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1. IP~T’~ODI’CTI°1

a. Scone. This renort ctotails the results of a study which comnares the
avafla bllitv o~ surrnnrt snftw~re ~nr the 1~PI/~ Vfl_91 architecture (OFC POP-il)
to that avail able for the current r,1-litarv architectures (!~N/~YK-7, AP(/IIYK_lfl.1~’1/UYK-2fl and APl ”~VK-l2~. This renort is Vol ume TI ! of three “olumes ’ Vol ume
I - Life Cycle Cost ‘tnalvsic of Instruction-Set ~rch1tecture Standardizationfor ‘~iiitarv Comnuter eased Systems: Volume TI - °hase IT romnaratjve Fvalua-
tion ~f The “(‘F fnmr)~itpr “rchltectures , concerned wi th measurlnn the economiceffects of standardization of comnuter instruction-set architectures on
m ilitary conouter-based systems . For the nurnose of this renort . sunrsort
software Is tiefine d to include all system software and sunnort software tools
which aid in the develorst’ent or maintenance nf tactical software svtems . The
results of this evaluation are1nne imnortant innut into a life cycle costanalysis, renorted senaratelv , w~icPt determines the relative life-cycle cost
of 18 Arr~y/~

1av v military comnuter-based systems as a function of two basic
architecture standardization scenarios: (1) aciontinn a sinnie comnuter family
architecture as a standard architecture versus (‘) havinn at least tour
architecture families in the inventory . ~or Scenario (l~ each of the militar y
archi tectures and the co”r~erclal architecture ~FC t~W~ll . is taken , in turn .
to he the architecture standard .

The method we used to cor~rsare the sunnort softwa re bases of the architectures
was to develon a model of the software develonment nrocess and frnr~ that, tostructure a hvrsotheticallv comniete surrnnrt sn tware envirnnm~nt. Oased unonthat we then desinned an evaluation methodnlcrn” and annlied it to the archi-

- • tectures . The evaluation r’ethndnlnnv is detailed in Section ~ and the resultsof the eval uation are surv’~arl’ed In Section 1 and detailed in 5ectinn 6.
Sec ti on 4 details the software develnoment model and 5ectinn ~ the sunnort
softw are structure .

b. Uacknrnunvi

This report covers work that is an extension of work nerforrv’d in 1076/
1976 for the Arr’v/Mavv Comnuter Family Architecture (CFA) Selection (nnrittee
that was eva luatinci which of the currently available architectures would be
the best choice for a standard military comnuter family architecture . ‘ts
nart of that evaluat ion , a comnarison of the software bases of the ~hree final-
1st architectures , IRP~ 36’t , Tnterdata 7/3? and OFT POP~il was made . The re-
suits of that study were one imnortant Innut Into two comnlementarv life cycle

• cost- mod~is whicPr trihntet•to ’the coorittee ’s recorinendetlrsns of the ~Wf .., •

POP-il architecture as the best choice ~or a standard militar y comnuter family
archi tecture. That effort may he considered as Phase I of the onnoino CF~’selection orocess.

In 1Q77, °base TI nf the (‘~~ selection nrncesc was initiated to conduct a
detailed lifo cycle cost ana l ysis o~ the ~nur “rr~v/’~avv m ilit ar y architectures
versus the A”/(’Vfl_7l (O~C P°~-ll). r~ne innortant innut Into this li fe cyc le• analysis Is the cnrwsarison ~f the sunruort software bases ~f the five archi-tectures. That cn~’narison is the sut lect ~f t h i s  rrnrt. The overall results
nf the life cycle analysis arc renrsrtpd senara telv.

— ( S.) ~‘ ~~~~ 
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2. EVALUPTION METHODOLOGY

a. Overview. The evaluation methodology utilizec h~re4n i~ e~sertia1lyIdenti cal lo that utilized on the Phase I evaluation of the software Pases of
the three coninercial finalist architectures. First. a nN1e1 0 thE’ tactical
software development is developed. Next , within the context ~f that develop-
ment model, a complete set of support software tools is delineated a1orc~ with
an essential set of requirements for each tool . Then.the appl icability of the
tools Is determined. The availabi lity of each of these tcols for the five
~rchItectures Is then determined and a quantitative assessment of the softwarebases is made.

b. Software Development Model. In order to deterrine the universe of
tools wHch in any way couTdbe applied to the development of tactical software
systems, a model of the software development process is develoned. In particular .
the process Is partitioned into the following major activities: (1) Analyze
Pequirer~ent~, (2) Desion Software. (‘) Build System Tests , (?) Build and
I’nlt Test Software (5) Intearate and System Test, and (6) Maintain System.

c. Support Software Structure . Within the context c1 the software develop-
r’~rt model defined a~nve, th~1i are determined which support the activ 4t~es cf
~~ mnd€1 . E istinq tools as wel l as tools In the PM) st.aac of development are• ‘e llreated and requirements (essential characteristic~) ‘or each tool are con- ‘ 

-

r ii e~.

d. Desirable Svnport Software Base. Next,the apnlicet’~1 1tv c f  the tools to
the tactical software deveTörwnent process is determined hi havinc CFt~ cor.n tteer~er~hers , who represent a broad spectrum of Army/Navy project manacmers and laP’ora-
tories, vote on the applica b ility of the tool to their activities . Those tool s
which fall below a predetermined threshold are then dc scarded from further con-
sideration . The reniaininq tools constitute the deslrah~c or tarnet support

- • !oftwa rc base.

e. Softwa re Base Value. Next~the availat’ilitv of each tool or each arcH-
~ ‘r t’mre is dete ne?~~v querying the mranufactGrers and users of’ the architecture .
The development cost for each tool is quantified by estimating the si?e c~ thetool In source l ines of code and by convertino source line to development cost,
utllizinq a pronrarrer productivity flaure. The sun of the &~‘elnpmen t costs
constitutes the øresent value of the support software b~~e.

5~~~~.5 . S •
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3. SLJI4P’ARY OF PESI?LTS

a. Overview. Two significant results are aenerater! 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 ~ the existing support software base of each
architecture under consideration.

b. Desirable Support Software Base. The desirable support software base
was determined by ballotinq perThrr~ed in the orialna l CFA evaluation in 1°7F.
Table 3-1 lists the most desirable tcols fr descendina order of app licab ility .

- .  
_ . 

• . t  ... .. -.

TABLE ~-l. SWh’ARV: DESIRABLE SUPPOPT SOFTWARE B~S~

Compilers
Ptacro Assembler
Interactive Source Lanquaqe Editors
Interactive Symbolic Pehuqoers
Extended Overl ay linker
Test Case Deslqn Advisor
Integrated Library
Text Processinc’ System
Data Base P~ananenent Systemf,P System Simulator
TIme Sharing OS + ‘/irtual Uachine h’onitor
Languaqe Independent Monitors
Test Data (enerator
Non-Interactive Symbolic Pehuqqer
Computer System Simulator
Batch Source lanquane Editor
Language Dependent ~‘onitorTime Sharing Oc + Mul tiprocessing OS + Virtual ~4achine ~4nnitor
Basic Assembler
Peal Time OS
Test Instrumenters and Analyzers

• Automatic SW Production and Test
Basic linker
Standards Enfor cers
Reformatters

• 
- Test Data Auditor

Simple Overl ay Linker
Data Base Design A id

c. Comparative Software Pase Values. Table ~-2 depicts the major results
of the evaluation of the software bases of the four milit ary architectures and
M~/f iYQ-2 l architecture .

