols data-base to counsel private companies on what tools to use.
This seems strange to B. Livson, since DACS people are Tibrarians
without any knowledge in computer sciences/software engineering.

K 1ot of fuss was made about the Reagan administration directive

to curb information flow to foreign countries, including NATO
countries. It turned out that B. Livson is both in the RADC and
DACS mailing Tists as well as certain United Nations organizations,
so that B. Livson, Moscow & Peking until now have received whatever
RADC reports in their interest for free...

The whole fuss about information ficw curb tends to indicate that
RADC has lost its lead in most fields related to software technology
RADC nowdays does very Tittle in-house. research and just sponsors
work conducted in California based software houses. The atmosphere
in RADC seems to be quite depressed and several people did not
(could not) hide their feeling that things are no ‘what they used
to ba. Even in the RADC strong areas, the ARPANET. and the general
nanomachine and SLIM processor for emilating mxcr0pr0ﬂ6530r%$
there seems to be a decline.

The following two RADC biblicgraphies were given <o B. Livson:

- RADC Software Technology Reports {some 400).

~ RADC Reliebility and Maintainabiiity Reports {some 200)

/8222 -9
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NATIONAL ACADEMY OF SCIENCES,

COMPUTER SCIEMCE TECHNOLOGY BOARD
Washington D, May 18.

Contacts: F. rvwscrman & J. B?ackburn.

Description: R & D p01101es and “f}ﬂgerpainting" for further

e A N

professional contacts, see 3 & 4.

NATIONAL SCIENCE FOUNDATICN (MSC)
Washington DC, May 18.

Software Engineering: Bruce H, Barnes, Head of Computer Science Section.

Description: NSC sponsors hundreds of research projects in theoretical
computer science, software systems sciehce, computer systems design,
software engineerings intelligent systems, experimental computer scienc
and equipment, special projects. A 1ist of project abstracts was given
to B. Livson. NSC experts stressed that advances in software techno-
Togy are mainly made by universities with "small" money and not by the:
big corporations. Of particular interest to IAl Engineering Division
is a group of projects called TOOLPACK with the objective of a compre=
hensive software development workbench. A "state of the project” repor
was given to B. Livson, outlining the philosophy and architecture of
the project.

TOOLPACK is designed for a scientific/engineering environment and for
relatively small programming teams. It combines the best ideas of
software support libraries and autamat&d verification systems.

Special Projects: Richard Adrion.

DeSC{ iption: Richard Adrion stated that basically nothing more advance
. is available in software requirements engineering than our PSA with

proper input preparation technologies. A breakthrough is possibie

within our Tife-time: Software requivement language and analyzer that

generates executable code, obliterating bchgﬂ and coding phases.

>

Bob RBalzeyr from the USC - Info SC. Institute and Noah Prywes from

the University of Pennsylvania have develceped the first trial tools.
chemselves from their own vequive-

¢
Their tools have actually generated 1

(6]

ments specifications, given of course, a cevtain minimal kewnei‘ Oih@r
e, including Daniel Berry from UCLA, do not think that it wi *} ever

1 U

<utaa o codes from "real® requirémenise

;’D

e

&

¢

e

L.

aleane

-7



: . " Riivaliie)
1500/810988 UNCLASIL secumiTy cLAss
104 AU T Ot CINDR 0
DOCURMENT NO. ‘onnon COMML cs..o.'ss

4, QFFICE OF NAvV/AlL RESEARCH
Washington 5.C., May 18
Contact: Bob Grafton
Description: The main software fechnology project sponsored is
MUTATION analysis for formal testing. The experts in this field are:
Richard Deimillo, Georgia Institute of Technology (COBOL based automated

tool), Fredric Seyword, Yale University (FORTRAN based automated tool).

5. GEQRCE WASHINGTON UNIVERSITY
DEPT. OF OPERATIONS RESEARCH
May 18. _
System Reliabiiity Models: Nozer D. Singpurwalla. .
Description: Extensive work in reliability growth. Copies of recent

P R

studies were given to B. Livson. Of particular interest is the

possibility to separate between screening and design improvements.
Singnurwalla does not believe in statistical software reliability or
even in the integrity of most software reliability modelling.
‘Although a statistician, he stressed that in software reliability
only an engineering approach pays. Singpurwalla gave an interesting
research paper, where he and the Israsli Landberg show how a number
of software reliability models can be unified via a Bayesian model
with different priors. They show why the present models may yield
absurd resulis by being based on minimum likelihood estimates of the
initial number of software errors. The weakness of these models 1is
that they overlook the basic requivement of sampling models, namely
the use of a stopping rule.

Software Reliability: Bev Littlewood ‘
Descrintion: Littlewood has been.working on software reliability models
since 1973, and is perhaps the leading name in this field. It was sur-
prising to notice he is & pure mathematician/statistician with 1ittle
or no understanding of software engineering/computer seignces.

He claimed that one of his models was applied in the F-111 avionics
software project. This turned out to bz a post mortem.of no value..,
Littlewood could not give any explanaticn of how one can reach a given

- fn ay I o . 3 . Loy . : i 3o : E
auantitative softwara goal, thus strengthenad B. Livson's opinion that
<+ P RN t 3 4 e mpe B Awmaamd el 5 F Iy p
quantitative reliability coals are "day dreaming”.  Litg ewood seemed
optinistic about other quantitative software models too: ‘ ;
By e N A TR, A R A AT 8 P B PN T e o . . R D ’7/ J
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- Putnam scftware life-cycle cost model is impressive in his opinion
(according to RADC miserable, and in B.;Livson's opinion corrupt.
in having a state of technology constant than can be manipulated
in-f]ight’or post-mortem to obtain any rasult).

- McCabe and Basili complexity metrics and automated tcols are
impressive in Littlewoods opinion. We shall check in to this,
although RADC people hold a diametrically opposed opinion. ..

6. BOEING COMPUTER SERVICES (BCS)
7080 Gallows Court, Vienna, Virginia, May 19.

"Outline of BCS activities: Sy Listman, Tech. Mgr. of BCS East, and
Mary Dawson, Mgr. of Products. ; )

Description: BCS has a massive computer network with 3,000-4,000
users all over the United States, Its network is more primitive

than that of RADC - ARPANET in the sense that files cannot be swapped
between different mainframe types (Boeing IBM & CDC hosts), but BCS

is working hard on this. BCS has next to ceased from being a software
house for outside customers due to heavy losses. BCS people neither
used any software cost model of their own nor are they familiar with
the Putnam and RCA S-models. The main problem with software 1ife-cyclg
cost models is the weak link between the model and the actual software
work breakdown structure. BCS ignorance of these models was, nowever,

“surprising. BCS EAST is the "Maman" of Boeing today.

