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1. INTRODUCTIOY

a. Scone. This rennrt details the results of a studv which comnares the
availabiTitv of sunnort snftware for the AN/AVN.2]1 apchitecture (NEC PNP-11)
to that available for the current militarv architectures (AN/UYK-7. AN/UIYK-10,
A'1/UYK=-20 and AN/AYK-12). This renort is Volume 111 of three Valumes: Volume
I - Life Cvcle Cost Analvsis of Instruction-Set Architecture Standardization
for Military Comnuter Rased Svstems: Volume IT - Phase Il Comnarative Fvalua-
tion Of The "'F Comnuter Architectures, concerned with measurina the economic
effects of standardization of comnuter instruction-set architectures on
military computer-based systems. For the nurnose of this renort. sunnort
software is defined to include all system software and sunnort software tools
which aid in the develonment or maintenance of tactical software svtems. The
results of this evaluation are, one imnortant innut into a life cycle cost
analvsis, renorted senaratelv, which determines the relative life-cvcle cnst
of 78 Army/Mavv military computer-based systems as a function of two basic
architecture standardization scenarios: (1) adontina a sincle comnuter familv
architecture as a standard architecture versus (?) havina at least four
architecture families in the inventorv., For Scenarin (1) each of the militarv
architectures and the commercial architecture "FC PNP_11, is taken, in turn.
to he the architecture standard.

The method we used to comnare the supnort software hases of the architectures
was to develon a model of the software develaonment nrocess and from that, to
structure a hvnotheticallv comnlete sunnnrt snftware environment. Rased unon
that we then desianed an evaluation methndnloav and annlied it to the archi-
tectures. The evaluation methndolnav is detailed in Section ? and the results
of the evaluation are summarized in Section ? and detailed in Section R.

Section 4 details the software develorment model and Section & the sunnart
software structure.

b. Backaround

This report covers work that is an extension of work nerfarmed in 1076/
1976 for the Armv/Mavv Comnuter Family Architecture (CFA) Selection Committee™
that was evaluatina which of the currentlv availahle architectures would he
the best choice for a standard military computer family architecture. As
nart of that evaluation, a comparison of the software bases of the Qhree final-
ist architectures, IRM 361, Interdata 7/3? and DEC PNP-11 was made.” The re-
sults of that studv were one imnortant innut into two comnlementary life cvcle
cast-modei s -which comtribated -to-«the committee's recommendations of the NFC e
PAP-11 architecture as the best choice for a standard militarv comnuter familv
architecture. That effort mav be considered as Phase 1 of the onaoina CFA
selection nrocess.

In 1977, Phase Il of the CFM celectinn nrocess was initiated to conduct a
detailed 1ife cvcle cost analysis of the faur Armv/Navv militarv architectures
versus the AM/rYN.2] (NEC PAPLY]) . Mpe imnortant innut inte this 1ife cvcle
analvsis is the comnarison of the sunnort software hases of the five archi-
tectures. That comnarison is the subiect of this r?nort. The averall results
of the 1ife cvcle analvsis are rennrted senarately.
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2. EVALUATION METHCDOLOGY

a. Overview. The evaluation methodoloqy utilizec herein ic esserntially
identical to that utilized on the Phase I evaluvation of *he software tases of
the three commercial firalist architectures. First, a nmcdel of the tactical
software development is developed. Next, within the context of thet develop-
ment model, a complete set of support software tools is delineated alonag with
an essential set of requirements for each tool. Then.the applicability of the
tools is determined. The availability of each of these tcols for the five
architectures is then determined and a quantitative assessment of the software
bases is made.

b. Software lDevelopment Model. In order to deterrine the universe of
teols which in any way could be applied to the development of tactical software
systems, a model of the software development process is ceveloped. In particular.
the process is partitioned into the following maior activities: (1) Analyze
Pequirements, (2) Desion Software, (2) PRuild System Tests, (#) Build and
Unit Test Software (5) Intearate and System Test, and (f) Maintain Svstem.

c. Support Software Structure. Within the context of the software develop-
rment rodel defined above, tonls are determinecd which support the activities cf
*he mocdel. Existing tools as well as tools ir the RRD staae of development are
Hrlfneated and requirements (essential characteristics) ‘or eack too! are com-
rilec.

d. Desirable Support Software Base. Next,the applicabilitv of the tools to
the tactical software development process is determined kv havine CFA cormittee
members, who represent a broad spectrum of Armv/Navy proiect managers and labora-
tories, vote on the applicability of the tool to their activities. Those tools
wkich fall below a predetermined threshold are then discarded from further con-
sideration. The remainina tools constitute the desirable or taraet support
coftware base.

e. Software Rase Value. Next,the availability of each tonl on each archi-
tecture is determined bv queryina the manufacturers and users of the architecture.
The development cost for each tool is quantified ty estimating the size of the
tool in source lines of code and by convertino source line ta development cost,
utilizing a proarammer productivity fiqure. The sum of the drvelopment costs
constitutes the present value of the support saftware bace,
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3. SUMMARY OF RESULTS

a. Overview. Two significant results are aenerated as a result of this
study: first, which tools are considered important by tactical software
developers, that is, the desirable support software base and. secondly,
what is the comparative value of the existina support software base of each
architecture under consideration.

b. Desirable Support Software Base. The desirable support software base
was determined by balloting performed in the oricinal CFA evaluation in 197€.
Table 3-1 lists the most des1rab1e teols in descendinn order of app1icab111tv

se s o+ cs ee- 0 .. .o o

TABLE 3-1. SUMMARY: DESIRABLE SUPPORT SOFTWARE BASE

Compilers

Macro Assemhler

Interactive Source Lanquaae Editors
Interactive Symbolic Pebuacers
Extended Overlay Linker

Test Case Design Advisor

Intearated Library

Text Processina System

Data Rase Manaaement Svstem

GP System Simulator

Time Sharing 0S + Virtual Machine Monitor
Language Independent Monitors

Test Data Renerator

Mon-Interactive Symbolic Mebugger
Computer System Simulator

Batch Source Lanquaae Editor
Lanquage Depencdent Monitor

Time Sharing 0S + Myltiprecessina OS + Virtual Machine Monitor
Basic Assembler

Real Time 0S

Test Instrumenters and Analyzers
Automatic SW Production and Test
Basic Linker

Standards Enforcers

Reformatters

Test Data Auditor

Simple Overlay Linker

Nata Base Desian Aid

c. Comparative Software Rase Values. Table 3-? depicts the major results
of the evaluation of the software Fases of the four military architectures and
AN/GYQ-21 architecture.
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TABLE 3-2. CCMPARATIVE SCFTWAPE FASE VALUES

AN/UYK-7

P e n AN /UYVK-20.

AN/UYE-TO
AN/EY (=21

AN/GVE-T2

RASF
$12.328K

e 8f ce8l seee - el ..S. 5.,"—5&-(-

¢ c feRy
€14 ,PFEK

¢ 8, 28%)

NEFICTENCY

£10,570K

. .$18, 700K

€14,230K
$ a nang

£16. 480K

The base fiaure for each architecture represents the tctal eslimeted cost
cf develepine its existing surport software while the deficiency ficure
enresente the estiratec cost cf develonina these toels which fre in the
cenivable seoftwere Fese buet which ave non-existert or the archkitecture.




4. SOFTWARE DEVELOPMEMT MODEL

a. General. The technical approach taken here is substantially that which
was utilized for the comparison of the CFA finalist architectures support soft-
ware, First a model of the tactical software development will be presented that
provides a structure for the delineation of .upport software tools. This structure
wi}l then be utilizec in the auantitative assessment of the architectures suprort
software.

b. Software Develcpment Activities. The software development process is
partitioned into the followina major activities: (1) Analyze Requirements,
(2) Desian Software, (3) Build System Tests. (4) Build and Unit Test Software,
(5) Intearate and System Test, and (f) Maintain System. The followine paracrarhs
describe these activities.

() Analyze Requirements (Activity 1). "Analyze Requirements" performs
a decomposition of the user needs into the functions of the required system.
Following decomposition and the develcpment of a functicnal model, functions are
allocated to hardware, software, firmware, and people. The results are then
used to search a descriptive cataloa of existing systems to locate suitable
candidates for reuse or modification. The systems (if any) resulting from this
search and any new functions that must be cdeveloped may be simulated to determine
their aross performance characteristics. This activity is controlled by the
analysts' knowledoe of the current state of the art and the available budaet
for the proposed new syster. If a decision is taken to proceed with development,
a scftware functional desian specification and a project schedule are produced
which are used to control the '"Desion Software" activity.

(2) Desian Software (Activity 25. Durina this activity, the software
functicnal desian specification is used to produce the implementation specifica-
tion. A library of "proven algerithms” is available to assist in desian. The
"Design Software" activity may respond to the "Analyze Requirements" activity
with "can't desian" or "can't meet schedule". The output of this activity is
the implementation specification which is used to control the software unit build }
and intearation activities (Activities 4 and 5). ‘

(3) Build System Tests (Activity 2). "Build System Tests" is the activity
that results in the desian and construction of system acceptance tests. Note
that it is controlled by the same set of functional specifications that control
the "Design Software" activity, and that it is unconstrained by and, therefore,
may proceed in parallel with "Desion Software" and "Build and Unit Test Software".
A library of previously constructed tests that are presumably tied to sub-systems
is available for reuse as directed by Activity 1. The output of this activity 1
is the set of syster test scenarios. drivers and monitors that will control ;
Activity &. |




(4) Build and Unit Test Software (Activity 4). Durina this activity,
the irplementation specifications produced by Activity 2 are used to produce
unit tested software modules. A library of previously constructed modules is
available for reuse (with or without modification).

(5) Intearate and System Test (Activity £). Durina this activity, the
modules produced by Activity 4 and the interface and subsystem specifications
produced by Activity 3 are used to bind the system components into their final
fcrm. The system is then exercised to validate the system usine the test
scenarios and monitors provided by Activity 3. The final output of this activity
is the completed syster released to the maintenance. distribution and ‘confiqura-
tion control activity (Activity €). Inteoration and/or test failures are re-
flected back to the desian, test, production or software production activities.