3
• _~~4_
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The base figure for each architecture represents the tctal estima ted cost
~ c~cvelop irr its existing s~rrort software while the deficiency figureth~ estir’~tec cost cf develonion those 4 oc~s v’hch ~re in thr

~~~~~~~~~ software b~’~e ~~~~~~~ ~~~~ ~~ nc.n—~~:
4Stfrt or tbe arcb~~ec tttre .
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4 . SOFTI~APF PEVELOP~’ENT ~?OOE1

a. General-. The technical anoroech taken here Is substantially that which
was utilize d for the comparison of the CFA finalist architectures support soft-
ware. First a model of the tactical software development will he presented that
provides a structure for the delineation of ~•upport software tools. This structure
will then be ut ilized in the nuantitative assessment of the architectures Support
software .

b. Software Development Act ivit ies. The software development process is
partitioned into the fcllowina n~ ior activities: (1) Analyze Requirements .
(2) DesIgn Sôf~ ’~re, (3) Build System Tests. (4) Build and Unit Test Software.
(5) Intearate and System Test, and (~) ~ialnta1n System . The followinc paraorarbs
describe these activities.

(1) Analyze Requ i rements (Activity 1j. ‘Analyze Requirements’ performs
a decomposition oTthe user needs into the functions of the required system.
Following decomposition and the development of a functional model , functions are
allocated to hardware, software. firr~are, and people. The results are then
used to search a descriptive catalon of existing systems to locate suitable
cand idates for reuse or modification . The systems (if any) resulting from this
search and any new functions that must be deve~oned may he simulated to determinetheir cross performance characteristics. This activity is control led by the
analysts ’ knowl edoe of the current state of the art and the available budoet
for the proposed new syster. If a decision is taken to proceed with deve1c~nment .a software functional des ion specific?tion and a project schedule are produced
which are used to contro ’ the ‘ Desian Software ’ activity .

(2) Desian Software (~ct.jvity 2). Purina this activity , the software
functional desian specification is used to produce the implementation specifica-
tion . A li brary of “proven algorithms ’ is available to assist in design . The
‘~~ s1gn Software” activity may respond to the “Analyze Requirements ’ activity
with “can ’t design ’ or “can ’t meet schedule ” . The output of this activity is
the Implementation spec 4ficatinn which Is used to control the software unit b~.ilI 1
and Integration activit ies (Activities 4 and ~ ).

(1) Build System Tests (Activity 3 ) .  “Bu ild System Tests” is the activity
ihe t results In the desion and construct~nn of’ system acceptance tests. Note
that it is contro lled by the same set of functional specifications that contro l
the “Design Software ” activity , and that it is unconstrained by and , therefore .
may proceed in parallel w ith “Desian 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 Activ ity 1. The output of this activity
is the set c’~

’ system test scenarios , drivers and monitors that will control
A c t i v i t y  ~.
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(~) Build and Unit Test Software (Activity ~~). Purina this activity ,
the implementation specificiTions produced by Act i~iity 2 are used to produce
unit tested software modules. P l ibrary of previously constructed modules is
ava ilable for reuse (with or without modification).

(5) Intecrate and System Test (Ac ti vity EJ. Purina this activity , the
modules pro~ij~~~l~)ctivity 4 and the interface and subsystem specificationsproduced by Activity 3 are used to bind the system components into their final
fcrm . The system is then exercised to validate the system usino the test
scenarios and monitors provided by Activity 3. The final output of this activity
is the completed system released to the raintenance . distribution and configura-
tion control activity (Activity 6). Inteoration and/or test failures are re-
flected back to the design , test, production or software production activities .

(6) Maintain System Activity (Activity 6). The final development activity ,
P’aintain Syiter” is primarily a d ean na house and control certer for the re-

• certicn , evaluation 1 and co’~trol of enoineerino chance requests. These reauests
are routed to the appropriate activity for implementation , desian , or analysis.
The maintenance function distributes configuration contro1led systems to the
users , and releases the results of the development effort into the available
technelr~~ data base.

6
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5. SuPPORT SOFTWARE STRUCTURE.

a. General.

The software base will be structured , in part , by partitionin a the
software tool types &ccordinq to the specific development activities they
support. However, this approach may Ignore 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 l ayers associated with an
operationa l 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 storage ,
mass storage, bul k I/O, archiva l storage , hardware mon itors , terminals , sensors ,
and conrun ications interface devices . Layers 1 through 3 “reside” on the hard-
ware and collec tively provide the virtual machine capability that is necessary
to support layer 4, the applications software. In the followino paragraphs .
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 tools that
provide direct support to the software development activities. These are the
tools with which the applications software developer has the oreatest interaction .
Layer 3 tools w ill be related to the specific development activltes they support .

(1) Layer 3 Tool Types ~~ Support Actiy~~y 1 (Ana]yze Re~u!rementsJ.The types of tools that are directly applicable to requTrement anilysis are listed
below :

(a) 1 ’ r ~~~~~ a! Purpose System Simulators. Allow s a user to construct a computer
nodel 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 Descrijtion Lanquaqes and Analyzers. Assist system analysts In
descnibina the functional characteristics of a system and In validat ina the con-
sistency and completeness of a functional decomposition .

(2) ~~yer 3 Tool Types That Support Act ivity 2 (Des ian Software). The types
of tools that are directly applicabl e to software ~es1an are listecIF~

’low :

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

... . . -  . . . . • . , • . •  . ‘.
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- t t~ ~ac t re’~ic’n ~1ds. Assist data base desianers in oreupina data
t r ’~ ~ntc ~r i i c~ rccrr~ c~~cse~ an d in c4~~rrr-’njrc the relationships

~rc r r  l~ aical record c~~c~rs lm r li cit 4r either ~he nature ~f the data or t b~t~~’re c’ the data.

(c\ ata Dictionar y ~ysters . Assist data bace desiener~ in mananino the data‘
~

i ri t
~

Cfl

~ yer ~ Tool Types That  Su~nort ~cti~ (Pufld~~ystem Testsj. The
~vN’~ o~ tools r~ouTreTIo support system test construcflnn are 1T ri7~~elow :

(a) Test Data (~ener~ t r rs . Create data ‘~lec cor test ino ~‘n~ val idati na pro-

(h’ Test Data Aud4t~rc. Compare data 4
~ lec aoalnct cpec i~ icat irn and produce

rerc~~ts of d4screpancT~s and/or conipllarce . =

(c’ Test Case Des ign Pdvisors . Analyze pronrar~s ~r~ tten in a biab levE l
~artuaoe and present fl~~ resum of that analysis in a forr sultahle to assist
test case desianers in the selection of test data .

(~1~ Test Instrumen ts and Ana l~~ers . Instrur-ent rodulr c i.flc’er te~t cr as to
~c- ’h’ct da ta arac r~~ no ,n~~} h~~Tor ~f the r~d~lO .

Layer ~ Tool T1!~es That Sur’port A ctIvit y 4 (Pu~ld and IIn1t ~c~t ~cftwar ’~.
Th~ t vpes OT t~~T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ind ‘-~~~ ‘

~ 0ç t  act~v it v ~r~’ ‘ s ~~ L ,~~~ i~1W.

(a) assemblers. Al low pronrar’s to he ceded in ~ syr’holli lanc~iane in which

~ atemerts aeneralT~’ cerresnond to a sinele racP-.i n - instr uction . Spe~if1ç t~~ls‘rcl udç Basic Assemblers and ~acrn Assemblrrc . (hc~ tod and sel f’~boste~~
(t~ Compilers . Translate proora~rc written in a Hob level 1arnuane into Citb(~

~~~~~~~~~~~~~~~~~~~ code acceptable tc ~ tinker er acrert’l~ lancuane acrertable
~ ~r ~ setrbler. (hosted and ccl f-brcted~

(c) Instruction Simulators. Simulates the instruct ier cot ef the taroet mach~ne
cn a hnct machine. N’cvides trace , sra pshot and dump car -~t’i~ it 1es.

(
~ Linkers. Combine the text produced 1w separate ~nvecat ions o’ Cnmp 4l~rc

rrc’ Asse,rhl e~ (‘object nodules ”) Into executable (‘c- dr ‘~h-inn~ (“loa c modules ’
( r  “core mna r,cc ” )  th~’t can h~ loaded Into the corrutor ’ c r~ain storane and executed
~- -l thr~~ ‘urther p~-r’cecsjnc,. ~r’eclflc ~~~~ are rac lc t 1 i ~c~-,., 5in’nle Overlay
L l r I r . ard r~ tend~~ N’or 1av Lirker.

(e ) t e~ii~ninci Pidc . Assist  the prorra~ ier in ~ncatinn the sou rces of ~‘rnnran’ 
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errors tP~t have been ~~sccvered thrinc unit testinr . usual ly by nivina him
some c~ntro1 ove r the execution c~ th~ r’odu.le under test that is external to
the nor r~a u rrcnram code. Snec f~ ic tc~ ls are rnteractive Symbolic rebuaaers .
‘ion-Interactive Symbolic Pebuacers , ~rteractive Phsolute Debunoers and ~cn-
!rteractIv~ Pt-solute Dehucoers .