Advanced Technology and Development (ATAD): Bruce Wilson.
technology. For instance, Wilsen enthusiastically described how
BCS measures software reliability with the Markov model. Even the
father of this model, Bev Littlewood, would not claim that this model
had any practical applicability.

is a professional in computer sciences/software engineering. This
group is mainly involved in administrative type of work: software
standards and procedures implementation, preparation of check~11ists
showing correspondence between software requirements - design -

coding - testing items or components.

je222-0
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tdiscip]inéd, For software configuration control BCS uses the IBM ANMP

Their checks are of entirely mechanical nature, however. Their app- !
roach is nevertheless practical, and by cataloguing the test cases

a lot of effort is eliminated. BCS EAST SQA group is definitely wel]i

(Account Network Management Programmer) data-base tool of which Livson
was given an impressive demonstration. The weak point of ANMP

compared to the RADC program support library is that it is based on

the willingness of people to report to the configuration control mana-
gement. During the demonstration.the loudspeaker voiced a discussion
about failed equipment due to an unreported software change...
Interestingly, the interdivisional or-interfacility barriers in Boeing
seem to be as high as within IAI. Not only was Boeing BCS EAST SQA
unaware of scftware tools developed by Boeing Aerospace, but also by
Boeing BCS West!

Art Russel made an interesting remark in explaining why his SQA group
does not even strive to have independent testing capability: "The use
of independent testing teams in Boeing has led to situations where the
development group has shoved most or all testing down the throat of the
independent testing group, but letting independent testing enter the
picture only -late in the integration with disastorous results”.

INSTITUTE FOR COMPUTER SCIENCES & TECHNOLOGY

tation with somewhat extended capabilities to PROMO in our CDC C.A.D.

NATIONAL BUREAU OF STANDARDS

Washington D.C. 20234, May 22.

Software Tools Expert: Raymond C. Houghton, dJr.

Description: A demonstration of the NBS FORTRAN 77 analyzer on a VAX

P R ST SR

VMS 2.2 was given. The NBS analyzer is essentially a source instrumen-

Tibrary. The NBS analyzer is user friendly and interactive. It will
be available almost for free through NTIS. A tool like this is included
in software development work-benches like the GRC automated verificatiorn
systaem and Colorado University TCOLPACK,

A demonstration of the University of California, Berkeley, virtual
operating system utilities was given. It worked beautifully on the
NBS VAX. This tcol set has the following advantage over UNIX:

;wj

16222 -0
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No changes in VAX operating system are needad. In -our avionics real-
time environment it is unlikely that we cculd give up VMS in favour
of UNIX. The Berkeley system simply augments'VMS with several dozens
of utility programs. A switchover from the utilities back to VMS s
instantaneous. Users can learn the new utilities in a gradual way
without interference with their UMS activities.
The following documents were given to B. Livson by NBS personnel:
- NBS FORTRAN 77 Analyzer, Draft of User Manual by TRW Defence

and Space Systems Group.

- The Software Tools Virtual Operating System Project, University
of California, 16 December 1980. '

“

- Draft of Tool Fair Proceadings, 5th International Conference on
Software Engineering, 24 February 1981,

- Features of Software Development Tools, NBS Special Publication
500-74, February 1981.

- Computer Model Documentation Guide, NBS Special Publication 500-73,
January 1981.

- Software Documentation for the Initiation Phase, FIPS Pub 64,
1 August 1979.

- Software Tools: A Building Block Approach, NBS Special Publication
500-14, August 1977.

- Technical Profile of 7 Data Element Dictionary/Direc{ory Systems,
NBS Special Publication 500-3, February 1977.

- NBS Software Documentation Standard, FIPS Pub 38, February 1976.

- Software Testing for Network Sciences, NBS Technical Note 874,

July 1975. '
Most of these publications and their in-process updates are in-machine
readable form, too. B. Livson was tentatively promised a magnetic tape
of all machine readable NBS documents in the fields of documentation

““standards, verification-vaiidation & testing (VV & T), and software

tools. I obtained, all TAI Engineering Division C.A.D. newsletter
readers may route any of these documents to CDC Tineprinters.

17 1ISSUZ
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In addition to the above, NBS supplied B. Liyson with its catalogue of
software tools. The NBS software tools data-base 1ncofp0rates most
software tools catalogues, including TRH, Grumman, Boeing & Reifer
catalogues. The in-process NBS tocls catalogue will add SoHaR tools
taxonomy descri ptio*zs9 <o that the HBS catalogue is just short of
commercial recommendations.

As a final note, NBS alsc is active in software conversion methodologies

and tools, the dwvorswmy of the U.S. Government computwr facilities
necessitating thi

DEPARTMENT OF COMPUTER SCIENCES, UNIVERSITY OF COLORADO

May 26. .
Software Tools Experts: L.D. Fosdick & C.H. Drey.

Lesrriggéeﬁ: The first software reliabiiity tool used by IAI Engineering

nalysis. Unlike a compiler that has to genarate code on a program unit

basis without knowledge of other program units until Toad/Tink phase,

th
DAVE is capable of conducting

i

$

unit boundaries. Most automated verification systems, including GRC
FAVS, only have a 19ty in that they can check

mon blocks and parameter Tists in terms of jengths end types without

o]
O

Fflow analysis. Visits 3,7 &8 indicated
that DAVE is still the best tool in its class.
|.D. Fosdick mentioned that the University of Hinnesota has developed
the MNF for CDG, a more powerful FORTRAN 77 compiler than our FTNS
compiler as far as diagnostics are conc erned. The MNF incorporates
some data flow analysis within a program unit. Our CDC Department may

want to check what are the relative mevits of MNF over our FTN.

Tentatively, 1t seems that MHF Is oriented towards devalepment and TN
is optimized for production type compiiation.

‘hie version, DAVE II will be ready by Pea&momr
1981 for both COC & VAX. DAVE I will permit most extensions to

The second generation DAVE will still be a 1ot sTower than a compiler,

but not by an order of magnitude o old version. DAVE IT will have

improved recovery capabiltity after phase 1 front end parsing.

data flow anomalies aﬂﬁiyﬁ"s across progran

i
i

']

KR,
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INFORMATION SCIFNMCES INSTITUTE, UNIVERSITY OF SOUTHERN CALIFORNI

A1l unacceptabis source Tines will be listed with an explanation
(syntax error, unknown FORTRAN 77 extension, etc.) in contrast to

the present version that stops at the first unacceptable source line.

An attempt will be made to use DAVE in a paperiess environment.
The output File will be compressed to 80 coiumns.

B. Livson suggested the use of keywords for more convenient output
screening. He also suggested to output the program units call graph

as a hierarchial block diagram for improved visibility.
The basic problem with DAVE, namely the large percentage of false

b

file

alarms

due to the commonnlace bad programming practices will not be solved by

DEVE 11 release.

The new TOOLPACK project Vl?] be available to the public domain only
in late 1982. TOOLPACK will have similar capabilities as other automatesd

verification systems.

A

Marina del Rey, May 28.
Contact: Bob Balzer.

e L

Description: USC Inf. Sci. has a project to transform a formel software
sful

.

specification dirvectly into executable code., If eventually succes
©

- ervor prone and manpower consuming des

- A formal specification ?aﬁauaqe: GIST, and & tool directly trensfor-

1

ming this into executable code.