(6) Maintain System Activity (Activity €). The final development activity,
"Maintain Syster” is primarily a clearina house and control certer for the re-
cepticn, evaluation, and coutrol of enaineerina chance requests. These reauests
are routed to the appropriate activity for implementation, desian, or analysis.
The maintenance function cdistributes confiauration controlled systems te the
users, and releases the results of the development effort intc the available
technelany data base.




5. SUPPORT SOFTWARE STRUCTURE.

a. General.

The software base will te structured, in part, by partitionina the
software tool types accordina to the specific development activities they
support. However, this approach may ianore that part of the software base that
supports the operation cf such tools and does not clearly indicate those tools
that support more than one activity. To make such software visible, the software
base will be structured further through a layered approach that will provide
insight into the relationship amona software base components.

There are at least five distinct virtual layers associated with an
operationz1 computer system and three layers of software that support the soft-
ware development process. Layer 0, the innermost layer, represents the bare
computer hardware includina items such as processors, channels, main storaae,
mass storage, bulk I/0, archival storage, hardware monitors, terminals, sensors,
and communications interface devices. Layers 1 through 3 "reside" on the hard-
vare and collectively provide the virtual machine capability that is necessary
to support layer 4, the applications software. In the followina paraqraphs,
layers 1 through 3 are described along with short descriptions of the tools
that reside in these layers and the relationship of such tools to the various
development activities.

b. Layer 3: Functional Support Tools. Layer 3 contains those tocls that
provide direct support to the software development activities. These are the
tools with which the apnlications software developer has the areatest interaction.
Layer 3 tools will be related to the specific development activites they support.

(1) Layer 3 Tool Types 'hat Support Activity 1 (Analyze Requirements).
gh$ types of tools that are directly applicable to requirement analysis are listed
elow:

(a) fereva! Purpose System Simulators. Allows a user to construct a computer
rnodel of a real or proposed system and to perform simulation experiments to de-
termine the behavior of the model under various operational conditions.

(b) System Description Lanquages and Analyzers. Assist system analysts in
describina the functional characteristics of a system and in validatina the con-
sistency and completeness of a functional decomposition.

(2) Layer 3 Tool Types That Support Activity 2 (Pesian Software). The types
of tools that are directly applicable to software desian are listed below:

(a) Computer System Simulators. Similar in nature to the aeneral purpose
simulator excent that {ts basic buildina blocks represent real computer system
components whose modeled behavior approximates the throuahputs, capacities, and
access times achievable on the modeled equipments.

~i
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(b)Y Cata Rase Pesien fids. Assist data base cesianers in arcupine data
Tergrts Inte Yeaica) recerd classes and in determining the relationships
arere loaical record classes implicit in either the nature of the data cor the
ueace of the cdata.

(¢) [ata Dictionary Systems. Assist data base desicners in manaaina the data
cefiniticn activities.

(3) Layer 3 Tool Types That Support Activity 2 (Puild System Tests). The
tvpes of tools required to support system test construction are 1isted below:

(a) Test Data Generators. Create data €iles fer testina and validetina pro-

arams.,

(b) Test Data Auditors. Compare data files acainst specificatien and produce
recorts of discrepancies and/or compliarce.

(c) Test Case Desian Advisors. Analyze proorame written in a hioh leve)
larcuace and present the results of that analysis in a forr suitahle to assist
test case desianers in the selection of test data.

(d) Test Instruments and Analyzers. Instrurment modules uncer test sc as te
cellect data characterizine and behavior of the module.

(4) Layer O Tocl Tyres That Support Activity 4 (Puild and linit Test Software).
The types OT tonle that ave veoivn? *n cunnawd the neanvae ;n\.n\nnwnf and ynte

test activity are insic Ciow:

(a) Assemblers. Allow proarams to be coded in @ symbolic lancuace in which
c+atemerts aenerally correspond to a sincle machine instruction, Specific tools
irclude Basic Assemblers and Macro Assemblers., (hosted and self-hosted)

(b) Compilers. Translate procrams written in a Fioh level larcuaae inte eithe
re'ccatabTe object code acceptable te a Linker or ascermbly lancuaoce accertahle
te an Aesembler. (hosted and self-hested)

(¢) Instruction Simulators. Simulates the instructior set of the taraet machine
cn @ host machine. Provides trace, snapshot and dump canakbilities,

(4" Linkers. Combine the text produced by separate invccations of Compilers
anc Asserblers ("object modules") inte executable code styrinas ("load modules"
cr "ecere imaces") thet can be loaded into the corruter's main storace and executed
vitheut “urther precessine.  Specific toels are Pasic Linkers, Simele Qverlay
Lirker, and Extended Cverlay Lirker.

(e) lebugoina Aids. Assist the procrammer in locetina the sources of proaram

W
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evrers thet have been discecvered durince unit testine, usually by eivina him

some control over the executicn ¢ the module uncder test that is exterral tc
the norma! rrcaram cocde. Speci€ic tcols are Interactive Symbelic Pebuaaers,
tien-Interactive Symbolic Febuacers. Trteractive Absolute Debucaers and Nen-

Tnteractive Abtsolute Pebucaers.

(f) Mcdule Libraries enc Chance Contrel Syctens. Provide computer ccrtrelled
maintenance 0 arcups CF related source mocules T?rooraws cbiect modules (tre
cutcut of Accerblers and Cempilers), and leac medules (the cutrut o Linkers).
‘recific teoels are Rasic Libraries, Tntearated Libraries, and Putometic Scft-
ware Freoducticrn anc Test Svstems.

(7) Perfcrmance Moritors. Assist the rrocrarmer ir cuantifyina the resource
corsurp*icr characteristice ¢ a nroarar anc in icolatino performance-criticel
areas. Srecific tecls are larcuace Ceprendent Menitcrs and Lancuaae Independent
1)

cnitors.

(h) Standarcs Enforcers. Allow scurce proorars tc be examined automatically
ard checked tor cenformance *o installaticn-definec standards of fermat. content.
ard usaaqe.

(i) Preprocessers and Feformatters. Assist proarammers in producina well-
structured and readakle prearams by aliowina the intreduction of structured
oroararrine constructs into source precrams for lancuaaes that de not have ther .,
ard by autoratically centrellire indentatinr, the rlacement of corments, etc..
to produce readable listircs.

(5) Laver 2 Tecl t/pec *kur Support Mctivity (I ntecra*e anc ¢ yster Test)
and Activity € (Maintain Systery. There are no unicue layer X tocls that exist
tc suppert these activities. e tools trat were listed for acfiv1ties 1 throuak

% are aenerally arplicable tc act.w ties £ and € at layer 2. Most of the tools
used in practice that are specifically oriented tc activity & are special-rurrcse.
e.a., test envirorment tools (erulators, hct benches, syster intearation lakb
suppert, virtual machines). test drivers and special rerformance monitors.

c. Layer 2: General fupport Services. The primary function of layer 2 tco's
is to provide a framewcrk of common servicec that will allow the outputs of third
layer functions to be stcred, retrieved and inter-communicated. Second layer
functions should be usable for cormon purpeses across different third layer func-
ticns, and should serve te hide (where possible) differences between first layer
and third layer functions. Laver 2 tool tyres previde ceneral support to all of
the software development activities. These too! types are summarized as follows:

1) Data Pase Manacerert Systens. Allow the user ¢f a computer system te de-
fine the contents of and the Tcaical relaticnships btetween callections of data
‘tems that represent scme useful akstractien of a real-werld phenomenor (tactical
commancd and contrel syster., the rodiules and docurentatien c€ a system »f computer
proorars ) without beina concerned with the physical mechanics ¢f storina, lcocetina,
and retrievire iteme or crournc of iters.




(2)  PERT/CPM Systers. Assist manacers in plannina and controllinc project
activities.

(3)  Project Estimation Systems. Assist in the development of work breakdown
structures and relatec performarce stancards for use in estimatina project resource
reauirements.

(4) pocurentation Fids. Assist in the preparation and maintenance of documen-
tation about the modules of a system. Specific tools are Text Processina Sys-
tems, Flowchart Construction Lanauaaes and Automatic Flowcharters.

(5) pata Manipulation Utilities. Allow the system user to alter the format
and content of data files independent of the loqical sianificance of the
data fields involved. Specific tools are Sort/Merae Proarams and Fditors
(Interactive Source Lancuace Fditors, Interactive Object Module Editors, Ratch
Source Lanquaae Fditors, and Batch Object Module Editors).

(6) Information Retrieval Systems. General purpose application proarams
operatina 2ither on-1ine (interactively) or in batch that interpret user reauests
to locate and display information that is stored either within a structured
data base or within separate files. Specific tools are Ouery Lanauace Systems
and Report Vriters.

d. Layer 1: Operatino System Services. Layer 1 implements the operatina
system services that present a "virtual machine" interface to the services/tools
at layers 2 and 2 and manaae the real system harcdware. The layer 1 tool tyres
are aenerally applicable across all of the software development activities.
Layer 1 tool types/capabilities are listed below:

(1) Rasic Mperatine Systems (ROS). Runs sinale user processes from initia-
tion to termination. May or may not overlap I/0 with execution. Provides hasic
/0 support that allows user to refer to files symbolically and to read and write
ther without knowina the hardware details of the I/0 Interface. Provides basic
batch supervisor services that control normal and abnormal job termination, job
to job transition, and operator communication. Provides a minimur base for pro-
?rar development by surprorting at least one lanauaace translator and/or linker/
oacer.

(2)  Multiproaramminc Operating System (MAS).  Provides all of the services
of the Basic Operatina System. Supports the concurrent executicn of two or mere
user jobs by allowing the execution cf any job to be suspended while another is
executed without any special proarammina considerations in the user job. Prevents
concurrently executina user jobs from accidentally or intentionally destroyina
each other or the supervisor.