(f) ~‘cdule Ltbrar 4 ec €‘nc Chance Cor.tre ~v~ter s . Provide computer ccrtrr 11 ed
maintenance of arcupi~oe related ~~~~~~~~~~~~~~~~~~~~ obiect modules (the
cutcut of Psserbler! and Ccmpi1er~), and load ~nodules (the outrut n~ Linkers).
~r€c i~ ic tools are Pasic Libraries , Tnt€nrated Lihra r~es. and ~utoriatfc Scft-- .~~e ~~~~~~~~ anc Test 5v~ters .

(ri ) Perfo rmance ~‘onitnr .~ AssIst the rrncrarmrr ir c.uantifyinn the resource
~ersurp~ior cha racteristic ! Cf a oronram anr~ in icc latin n nerfor nce-crit~r~1
areas. Speci~ ic tools are t arruace rcrendent ronitcrs and lancuane !ndependen t
“onitors .

(h) Standards Fnfcrcers. t~1lnw source prooraurs tc he examined automatic~’~\-
ard checked for~~cr~ë~~ance ~o insta ’lntjcn-definer standards of format, content.
ard usane.

(I) Preprocessors and Pefnrrcatters. Assist rronrarrers in rureducin e well -
structured and readable prcorari’F~iiTiov’inc the introduction ~ structured
oroararrino constructs into source crc-crams for 1anci.aaes that do’ not hare thor
‘rd by automat ically ccntrol~ irr 1ndenta~~or- . the r’lacement e’ corments . etc.
to produce readable listinc ’s .

(5)  Layer 3 Toci Types Th Su . ort ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~and Pctivit~~~ ~‘aintair~~~ tcr~~ There ar~ no uninue T~iyer ~ to
’
~ls that e~isttc support thelé act iv ;t~es. ~he tools Ft-at were liste ’ for activit ies 1 thrount-

4 are neneral ’y applica bl e to act4’4c ties E and ~ at layer ‘. ~‘ost of the tools
used in practice that are snecifically oriented to- acti’.’ity E are special -rt~rrcse.e.n ., test envIrorr ent tool s (emula tors , bct benches, system intearation lab
support , virtual machines ). test drivers and special performance monitors.

c. Layer 2: fleneral ~ pport Services. The primary function o~ layer 2 too’s
i~ to provIde a frameworl of common sei~T~os that will allow the outputs cf third
l ayer functions to be stcred , retrieved and inter-communicated . Second layer
functions should bE usable for corvnon purposes across different third layer func-
tions , and should serve to hide (where possible) differences between first layer
and third l ayer functions, layer 2 tool types provide cenera l support to all of
the software development activities . These tool types are summarized as follows :

( 1) Data Pase ~‘araçerert Syster-s. Al l ow the user c a con-outer system to de-
fine the contents of and t1~é innicil re laticoships between col lections o’ data
~tems that represent some useful ?bStractIcn of a real-world r~henomenor (tactical
command end contro l syster , the rodules and dncurentat~rn C’ a system ~ comnuter
nronrars

~ ~
ithout heino concerned wit” th~ ~hys~cai mechanics of stc’rlnn , ~c-c~-tinn ,

,~~0d rotr~evire items c-’- rrnu~r~ o~ ~ter-s .
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( 2 )  PERT/CPM Systems. Assist mananers In plannina and controllinc project
act I vi ties.

(3) Project Estimation Systems . Assist in the development of work breakdown
structures and~~ilit~éTpi~Torwarce standard s for use in estitrat Ire proj ect resource
recuIrements .

(4) DocumentatIon Pids . Assist in the preparation and maintenance of documen-
tation about tl~i mothilis of a system . Specific tools are Text Processina Sys-
tems , Flowchart Construction Lanciuaaes and Automatic Flowcharters .

(5) Data Manipulation Utilities . Allow the system user to alter the format
and conthnt of data f Tei ThcIepend~nt of the logical sianificance of the
data fields involved . Specific tools are Sort/Merge Proaraurs and Fditors
(Interac tive Source Lannuane Fditors , Interactive Object Module Editors , Batch
Source Languane rditors , and Batch Object ~1odule Editors).

(6) Information Retrieval SLstems. aeneral purpose applicati on programs
operatina either on-line flnterac€lvely) or in batch that Interpret user rec,uests
to locate and display information that is stored either within a structured
data base or within separate files. Specific tools are fluery Lanruuaae Systems
and report t’riters..

d. la~y!r 1: ~2 atinn~~~ ten’ Services . Layer 1 implements the oreratina
system servi ces that present a v1~~uá1 maThine ’ interface to the services/tools
at layers 2 and 3 and manacie the real system hardware . The layer 1 tool types
are aeneral1y applicable across all of the software development acti vities.
Layer 1 tool types/canabilitles are listed below :

(1) Pasic Operatinc’ Svst~ms,jPOS). Runs sinole user processes from initia-
tion to ter’~Wn’itfon. 

‘
~~~:~ 

or may not overlap I/O with execution . Provides basic
1/C support that allows user to refer to files symbolically and to read and write
t hem without knowino the hardware details of the I/O Interface. Provides basic
batch supervisor services that control normal and abnorma l job termination , joh
to job transition , and operator communication . Provides a minimum base for n m -
orar development by sunportina at least one lannuaae translator and/or linker/
loader.

(2) 
~~~~~~~~~~~~~~~~~~~~ System (~‘fl~,). Provides all of the services

of the Basic Operatina ~ystem. supports the concurrent execution ~f two or mere
user sobs by allowina the executi on cf any ,j ob to he suspended while another is
executed without any special pronramnino considerations in the user ,joh . Prevents
concurren tly executi nn user jobs from accidentally or intentional ly destroyinc
each other or the supervisor.

(3) Multiprocessor O~~rat inn_Systen’~j~POS). All ows the computina loact to be
spread across more than one processn~ThaseW on automatic (programmed) load-level-
log algorithms or operator control , hut does not renuire special case prcrnramminn

lP
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in the user job. l~ult lprecessor Operation Systems include the shared storane ,loosely coupled , and networked types .

(4) Virtual Machine Monitor (VNP’J. The oneratinc system presents en inter-
face to the user proareri that mik~s it appear that the prooram 4~ executino en
a real computing system.

(5) Tline-Sharin Operatinn System (TSOSI. This Is a variant of the multi-
proqrarring operatino system In w)’ieh system resources are allocated to user
j obs in such a way that all jobs appear to prcmress at the seine rate. To
addition , users are allowed to “interact’ with and receive output from their
,jobs via terminals. Such systems are optimized for response rather than
throunhnut.

(6) ~~~l-T1me (~perating Systems (RTOS ). Allows user jobs to be executed
within specified shortl ImellinTts.

1
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Th~
a. Genera ’. Tn order to cemnare the arch~tectures , a procedure was me-

c t ; ~~’-e~ t-~ fch coul i auant~’y thc
4r support software investment. The items deemed

~c bc iderti fi~hl~ , obtainable and translatah~e irt~ financial data were anolica-
bil it y and ava ilab ility .

• b. ~pplicahility . App licab ility was determined by utili zirn the results
obtained by the ballotina of the CFA members in the Spring of 197~. Appitcabil-
ity , then , involved the determination of the functional rel evance of a aiven
software base component (tool type) tc the development of military tactical
software ~ystems. 1~pp1icahility was not intended to be a binary criterion ~utwas to he a measure of the potential importance ef the component, renam e from
‘-rt applicable ” to “essential” . Factors that were to be considered in deterrin-

4 nc~ the importance of a tool type. in addition to essentiality , included
soectrum coverane , economic impact, software size, and the number of different
‘nstanc€s of the sarre tool type for a giver CPA. Committee members were sent
~ ~ist of support software tools delineated in the previcu! section , were
allotted 5.000 points , and were asked to distribute these pcints over the tools
thereby indicat~nq the relative app licability/imp ortance cf each tool to their
‘rY. t4€s . The nuidance niver to- the nerhers was that if a tcrl was essential
c~ -~ ‘itary computer so’tw?rc development then it should deserve more weinht

-
~~~~ one that is only nice to have . Consideration ~as alec to be niven to

~
r rc

~~
rur coverane , i.e.. the utilit y cf the component acrc~c deve lopment activi-

t i es ~‘s te l l as across develomrent di~cir iine s . Consideration was to he niven
to- ~concric impact , the rotent ial cr~t savincs that ray be realized throuah use

t~’e tool type .

The results rf this ~rrli cahil it~ t’~’~lrt inn we’-~ compiled and the
t r - ’ ‘~st was ordered in terrs C f  points received . P predetermined thre~hc-ld of

‘“irts was then apr -h er aea inst the list. Tn c’th~r words . ary tool which‘-cc~’~v ‘ess than that threshcld would no loncer hr considered . The juctifica-
~~~ ~or this was that POP cou 1d nct afford to bu ild tools ~vb4ch a representativecrcc rur c~ syster- developers determiner! were not ~‘rrv apn1 ic~ble.