- A tool aiding the stepwise refinement of natural language into GIST.
- A vrogram transformations library. This is neaded, since otherwise

GIST would execute exiremely slowly compared to present programming.

E

Iritially, a systems analyst has to pick up optimal program T

formations so that the USC project inc

design phasa.

- A software recuirements tes%ing tool allowing various mixes of
dynamic and symbolic requirement s testing.

Note that we can talk about dynamic rtquir nents testing, since requi-

SRR . 1 e Lo my e o £ it 1o '—‘
vomantis are directly transformed into executable code. (Limited ¢
1
B

-

[te]
o
s
.

trans-

udes a kind of very high leve

appiica-

36227 -0
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10.

According to Daniel Berry from UCLA, it is unlikely that the Balzer-
Prywes goal of direct execution of requirements will ever materialize.

Howaver, thi
us

s
ting and ful side results.

&
2

SoHaR Inc,

1040 S, La Jolla Avenue, California, May 29.
Contact: Herbert & Myron Hecht
Description: SoHaR has the following three projects in-process

petpuiggpIpIg s

A. Software Tools Taxonomy Project for NBS, see visit 7.

Taxcnomy keys will be included in the NBS software tools data- -base
by the end of this year. SoHaR has subcontracted part of this job

to D.J. Reifer from Software Management Consultants. According
H. Hecht, D.J. Reifer visited IAL in June.

B. Software error data collection project for RADC. The basic idea is
_program support library envivonment. A programmer cannot run his
test cases independently, but must submit his runs via a Tibrarian. -

do

This, according to H. Hecht, will ensure that software errors get
reported properly. It is, however, easy to point out several flaws
in this scheme, e.¢. a programmer can claim that he needs to run

the same test case with different probes or due to a change in
£

software configuration. Thus

oftware trouble reporting. In any case, this project does not
Q 3]

i
to be practical in our environment. H. Hecht agreed that there

~

[N

no way to justify a quantitative reliability goal for software so

that software trouble reporting is just for the sake of a post
-
matem,

C. Fault tolerant software project for NASA experimental flignt control

system of 2 control configured vehicle, The idea is to build a

Kagr ™

onfiware monitor to chack some critical part of sofiware. The monito:

should not be harmful provided that the recovery module 1s

a
<y AN “1" n'}\, I L,{:}
p 170 W TLen.

- It fails to recognize a sofiware evror.

"yltimate and impossible" goal may produce many interes-

prograimmars can fairly easily obstruc;

t erronecusly activates a recovery module. This, in itself,

0

seemn
is

e
eaGE. Y issuE
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In summary, the approach of fault tolerant éoftware aevelopment
did not seem to be convincing. In addition to being time and
manpower consuming, it may cause all kinds of integration problems
In the worst case, a fault tolerant software may increase the num-
her of software errors. Besides, there may be such harmful psycho
Togical side effects as bad programming and testing of the base-
Tine in the belief that a recovery is {always) possible.

This is similar to the danger of having an independent test team
with no one doing any thorough céstinqﬁ In B. Livecn's opinion
there is no choice but to insure that the development team does
its job as well as possible. M. Hecht showed some of his work

with software error tree analysis that seemed to -be highly appe~
aling. He will visit Israel 3-9 August 81, and he may lecture

on the topic.

DEPARTMENT OF COMﬁdTER CIENCE UCLA

1 June 81.
Contacts Daniel Berry and Rami Razouk
Description: Daniel Berry gave a demonstration of UNIX and the
following documents: '
UNTX Programmer Manual for

- Beginners

- Programmers

- Advanced Programmers

- Word Processing.
Accewdiﬁg to D. Berry, IAI would have to pay $40,000 for the Tirst
VAY and $93,000 for each consecutive VAX Tincense teo Bell Laboratories
irrespective of the UNIX variate actually to be acguired.

of the UCLA tool, SARA,

nt-driven, self-documen-

Rami Razouk gave a lecture and demonstration

_\.
D

the System ARchitects Apprentice for requireme

(e

ing design of modular, concurrent, hardware and software systems.

sttt Loegrins

el

]

lazouk also gave the following documents:

™

N

- SARA Methodolo:
- Concurrent So : gn by SARA (2 papers)
- FEvaluation Met! the graph model simulation

L, - : & : (R ROV | o ] ADA 19 yomone Y
- The use of & & sction Language in SARA {Z papers;.

SARA will be released

PAGE. ? 1 IRGUE
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TRW DEFENCE & SPACE SYSTEMS GROUP

2
One Space Park, Redondo Beach, California 90278

Contact: Richard L. Maitlen, Manager of Applied Systemﬂ Design Sectios
(R. ¥ ai%ien is pernaps the No. 1 software tools expert in the U.S.
software eng1ncyr1ng stry, and started developing his first tools
already in 1965).

Description: The visit to TRW had specific importance, since the TRW
software development is quite similar to the IAI Engineering Division
environment. TRY is the largest software developer for the U.S,
Department of Defence, and has been responsibie for huge projects such
as Deck Boy for \atiowul Security Agency, Minuteman qolfvare Over-the-
Horizon Radar Project, Baliistic Missile Defence Advanced Technology
Centar, etc. TRW has had software development projects in excess of
one million source lines in a single project. It was interesting to
Tearn how TRYW has systematically developed software tools packages to
support this huge production environment: TRY almost celely deveiops'

its software in FORTRAN. It uses FORTRAN even in its commercial data

processing application, where COROL was traditionally used. TRW has
augmented the capabilities of FOK ?h“h by various libraries optimized
for bit manipulation, character processing and so on. The TRW argument

at the more modern languages such as JOVIAL 73 or PASCAL are not
suitable for massive projects due to the d deficiencies and partial lack

Ky

! 5

0
R. Maitlen mentioned the disastrous

of software tools. As an example
cituation with the MY - missile software deve Tepment, where TRW had
the DoD directive to use JOVIAL 73. The J 73 compiler has serious

errors and flaws. Besides, the set of software tools for J 73 is very
Timited. TRW even hesitates to use FORTRAN 77 due To compiler fmmatu-
rity. In short, TRW is at least as conservative in the computer langu-
age aspect as we ave. THW computer network is based on CBC NOS, wiile
TR subdivision or department use a large variety of minis and midis
as we do in the Engwneerwng Division. TRW is at least as far from

the papevriess enviromment as we are; TRY has relatively few CRT's and

almost no investment i graphics teyminals, according to Mr. Maitlen.
In fact, the only p?ace working in a paperless environment at the time

of §. Liveon's visit was UCLA Computer Science Department.
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The dangzr, according to him, is that too much time
is spent to produce & proper vrequirement specifica-
tion with very Tittle timz left for final testing
and integration phases.