(3)  Multiprocessor Cperatina System (MPOS). Allows the computing load to be
spread across more than one processor based on automatic (proarammed) loac-level-
ing algorithms or coperator control, but does not reauire special case proarammino

10
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in the user job. Multiprecessor Cperatina Systems include the shared storaae,
loosely coupled, and networked types.

(4) Virtual Machine Monitor (VMM). The operatinc system presents an inter-
face to the user proaoram that makes 1t appear that the prooram is executino cn
a real computing system.

(5)  Time-Sharinc Cperatina System (TS0S). This is a variant of the multi-
programming cperatina system in which system resources are allocated to user
Jobs in such a way that all jobs appear to procress at the same rate. In
addition, users are allowed to "interact" with and receive output from their
J:bs v:a terminals. Such systems are optimizec for response rather than
throuahput.

(6) Real-Time Operating Systems (RTOS). Allows user iobs tc be executed
within specified short time Timits.

"

Iw '




EISULTS

o —

a. Genera'. In order to compare the architectures. a procedure was re-
quives which could aquanti€y their support software investment. The iters deemed
t¢c be identifieble, obtairable ard translatable irtc financial data were applica-
bility and availability.

b. Applicability. Applicability was determined by utilizira the results
cbtained by the ballotina of the CFA members in the Sprina of 1976. Applicabil-
ity, then, involved the determination of the functional relevance of a aiven
software base component (toel type) tc the develeopment of military tactical
software systems. Applicability was not intended to be a binary criterion tut
was te be a measure of the potential importance cf the component, ranaine from
‘rct applicable" to "essential". Factors that were to be considered in determin-
ina the importance of a toel tyre. in addition to essentiality, included
spectrum coveraae, eccnoric impact, software size, and the numher of different
instances of the same tool type for a qiver CFA. Committee members were sent

a 1ist cf support software tocls delineated in the previcus section, were
alictted 5,000 points, and were asked to distribute these pcints over the tocls
thereby indicating the relative anplicability/irpertance cf each tcol to their
activities, The auidance aiver tc the merters wac that if a teel was essential
oy rilitary computer software develepment then it should deserve more weiaht
thar cne that is eonly nice te have. Consideration was alse tc bte aiven to
spectrum coveraae, i.e.. the utility cf the component acrcss development activi-
ties os well as across develorrment discirlines. Consideraticn was te be aiven

te econcric impact, the potential ccst savines that may be realizec throuah use
of the tcel type.

The results cf this arrlicebility belletina were compiled and the
toe? Tist was ordered in terms of pcints received. £/ predetermined threshcld of
1007 roirts was then apriiec acainst the Tist. In other words, any tcol which
receivec less than that thresheld would nce loncer be considered. The justifica- ,
“ion for this was that DCD could nct afford te build tecols which a representative :
srectrur: of system developers determined were not very aprliceble. :

The applicetility results elirinated approximately half of the tools m
delineated in the previous section leavino 28 tools tc be utilized in the avail- ¢
ability phase of the evaluaticn. These toels are delineated in Table -1,

c. Availability. The availability phase of the evaluatien consisted of
visitire or contractinc, for eact cf the architectures, manufacturers. nroject
ranacers, aovernment laberatories and any other known user of the architecture
in crder to deterrmine what scftware tocls existecd. The annex of this decument
entitled "Independent Audit of the Availability of Support Software for the ‘
A1JCY0-21 Architecture and Current Military Architectures” details the results
cf the availability phase of this evaluation.




B S TR A TV G155 w2 w5 o

TARLE 6-1.

COMPILED RESULTS OF THE APPLICARILITY BALLOTING o

9708 Compilers
2400 Macro Assemblers
L3117 Interactive Source Lanauaae Editers
3vez Interactive Symbolic Debuaaers
22R7 Extended Overlay Linker

ane Test Case Nesian Advisors
J0€0° Intearated Library
2667 Text Prccessinc System
2€77 PBMS
2380 GP System Simulator
227c TSOS + VMM

187¢ Lanavaae Independent Monitors
1688 Test Data Generator

TE4E Non- Interactive Symbolic Debuqcer
Y623 Cemputer System Simulator

163¢ Batch Source Lanauaae Editors
1418 Lanauaae Dependent Monitors

1eeoe TSCS + MPOS + VMM

13¢n Rasic Assembler

1210 PTOS + TSOC

1217 Test Instrumenters and Analyzers
1107 Automatic SW Production and Test
1158¢€ Basic Linker

1eac Standards Enforcers

1ic Reformatters

1095 Test Data Auditer

1008 Simple Qverlay Lirker

100€ Data Rase Cesign Aid

975 Sort/Merae

a8e Preprocessors

88k Rasic or Loosely Coupled Library
834 Project Estimation System

ANK System Descrintion Lanauaae and Analyzer
79¢ RTCS

792 PERT/CPM

760 TSNS

757 MOS

708 BNS

€75 Report Writers

65¢ Interactive Cbject Module Editors
642 Interactive Absolute Debuqaer




TABLE 6-1. COMPILED RESULTS OF THE APPLICARILITY BALLOTING (COMTD)
622 Data Dictionary System
615 RTOS + MPQS
607 Ouery Lanouage Systems
600 PDL
600 Batch Object Module Editors
600 Automatic Flowcharters
E6P Flowchart Construction Lanquaaes
513 Non-Interactive Absolute Debucaer
410 MPOS
365 TSOS + MPOS
350 BOS + VMM
315 MOS + VMM
305 RTOS + MOS
250 MPOS + VMM
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c. Consolidation of Results. Enough data was now available to determine
the relative current software dollar investment as well as the current software
dollar deficiency of the architectures. In order to do this, a development
cost for each tool was needed. It was known that the architecture manufacturers
and software vendors considered such information to be proprietary. Therefore,
the following approach was taken: First each manufacturer and project manager
was requested to provide the source code size (disreqardina comments) for his
available tools as well as the lanquage which the tool was written in, and the
object code size in instructions. SEcond, a productivity figure was needed.

F. Brooks, "The Mythical Man-month" “was considered to be the best source

since it compiled productivity fiaures from IBM's 0S/360 development as well

as Bell Laboratories ESS software development. Brooks cites 600 1ines of code
per man-year for operatina system development and 2,000 lines of code per man-
year for other software development. It was felt that the state-of-the-art in
operating systems had improved significantly since his data was obtained (nearly
ten years ago) and thus a figure of 1,000 and 2,000 lines of code per man-year
for operating system and other support software, respectively, was decided upon.
Third, a fully loaded price per man-year of $70,000 was assumed. Table €-2

depicts the source code data and estimated development cost for each of the tools.

The next section delineates the final results of the evaluation process.

d. Non-Taraet Oriented Tasks. During the process of this evaluation, it
occurred to the investigators that certain of the tools of Table 6-1 were of such
a general non-taraet oriented nature that if one tool of the type were available
on some machine then it would probably not be developed by the MCF proaram and
therefore, credit should be given to all architectures for this type tool. Tools
in this class (above the threshold 1ine of Table 6-1) are:

(1) General Purpose System Simulator

(2) Test Data Generator

(3) Test Data Auditor

(4) Intearated Library

(5) Automatic Scftware Production and Test
(6) Standards Envorcers

(7) Text Processina Systems

(8) Interactive Source Lanauaae Editors
(9) Batch Source Lanauace Editors

A1l of the evaluations detailed in this report are based upon this assumption.

15
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f.  Results Assuring A1} La rauaces Reauired. Tahles €-3 te €-7 depict the

sc€tware Fases and Individual tools estinated cost for each of the military
architectures and the AN/GYC-71 assumire that a (oruflvr and associated lancuaqe
dependent tools are necessary feor @1 of the lancuaoces delineated helow:

(1) CerROL

(2) FORTRAN

(3) Cms-2

(4) JOVIAL

(5) TACPOL
Tables £ to 6-17 list the tonls deficient for each of the architectures makino
ar assurption identical to that utilized above. Table A-13 depicts a sumrary

in dollars for all of the architectures.

a. Pesults Assumina Cne Lanauage Plus DON-1 Reauired And Unequal Compiler
Cests. '

Tables €-14 tc £-24 vepresent the results cf an analysic based upon
a slichtly different, but preobably mere realictic assumption. First it was
assumed that the tools required for each architecture are the lancuaoce inde-
pendent tcols, plus those tools that are lancuace dependent and support those
lancuaqes currently used extensively or likely tec be used in the future. fer
example, we only require lancuaae dependent tools for CMS-2 for the AN/UYK-7
and AN/UYK-20, TACPOL for the AN/GYK-12 and FORTRAN for the AN/UYK-19 and
AN/GY0-21. Secondly, since the DCD Commen Hicher Order Lanauace is likely to be
required for all military computers in the future. we assumed that each archi-

tecture is required to have a DOD-1 compiler and all other DOD-1 dependent supnort

tools.

Specifically, Tahles £-1d tc 6-1€ represent the toeols availatle for
each architecture and the estimated cost for eack tool. Tables £-19 teo 6-2
represent the tools available for eachk architecture and the estimated cost for
each tool. Tables €-19 to 6-23 rerresent the deficiencies of each architecture
and Table 6-24 depicts a summary of the total bases and deficiencies in dollars
fer eack architecture.