The applica bi lity results elirinated approx imat ely hal f of the tool s
de’ineated in the prev i ous section leavino ?P tools to he utilize d In the avail-
abilit y phase of the evaluat ion . These tools are delineated in Table ~-1 .

c. Av ailab1l it.~ The avail abili ty phase of the evaluati on consisted of
vi siti nc or contractinc . or each c”~ the architecture s , manufacturers , pmo iect
ranacers , ~nvernment 1ab~r~tnr c’~ ar~ any other known user n’ the arch~~ecturn
~r order to determine w!~at softw a re tnr lc existtd . The annex of this document
ert it leci ‘ Independent Pudi~ of the A vaila b ility of Suppprt Software ~or the
~Y .’C\’e_2l Architectur e and Current ~‘i1itary Architectures ’ details the results
of the ~vailabi lity phase of this evaluation .

e
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TAP IC 6-1. C(*’PIIED RESULTS OF THE APPLICA BILITY BALLOTING

970P Cofnpilers
,~~pr racro Assemblers
t.~l7 Interactive Source Lanc,uaoe Editors
3 ’SZ Interactive Symbolic Debuoaers

Extended 0v~rlay Linker
Test Case Pes lon Advisors
Intearated library

- Text Prccessinr System
2~77 DBMS
2~PO ftP System Simulator
227 C 1505 + VM~1
‘872 Lanauaae Independent P’onitors

Test Data (
~enerator

Non-Interactive Symbolic Debugc,er
1~ 2~ Ccn’puter System Simulator
‘5?-! Batch Source Lanauaoe Editors
14l~ Lannuane Dependent Monitors
l~CO TSOS + MPOS + VPit.1
i3~~ Basic Assembler

P105 + TSDC
121 7 Test Instrumenters and Analyzers
11B7 Automatic SW Production and Test
~15E Easic Linker
ll~C Standards Enforcers
1110 Pefo~~ tters
1095 Test Data Auditcr
1008 Simple Overlay Linker
lOOf Data Base Cesiqn Aid

975 Sort/Merae
PRO Preprocessors
PEE Pasic or Loosely Coupled library
834 Project Estimation System

System flescrintion Lanriuane and Analyzer
79! P105
792 PERT/CPP~760 150!
757 MOS
705 805
f~5 Report Writers
6SF Interactive Object Module Editors
642 Interactive Absolute Pebuaner
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TABLE 6-1. CC*IPIIEI) RESULTS OF THE APPLICA BILITY 8ALLOTIN(~ (COI~’Th)

622 Data Nctionary System
61~ RTOS + MPOS
607 Ouery Lanauage Systems
600 P01
600 Batch Object Module Editors
600 Automatic Flowcharters I 

—

558 Flowchart Construction Lanauaaes
513 Non-Interactive Absolute Debucoer
410 MPOS
365 TSOS + MPOS
350 BOS + VMM
315 MOS + VMM
305 RTOS + MOS
250 MPOS + VP~M

14
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c. Consolidation of Results. Enough data was now available to determine
the relative current software dollar investment as wel l 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 (disre~ardina conrents) for his
avai lable tools as well as the lancuaqe 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 ficures from IBM’s OS/360 devel opment as well
as Bel l Laboratories ES! software develooment. Brooks cites 600 lines 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 signifi cantly 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 6-2
depicts the source code data and estimated devel opment cost for each 0f the tools.
The next section delineates the final results of the evaluation process.

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

( 1)  General Purpose System Simulator

(2) Test Data Generator

(3) Test Data Aud itor

(4) Integrated Library

(5) Automatic Software Production and Test

(6) Standards Envorcers

(7) Text Processina Systems

(8) Interactive Source lanauaae Editors H

(9) Batch Source Languane Editors

All of the eval uations detailed in this report are based upon this assumption .
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. Resul ts_~SSU!flflq ~~ L (U-~~~f” ~t’(’uire(’ TahII”5 f -~ to f-7 depict the
sc ’ t~- -a~

-
~ I’ases an’dI~d1Vt~u~t1 ~oc-~ c ’ est ~n ~ite~ co~ “cr each e~ the n~il it~ryarch”tectures and the AN/CY ~-~’l ~ t r’-~r(, that. a ~c~r i  i1 ’ , ~~ associated lanc~uaQe

~~rendent tools arE’ nece5’~1~r\ ‘o~ ,‘I e thr lanc t~ioec dcl ineated bel o~:

( 1) ccPoL
(~) 1ORTRA~!

( 3)  Cr5-:

(fl JOVIAL

(~~~~
) T~CPO1

~~
-

~~
‘ to ~-‘L’ lis t the toc ic det i~ i~flt for each c~ tb~ architectures r’akinr

ar ~sstr’rtIon identical to th at I t l i : e d  above . Tnhl~ ~- ll  depic~~ a ~un~rarv
in dc-liars for all of the 4.irchitt’ctures .

a . Pesul ts ~~~~~~~~~~~~~~~~~~~~~~~~~ 1 1  ~~~~ ~flefl~!3~1 Cfl rpilE ’~’C( 5 t . .

Tables f~— l4 tc (-~‘.1 rcr~rcsent the rect lt c cf an anaiysi~ t’~sced upon
a s l ic ht ly different, hut pr~hablv riore reA l ic t i c  as c t - r~rHnr, . rirst it was
assur~’ed that the tools req~iired ‘~w each arcHtec t w-v are the lanc’uaoe inr1e-
pendent tool s, plus those tools that are lancuaae dependent and support those
lanc’uaaes currently used extensively ov likel to he used in the future . icr
exa,rple, we only require lancwaoe derpndent tools for CM ~- ’ for the A~L’t’V~-7and AN/UYk -20 , TACPOL for the AN /(~V V - l?  and 1(’RTRI\H for the Afl / IIYV .- lQ and
AN /c~Yfl-21 . Secondly4 s ince the POP Cor~on Ilinher Order lanouaae is like ly to be
required for all r’ilitary corouters in the future , ~- ‘e acsun’ed that each arcP’~-
t cture ‘i s required to have a POP-i cor~pil er ~nd all other POP-i dependent supPort
topis.

Specificall y, Tables ~~~ tc f’-lr re~rcsent “‘e to~lc ava ilaMe for
each arch4tecture and the estir1atec~ cost for ‘ach tool . lat sies ~-l9 to ~~-:‘~~
represent the tools availab le for each architecture and the ectir~ated cost foreach tofli . Tables f_ic’) to f-:’3 rerrecert the de~Icienc ies of each arrh’tectureand Table f-24 depicts a sur~r’arv a’ th E total bases and deficiencies In dollars
for eac h arch itec ture .

A con’rent should he rade corcern~nq the ostir’ated cnr’piler c-oct for
thc N~r (‘~r~or f’inher Order tannuane (POP-i). tt firs t c~lance, the estitratedco st of f~ PK ~ee~rs to be inconsistent wi th the estin’ates used ~or corpilerc ~f
other larouaaes . However , the POP-i compiler will be ~ plensertpc~ with a cotrr’on
root front end and will be developed indenendently of the 4”Ci rronrar by /t PPA .
A ll that will he necess ary i~ ore wants to renerate a ccrr 4 ler fer a part icula r

;~ - machine i~ to write a code nenerat ar  fo r tha t machine . ‘Therefore , it was felt
that th~ estimated cost of ~PC~ for such a tn~rpiler wa~~ reali stic.