- In Maitlen's opinion the best design strategy would
be & top-down skeleton program (in FORTRAN} with
structured constructs and natural language comments,
which is constantly refined and finally augmented by
code. In his opinion the basic weakness of PDL (or
our SDP) is that thesy get thrown away, since one
cannot augment code into PDL. The nice thing in &
real skeleton is that it can be compiled, statically
tested, automatically flow-charted, and continued
smoothly to coding.

R. Maitien gave to B. Livson the following two TRW

documents: ' _ R

In summary, TAI Engineering Division has comparable software develop-

TRY, but TRY's strength is the wide-spread utiliza-

tools, but is willing %o
iloved to customer needs.

of course, well over § 100,000,

10,0600 - § 50,000, and in

rom nonprotit institutions such as

hest ones in bein

Yy
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The TRW recommendation for project development using software support

tools is as follows:

A. Project Support Tools category consists of the Caine, Farber and -
Gordon Inc. Program Design Language (PDL) tool including grephic
display capabiiity, N2 input-process~output interfaces charter

tool, and word processor with all documentation being stored in
permanent computer files. There is nothing unique in this category.
In fact, IAI Fngineering Division has a more advanced tool than
PDL, the SDP, and an improved version of N2 charts. What is rele-

vant, however, is that TRW utilizes its project support tools
systematically in every project.

B. Proiect Management Tools for scheduling, displaying budget data,
identifying critical tasks etc. We are using PERT Type tools as

well as budgeting tcols so that there is not much new for us in
this TRW category. Neither TRW nor we (for that matter) have a
truly interactive graphic tcol, where the user could input with
an "electronic pen" on the screen. The issue really is not what

project management tools exactly do, but how user friendly they

arae. Such tools can be successful if, and only if causing minimal
possible user resistance.

Frivironment,

«
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Cil: Structured FO { with precompilers from regular FORTRAN
to structured FORTRAN to ease maintenance of old software
projects, and from structured FORTRAN into regular FORTRAN
enabling a more readable and maintainable software develop-
t. This issue has specific importance for such FORTRAN-
LANDS as TRW or IAI Engineering Div. Included in this cate-
gory is automatic Tisting indentation for increased readabi-
1ity, and Routine Level Control (RLC). The RLC assigns dat

end time for tha Tast change in a routine, anc
checksum number. The checksum number ensures that
will. execute prog ed version

rame compiled to the last updat
number. In a mass production envivonment Tike TRW, this is

3 e o da
very important. \

i o i , .
’ piivaeaay)
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The Software Suppvﬁt Tools are divided into:

c2.1;

C2.2:

Development tools. These include (semi) automatic

common_block insertion tools improving global variabie

management, which is very important in increasing the
reliability end maintainability of Targe FORTRAN
programs. We have overlcoked this issue.

Diagnostic Tools. This category js fully covered by

an automated verification system, such as the GRC FAVS,

and to a large extent by our project tools, namely DAVE
and PROMO. Our two main problems are: (1) These tools
are not extensively used. Perhaps by combining a
number of such tools in a package Tike GRC did, will
improve the situation. Specific attention has to be
paid to make such a package as user friendly as possibl
(2) These tools are wasteful in execution time. This
problem will be solved by ensuring that the tools ope-
rate and cutput only over routines with changes. This
necessitates a history file type data-base. Moreover,
it is possible to preprocess programs, and then use

a preprocessed version that will execute faster with
the various tools. TRW tools include standards audit
and a very strong variable analysis., This will be a
natural part of cur future AVS. Of course, TRY has
automated Flow-charters as we do. With structured
FORTRAN such flow-charts are much more useful.

Finally., TRY has automated documentation tools, the
question being who has the time to read or even glance
over all documentation produced.

Richard Maitlen had the following overview of wmodern
software engineering:

- Software requirements tools such as the 1SDOS PSA
~or TRW SREM cause a massive overhead in quzlified
manpower, and do not address to the probiem of

n

software requirements testi

increase traceability, and, of course, resuit in

a better vequirement definition.
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GENERAL RESEARCH CORPORATIGN, SANTA BARBARA DIVISION

June 3. :
Contact: William R. DeHaan, Software Marketing Director
Description: The GRC Software Workshop (SW) incorporates into one

package tools similar to the ones forming the TRY support for program-

ming environment. Starting September 1981, SW will be fully inter-
active MEMU-driven software. Note that neither the Colorado University
TOOLPACK to be released late 1982 nor- the present TRY tools are inter-
active. The interactive implementation of the SW is being done in a
highly intelligent way: the screen is filled according to user desirec
hierarchial/nesting/indentation level. The menu-driven interactive
SW demonstration was impressive in allowing the user (B‘ Livson; to
see exactly the desired amount of details. Batch type tools such as
DAVE have the drawback in “drowning" the user in paper. The second
major advantage-in the new SW is that it continuously updates the
source and the associated data-base so that nothing is lost between
two consegutive SHW invocations. This feature, incidentally, was one
of the main reasons why Colorado University launched its TOOLPACK
project.

The GRC Software Workshop has the following tools:

r
1: RX?P@QLh (the commercial name for the RADC funded FORTRAN Automated
Verification System). It consists of one compulsory component,

namely the control and input component that among other things

creates data-base interfacing with all other optional components.
Presentliy, there are three optional components:

1.1 Static Analysis. This component does not have a truly global

accross the program unit capability for global data fiow
3

anomalies analysis Tike our DAVE has., Possibly by the enc
”

of 1981 SW will have this glcbal capabiiity.

ot
]

Execution Coverage Analysis. This tool is one of the best in

1

its kind. It enumerates iecision-to-decision paths end out-
puts the (accumulated) coverage for the various test cases
only for these DD-paths and not for each and every statement.

Quy PROMO is essentially weaker than this tocl. Also, the TRY

instrumentation tools including the MBS FORTRAN 77 Analyzer
seem to have g lessev capability.

622U
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1.3 Document Generator

2: Preprocessors

2.1

V-IFTRAN structured FORTRAN verification tool has the following
capabilities:
- It provides a full ranga of structures:
- IF...OR IF...ELSE...END IF
- WHILE...END WHILE
- CASE OF...CASE...CASE ELSE...END CASE
~ DO...END DO {standard DO without label)
- REPEAT...UNTIL
- LOOP...EXIT IF,..END LOOP B
~ FOR.,..END FOR
~ BLOCK...END BLOCK & INVOKE

These structures provide GO TO- Free.and statement number -
free replacements for the traditional GO TO, arithmetic IF,
assignad GO TO, Togical IF, computed GO TG and DO statements.
Unlike FORTRAN 77, IFTRAN provides a truly block structured
programming envirenment Tike the ALGOL-PASCAL family languages.
It may be argued that some of the IFTRAN structures are need-
less, however, HNote that TFTRAN can be used in KEYWORD mode

in a way similar to the program design language (PDL).

V-TFTRAN has a debug printing capability of automatically
printing I/@ or intermediate variables by name and value.