A comment should he made concerning the estimatecd compiler cost fer
the PN Cormon Hiaher Order Lanauaae (DOD-1), At first alance, the estimated
cost of €0NK seems to be inconsistent with the estimates used for compilers of
other larocuaaes. However, the PCD-1 compiler will be implemented with a common
root frent end and will be developed independently of the MCF Proaram by ARPA,
A11 that will be recessary if cre wants teo cenerate a compiler for a particular
machine is to write a code cenerator fcr that machine. Therefore, it was felt
that the estimated cost of E00K for such a corpiler wae yealistic,

i
i
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|
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h. Results Assuming One Lanauage Plus DOD-1 Required and Equal Compiler
Costs. TabTe B6-24 represents the result of an analysis based upon assuming un-
equal compiler development costs. While these compiler development values
reflect estimates based upon actual data or from source lines of code in -the .
compiler, it is probably unrealistic to estimate different development costs
for different languages. Therefore, Table 6-25 represents a similar analysis
to that of Table 6-24, but the development cost of each compiler for the current
lanauaaes has been estimated at $1,000,000, .
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: TABLF 6-3. AN/UYK-7 SOFTUAPE GASF 2
i 1. Test Instrumenters & Analyzers: 280K
FORTRAN |
2. Assembler 135K
3. Macro Assembler 8N0K :
4. Compilers 5600K
FORTRAN
CMS-2
JOVIAL
5. Basic Linker 130K
6. Interactive Debugging Aids 800K
Assembler
CMS-2
7. Non-Interactive Debugging Aids 50K
CMS-2
8. Lahguage Independent Monitor 210K
9. Reformatter 110K
FORTRAN
10. Text Processing System 630K
11. Interactive Source Editor 130K
12, Batch Source Editor 100K
13. RTOS + TSO0S 3500K
5 14, Instruction Simulator 350K

15. Data Base Management System 4200K
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16,  General Purpose System Simulator 7 s 70K

17, TJest Data fenerator sl dinz sk AR ¢

18, . Test Data Auditor o b 8PK

(i

19, Integrated Lihrary 27 HOOK
TOTAL $18,37%K
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12.
13.
14,
15.
16.

TABLE 6-4.  AN/UYK-20 SOFTIARE RASE

Test Instrumenter & Analyzer

FORTRAN
CMS-2

Assembler

Macrn Assembler

Compilers ;

THIS PAGE IS BEST QUALITY PRACILCANLY
FORTRAN FROM COPY FURNLS s 10 LG
CMS-2

Basic Linker

Language Dependent Monitor Assembler
Language Independent Monitor
Reformatter

FORTRAN

Batch Source Editor

Instruction Simulator

General Purpose System Simulator
Test Data Generator

Test Data Auditor

Integrated Library

Text Processing System

Interactive Source Editor

Total

560K

135K
800K
4300K

130K
50K
210K

110K

130K
350K
700K
350K
140K
100K
630K
130K

$8,825K
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TABLE 6-5. AN/UYK-19 SOFTWARE BASE

Test Instrumenter anc fnalyzer:

THIS PAGE IS BEST QUALITY FRACTICABLE
FFROM COPY FURNISHED T0 DDG

27

FORTRAM 280K
Rsserbler B B
Vacro Assembler o L ome annk
. 1Compiler oo TR ENDK

FORTREN - CCCCL - CM€-2 al
Basic Linker b 130
§1rp1e Cverlay Lirker ; 210k
Interactive Debucaina fid ) ‘ EnNy

Assemb1y - CCPOL

Beff’m'atter gz,sp‘ ‘ X < |
FCRTRAN %ﬁt Zs, . 4 110K
Data Base Management Syster 13&&3i¥9&3-~ 4,200k
“Interactive Source Editor ' 4&9¢53cz?4= X 120K
Patch Source Editor ey, TR 100K
Instructfon Sirulator 350K
General Purpose Syster Simulater 700K
‘Test NData Generator 350K
Test Data Aucitor 140K
Integrated Library 100K
‘Text Processine Systerm - RI0K
fOTAL“ ' $10 6R8K




TABLE 6-6. Aiy/LYC-01 SOFTWARE RASF

Data Base Desion Pid

Test Instrumentor ® Analvzer
FORTRAN

Assembler

Macro Assemhler

Compilers:

FORTRAN
cosnL

Basic Linker

Simnle Nverlay Linker
Extended Nverlay Linker
Interactive Dehucaina Aids:

Assemtly
capoL

.« Non-interactive Debuncinc Mid:

oL e
Inteqrated Librarv

Reformatters:

FORTRAN

Data Base Management System
Text Processino System

Interactive Source Editor

280K
135K
gnny,

7300K

17K

180K

1w

A0

130K




TARLE 6-6. AN/GYN-21 SOFTWARE_BASE (CONTD)

16, Batch Source Editor 100K
17, . RTOS + TSOS . 3,500K
18,, Instructior Sinulater = 35K
19. General Purpose System Simylator = nnk
2N, Test Nata Gererator <§CF.
21, Test Nata Auditor o inaa ADOE. .
- TOTAL. . L 21,515K
20
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TARLE 6-7. AF/GYK-12 SOFTVARE FASE

- — -

Test Irstrurenter and "nalyzer
TRCPPL
Assembler
Macro Assembler
omrilers
TACPOL
Basic Linker
Non-interactive Cebuaaina Aics
TACPOL
Ratch Source Cditer
feneral Furpese System Sipulaten
Test Data Generator
Test Data Muditer
Text Processine Syoten

Interactive Scurce Foitoy

————— . —

280K
136K
pPOOK

1P0}
iney
“ERk
140F
fone

ALl

. —————
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© TABLE 6-8. AN/UYK-7 SOFTWARE DEFICIENCIES

\

1. Computer Systen Sinulater " ez o gang

s ]

Nata Rase Nesiar i SR R L1
3. Test Case Nesinn dvisor C21n0k

FORTRA!!
¥ GNBOL
CMS-2
JOVIAL
TACPOL

<.

Test Instrumenter " ‘nalyzer e el ¢

€NBOL
CMS-2

JOVIAL

TACPOL

S —

5. Compilers 73nny

rasng
TACPOL

Simnle Overlay Lirter : ? 217K

i e A T TN
™

7. Fxtended Nverlav Lirker atalal'¢
. Interactive Nekurgina A\ids 1000K

£0BoL
FORTRAN

JOVIAL
TACPNL

9. Nor-Interactive Debunoina Mids 280X

Assembly ‘
FORTRAN' SHIS PAGE IS BEST QUALITY PRACILCABLE

COBOL FROM COPY FURNISHED 10 bDC .
JOVIAL
TACPOL

Futematic Softwara Cradyctior Test

N
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TABLE 6-8. AN/UYK-7 SOFTWARE DEFICIENCIES (CONTD)

Assembly
_ FORTRAN
! COBOL
f CMS-2
‘ JOVIAL
TACPOL

k 11. Lanquage Dependent Monitor 306K
i
:

12. Standards Enforcer 420K

FORTRAN
COBOL
CMS-2
JOVIAL
TACPOL

13. Reformatter 250K

COBCL
Ms-2
JOVIAL
TACPOL

14, RTOS + TSOS + VMM 2 ,800K
15. TSOS + MPQS + VMM 1,400K

f20,410k

|
:
e




E | TABLE 6-9. AN/UYK-20 SOFTWARE DEFICIEN QES

1. Computer System Simulator : 420K
2. Data Base Design Aid : 1150K
3. Test Case Design Advisor 1200K

cosoL
CMS-2
JOVIAL
TACPOL

4. Test Instrumenter & Analyzer 1100K

COBOL
CMS-2
JOVIAL
TACPOL

5. Compiler ~ 8900K
C0BOL
JOVIAL
TACPOL
6. Simple Overlay Linker , 210K
7. Extended Overlay Linker 500K
8. Interactive Debugging Aids IR T - 18N0K
Assembly
cosCL
FORTRAN
CMS-2
JOVIAL
TACPOL

.E 9. Non-Interactive Debugging Aids 280K

Assembly
C0BOL
FORTRAN
CMS-2
JOVIAL
TACPOL




TABLE 6-9. AN/UYK-20 SOFTWARE DEFICIENCIES (CONTD)

Automatic Software Production and Test

Language Dependent Monitors

COBOL
FORTRAN
CMS-2

JOVIAL
TACPOL

Standards Enforcers
FORTRAN
COBOL

CMS-2

JOVIAL
TACPOL
Reformattsrs
COBOL
CMS-2
JOVIAL
TACPOL
Data Base Management System 4200K
RTOS + TSOS 3500K
RTOS + TSOS + VMM 280NK

TSOS + MPOS + VMM 1400K

e g e e e e et s e

TOTAL $29,580K




TABLE 6-10. AMUYK-'i9 SOFTWARE DEFICIENCIES

Computer System Simulator
Data Base Design Aid
Test Case Design Advisors

FORTRAN
COoBOL
CMS-2
JOVIAL
TACPOL

Test Instrumenters & Analyzers

cosoL
CMS-2
JOVIAL
TACPOL

Compilers

JOVIAL
TACPOL

Extended Overlay Linker
Interactive Debugging Aids
FORTRAN T LT
CMS-2

JOVIAL

TACPOL

Non-Interactive Debugging Aids

FORTRAN
€0oBOL
CMS-2
JOVIAL
TACPOL
Assembly

420K
1150K
2100K

1100K

2600K

500K

1200K

240K
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TABLE 6-10. A1/UNK-19 SCFINARE DFFTICIFNCIES (CONTD)

Automatic Scftware Preduction and Test
Lancuane Independent Monitor
Lanauaae Dependent Moniter

Assembly
FCRTRAN
COROL
CMS-2
JOVIAL
TACPOL

Standards Enfercers

FCRTRAN
CCROL
CMS-2
JOVIAL
TACPCL

Peformatter paes 18

> §
COROL o OF
Ch6-2
JOVIAL
TACPOL
PTOC 4 TSCS
FT0S 4 TS 4 VMM

TSOC 4 MPOS + UMM

— i ——

1.000%
210K

300K

a20v

LENL

3.500K
?.800K

1.,4008

TCTAL .. £19,300K
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TTARLE €-11.  AN/GYC-21 CTTVARE DEFICTEMCIES

Computer Svstem Simulator
Test Case Desigr Advisors

FORTRAN
coBnL
CrS-2
JOVIAL
TACPOL

Test Instrumenters anc Aralyzers

CNBOL
cMs-2

_JOVIAL

TACPAL
Comoilers

(MS-2
JOVIAL
TACPAL

Interactive Nebucainn Mids

FORTRAN
ns-2
JOVIAL
TACOOL

on-Intaractive Nohunaine bids

Assemhly
Ms-2
JOVIAL
TACPOL

futematic Software Productior and Test

Lanquage Devcendent "oritor

Assembly

FORTRA!

csgog THIS PAGE IS BEST
%Ozi ,c : ~FROM COPY FURNISH

TACPOL

QUALITY PRACTICABLE

&0 IO LD

"

2100k

420K

119%%

599NK

120PK

200K

1henx

3
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9.