- ~
_

-

~

It - -
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h. Results Assuming One Language Plus 000-1 Required and tQUaI Compiler
Costs. Table ~-Z4 represents the resi~Tt of an an~’lysis based upon assuminc un- —

equaT compiler development costs. While these compiler development values
reflect estimates based upon actual data or fro~n source Unes of code in —the --
compiler , it is probably unrealistic to estimate different developme’nt costS
for different ‘languages . Therefore, Table 6-25 represents a similar ana1~ysi s
to that of Table ~-24 , but the developa*nt cost of each compiler for the current
lannueaes has been estimatec! at Sl,OO(’~,OOO. ‘ ‘ I

’

- - ‘ ‘ S
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TABIF 6-3. AN/UYK-7 SflFT!-~ rC F

‘I. Test Instrumenters & Analyzers : 2801<

FORTRAN

2. Asse mble r 1351<

3. Macro Assembler 8001<

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. Language Independent Monitor 210K

9. Reformatter 1101<

FORT RAN

10. Text Processing System 6301<

11. interactive Source Editor 1301<

12. Batch Source Editor 1001<

‘13. RTOS + TSOS 35001<

14. Instruction Simulator 3501<

15. Data Base Management System 42001<

24 H
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l~. ~eneral Purpose System simulator , - ,  7~~K

17~ -Test Data ‘enera tor ~~~ 
- . - .  - - . ~ QK

~~ Test Data Auditor ~~, 1401< 
-

l’~. Integrated Libra ry .~~-~ -OflK

TOTAL
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TARL C ~-4. /~/UYK-2o $0! RASF

1. Test Instrumenter & Analyzer 5f OK

FORTRAN
CMS-2

2 . Assembler 1351<

3. Macr~ Assembler 8001<

4. CompIlers ~3OOK
THIS PAGE IS ~~~i- 

~ ~t I - ~~~ \ -~ -FORTRAN 
~~~~~~~~~~~~~~~~~~ ~~~~ - - 

-

5. Basic Li nker 1 301<

6.  Language Dependent Monitor Assembler 50V.

7. Language Independent Monitor 21 0K

8. Reformatter 1101<

FORTR AN

9. Batch Source Editor 1 301<

• 10. Instruction Simulator 3501<

‘11. General Purpose System Simulator 7001<

12. Test Data Generator 3501<

13. Test Data Auditor 1401<

14 Integrated Library 1 001<

15. Text Processing System ~30K

16. InteractIve Source Ed itor 1301<

Total $8 825K

26
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TABLI 6-5. AH/UYK—19 SOFTWARE BASE

1. Test !nstru,~en ter and Analyzer: - 
‘

FDRTPP~ - -  ‘ ‘- - • -~ ~~‘ . r~~ 2ROK

2. ftsserhler - .  - - - - ‘  135P -

:‘. !‘acrc Asse~t’ler - -~
- - - - ROOK

4. Compiler - . 
~ . ‘1’C .EOOK

V ORTRfl~: - CCC(~L  
- 

~~

5. ~asic  Linker -

~~. Sirple Overlay Linker 21O~
7. Interactive Debucninn lid

Assembly - COPOL

8. Reformatter

F(~RT RAN ~~~~~~~~ 

‘ — 

iln~

9. Data Base P’anagement Syster ‘~~~ fQH,. ‘4 ,2001<

10. Interactive Source Editor  - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ ‘  l ?(Th

11. retch Source Editor 
- 

- - 1001<

12. Instruction Sinulator

13. General Purpose Systetr $1tr~,1atcr 7OflK

14. Test Data Generator 
- 

3501<
I ’

l~ . Test Pete Au !itnr 1401<

16. 
- 

Integrated Library 
- 
lOOK

17. Text Processinn c’y~tfr ________

TOTA L %lq ,c~~K

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~ ~~~~~

27
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TABLE 6-!. ~ 1.YC 1 st’FTWA PF PAS E

1. Date Base flesion Pid l1~0~
2. Test Instrumentor Ana1v~er

- 

‘ 

FORTRAN

3. Assemble r ‘135K

4 . Macro Assem bler

5. Comnilers~ 
flOOK

F0PT~ ‘\~!COBOL

6. Basic Linker flflI’~

7. Simnle Overlay Linker

~~- . Extended 0verlay Linh~r

~~. Interactive Pehunolna Mds:

Asse rt- ly
crm rii

10.- F on_ ’Interactivp Pehur~rinn ~id :

FORTPA~ ~~~~~~~~~~~~~~~~~~~~~~~~
COBOL -~~~~~

-- 

~~~ £LU~ILL~kj~~ ~Q DDQ —
. 

-

11. Inteqrat’~’d Library . i nrl r.

12. Reforma tters :

FOPTRA’I 11”

13. Data Base Manaqement System

1~ . Text Processino System

15. Interactive Source Editor i irw

) I’C. ’-

- ‘
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TAP1F~~-~. AN/GYO-21 SOFTWARE B~SF {Cf*ITD1

16, Batch Source Editor 1001<

17. .PTOS + TSOS . , 3,~0flK

1E.1 Instructior Sirulator - — 3$OK -

19. Genera l Purpose System Simulator 7001<

20, Test Data Generator

21. Test Data Auditor - i~nK- ‘ . - “ 1 J_

TOTAL 
- - 

. 21,515K

‘
4

1 ’ ’

—; ~~
. ‘ ‘ -  ~_ ; _ I 
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1 . ‘est lrstru,rentc- I ~n~-’ ~~aly:€’ r

~ cpri 2801<

:‘ . Assembler 1~~K

‘
. Macro Assembler P00K

4 . ~I” ~ ~ 1 crs

TACPOL. 1 0001<

5. Basic linker

6. Non-interactive r- ’buaoino P1QS

TACPOI

1’~atcb ~c,urce tc$-tci ’

~~~. 
(
~enera 1 Purposc~ ~y~ tE- n ’ ~ rt i~~r’

~~. 7est Data Genera tor
1’s . Test Data ~LIr~~tc’,

‘1 . Text Processine ~
‘y’1* ’

L’. Tnteractiv~ ~ct rs~p 1c :j * r~
T0TA~

•1
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TABLE 6.8. AJI/UYK-7 SOFTWARE DEFICIENCIES
- I C -

’ - ‘  - “

‘I. Compu ter S’jcter ~i,~u13tc,r - -

2. ~ata ~asm ~esior 
t j l

3. Tes t r.ase Des ir r ~ visor ‘
~~ 2~~~OV.

FORTRA fl
COBOL -
CMS-2
~0VIAL ‘

‘ 
- 5 ’.. 

1

TACPOL

4. Test Instrumenter -~~ ~r a ly~er

COBOL
tMS-Z
~OV I AL
TACPOL - - 

-

5. ~omoi1,rs 73nr) v

“: 0’~flL
-TACN’L . 

‘
S ‘

f~. ~1rir~1e 0v~r1a~’ Lir~~r 
‘ I s ’  ‘ 

~~~~ 21~ V

7. !xten ied Ovpr ’a” Lirl~ r

tnteractive ‘~~‘ura inn ~ ds 10001<
‘~OBOL
~ RTR “~‘4

JOVIAL
TACPOI

°. ~ior-tnterect1ve ~ehti ’r~’~ “idc

Assembl y
FORT RAN5 I$ PAGZ Is BLST Q UALtr I’ F~ A~~~~ A~~&
COBOL NOOfli~~usa~~I~~~O _. .—

JOVIAL
TACPOL

11. 1~utomat1c ~~~~~~ 
rr.5 4 i~~~jor ‘r.~c~

L 
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TABLE 6-6. ANJ UYK- 7 SOFTWAR E DEFICIENCIES (COP4TD)

11. lanauaae Dependent Monitor 3001<

Assembly
FORTRAN
COBOL - -

CMS-2
JOVIAL
TACPOL

‘12. Standard s Enforcer 4201<

FORTRAN
COBOL
cMS-2
JOVIAL
TACPOL

fl . Reforinatter

• COBOL
CMS—2
JOy IAL
TACPOL

14. RIDS + TSOS + VMM 2 ,8001<

1 5. isos + MP(~ + vt~ 1 ,4001<

TOTAL ¶20 4101<

I
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TABLE 6-9. AN/UYK-20 SOFTWARE DEF ICIEN QES