In addition, VY-IFTRAN allowsconvenient insertion of assertions
about initial statements, intermediate point conditions and
final statements. If set OFF, the corresponding statements
wiil be automatically changed to normal FORTRAN comment sta-
tements. It may be argued that a FORTRAN debugger has the
same capabilities. V-IFTRAN, however, is powerful in enabling

errer handling blocks to handle with false assertions. In this

respect, V-IFTRAN resembles ADA Tanguage.

Macro Facility for "repetitious coding/changing it later".
The macro facility is similar to the VAX FORTRAN INCLUDE
statement, and can be used for instance to modify commcn block

copying, so important in TRW type programming environments -

5 7
PaGE G 1SSUE
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2.3 REFT&AH ¢lobal variable tool yielding the program units,
common blocks and statements referencing a program variable
or FORTRAN keyword. One of the best global cross-referencing

tools.

™
iy

EORTRAN STRUCTURER transiates and indentates ugly FORTRAN

into block structured IFTREN., This tool will be made commer-
ciai by the end of 1981. RCA Corp.
to structure 600,000 Tines of
ting that

signed a special contract
ugly FORTRAN into IFTRAN indica
this tool must have the efficiency of mass produc-
tion tool.

CRW SY has been sold to TRW, General Electric, Hughes and

Do facilit
Boeing has pursued an intere

various ies, and for a West

sting path:

German concern,
It acquired through

ancestor of RXVPEO,

namely FAVS

semi-public batch
Miiler, a

Aithough one could

former GRC employee in the early
acouire FAVS through RADC/U.S.
ation nearly for free, its moderni-

o v

70's.
General Services Administre
zation would VCQJwiﬁ sevaral man years. RXVP8B0 source size
is soma 40,000 IFTRAN statements.

GRC provided B. Livson price lists and product summaries of
is $ 50,000-§ 55,00

The total price includes one

)

their software workshop. The total price
with RXVP80 costing $34.000.

year maintenance, a in Israsl (2 davs) and

fon on one mainframe, and documenta-
d GRC provides the source. It would be
a $ 35,000-340,000

) in binary form, with no possibility to independently

raining course
“the associated installat

it is stres

L‘\
W

tion.

2a
e to obtain the total package with

maintain the pv&ﬁggw v 1o add our own components or tools.

is prepared to sell its package in numerous

In B. Livson's opinion, the best thing is either to

ackage cr nothing. The only other somewhat

P
viable option weuld be to acquire Z preprocessors, and package

cur present tools such as DAVE & PROMO, This, however, seems

es, such an option woul

je

! to be too Tititle and too late. Besid

1d there be a joint dete-vaseq-—-—-

(I}

not be interactive. HNeither wou

man

62220
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LAWRENCE BERKELEY LABORATCRIES, DEPT. OF COMPUTER SCIENCE
June 4-5.

Contact: Debbie Scherrer, Advanced Systems Research Group.
Description: Berkeley Laboratories have developed a portable "virtual
operating system" with more than 100 software tools, both utilities
and programming support tools, see Appendix. The Berkeley system

has capabilities comparable to the BELLLaboratories UNIX 7.

The great advantage of the Berkeley system is that it is built on top
of the VAX VMS operating system allowing users instanteneously to
switch back and forth between VMS and the Berkeley system. Several
hundreds faciiities around the world adopted the Berkeley system.

This system could make our avionics and flight control system software
development much more efficient. The basic idea is to allow people

to concentrate on their software application without having to worry
about utilities. As in the UNIX, an integral part of the Berkeley
system is the standard input, output and error output interface that
makes 1ife so much easier for programmers. In addition, theve i

n
o

method of pipelining or stacking utilities so that the output from one
tool becomes the input of another tool. Althougnh the Berkeley system
was originally implemented for VAX VMS, it is not difficuit to transfe
it to our COC CYBER NOS. Most system dependent quantities were pushed
down into primitive function calls, which we have to implement, This
will take a few man months, unless we will get a 1ist of CDC CYBER
primitives from the University of Arizona.

B. Livson was provided with full documentation, both programmer and
installer manuals, and two magnetic tapes (one with VAX VMS implemented
primitives, and a general purpose tape without primitives for CDC
impiementation). Once we get this implemented for our avionics VAX,
the Berkeley system could be installed on any of the several 1AL VAX
machines, and with some systems programing effort om any IAL machine
with at Teast 32 bit word Tength.

The Berkeley software tools are constantly being enhanced, and we were
added to the 1ist of more than 1,500 user groups receiving Berkeley
Sofiware Teols Communications. The immense success of both the Berkele

system and UNIX is partly due to SHELL, a powerful command line inter-

preiar, that incorporates standard I/f, filters &pipes, my1titasking,
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flags, recursion and script files. SHELL can furthermcre be used
as a command language. SHELL is shortly described in Appendix.

Hughes Aircraft Company has extensively used the Berkeley system, while
Boeing Computer Services has experience with UNIX,

HUGHES AIRCRAFT COMPANY, RADAR SYSTEMS GROUP

A
2

June 9,

Contact: David Martin, Display Systems Dept., Man-Machine Simulation
Section,

Description:  David Martin is active in manually translating parts of

the Berkeley software tools package into ADA. Hughes is evaluating

U.S.A.F. ADA contracts proposals. The contract for validated ADA

compiler,; data-base manager, debugger and editor should be compieted

by the end of 1983. 1In a parallel development, Intel will release

an ADA compiler for VAX ($ 30,000), and a development kit for the new

32-bit Intel i APX-432 micromain-frame. The total cost of an integra-,

ted VAX ADA compiler and 1 APX-432 development kit is around § 80,000.

intel should release a military cuality version of i APX-432 by early
1983. The commercial version including the ADA environment is already
avajlable. APX-432 has a sufficient band width for five parallel twin-
processors. The slave processor monitors its master in a twin-processo
In case of a mismatch a twin-processor is shut-off leaving four out of
five twin processors operational, so that it is possible to.reach a
high hardware reliability. In terms of performance, i APK-432 will not
be much "faster” than i 8086 with a C-compiler. Hughes is evaiuating
i APX 432, It is unlikely, however, that Hughes will develop any major
real time ADA software before 1884, Almost all Hughes software is writte
in COBOL and FORTRAN, the Tatter more recently in Ratfor after instai-
Tation of the Berkeley system. Some of the more advanced Hughes projecs

have started to use Bell C-language with two options available to impled

ment a UNIX~type software development workbench:

¢ UNIX level 7 operating system.

. Stanford Research Institute "EUNICE" that incorporates UNIX and/or
Berkeley software tools and the C-compiler on top of VAX VIMS.

piGveRasy
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Eunice costs only $ 2,500, but in both optioné one has to obtain a
UNIX license from BELL Laboratories. Fcr the first VAX machine this
license costs $ 40,000 and for each consecutive VAX machine $12,000.
This was one of the reasons why Hughes so far does not have a UNIX
license but decided to install the Berkeley system. An interesting.
development system, the ZEUS, is available for ZILOG 8000. Zeus
includes a C-compiler and most UNIX tcols. Zeus allows time-sharing
for 4-8 users. Zeus costs § 30,000 including UNIX license fees.