10.

n.

12.
13,

TABLE f-11. [FN/GYN-21 SOFTWARE DEFICIENCIES (CCNTD)

Lanouane Independent Moniter
Standards Enforcers

FORTRAN
CMS-2
COROL
JOVIAL
TACPOL

Reformatter

COROL
CMS-2
JOVIAL
TACPCL

RTOS + TSOS + VMM
TSOS + MPOS + VMM

1S BEST QUALITY I’RACTIC_A?H

AGE

38

TOTAL

210K
420K

£850K

2 eOnK

1,800k
$17 500K
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TARLE £-12. AN/GYK=12 Sit1uABE DFFTCIENCIES

(omputer Syster Simulater 220K

Data Rase Cesign Aid 118K
Test Case Nasian Advisor 210K

FORTPAY
COBAL
cs-2
JOVIAL
TACTAL

Tast Instrumenter % Analvzer 1100K
FARTRA

CoBGL

CHS-2

JavTaL

Comnilers 12.270K

FORTRAN

HROROL

JOVIA
"G 2

Simnle Overlav Linker 210K

Extended Overlay Linker 500K

Interactive "ehucaina Aids 180°K .,

tece. ce g

FORTRAMN
COBOL THIS PAGE IS BEST QUALITY PRACTLCABLE

oMs-¢
JOVIAL FBOM COPY FURNISHED 10 DDC "

- TACPNL,

“ssertly
ton-Interac*ive Debucnine Aids 28K

Assembly
FORTRA*|
£neeL

eMS-2

JWIAL
39

- © .
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T AT AT Ty 11 1o
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10,
W,

12.
13.

4.
15.
16.
17.
18,
19.

4

TABLE 6-12. AN/GYK-12 SOFTWARE NEFICIENCIFS (CONTD)

Automatic Software Production and Test
Lanquage Dependent Monitor
Assembly

FORTRAN

COBOL

CMS-2

JOVIAL

TACPOL

Language Independent Monitor
Reformatters

FORTRAN

COBOL

CMS-2

JOVIAL

TACPOL

Data Base Management System
RTOS + TSOS

RTOS + TSCS + VMM

TSOS + MPOS + VMM
Instruction Simulator

Standards Enforcer

. COBOL . . .

FORTRAN
CMS-2
JOVIAL
TACPGL

Inteqrated Librarian

1,000K
300K

210K
560K

2,200k
3,500K
2 800K
1,800K
350K
420k

100K
TOTAL $34 570K




| TABLE €-13. SCFTWARE_RASE AND DFFICIENCY CPMPARISOM o
RASE, DEFICTENCY

AN/LYK-T 16,215k £20,410k

AN/UYK-20 ¢ 8,825k $20 880K

B o RN/UYRA1O t10,565K $19,300k

PNIEYD-21 €21,818k 17,500k

: AN/OYE-T2 ¢ 4 ARk €34 570K

EHIS PAGE IS B:. [ 0\ ITY PRACTICABIR
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TABLE 6-14, ANJUYK-7 07 iWARE RASE

(Assumina only Fﬂn-l and (lne Cuwirentliy Ut111zee Lanauace
9p( ll\ : u\ A\f N i'\é‘v‘ Tond J

1. Assembler 15 pEST QUALITY mcngf#&l 135K
2. Macro Assembler %ﬁgﬁg‘ FURNISHED TOD0C = 800K
3. Compilers 3300k

CMS-2
4. Basic Linker 130K
5. Interactive Debugging Aids 800K
Assembler
cMs-2
€. Non-Interactive Debugging Aids £0K
CMs-2
7. Language Independent Monitor 210K
8. Text Processing System 630K
9. Interactive Source Editor 130K

10. Batch Source Editor 100K

11, RTOS + TSOS 3500K

12. Instruction Simulator 350K

12. Data Base Management System 4200K

14. General Purpose System Simulator 790K

15. Test Data Generator £ 350K

16. Test Data Auditor ' 140K

17. Integrated Library 100K
; Total $15,625K




i

P TR e ST

TAELE 6-15. AN/UYK-20 SOAFTVARE RASF
(Assuming anlv PAN-1 and One Currentlv Utilizec Lanouace
cooivec elys Assaciates eols)
1. Test Instrumenter & Analyzer 287K
cs-2
2. Assemtler 135X
3. Macro Assembler 807K
. 4. Compilers 3303K
chs-2
1 5. Basic Linker 130K
8. Language Mepencent Monitor Assembler | 59K
7. Lanaquace Indenendent Monitor 210V
3. 2atch Source fditor 100«
Q. Instruction Simulater 350K
10. CGeneral Purpose System Simulator | 700K
11. Test Data Generator 350K
12. Test Data Auditor 140K
13. Integrated Library 100K
14, Taxt Processina Svstem ‘ R St 630K
15. Interactive Source Editor RN

Total: 7405k

THIS PAGE 1S BESf-QUALI TY PRACTICABLE
A ROM COPY FURNLSHED W0DD¢ o —
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H,
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13.
4.
15.
16.
17.

48 At <

TABLE 6-16, ' yv.

(Assuming on.. "*T-) .4 fne Curren’
Pacuiwnd Pluc Pega *

16 SOFTWARE _BASE

'y "tilized Lancuace

. atlel

Test Instrumenter & Analyzer 280K
FORTRAN

Assembler 135K
Macro Assembler £00K
Compiler 1200K
FORTRAN TRIS PAGE IS BEST QUALITY FRACIICABLE

Siate X tnker FROM COPY FURNISHED IO LDC -
Simple Overlay Linker 210
Interactive Debuaging AV, 300K
assembly

Reformatter 110K
FORTRAN

Data Base Management System 2200K
Interactive Source Editor 13K
latch Source Editor 179K
[nstruction Simulator }%Jr
General Purpose System Simulator T
Test Data Generator 350K
Test Data Auditor 120K
Integrated Library 100K
Text Processing System 630K

Total: $96G5K




TARLE 6-17. AN/GYQ-2) SCFTWARE BASFE

(Assumina cnly DOR-1 and Mne Currently {'tilized Lanouare
g Pecuired plus Asscciated Tools)
| 1. Cats Pase Desicn Ai¢ Casnk
| : 2. Test Instryurenter and fnelyzew 2e0rK
 FORTRAY :
3. MAsserbler | 136K
r &. PMacre Pssembler ' FONK
1 8. Corpilers 1.000K
E | FOPTRAN,
f. fusic Linker : 1200
7. Simple Overlav Lirker 210¥
£. Extendec Cverlav Lirker ENOK
a9, Interactive lebuccine Aids 00K
feserbly
1€, Nor-Interactive Cebuecaina fic 500K
FORTRAN E
11. Inteqrated Librery 100K ?
12. Peformatters ‘Qizfﬁh 110k §
FORTRAN q&¥§Q@ ' §
s *
13. Data Pase Manacement System Jfé!gét : a . onrg g
14, Tert Processina Syster “Qj\ ® 20K z

/s
£

PR 2,

a5
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TABLF £-17. AN/GYD-21 SOFTMARE BASE (CONTD)

Interactive Source Editor

Batch Source Editor

RTOS + TSOS

Instruction Sirulator

General Furpose Syster Simulator
Test Data Generator

Test Data Auditor

130K
100K
3,500k
350K
700K
350K
140K

TOTAL 14 RESK




TABLE €-18. AN/GYK-i2 S7! |MARE RASF

(Assuninn only Lul=: ana tne LurrenLly !t*1iged Lanauane
Veatiired Plya Assaciated ool

1. ‘Test Instrumenter A Analyzer A 280K
_TACPOL
2. Assemblar 7 125¢
3. Macro Assembler " a0
4. Compilers T 1GCK
TACPOL
5. Basic Linker 130K
6. Nonintaractive Jebucgina Aids SOK
TACPOL
7.  Batch Source Editer 102K
a..{Seneral Purpose Syster Simulator : 700K
9. .Tast lata Generator ‘Ei 350K
10, Test Data Auditor 3 140K
11. Text Processing System % 630K
12, Interactive Source Editor é 130K
Total:  S4445Kk
THIS PACE IS KEST QUALITY ‘“RACIICABI-!
FROM COPY FURNLSHLD TOLLU
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10.

11.

12.

TABLE 6-10, 1'/iNK 7 SNFTWARE DEFICfNCIES

(Assumina only DOQ-T And One Currentily Uiilized Lanouane

Required Mius Ascaciated lools)

Computer System Simulator
Data Base Design Aid
Test Case Design Adviscor

DOD-1
CMS-2

Test Instrumehzér &'Ana1yzer

00D-1
CMS-2

Compilers

00D-1

Simple Overlay Linker
Extended Overlay Linker
Interactive Debugaing Aids

DOD-1

Non-Interactive Debuqging Aids

Assembly
DOD-1

Automatic Software Production Test

Language Dependent Monitor
Assembly

CMS-2

DOD-1

Standards Enforcer

CMS-2
DOD-1

420K
1150K
800K

560K

600K

210K

5N0K

500K

80K

1n00K
150K

180K




13,

14.
15,

TAPLE 816, AN/UYKT

Reformatter

CMS-2
00D-1

RTOS + TSOS + VMM
TSOS + MPAS + yM!

SCFTMARF DEFICIENCIES (CONTD)

220K

2800K
1400K
Total $10,570K
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TABLE 6-21.  AN/UYK=/0 SOF TbaPi_DFFTCIENCIES.