1. Computer System Simulator 
- 

4201<
2. Data Base Design Aid - 11501<

3. Test Case Design Advi sor 1200k

COBOL
CMS-2
JOVIAL
TACPOL

4. Test Instr j nenter & Analyzer 11001<

COBOL
CMS-2
JOVIAL
TACPOL

5. Compiler 89001<

COBOL - ‘  -

JOVIAL -~ -TACPOL
6. Simple Overlay Linker 2101<
7. Extended Overlay Lin ker 5001<

- 
8. Interact Ive Debugging Aids . - .  18001< 

-

A;sembly
COBOL
FORTRAN
CMS-2
JOVIAL

- 

-

~ TACPOL

9. Non-Interactive Debugg ing Aids 2801<

Ass embly
COBOL
FORTRA N
CMS-2
JOVIAL
TACPOL

33
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TABLE 6-9. AN~IJYK-2O SOFTWARE DEF ICIENCIES (CONTD)

‘10. AutomatIc Software Production and Test 10001<

11. Language Dependent Monitors 2501<

COBOL
FORTRAN
CMS-2
JOVIAL
TACPOL

12. Standard s Enforcers 
- 

4201<

FORTRAN
COBOL
CMS-2
JOVIAL
TACPOL

13. Refonnatt~irs 4501<

COBOL
cMs-2
JOVIAL
TACPOL

‘14. Data Base Management System 42001<

15. RTOS + TSOS 35001<
16. RIOS + TSOS + VMM 2800K

17. TSOS + MPOS + ¶1MM 14001<

-

- TOTAL $29, 580K
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TABLE 6-10. ANJUYK-19 SOFTWAR E DEFICIENCIES

1- . Computer System Simulato r 4201<

2. Data Base Design Aid 11501<

3. Test Case Design Advisors 21001<

FORTRAN
COBOL
CMS-2
JOVIAL
TACPOL

4. Test Instrumenters & Analyzers 11001<

COBOL
CMS-2
JOVIAL
TACPOL

5. CompIlers 26001<

JOVIAL
TACPOL

6. Extend•d Overlay Linker 5001<

7. Interactive Debugging Aids ‘1 2001<

- FORTRAN . . - . • . . . .
CMS-2
JOVIAL
TACPOL

8. Non-InteractIve Debugging Aids 2401<

FORTRAN —

COBOL
CMS-2
JOVIAL
TACPOL
Assembly

- 5  

35
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1~RL E_6 10. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

9. Automatic Scftware Prcductftw arc~ Test

10. lancuane Independent ~-‘cnitor

11. Lanouaae Dependent Monitcr

As sembly
FTPTRI N
COBOL
CMS-2
JOVIAL
TACPOL

1?. Standard s Enfereers

FCRTRA~1
CCROL
CMS- 2
JOV IAL
TACPrII. ~~~~~~~~~~

~~. N~fnr~r~tter

TAC Pt I
- P”O~ -4 T~C$~ ‘ .~00K

~r ~~~ ~ 7r( ’ c’ 4 VI”~’ 2. pcn~
- Tc(~ 4 ~

p(
~S + vp,~’ ~~~~

IrTAL - .

S
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~~I~T~_t .F~~-11. ~~ G1Yfl~~ 
t T ’ ItA RE DFF IC1Ft~ICT F~

1. Corout~r ~~ Sir’-~L~tor 42~V

t 2. Test Case Desigr ~dvlter~ 
-

‘ 2l~ flK

t F~~TT~r~ -

,

COB~L ‘ 
‘

C”S-2

TArPOL

3. Test Instr ent~r~ an~ ~ra1y!ers 1 l.0~V.

COBOL

- ~‘OV T~L
T ’CPOL 

-

4. ~~~~~~~ 59’V)K
- 

C~1S-2JO~’IALTr~cPrL

5. Interactive r’ebi ’~nin~ ~
j
~ s

FOPTRNt
Ct’S—2
.~0VIALTACP OL

~~ 
sion_ !n1~ ractive ~~P~ur in~~~i.-1s

Asse m bly

T T~CPOL

7. ~utGmat c ~c’tware Pv’t~ uct ior a”~ T~ct

Lanquage ~)e~ende’~t ~1cnitor

As sembl y
rnpTr~~I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- 
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TABLE ~-11- . c~J GYfl -21 SOFTWARE DEF!CIENCIESJgNTDJ

9. Lannuane Independent ~onitcr 2101<

10. Standards Enforcers 4201<

FORTR A N
CFIS-2
COBOL
JOY I AL
TACPOL

11. P.efor,ratter e_50K

COBOL
CMS-2
~YOV I AL
TACPGL

1?. RIDS + TSOS + VP~ 2,8001<

1’. ‘tsos + ~pos + v~ i 1 ,4001< 
-

TOTAL
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~~~~~ l~P~JflVK~12 S’ I~ t ’ 1A r.~ PFFTCTFNC IF.S ‘

— - - _
~~~

_ ‘ 4 -

t

1. C ornruter System ~iru1a tcr

2. Data P~se Ceslqn Aid

3 . Th~~~ t a~~ !)~slnn A4v
4sor ‘210ev.

F’~PT0A ’T

I C”S-2 -~ --
JOVI ~L

~~~. T’~st Instrue~nter ~ Pnalvzer 11~~K

- -

CDB OL
C~- ’S-2

~~~. Ccm’~11ers 12.2’~’~K

FORTPJk~- COPIL ‘
- -

.11V L~L

~~- l~~ ~ver1a~’ Lthker 2101<

7. - Ex tended Overlay Linker

-~~~. Irt~r’ctIvo “~e uqaIn~ A ids ~~~~ ‘1Q~~~K •• - .

F0RTRP ?~COBOL IIUS PA~.E IS BEST QUALITY rR~.CIJ. C~&

JOVIAL _

_

_

_ 5~ 
~~~~~~~~~

I TACPO[ - -~~ -

9. ~Ion-Interac’ivø Debuc,njnr A j ~~ç

Assembl y
FORTRA’-I

‘WI ~ L

3q

I
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TABLE 6-12. AN /GYK-12 SOFTWARE DEFTCIENCIF S (COUlD)

10. AutomatIc Software Production and Test 1 ,0001<

11. Lanquaqe Dependent Monitor 3001<

Assembly
FORTRAN
COBOL
CMS— 2
JOVIAL
TACPOL

12. Language Independent Monitor 2101<

13. Reformetters ~6flV

FORTRAN
COBOL
CMS-2
JOVIAL
TACPOL

14. Data Base Management System 4 ,2001<

15. RTOS + TSOS 3,5001<

16. RIDS + TSOS + VMM 2,IU”0K

17. TSOS + MPOS + VMM 1 ,4001<

18. Instruction Simulator 3501<

19. Standards Enforcer 4201< 

- COBOL . . .
FORTRAN
cMS-2
JOVIAL
TACPOI

21. Integrated Librarian - 100 1<

TOTAL ¶34,5701<

40
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TABLF 6-i~ . ~ L~!Y1 < -I ‘““ t.AR~~RASE

(Assumina only r,ilU_ I and tine I’i,~r.~rit I .~ tti lized Lanouaoe
- ( : L~ S ~

- 
~ ~ ‘ 

- 
4 —

1. Assembler ? kCTLC~~
J 1351<

2. Macro Assembler 8001<

3. Compilers 33001<

CMS-2

4 . Basic Linker 1301<

5. Interactive Debugging Aids 8001<

Assembler
CtIS-2

6. Non-InteractIve Debugg ing Aids ¶~OK

CMS- 2

7. Language Independent Monitor 2101<

8. Text Processing System 6301<

9. Interactive Source Editor 1 301<

10. Batch Source Editor lOOK

1 1.  RTOS + TSOS 35001<

‘2. Instruction Simulator 3501<

13. Data Base Mana gement System 42001<

14. General Purpose System Simulator 7101<

15. Test Data Generator 
- 

‘ 3501<

16. Test Data Auditor 1401<

‘77. Integrated Library 1001<

Total $15,625K
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TAE LE ~-l5. Ar~/~’YK-2fl ~~r”~’~ ~AcF

(Assurinc r~n1v N’~fl-1 and One Currently 1’tilizec1 Lan nuane
‘i~

I
~~Ii ’ 

rpi ! S ~ c~c ‘ ~~~~~~‘- col ~

1. Test Instrumenter ~ ~na1yzer 
- 28’)!

C’ ‘S -2

2. Asse~’bler 
115!

3. Hacro Assembler

4. CompIlers 331~K
CIS-2

5. Bas i c Linker 1311<

~~. L~ngueg~ N~per~ent ~‘nn itor Assembler 
51K

7. Lanqu~c’e Indenendent ~oni tor 210r

i. 3atch Source ~-i 1tor

~~. Instruction Sl~u1atcr 350K

‘tO. (‘eneral Nir~’ose Syster Sir’u ’l~ tor 710K

11 . Test Data ~enera tor

1.  Test Data -‘~uditor 1401<

13 . Integrated Library 1O~’K 
4 ‘.