Zeus should be seriously considered for flight control system soft-
ware development. From the point of software reliability, the
C-language is quite problematic. C-compilers carry no strong-type
checking such as array boundaries or parameter T1ist checks,
C-compilers Tike FORTRAN compilers carry out no global analysis.

The draw-back with C compared to FORTRAN is that the set of soft-
ware tools for C is very limited. The advantages of C over FORTRAN,
of course, are huge: readability, excellent access at machine Tevel,
powerful high level data types including pointers, fast and compact
object, etc.

Software development in Hughes is totally dispersed with no ovgani-
zation or budgeting for software tools or utitities. David Martin is
working on the software tcols area in a "partisan way" without autho-.
rization or budgets. The attitude in Hughes is to allow individuals
to conduct such activities to the extent that this benefits (or does
not interfere with project activities, Each of the many -projects
has its mini or midi computer (VAX, PDP 1l-series, SEL etc.) with
software and hardware engineers working closely together with project
being independent of one another. The operating environments are
usually very small, 5-8 users to a midi or mini,

Huches has not acquired or developed any methodologies or tools
for software requirements analysis according to D. Martin's knowledge

26222 -0
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16. BOFING COMPUTER SERVICES (BLS) COMPANY
SPACE & MILITARY APPLICATIONS DIVISION (SAMA)
Seattle, June 10,

Agenda:
16.1 BCS/SAMA Overview by Harold E. QOison

16.2 BITS by Roger A. Franklin

Description: BCS developed Boeing Intelligent Terminal System com-
bines the best of both worlds: centralized and distributed data pro-
cessing. The idea is that each user has Jimited local processing,
memory and storage capability, and is also integrated into a central
data processing network. Several hundred BITS are operational, the
eventual requirement calling for 10,000 BITS at a cost of $150m.

The relatively high unit cost, $15,000 for gach multipurpose terminal
is wainly due to the requirement for graphics capability.

Document: From mini to Micro - The Intelligent Terminal.

16.3 SEUS: A Software Engineering Workstation
' by Gary Campen

SEWS is a huge relational data-base incorporating most

ftware development: Reguirements & Design, Data Dictionary,. Source

Code & Documentation, Configuration Control, and Project Management
Data. SEWS integrates the following tools:

- Dump/lLoad Utitities

« Query/Report System

- Specification Language Translator

- Analysis & Reporting Tools

- Interactive Graphics

- Code Generation (COBOL from detailed design) & Test

- Document Generation

v
L
o

evelopment will take a number of years, the customer being
oo SEWS tries to solve the present probiem
of primitive data-base architecture: Network model with Codasyl
i

Chained Records, or hierarchial model with multiple text files.

pY VSRS
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Future architecture has:

- User interface (unified command language)

- Tools ‘

. Data-base interface (data language)

- A relational data-base with inverted files.

10-100 times faster. SEWS does not add to the
present day teols such as PSA, but providges in
and an interactive user-friendly environment.
Document: WS/G. Kampen 11/13/80/

6.4 Integrated Verification & Testing System

v e e o e 300 S e 1 0 17

or HAL/S orograms. HAL/S is a PL/I like NASA
shuttle fiight control software. BCS will deli

“h

software warkshcp or TRW tooiset. IVIS covers

tics gathering), and an experimental tool for s
of g@ngurfent processing anomaties. B, Livson

but the tools are batch.
Document: IVTS/NASA Summary.
Note: Most of the documents given to B. Livson

PAD i35 a massive PASCAL software
f"

AY

with more than 300 man years of development) To

v

panual Introduction ?rom B Livson,

this buge package without DEBUGCER, and seem To

r‘{r\ H

e .
price i1 choos T"" LN

In addition to user friendliness (unified command language with an
integrated tools package), BCS claims that tools

tegration of data-bases,

Description: IVTS provides verification and testing analysis tools

1982. IVTS seems to be less advanced than Colorado TOOLPACK, GRC
(incorporates DAVE), dynamic analysis (assertions & execution s tatis-

Leon Osterwail and his Colorade associates have done most consulting
work to develop tools For symbolic execution and data flow analysis

checking the feasibility of the new Coloracdo material. IVTS does not
cally integrate its tools. IVTS command language 1is interactive,

16.5 IPAD by L. Stein, R. Johastonz, L. "“‘ﬁins
Description: 1

C.AM, and inventory control. Readers interested in IPAD may obtain

1ike PSA can be run
analytical power of

(1VTS) by Robert Hite

Tanguage for space
ver IVTS by Februavy

static analysis

ymbelic execution.

is in the process of

are stili at the

package (140,000 Tines
r Boeing/NASA C.A.D.,

N P S T 1
Beaing had to deveiop
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have paid a very high
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Harry Walker, Software Engineering Environments, North Holland 1981

As a coincidence, the same Minnesota University PASCAL compiler is
being used by both BCS and IAI Engineering Division for our CDC
machines.

16.5 ARGUS by Bonnie McIntosh

Description:  ARGUS is a software development workbench with the
following components:

- DYNA: Dynamic analyzer roughly comparable to NBS analyzer or

IAl/Raytheon PROMO.

- STRADA: An interactive graphics data-flow modelling system with
‘an integrated data dictionary subsystem. STRADA is being developed
to support the Yourdon-Constantirne structured analysis and design
methodology. STRADA is mainly a design tool with the capability
of generating PSL/PSA definitions of the data~flow model directly
from the data-flow diagrams themselves.

~  Architecture Analyzer: Includes results of analysis of code, daata
and process descripticns, access assertions, interfaces, etc. in
a data-base. It is not clear what kind of analysis is performed.
This tool is years from implementation.

- Project Management Aids: Available on stand-alone microprocessor
systems (BITS). These aids are quite primitive: Project milestone
charts, organization charts, and hardware configuration diagrans.

- FORMS Mode: Full-screen forms for data entry in a data-base.

Mo analysis of data-base.

In sumnary, both STRADA and architecture analyzer are years from

implementation. ARGUS does not have a comnand language interpreter

glueing its tools together like UNIX or Barkeley packages. ARGUS
does not seem to be a well-definad system.

Document: Concepts & Prototypes of ARGUS by Leon G. Stucki and

preprint.,

267220
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16.7

16.8

J

Softwars Rel1ab1]1ty Investigations by J. R. Brown and J. Skrivan.

[

Descriptio On-going project for NASA to test software develope
by two 'ﬂdependent teams from a common specification. J.R. Brown
has studied how to assign probability distributions by dividing
input space into subsets. These investigations do bot seem to

be practical. Large companies like BCS nevertheless finance
quantitative software modelling on & moderate bases, 2-3 man year
budgets. .

Documents: BCS/NASA Investigation Summary; Testing for Software
Reliabiiity by J.R. Brown & M. Lipow (TRW Software Serie 5).