(Assumina on'y (') fid One Currentiv 01 1zed Lanouace

Peeuireq Plus Associated Tools)

Computer System Simulator
Data Rase Design Aid
Test Case Design Advisor

CMS-2
DOD-1

Test Instrumenter & Analvzer
DOD-1

Compiler

DOD-1

Simple Overlay Linker

Extended Overlay Linker
Interactive Debugaing Aids
Assembly

CMS-2

00D-1

Non-Interactive Debugaing Aids
Assembly

CMS-2

0ON=-1

Automatic Software Production and Test

Lanaquage Dependent Monitors

CMS-2
DOD-1
Standards Enforcers yl\\yﬁhﬂxlpa”“
gk 15 pRST QUAL
"S-z “?A ) .\‘n\' th L\
goo.] ?ﬁ“ cox Y 9\
50

420K
1150K
800K

280K

€nnK

210K

500K
1300K

130K

1000K
100K

180K




13,

TABLE 6-20. | ANZUYK-20 SOFTWARE_DFFICTENCIES (CONTD)

. Reformatters

v CMS-2

1a,
15.
16.
175

DOD-1

Data Base Management System
RTOS + TSOS

RTOS + TSOS + VMM

TSOS + MPOS + VMM

220K

4200K
' 3500

2800K

400K

Total . $18,790K

p
i




10.
n.

12.

TABLF 6-21. AN/UYK-19 SOF iwAkE DEFICIENCIFS

(Assumina only DOD-1 and One Currently Utilized Lanauace
Peayived Plus Associated Tanls)

Computer System Simulator 420K
Data Base Design Aid 1150K
Test Case Design Advisors 800K
FORTRAN
DOD-1
Test Instrumenters & Analyzers 280K
DOD-1
Compilers 600K
DOD-1
Extended Overlay Linker 500K
Interactive Debugging Aids 1000K
FORTRAN
DOD-1
Non-Interactive Debugging Aids 130K
FORTRAN
Assembly
DOD-1
Automatic Software Production and Test 1000K
Language Independent Monitor 210K
Language Dependent Monitor 150K
Assembly
FORTRAN
DOD-1
Standards Enforcers 180K
FORTRAN
DOD-1

52




13.

14

15.
16.

 TAPLE €-21.  AN/UVK-1Q SOFTWARE DFFTCIFNCIES (CONTD) |

Reformatter

~ DOD-1
. RTOS + TSOS

PTOS + TSOS + VMM
TS0S + MPOS + VMM

110K

3500K
28N0K
1400K
Total $14,230K
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TABLE 6-22. AN/GY(-21 SOFTWARE DEFICIENCIES

; (Assuming only DOD-1 and One Currently Utilized Lanqua
Required Plus Associated Tools) —_

1
1. Computer System Simulator 420K
: 2. Test Case Design Advisors 800K
FORTRAN
DOL-1
3. Test Instrumenters and Analvzers 280y
por-1
d, Compilers €NNK
DoR-1
5. Interactive Debuaqinu Aids 1000K
FOPTRAN
nfala B
#. llon-Interactive Debuaging Aids EQK
Assembly
00D-1
7. Automatic Software Prcduction and Test 1000X
5. Language Dependent onitor 150K
Assembly
FORTRAN
DO7-1
9. Language Independent Monitor 210K
1n. Standards Enforcers 180K
FORTRAN e
000-1 ppsT W0 e
o8 15 geb 7O M
w8 Poy ot
11. Peforrmatters ﬂ@“ 110K

DOD-1

64
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TARLE 6-22. AN/GYD-21 SOFTwAPT T FICIFNCIES (CONTD)

i
’ 12. RTOS + TSOS + VMM : . 2800K
13. TSOS + MPOS + VMM o 1400K
Total $9,039K

|

55
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7‘.\(‘,(:.' Fa0% ENIOY K¢ R SOE DEFRTCIENNIES
{Azeumine onty M-y and (me Lurven: oy 0 2ed Lananace "
NEN Tk T et 3 L5
!
i
f 1. Computer System Simulator 420K
E 2. Data Base Desigr Aic 1150K
‘ 3. Test Case Desigr ‘dviscr annk
TACPOL
200-1
Test Instrumenter & Anclyvzer 280K
000-1
Compilers £ONK
2001
¢. Simple Overlav Lirker 210K
7. Extended Cver'ay Lirke ROQY.
Interactive Debugning Aids 130K
TACPOL
Assembly
DeC-1
‘lon~Interactive Debugaing fidn a0y,
nssembl,
pAr
10. LMutomatic Softwara Preducticn and Test 1700K
Y. Lanquaae Denendent Monitor 150¥
Assembly
TFCPOL
000-1
| 12. Language Independent Monitor ‘J&gﬁﬁﬂ 210K
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TARLF F-",  AN/AYK-.. SCFitiRE NEFICIFNCIES (CONTD)

Reformatters

TACPOL
DOD-1

Data Base Management System
RTOS + TSOS

RTOS + TSCS + VMM

TSOS + MPOS + YMM
Instruction Simulator
Standards Enforcer

CoD-1
TRCFOL

irtegrated Likrary

THIS PAGE IS BEST §

FROM COPY FURNLS

220K

4200K
3500K
2800K
1400K
350K
180K

100K
Total $19,450K
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TARLE 6-24. SCFTWARE RASE AND DEFICIFNCY CCMPARISONM

(Assumine enly CCD-1 and One Currently Utilized Lanauace
Peaquirec Plus fssociated Tacls)

RASE DEFICIENCY.
AN/UYK-7 $15 F2FK 10,670k
AN/UYK-20 ¢ 7.4085K 81F 700K
AN/LYK-10 $ ¢ BFEK €18 270K
AN/GYD-21 124,865 ¢ 0,nanK
AN/GYK-12 ¢ 4 raEK NSRRI

——

(Assumina Faual Compiler Costs for all Fxistine Lanouaaes )

BPSE REFICTENCY

AN/UYK-7 €13, 228K 1N, £70K
AN/UYK=20 ¢ & 106K c1. 780K
AN/UYK-19 & 0 GREL 14,220k
AN/GY0-21 €12 8FEK ¢ o, 030K
AN/GYK-12 ¢ 4,445K €16 ceny

THIS PAGE IS BEST QUALITY PRACTICABLE

¥BOM COEX FURNLSILSD 50 DG s




RIBLINGRAPHY

1. Stone, K, "Final Report Life Cycle Cost Analysis of Instruction-Set
Architecture Standardization for Military Computer-Rased Systems".
CCRADCOM Prelimirary Report, January 1078,

2. PBurr, V., Ccleman, A., and Smith, V., "Summary Peport of the Army/Navy
Corputer Family Architecture Selection Committee", ECM Technical
tHemcrandum 4545, Sertember 1977,

“Yacner, J., Lieblein, E., Rodriouez, A., and Stone, H.. "Procedure
for and Results of the Evaluation of the Software Rases of the
Candidate Architectures for the Military Computer Family", FCOM
Technical Report 4529, September 1977.

*. Freeks, F., "The Mythical Man-Month", 107°¢

PRACILICABLE

!HISPAGEISRESTQUALKE
FROM COr Y FURNASELD &0 UM s

£a




o T T TN

APPENDIX A
INDEPENDENT AUDIT OF THE AVAILABILITY OF SUPPORT SOFTWARE FOR THE
AN/GYQ-21 ARCHITECTURE AND CURRENT MILITARY ARCHITFCTURE

BY: DR HAROLD S. STONE, University of Massachusetts
Department of Electrical Engineerina
Amherst, MA 01003

I. INTRODUCTION

This report contains a description of the existing software base for the
military computers AN/UYK-7, AN/UYK-20, AN/GYK-12, and AN/UYK-19. For com-
pleteness, this report includes a compendium of the software base for the
AN/UYK-21 (the military designation for _he PDP-11 architecture) that was
prepared in the summer of 1976 (Wagner et. al, 1976). The software study
treated the set of software tools that were selected by a committee of Army/
Navy representatives during the selection of a candidate architecture for
the standard military computer family. A list of the tools and the availa-
bility of each for the candidate architectures appears in this report. A
full description of each tool anpears in Chanter 6, Section 6.2.2 of (Burr,
Coleman, and Smith, 1976).

The method used to assess the software base for each computer was similar
to that used in the previous study. James Wagner and Harold Stone visited
the manufacturer of each computer system and principal users and queried the
individuals about the available software. '“here questions arose, the ques-
tions were arswered by examining reference documentation. A tool was deemed
to be available for a snecific architecture if

(a) The tool was a genuine released item supported by user documentation,

(b) The tool had to be available for use as of 1 January 1977, and not
merely nearing release, and

(c) the tool had to satisfy the characteristics for that tool as described
in (Burr, Coleman, and Smith, 1976, Section 6.2.2).

In evaluating the software base, we have enlaraced the study to include
software systems that are nonself-hosted. This aives rise to some interpre-
tation as to what tools should be counted in the software base of a particu-
lar architecture and what tools should be treated as missing. In several
instances, the existence of a software tool for one system makes that tool
available to all architectures since the tool itself need not be self-hosted.
For example, one tool in the base is a General Purpose Systems Simulator of
which GPSS for the IBM System/370 is but one examnle. Since this tool is un-
likely to be deployed in tactical systems but is more likelv to be used at

THIS PAGE 1S BEST QUALITY PRAC CABLE
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software development centers it does not make sense to insist that it run
on a particular computer family provided that some comouter that supports
the tool is available at each development center. In the case of the simu-
lator, there is a GPSS system or equivalent for every major commercial com-
puter system, and we deem it extremely likely that at least one commercial
computer will be accessible by support software staff. Conseaquently, the
availability of GPSS counts as a simulator in the software base of each
candidate architecture.