14. Thxt Prnccssinn ~yster 631K

1 3. Interactive Source E~1tor 
‘ 

i~ o~
Total : 7405K
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TABLE 6- 16. - ‘Y” i’~ ~I~~TWARr RA~F

(Assumina on;. - - -I 
~~~~~~~ C~~~~~ - . ’ ‘ti 1~~e~ Lannuan~

~~~~~ ~~~~~p.’ . • 
~~~- —

1. Test Instrumenter & Analyzer 2801<
FORTRAN

~ . Assembler 1 351<

3. Macro Assembler

4. Compiler
FORT RAN UlIS PA~Z IS BEST QUALITY FEACIZCAB~~~

~~~~~~~~~~~~~~~~~ - --—a—-—

5. Basic Linker 13-4k ~

~
- . Simple Overlay Linker

interactive Debuqqinc~ ~~~~

~ssemhly

:;. ~eformatter l1C I I~FORTRAN

‘
~~. Data Base Management Sys~ern

1~ . Interactive Source Editor 1 ‘ i ~~

1. .2atch Source Editor 1 fl~

1,. instruction Simulator - ‘ ‘  ~

- .  - 13.. General Purpose System Simulator

14. Test Data Generator

15. Test Data Auditor

16. Integrated Library

17. Text Processing System 6301<

Total : ¶96651<
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-: TABLE 6-17. AN/GY~~21 ~0FThARE RASE

- (Assur~ina c~n l~ POD-i and One Currer t~y t’ti1izec~ Lanaunne
- flecuirec! flu! Psscc iatec ! Tnc~ls)

1. 
• ~

at~ ~ase t~es irn ~~~~~~~ 1 .1~0K

2. ‘~ st tnstr~renter ~in~ ~n~1~ze~’

~~~. Psserbl~~’ l3~K

~ . “~rrr, Pssev*ler 
‘

C Corrilers 1

•
-
~. ~~~~~~~~ - 11~t~

. . S’f r~ple flver1~v 14 rk~r

~~. Extendec (‘veriIl\’ t ’~rk~r

. .  In teractive Debuccinc ~~~

• csir~b1~

ir . Nor-Inttractive t~ebumninn fi~ 5(’~PK

FCRTPAN

‘71. !nte~rated Libre ry lOCK

12. Deformatters

FCPTR AH 
-

~~ ~~
11. Pate Pase Menaoerent Systcn~ “~v ’ 

~~~~~~‘- .~~ ~~~~~

ia . T~,’t Processinc ~yster
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T~PL!_ F- 17. ~‘/ 1Y0-21 S0FTWARE BASE (CO.!~jpJ

‘75. Interactive Source Editor 1301<

‘7€ .  Batch Source Editor 1001<

17. RTOS + TSOS 3,5001<

1~ . Instruction Sirulator -

19. Genera ’ rurpose Systen~ Simulator 7001<

.~(‘. Test Data Generator 3501<

‘1. Test Data Auditor 1401<

TOTAL ltl ,PfSK
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T1’RLE F-fl .~ AH / G YK- i 2  ~i~’J~ E RASF

(Assumlnn c~nl y t;~- i ’ - af ia ~ne Lurrently t:t41ize~ LannuaneI ‘ I 
~~~~ ir.~r~ 

C~~~~~ Ø 4~~snCi~~t pe~ ‘ 4 ~~’~~~~;

- 
- . 1. Test Instrumenter ~ ~na1yzer - 2601<

TACPOL

. ~sse~~1~r
1
’

3. Macro Assem!~1er

4. - Compi lers - 
- 

‘

TACPOL

5. Basic Linker 130K

6. ‘ Noninteractive Jebucginn aids 50K
TAC~OL

7. -, ~atch Source Edltcr

~ . Oeneral r4ir~ose Syster Simulator 700K

~~~. last iata Generator 350K

10. Test Data Auditor - 
-

- 140w

11. Text Processinç Syste~; 
-

- 5301<

1 .  Interactive Source Editor — 13~~
Total : S4445K
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TABLE 6-la . f ’ / ~~ 7 ~flFTwARF 0 r F 7 r ’ ~~ (j ~ 5

(Ass u’~ir.n only fl(~[~’ ~n-~ 
(
~r~e Curre ;t~v Li~ ~zed Lan iuane

~eau i r~d ~~ s~~~iated louis)
1. Computer System Simulator 420K

2. Data Base Design Aid 11501<

3. Test Case Design Advisor 8001<

DOD-i
CMS-2

4. Test Instrumenter & Analyzer 5~OK

DOD- i
CMS-2

-
‘ 5. CompIlers 6001<

DOD- i

~ - . S imp le Overlay LInker 2101<

7. Extended Overlay Linker 5001<

Interactlv9 Debugging Pids 5001<

DOD- i

~~~. Non-Interactive Debugging Aids 801< I 
-

Assem bly
DOD-i

10. AutomatIc Software Production Test 10001< - -

ii. Language Dependent Monitor 150K H

Assembly
CMS-2
DOD-I

12. Standards Enforcer 1801<

CMS-2
DOD-i

48
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T,~P-LE ~~~~ /(YK-7 SCFT1 ’A~F 0rFICIF~tCIES ((‘ONTO)

— 
13. Peformatter 2201<

- CMS-2
DOD-i 

“I ‘

- - 14. ~TOS + 1505 + v~~ 
28001<

‘15. TSOS + ~
pos v~-~ 

14001<

- Total $10,570K
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TA RLr 6-2’~. (-f / tIY ~~~ l-~ ~~ nrrrcrrNrrr~

t (A ssu r~inn on~ - 
- - urrenti~’ N i  ~iz ed Lennuacip
- 

•~~~~. r’ ;:c ~s’ c~ ~~~~ 
‘
~-~c ’ - - ‘

1. Computer System Simulator 4201<

2. Data Base Design Aid 11501<

3. Test Case Design Advisor 8001<

CMS-2
DOD-i

‘1~ Test Instrumen ter ~ Analyzer 2~OK

DOD-i

5. Compiler 6001<

DOD-i

6. Simple Overlay LInker 2101<

7. Extended Overlay Linker 5001<

~ . Interactive Debugging A ids 1 3001<

Assembly
CMS-2
DOD-i

~ ‘ . Non-Interactive Debugging Aids 1301<

Assembly
CMS-2
DOD-i

1~~~’
. Automatic So ’tware Prodi~ct ion and Test 10001<

11. Language Dependent Monitors lOOK

CMS-2
DOD-i

12. Standards Enforcers ~~~~~~~~~~ 1801<
I ’ 1 ~~~ I

CPS—2 ~~~~~~~~~~~~~ ~~
‘

DOD-i

it
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TARLE 6-20. ‘AN/LJYK-2fl SOFIWARE DFFI~ IENCTCS (COUlD)

1 3. Reformatters - - - - - 2201<

Ct-IS- 2 - 
‘- - -

- 

. DOD-i - -

14. Data Base TMana gement System - - ‘ 
- 

‘ ~ 4200K

‘15. RTOS + TSOS ‘
~~ 350OK

16. - RTOS + TSOS + VMH 5 .  - - Il - - 28001<

17. TSOS + MPOS + V~M 14001<

- Total - Sia.790K
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TABLE 6-21. AN/~lY~-1Q SOF I WAJ*. flEFICIFNCIFS

(Assumino only DOD-i and One Currently Utilized Lannuane
Ppcitj~~ pij P1 1 -~ A’,cn~- j i~teci T~~)’~)

1. Computer System Simulator 4201<

2. Data Base Design Aid 11501<

3. Test Case Design Advisors 8001<

FORTRAN
DOD-i

4. Test Instrumenters & Analyzers 2801<

DOD- I

5. CompIlers 6001<

DOD-i

6. Extended Overl ay Linker 5001<

7. InteractIve Debugging Aids 1000K

FORTRAN
DOD-i

8. Non-interactive Debugging Aids 1301<

FORTRAN
Assembly
DOD-i

9. Automatic Software Production and Test 10001<

‘70. Language Independent Monitor 2101<

ii. Language Dependent Monitor 150K

Assembly
FORT RAN
DOD-i

12. Standards Enforcers 1801<

FORTRAN
DOD-i
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‘13. Reformatter ‘t iny.

p DOD-i

74 . RT OS + ISOS 
- 3500K

. 15 . RTOS + TSOS + VMM 28001<

16. TSOS + MPOS + V~~ 
- 

~ 14001<

Total $14,230K
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TABLE 6-22 . ~~~ VO-21 S(WTI4ARE nEErcIENcrEs 
-

‘

(Assuming only DOD-i and One Currently Utilized Language
Required Pius Associated Tools) - -

1. Computer System Simulato r 420K

2. Test Case Desiqr Advisors ROOK V

FORTRAN
OOL--1

3. Test Instrun~ente
’rs and Analyzers 260Y 

i 1- -

DO0-l