Rel-Time Software Checkout by R.L. Glass

Description: Up-to-date technology is used to specify, to design

and to code software. However,~software is debugged using archaip

technology:

- Octal. hexadecimal output

- Machine code patching

- No printers, no pre-pianned debug print, no memory for debug
package

<

InsﬁructiOﬂ Tevel simulators function at machine code level

3

Boeing's answer to real-time software checkout is remove source

code errors in the host computer environment, and defer target

computer checkout until late integration and system test phases.

Program unit testing and most of software integration testing

should be done in the host computer envivonment. The combined

module-integration test phases consume approximately 75% of the

checkout resources. Boeing emphasizes:

- Host environment simulator

- A1l high level language version of code

- Host machines with very large or virtual memor

- Host compiler producing both host and target machine chject
code. ’

- Instruction lever simulator to simulate target machine hard-

C"l‘

ware on the host

52220
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Host can use instruction level simulator o anélyze sizing, accuracy,

support software, perhaps timing problems. Boeing does not suggest

any elimination of target computer checkout.  Problems, such as the

hardware behaving differently from the -environment simulator, must be.

target computer checked.

Boeing conducted an extensive error analysis of two large real-time

pmjects5 MPRT and E-3A AWACS. Some 124 errors were studied with the

followwng findings:

- Environment simulator could havekﬁetected 80-out-0f-124 errors.

- Data tracing 41/124. |

- Test coverage analyzer 40/124.

~ Assertions 37/124. -

- Dumps {snap or post-mortem) 35/124.

- Eyeball checks (structured walk-throughs, peer code reviews - call
it whatever you like) 90/124.

- Sneak analysis 20/124.

Most of these categories are strongly overlapping. Neverthiess, three
conciusions can be drawn:

",c

1: Eyeball checks are highly effective, although not sufti icient ©o
r £

check safety critical software. Some 70-75% of software errors
could be removed by eyeball checks.

2: Environment simulator is the only methodology with comparable
efficiency to eyeball checking.

3: Software tool packagas like GRC software packages, Colorado TOOL-
PACK, TRW tool set, Boeing IVTS etc. could discover about 50% of
all errors (inferences from the above data are quite difficult).

It is likely that all of the above means {1-3) are necessary to chack
both flight control and navigationdweapon delivery software. Software
errors accounted for more than a third of all system problems in
Boeing E~3A AWACS and MPRT project. It is likely that this perc
bove conclusions. are summarwzeu in D180~25859-1

(‘)

antage
wiil grow. The a
{2z

“Boeing reports (Z) obtainablé from B. Livson.

The following is a summary of R.i. Glass' recommendation for & mintimum
standard software tool-set based on the Minimum ADA Programming

Support Environment {MAPSE) B -
A
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- Requirements Definition: No recommendation
- Design : PIL

- Compiler/Assembler

- Linker/Loader

- Conditional Compilation

- Global Cross-Reference List

- Call Grapn Generator

- Timing/Performance Analyzer

- Configuration Management Tools

- Word Processing

- Data-base/File Manager

- Text Editor (both line-editor and screen editor) i
- File Comparator.

IAI Engineering Division has &ll of the above tools excluding auto-
mated configuration management. We have some CAD tools and CDC utili-
ties that enable Timited configuration management.

HIGHER ORDER SOFTWARE, Inc,

"ELME" at $ 15,000 for perpetual license, and prices annual maintena-

June 11,

Contact: Jack Rosenbaum.

Description: A tool called "FAME" generating a relational data-base
from HOS input is being marketed. HOS methodology has been enhanced
by abstract data types, and loop structures. An interface between

HOS data-bace and PSA is currently being developed. HOS Inc., markets

nce and updates at § 7,500. By the end of 1981 HOS Inc. will release
a iarger tool, "USE-IT", that generates PL/I code from detailed design
HOS. It isyquestionab?e as to whether such code generation is prac-
tical. IAI R & D had extensive contacts with HOS Inc. concerning
thase tools. One of the reasons, why IAI R & D did not acquire these
tools, was HOS Inc. insistence on supplying only binary object, and
ot source code. Rosenberg's remark that customers are guaranteed

of source kept in a closed bank vault in case of HOS going out of
business did not make a good impression on B. Livson,

v
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APPENDIX: BERKELEY SOFTWARE TOOLS
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3.

UMCLASSIFIED

sh = sheii {command ilns Interpreter)

SYRIPSIS

DESIRIF

sh f=ynuci Insme {a3rgs]

PTIGN

S 1% a command {ine Intarpreter? 1Y reads tlnes $voned by  $he
Us e any d Irterprats them a3 reguests 10 exscute ofher
pr

Connanis.

In simpiest form, & command {ine consists 6fF the command name
fofionsd oy arguments $5 the vommands all geparated by spacess
cammand argl arg? ose 3MUN
The shell spilfis ups the cormand name amrd the arguments Into
geparate sirincs. Then a flie with name coamand Is  soughts
command wmay bDe a path name t¢ specliy avy File In the systene
If command ls founds | Is broughd Intoe wnemory and executeds
The arcuments coltscted by the snell are accessizie T2 $ha
cemmands When the cormand Is finisheds, the shell resumes [¥s
own  exscufion =ard Indicates 198 readisness Y0 accent amofher

command by typing & prompt character.

g

If flie command cannot be found In fthe csurrent directory orf
Throuah its wvathnames the shell searzhes & spaciflc system
diresctory of commands Intended Yo be avaliable 16 sh users In
generale.

An exgmnpie of o simpie ccemmand ise

sort flst
which would lgok for The ftool sert® In fne current dlirectorys
then in the systen dirasctorye and then s3rt Yhe contents of
fiie *113%°, orinting the cutput a% the user®s fersinals '

Seme characiars on the command {ine have speclazt meanlngs teo
the shell {(thase ara ﬁ§¢cusbeJ netowle The charactar ®*3°% may
be included anyunhzrae in the command filne ft¢ zause fThe
f $ iose any speclal mzanipg 1% may have fTo

clilowing character fto
the shell {10 be ®sscaped®ls Seqguences of characyers enclosed
) e

gdoun de {7V oar singi {*3% cquoctes are alisoe taken ilteraiive.

B SN
Swefi nrograns In gevreral have obaen f$ares  standard §
inpui® e Toutnut® e anag ‘errer cufput®s L1t threse are a2ssig
o The uzer®s  termlnai uniess redireszted by the specia
arguments <y, *»%¢ 3% 3% “7?°%, {and sometlames ="l

An. w%ﬁﬁumﬁﬂTwme thae form *cnama® causes the flis "nave” $2 ba
the standard Inout flie of fthe assoclsted commands

w2
-
3
]
4
=
3]
3
28
%
-y

i
£3

An apoument 2f the

£ causes |
2% the standarg osufoute

B B o b e -
G nNong TG Gg uzea
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An argument of <¢tne form *Trname® causes ?he flie *name® t0 be
used az the standard areroer outroute

Arguments of $he form “»Pnsme® or *Tiname® Causz:  progiam
output fo BbBe appended to "rame® Yor standard outout oF errer
outout reszectivelye If ®“name® does not exlstsy it wiii be
createde.