We selected GPSS for this example since its function is completely in-
dependent of the architecture of the computers involved in this study. Other
tools that share this characteristic are so indicated. FExamples of software
tools that do not have this characteristic are compilers, assemblers, and
operating systems since each of these are dependent in some essential way
on the target computer architecture.

The inclusion of nonself-hosted software in this study has been done by
considering each tool in two forms--self-hosted and nonself-hosted. The
listinas are compiled separately. Some tools simply cannot be used excent
in self-hosted form, so these do not appear in the tabulation of nonself-hosted
software. Amona these tools are operating systems and languaae independent
monitors since both of these depend crucially on the execution of the tool
on the host architecture in real time. Other tools omitted from the nonself-
hosted 1ist have been omitted for similar reasons.

In examing the software base of the military computers the followina
sources were used:

AN/UYK-7: Univac, Litton Nata Svstems, FCDSSA. NAVSFA
AN/UYK-20: Univac, NAVECS

AN/GYK-12: Litton Data Systems

AN/UYK-19: ROLM Corp. and Data General (for NOVA software)
AN/UYK-21: Digital Equipment Corp. (for PDP-11)

The software base for the AN/AYK-14 is essentially that of the AN/UYK-20 since
the AYK-14 is upward compatible from the UIYK-20, and the groun in charae of
the UYK-20 software is currentlv making the few modifications necessary to
move the entire base to the AYK-14. Although the AYK-14 was not included in
this study, very little error is introduced by treating its base to be eaual
to the UYK-20 base.

This report is organized into three additional sections. Section II
treats the self-hosted software. and Section III treats the nonself-hosted
software. Section IV contains a summary of the principle data. Althouah
this report describes only the availability of each tool, a companion renort
to be issued shortly by James Wagner places a dollar value on each tool and
aives an estimate of the total value of the base for each combuter architec-
ture. These data will be used in the 1ife cvcle cost analysis for the MCF
computer project. ;

THIS PAGE IS BEST QUALITY PRACTICABLE
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II. SELF-HOSTED SOFTWARE

Table 1 aives the pertinent results of the software base study for self-
hosted software. Details of the table are explained in this section. We
Tist only the tools that exist for at least one architecture.

Tool 1.1.2 Data Base Design Aid. This tool is used for the construc-
tion of data base systems. For the UYK-21 the appropriate tool is the
SCHEMA Compiler which is part of the IDMS-11 data base manaaement system for
the PDP-11, and is available from Digital Equipment Corporation.

Tool 1.3.4 Test Instruments and Analyzers. This tool allows a programmer
instrumen: his source proaram so as to obtain counts of the number of times
designated portions of hisproaram are executed. He can also discover which
oortions have not been executed at all. Since the tool is specific to par-
ticular source languages, and since it may itself be written in a machine
independent source language, it may be available for architectures if it is
available for one. Indeed, this is the case for a FORTRAN analyzer. Either
RXVP-1 or TAP may be used:; both are commercially available. They are written
in FORTRAN and can be moved to any computer system with a FORTRAN compiler.
Thus they count in the base of all architectures except the RYK/12 since
it does not have a FORTRAN compiler in its base. The GYK-12 has a TACPOL com-
piler with the test instrumentation built into the language. so that it aets
credit for this too! in the TACPOL base.

Tool 1.4.1.1 Basic assembler. All architectures have assemblers availa-
ble. 1In several cases there are more than one assembler. Since macro assemb-
lers satisfy the basic assembler need, and all architectures have macro assemb-
lers, we 1ist the source of the tool under the macro assembler headina in the
~ext paragraph.

Tool 1.4.1.2 Macro Assembler. The macro assemblers available for the
several computers are the following:

UYK-7 MACRO/32  (from Univac)

UYK=20 Level 2 Assembler and MACR0D/20 (from Univac and NAVFCS)
RYK-12 L3050 Macro Assembler (from Litton)

UYK-19 Macro Assembler (from ROLM)

UYK-21 MACRO/11 (from DEC)

Tool 1.4.2.1 FORTRAN Compiler. A1l architectures except the GYK-12 have
3 FORTRAN compiler available. Some have more than one. Univac and NAVECS
are sources for the UYK-7 and lIYK-20 compilers while ROLM and DEC supply com-
nilers for the UYK-19 and UYK-21. respectively.
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Tool 1.4.2.2 COBOL compiler. The two architectures that are compatible

! with commercial computers have COBOlL compilers while the purely military archi-
. € tectures do not. The COBOL for the UYK-19 is called IPI COBOL available

k | “ror the Flordia-based company IPI. DEC supplies the COBOL for the UYK-21.

ool 1.4.2.3 (MS-2 Compiler. For the purposes of this study we do not
distinguish amona the several different levels of CMS-2. For the architectures
that are considered here, if a CMS-2 compiler exists, then the study found
it exists for at least two levels of the language definition. Univac and
NAVECS can source the CMS-2 compilers for the UYK-7 and UYK-20 architectures.
Command Control Communications Corporation of San Pedro, California supplies
the CMS-2 for the UYK-19.

Tool 1.4.2.7 JOVIAL compiler. Univac has written a JOVIAL for the UYK-7
and can supply this as a product.

Tool 1.4.2.8 TACPOL compiler. Litton's TACPOL compiler for the AYK-12
‘s called TACPOL-B and is available from litton.

Tool 1.4.3.1 Basic Linker. Architectures that had simple overlay linkers
were credited with having basic linkers as well. Linkina capability exists
for all architectures at least at the basic level and in several instances
at the simnle overlay level. The linkers credited to each architecture are
25 follows:

UYK-7 Linker (from Univac)
UYK-20 Linkina loader (from Inivac and NAVECS)
GYK=-12 Fmbedded in PSS and TOS operatina systems (from Litton)
UYK-19 RLDR (from Data General and ROLM)
UYK-21 LINK=11 (from DEC)
Tool 1.4.3.2 Simple Overlay Linker. This tool performs basic 1inking
of moduies, nlus has the capability to construct overlay trees so that over-
lay calls from module to module can be implemented. The programs and their
reenective sources are aiven as follows:
UYK-19 RLDR (from Data General and ROLM)
UYK-21 RSX TASK BUILDER (from NFC)
Tool 1.4.3.3 Extended overlay linker. This tool has all of the capabil-
ities of a simple overlay linker plus the ability to manage memory dynamically
50 as to take advantage of available memory. There is some concern as to

“ne applicability of this tool in a system with virtual memory since the vir-
21 memory achieves the same function in a different way. Only the UYK-21
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has such a linker, namely in the RSX TASK BUILDER available from DEC.

The tool known as DMR for Dynamic Memory Restructurer available for the
UYK-7 has some of the capability of an extended overlay linker in that it
can restructure memory assignments dynamically in a system in which one

or memory modules have failed. However, its user interface does not appear
to be adequate for the intended purposes of the extended overlay linker
since the main function of DMR is reconfiaquration for reliability purposes.

Tool 1.4.4.1 Interactive Debuager for Assembler. This tool is deemed
to be similar to debugging systems similar to ODT and DOT for the PDP-10 and
PDP-11 computer systems. The debugaing aids aiven in the table are OED for
the UYK-7 (from Litton), DEBUG for the UYK-19 (from ROLM) and DDT for UYK-21
(from Carnegie-Mellon University and DEC).

Tool 1.4.4.1.3 Symbolic debugger for COBOL. This tool is the COBOL
equivalent of the previous tool in that one has to be able to debug inter-
actively at the source lanquage level with the aid of this tool. This pre-
supposes that COBOL exists on the architecture. The debugging aids are
built-in features of the two architectures that have COBOL compilers. For
the UYK-19, the proaram is available from Data General and for the UYK-21
it is available from DEC.

Tool 1.4.4.3.2 Noninteractive Symbolic Debugaer for FORTRAN. Of the
architectures for which FORTRAN is available only the UYK-21 architecture
has a FORTRAN with built-in symbolic debuaaina aids for batch (noninteractive)
debuggina of FORTRANS. The source of the software is NDEC and it is contained
in PDP-11 FORTRAN.

Tool 1.4.4.3.3 Noninteractive Symbolic Debuqaer for COBOL. This is the
same situation as for the FORTRAN batch debuggina aid. Only the UYK-21 archi-
tecture has such software available, and it is part of the CORBNL packaae for

the PNP-11 available from DEC.

Tool 1.4.4.3.4 Noninteractive Symbolic Debugaer for (MS-2. The CMS-2
compiler available from Univac for the UYK-7 has debuqaina facilities for
noninteractive debugging at a symbolic level.

Tool 1.4.4.3.6 Noninteractive Symbolic Debuager for TACPOL. The TACPOL
language as implemented by Litton for the GYK-12 contains debugaing directives
that satisfy this requirement.

Tool 1.4.4.2 Integrated Library. This tool is a comprehensive library
change control system. It exists for the UYK-21 architecture in the form
of the Modification Request Control System and Source Code Control System
that is part of the Programmer's Work Bench System available from DEC for
the PDP-11. For the GYK-12, Litton has develoned a tool known as SPS Librarian.
Nther architectures apparently do not have software that meets the specifi-
cations for this tool.




Tool 1.4.6.1.1 Language Dependent Monitor for Assembler. There exists
a tool known as STV for System Test Vehicle available from Univac and NAVECS
that appears to meet the tool specifications. This runs on the UYK-20.

Tool 1.4.6.1.2 Language Independent Monitor. STV for the UYK-20 satisfies
this tool requirement and is available from Univac and NAVECS. A monitor
for the UYK-7 is available from Litton as part of ITAWDS software system
written to support the LHA project.

Tool 1.4.8.2 Reformatters. A1l architectures that have FORTRAN compilers
are deemed to have this tool since it is available as a FORTRAN source to
operate on FORTRAN as a preprocessing step. The tool is called IFTRAN-?
FORTRAN Preprocessor for Structured Programmina. Since the GYK-12 does not
have a FNRTRAN compiler, it is missing this tool. However, if a FORTRAN com-
piler becomes available for the GYK-12, then this tool becomes available auto-
matically. Thus the absence of this tool does not penalize the GYK-12's
software base.