Most tools hawve The apabl ity o resd thelr input from a
serles of fligs. In ?hl casaes the ilst of flies overrldes
reading from standard inpute, Howevery many of the foasls alliow
the usar $0 fesg from both a Lisy of filles zng from  lnpudy by
speci iy ing tne flienave %*<«° for standard inpute For sxampies

Fof? fliel = §lie?
woultd read Itz Ircput from ®*fitei”s than from thse standard
Inputs then from *file

Eilliers and Floose. . .

The cutput from one coenmmand may be dirested 10 fthe Lrput of

anather. A seouesncs uf commandy seapz~ated by vertlcal barg

{(§) or carets {(°7°} causes tha shell fo0 arrange ¢t hat The

standard suftput of aach command be deliversed $0 the standard
anc e

Input of the next comunand ln secuen fhus In  fha command
ilnes
‘ _ sort i1lst ¢ unlag § crt

*sort® sorts the contents of filie °1ist® i¢s output Is passed
o *unic®s whilich strips out duplicate finzs. The outou? §fom
funig® 1s thee Input 70 *cri™s whlich preperes the {lnes for
viewing on the users crt ferminal.

fne vartlcal bar ls cailed a “oime*o Proarams suth as sort?;
funia®y end Tcrt?s which copy sfands~d inpuf to standard
sutput (making some chenges along tThe way)d are catied

*fiiters?e

Conmand sepsrators
- Commanis ﬁ£% net 3
separated bty semicoion

e on different iines’ Instead fthay may bhe
$3

ar ¢t fliez ed
Tne a2bove zommand wili firse {ist $he conftents of the archived
Ffliel then enter the edlior.

The sveit alse atiowns commands %2 be gr
parenineses, xhare the group can fnhen be
For .)i,amﬁiweg

gup=a2d foue ther with
& 5 a flitars

{datel cat chocolate) § comm vanliia .
wrelvaes  first the dadte and then the flie ?2chocotiazte® fo
sYendard ocutoute whleh {5 then read 5% iyouf by ®coemm®e Tnhls
fool compsres  the resitts with exdlsting flis ®vanliia® to e
which {ines the two flizs have In Common.
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in fre backaground. IFf a command ls foliowed by L%, the shetf
wl it not walf for e zommand o finish Dbefore prompting
agalniy Instead, 1t 1z  reaidy Ismediateiy to accept 2 new
commands For Iinstancas
rat for ambrose >qe rge & : :
preprocesses the flie “ambrose®. utdtling ?hg sufout Gﬂ
*Pyeorage®s No matter how long fhe coﬁaiéﬁ?i0$ takesy, the sheil
returns lmaedlatety, Tha lderntliflcation number o? ?he process
running that command i prlnted, This ldentitlcastlior navy be
gd Y2 wait for ths compiztion of the command or o terminate

It

N Tne *L° may be usad ssversal times in 3 flnes Parenthesges and
nlres are atso altiowsd {wilthin the same background pracesstoe

Scrini flies.
The shaetl ltself is a command: and may be calied recursivelv,
elther dwpilcitly or axpliclviy. This is erimeriiy useful for
exeouting filies containing tilnes 07 sheiid commandse For
anqun»eg suppose yvou Pad a file named “nbrccount® which igoked

tike thiss :

echo *Lounting sirings of digits®

tr <corsgram (=3 9 § fr 19 | weo ¢
Thase conmands count ali the diglty steings In *prosean®s You
could havae the sheli execute thae commands by tvoings

' sh nbreount

The swsnelt wlii aiso execute script fites Impiticitive For
example,s glwing the coomand

nbrocount
would cayse fthe sheli fo notice fthat fthe file ‘nbrcoeunt”®

contalned texy rafther  than ﬁ‘ﬂcu?ubse tod The sha il would

trnen execute Ltsel§ againy uslng abrocount”® as its Inouts :

Argumants may aiso be passed tTo  scrioaf files, In  scvriot

) flies, chgrac?cr seauences of the form *3In°: where n ls 3

Yy dlglt between 1 and 2, 3re renlaced by the nth argument fo  the

- invocation a? the sheife For instanze, suppose fthe file
1Y

i O
e® contalned tnge foliowlng commands s

cat %1 %2 3 1 crvot key »8h

ar u loveiaetters 34
Trnene executing the command

private Dan dohn Harsid falir

would merge the flizs *Dan’®s  *doehn®s  and “Harold®s encryopt
fnamy and store then away in an  archive under  tThe name

"faler®,
Scrlipt flizss may be used as fliters In pipelines lust {ike
recgular commandsSe

Scrint flies sometimes reaqulre in=iine data fo be avallablic tce
trhene A soeclatl lnput fadirectlon notatlon  *2¢® 1s  used ©9
achleva inls  ¢effect. For axampley the eglitor norasi iy Takes
Its commands from the standard inpute Howaevere wifnin g ghoilt
procecure commands couid be embedded this wavs

-
or
U
D
(€8]
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ed file <<t
editlng recuests

Tne fines betueen << z2ng ! are cealled 3 ®*nere® documnesnti they
are reat by Thea shail and wmade @wvoelizszle a3 the standard
inpute The character %' s  arbitracys the documant belng
teralnated by a iine that consisis of whatever sharacter
foliowed the <<,

Snell Flaaogse.
Tare shetl accen ts several speciatl a~guments whan Iy is
invoked. The arcument =v asks the shell o print each ilne of
a script fiis as LY is read as inputs For instance.

s =y private Jasmine Irmz JanniVer twostars
would prlat each ilne of the scripdy filz °*private® as soon @
it is read by the sneli,

2]
1)

.~

The arsument =% i3 3simiiar fo fthe =y apove =axcszot tThet
commands are printed rlight bafora thay are execufsd. These
commands wlil be printed in the actual format fhe systen
expaects when attendting fo exXecute the DrogPrafe

The arjunest =n supprasses executlon oF the command vt irelivs

ne arcument =¢ cayses the remining argumernts to be executed
3 {1 command. -

€

&
Tre she it way be
a ¢

3 by typing an endeof-fite or z3v ftyping
*1ogout® as

FILZS
Scrafteh  flies for pipellines are cregated with the nanes “Pnp®™
Hhere n s the number 0f the nlpe on the zommand {ine (2.9, 1y
2 8YC e} e Scraten flles nemed “doc” asre created for *hers
dgocumants®, ‘

SEE 4L%0
Tae Unix command °sh”
Tne Beii system Technical Jdournals vole 379 nos 6&s: osart 2«
Julvedug 1878 '

DIAGNOSTICS

cannot toczte shaild
Issgad whenaver the sheli Is atiewmpting fo spawn & cony of
T {Nsait Yo process a script flie. Thne sheit was uynabie §o
find fthe coerrec fitee {fne flies ls set In 2 string
dectarztion In the “scef ”

#®oproutine,d
.