Tool 2.1 Data Base Manaaement System. The tool known as ITAWDS mentioned
above for the UYK-7 for lanauage independent monitors is a comprehensive soft-
ware system that contains within it a database management system. It is avail-
able from Litton. The two architectures that have commercial counterparts
also have data base management systems. For the UYK-19, the system is known
as MIDAS, and is available from Boeina Combuter Services. For the UYK-21,
the tool is IDMS-11, available from DEC for the PDP-11.

Tool 2.3.1 Text Processina System. The text-processina system function
is to prepare final copy of publishable materials, and it has many built-in
features that assist this process. The text processor listed for the IYK-7
is available from FCDSSA. The tool listed for the UYK-21 is TYPESET-11 and
is available from DEC for the PDP-11.

Tool 2.4.2.1 Interactive Source Languaae Editor. The editor for the
UYK-19 architecture is known as SPEED, and is available from ROLM. The UYK-7
editor is a subsystem of SHARE 7 and is available from Univac. Any one of
a number of editors for the 1)YK-21 architecture meet this criterion. Amona
them is the editor that runs under IAS available from DEC for the PDP-11.

Tool 2.4.2.3 Batch Source Lanquage Editor. A1l architectures have batch
editors available according to the 1ist below:

UYK-7 Subsystem of Share 7 (from Univac)

UYK-20 Subsystem of Level 2 Librarian system (from Univac)
UYK-19 BEDIT (from ROLM)

GYK=12 Subsystem of SPS Librarian (from Litton)

Uk-19  SLIPER (from DEC)  yrgpace s mmst quantey mcncm.x
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Tool 3.9 Real-Time Operating System plus Time-sharing. The UYK-7

version of this tool

is the ITAWDS system available from Litton. The UYK-21

software system is called IAS and is available from DEC.

Tool 3.13 Time-sharing plus virtual machine monitor. Of the five archi-

tectures only the UYK-21 was aiven credit for being virtualizable in the sense

of being able to support a virtual machine monitor as of January 1, 1976.
The architectures have not evolved since that time to the point where any
others have been shown to be virtualizable. However, not even the UYK-21 was

given credit for this tool since the only instance of a virtual machine monitor

for the UYK-21 exists in a research environment, and cannot said to be a re-

leasable piece of software.

with Tool 3.14, which is a superset of this tool.

[TI NONSELF-HOSTED SOFTWARE

Software that‘can be hosted on architectures other than the candidate
architectures must necessarily not depend on realtime responses of the can-

didate architectures.

This eliminates operating systems, performance monitors.
and data base management systems from the 1ist of tools that can be self-hosted.

Similar reasoning reduces the list of possible nonself-hosted tools to the

list given in Table II.

to all architectures.

Tool 1.1.1 General Purpose System Simulator.

IBM 370 and Univac 1

necessary to mount a

The text in this section exnlains all such cases.

00 series computers amona others. It is probably not
special development to create a running version on a

military computer system.

Tool 1.4 Cross assembler. All architectures have at least one cross
assembler that executes on a foreign architecture producing object code for
the native architecture. In some cases the cross assembler is written in
a machine independent lanouage such as FORTRAN so that it can run on any one

of several different
as follows:

UYK-7
UYK-20

UYK-19

UYK-21

RYK=1?

computers. The list of cross assemblers available is

Available for Univac 1100 series computers from Univac.

Runs on six different computers since it is written in
compatible FORTRAN. (from NAVECS)

Available for IBM 370, Univac 1100, and CDC 6000 series
computers (from Data General)

Available for IBM 370 and CDC 6000 computers from
Computer Associates and First Data

Available for IBM 370

A-7

For similar reasons, no architecture was credited

Since some of the tools fall in the category of tools
that are available for all architectures if available for one, they are credited

This program exists on the




1 assemblers that run on foreian hardware are macro assemblers.

Tool 1.4.5.1 FORTRAN Compiler. The UYK-20 architecture has a FORTRAN
corniler for it written in FORTRAN that has successfully executed on CDC
c000, Univac 1100, and IBM 370 series computers. The AN/UYK-21 has a
FORTRAN corss compiler for it that runs on the GE 6000 computers, and is
available from GE.

Tool 1.4.5.2 COBOL Compiler. A COBOL compiler that runs on the IBM 370
and aenerates code for the UYK-19 has been written and is in operation by
the Navy.

Tool 1.4.5.3 (MS-2 Compiler. The CMS-2 Compiler for the UYK-19 mentioned
ahove 1s written in FORTRAN and runs on several different computers. Sim-
ilarly the CMS-2 compiler for the UYK-20 is written in FORTRAN and runs on
several different computers. There is a UYK-7 CMS-2 compiler that runs on
nivac 1100 computer systems, and the nonself-hostinamethodoloay is the
normal mode of operation with CMS-2 program development.

Tool 1.4.5.4 JOVIAL compiler. JOVIAL is written in itself and can run
on several different comouters while nroducina object code for a specific
comouter. Since there is self-hosted JOVIAL compiler for the UYK-7, this

comniler can be and has been run successfully on other computers that have
JOVIAL.

Tool 1.4.5.5 TACPOL. TACPOL-A is the TACPOL compiler for GYK-12 that
executes on the IBM 370 series computers.

Tool 1.4.6 Instruction simulators. A1l but the UYK-21 have reported
nonself-hosted instruction simulators. We suspect that there exist such sim-
ulators for the UYK-21 as well, and are currently investigating this possi-
bility. The ISP compiler at Carneqgie-Mellon liniversity does simulate the
pPNP-11 correctly at instruction level, but it is not a piece of software with
extensive outside release and use, so it is not counted here. A summary of
the instruction-level simulators appears below:

UYK-7  Runs on the Univac 1100 series computers (from lnivac)
UYK-20 FORTRAN based proaram for UYK-20 runs everywhere (from Univac)
GYK-12 Available for IBM 370 (from Litton)

UYK-21 Available for IBM 370 (from First Data and Computer Associates)

UYK-19 Available for IBM 370 (from ROLM)
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IV FINAL SUMMARY

A word of caution concerning the accuracy of the data and its validity
for use in cost models is worth while stating here. There may be some tools
that missed our inventory for one reason or another. We sought several
sources where possible for an architecture and we achieved good aareement
among the sources. It is rather unlikely that anything sionificant was
missed, and highly probably that all data given are correct as of this date.

The tables contain a single bit of information about each item, that is,
whether it exists in releaseable form or not. But two different software
systems that ostensibly perform the same function may have vastly different
characteristics, utility to the user, and procurement costs. Given the limited
time and resources at our disposal, the data presented are all that can be
reasonably be done within the constraints. When these data are put to use
in cost models it is well to take into account the potential differences in
values and costs of supposedly identical software, if this can be done in
a reasonable manner.

TABLE I. SELF-HOSTED TOOL AVAILABILITY

U U U U G

Y Y Y Y Y

K K K K N

7 2 1 2 1

0 9 1 2

1.1.1 General Purpose System Simulator N N N N N
1.2.1 Computer System Simulator N N N N N
1.2.2 Data Base Design Aid N N N Y N
1.3.1 Test Data Generator N N N N N
1.3.2 Test Data Auditor N N N N N
1.3.3 Test Case Design Advisors N N N N N

(for each of five standard
languages)
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TABLE I. SELF-HOSTED TOOL AVAILARILITY (CONTTNUED)

U U U u Q
E Poiide Mt Y
; K K K K K
; G 1 2 1
! 0 . R, | 2
% 1.3.4 Test Instruments and Analyzers:
FORTRAN Y Y Y | N
TACPOL . N Y
(for each of three other LN %R N
standard languaces)
1.4.1 Assemblers:
Basic Y Y Y 4 ¥
Macro Y Y Y Y Y
1.4.2 Compilers:
FORTRAN Y Y Y \ N
COBOL N N i Y N
CMS-2 Y Y Y N N
JOVIAL Y N N N N
TACPOL N N N N Y
1.4.3 Linkers:
Basic ‘ Y ¥ Y Y Y
Simple Overlay N N Y \ N

Extended Overlay N N N Y N




TABLE I. SELF-HOSTED TONL AVAILARILITY (CONTINUED)

U U u u Q
Y Y Y Y Y
K K K K K
7 2 1 2 1
0 9 1 2
1.4.4.1 Interactive Debuaaing Aids:
Assembler Y N Y Y N
COBOL AR TS RES SR
CMS-2 Y N N N N
(for three other standard N N N N N
Tanauages)
1.4.4.3 Noninteractive NDebuaging Aids:
Assembler N N N N N
FORTRAM N N N Y N
cosoL N N N Y N
CMS-2 Y N N N N
JOVIAL N N N N N
TACPOL N N N N Y
1.4.5.2 Integrated Library N N N Y Y
;-. 1.4.5.3 Automatic Software Production Test N N N N N
1.4.6.1 Language Dependent Monitors:
; Assembler N Y N N N
}'. . (for five standard lanauages) N N N N N
1.4.6.2 Language Independent Monitor Y Y N N N
1.4.7 Standards Enforcers:
(for five standard languages) -0 % 2 N
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TARLE 1. SELF-HNSTED TOOL AVAILABILITY (CONTINUED)
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U U
Y Y
K K
7 2
0
Preprocessors, reformattors:
FORTRAN Y
(for four other standard N N
languages)
Data Base Management System Y N
Text Processing System Y N
Editors:
Interactive Y N
Batch Y Y
Operating systems:
RTOS + TSOS Y N
RTOS + TSOS + VMM N N

TSOS + MPNS + VMM N N
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1.4.4 Cross Assemblers Y Y Y Y Y
1.4.5 Cross Compilers:

FORTRAN N Y N Y N

COBOL N N Y N N

CMS-2 Y Y Y N N

JOVIAL Y N N N N

TACPOL N N N N Y

1.4.6 Instruction Simulator Y Y Y Y N
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