~~~ . Compi lers

1)00-1

5. Interactive Dnbuac~IncI Aids 
1000K

~~~~ 
~on-In teract1ve Debuqging Aids 

601<

.4sser~biyDOD-i

7. AutomatIc Software Production and Test 1000K

~~~. Language Dependent Monitor 1 501<

Asseniblv
FOPITRAN
DOD-i

9. Language Independent MonItor 2101<

‘7 t)~ Stan dards En forcers 1801<

FORTRAN ~~~~~~~~‘~~V~~~
5

DOD-i ~~~~~ ~~

11. ~eforratte.r~ ,. i~~
rL 1101<

DOD-i
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TAP LE ~-22. AN/GVO-2i 7~,;~r.r r:FT(’1F~~~~~~~~((’flpJTfl)

12, ~TOS + TSOS + VMM I - 28001<

. 13 TSOS + MPOS + v~~ 14001<

Total ~9,O3OK
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1. Computer System Simulator 4201<

2. Data Base Desirr AId 11501< -

3. ~est Cas€ Des~ç~-’ ~~i~cr

TACP OL
XD-1

est lnstrumert~” ~ 
(
~-ne~ - :.c~r 2Plr.

DOD-l

~ mri1ers

DC:)-’

~irr pL~ ~~er~a’ ~~~~ 
~~~~~~~~~

Extendea ~~~~~~
‘
~~
‘ ‘

~~ - \  L 4~~.•~-

- . ~nteract’~v~ ~~~~~~~~ - ‘i ng ~~ds 1 ~~1’~
TA CML
4ss er~b’I -1

-, n— 1rt€ ~r~- -t i- :c - 5 , ”  
i l i- ~ ~~

• sseri~- L

l e ’ 
~~~~~~~~~~~~~~~~~~~~~ ~-~~‘t~ ’~ r -  °rcduc~irr , and ‘c”~ 1~~rK

Lanquan~- ~e~er~~rt Mcnltcr 1

Assem bly
~1CPOLDOD-i

1 . Language Indeoendent or~tc~ 
- 

V~~~
’ 

~iOK

~~~~~~~~~ 

-
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T~- P’ t _ r ~~~~~~~~~~~ ~ /~YK- u’ -~ ;--
~F. PFFICIFN(’IES ((‘ONTO)

13. ~eforr~atters 2201<

TACPOL
DOD—i

‘~~ . Data Base Management System 4200K

‘5. ~T0S + TSOS 35001<

1~ . RTOS + TSCS + VMM 28001<

‘7 . TSOS + ~1P0S + V!~M 1400K

i’~. Instruction Simulator 3501<

1~ . Standards Enforcer 1801<

~0D-1T~C~’0L
‘ 

- ~~eqrat’~ Library 1001<

Total $l9,450K
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TABLE 6-2g. SrFTWAPr FASE ANP DFrICTF ~C V C r”PAPIS’1’~

(Assuminci enly COO- i and One Currently Utili7ec’ Lannuane
~eauire~ Plus cscnciatec4 Tcc1s~

BASE PFFICTFN (’Y

AN/ l I VK — 7 ~10.c7r’~
AN/UVK-20 ~ ‘~4fl5P~

ANIIJYK-1Q

/tN/r,YO-21 ~1 ,F~F”’ ~t

M4/~WK-12 S

TACLE_P-Z!~. crrT pr~~~~~~~ p rrrF

(Assuminn Enual Compiler Cc~sts cnr ~11 Fxistinc’ lannuanes

ICr

API/UYK—7 ~~~~~~ tl~’~,~7Ok

~ ~~~~ t1°.70fl~

AN/UYK-19 ~
AN/GYO—2 1 ~1&’.Pf~ K S

AN/(WK- 12 S 4 ,4A 5I~
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APPENDIX A

INDEPENDENT AUDIT OF THE AVAILABILIT Y OF SUPPORT SOFTWARE FOR THE

AN/ (WQ-21 ARCHITECTURE AND CURRENT PIILITARY ARCHITECTURE

BY : DR HAROLD S. STONE, Un i vers ity of Massac huset ts
Department of Electrical Enqineerino
Amhers t, MA 01003

I. INTRODUCTION

Th’fs report contains a description of the existing software base for the
military computers AN/UYK-7 , AN/UYK-20 , AN/(W K-12 , and AN/ EJY K- 19. For corn-
pleteness , this report includes a compendium of the software base for the
AN/UYK-2l (the military designation for he PDP-11 architecture) that was
prepared in the s ummer 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 milita ry computer family. A l ist of the tools and the availa-
bility of each for the candidate architectures appears in this renort. A
full description of each tool appears 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 simil ar
to that used in the previous study . James Wagner and Harold Stone visited
the manufacturer of each computer system and principa l users and queried the 

-

individuals about the availabl e software. Where questions arose, the ques-
tions were answered by examinina reference documentation . A tool was deemed
to be available for a snecific architecture if

(a) The tool was a genuine released i tem supoorted 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 Smi th , 1976, Section 6.2.2).

In evalua ting the softwa re base , we have enlaroed the study to include
softwa re systems that are nonsei f-hosted . Th is aives rise to some interpre-
tation as to what tools should be counted in the software base of a particu-
lar architec ture and what tools should be treated as missing . In several
instances , the existence of a softwa re tool for one sys tem makes that tool
available to all arch itectures since the tool itsel f need not be self-hosted.
For example, one tool in the base is a ( eneral Purpose Systems Simulator of
which (‘~PSS for the IBM System/370 Is but one examnle. Since this tool Is un-
likely to be deployed In tactical systems but Is more likely to he used at
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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 coninuter that supports
the tool is available at each development center. In the case of the simu-
la tor , there is a IPSS system or equivalent for every major comercial corn-
outer system, and we deem it extremely likely that at least one conriercial
commuter will be accessible by sunnort software staff. Conseauentlv , 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 . Examples of software
tools that do not have this characteristic are compilers , assem bl ers , and
operating systems since each of these are dependent in some essential way
on the target computer architecture .

The inclusion of nonsei f-hosted software in this study has been done by
considering each tool in two forms--self-hosted and nonsel-f-hosted . The
listin gs are compiled separately. Some tools simply cannot be used excent
in sel f-hosted form, so these do not appear in the tabulation a-f nonself-hosted
software. Amona these tools are operating systems and language independent
r’nnitors since both of these depend cruci ally on the execution of the tool
r” thp host architecture in real time . Other tonic or~ tted from the nonself-
~- -~~ed list have been omitted for similar reasons.

in examinq the software base of the militar y comouters the followina
sources were used:

AN/IIYK-7: Univac . Litton Data Systems , FCDSSA. NAVSFA

AN/IJYK-20: Univac -, NAVECS

AN/f~YK-l2: Litton Data Systems

AN/IIYK-l9: ROLM Corp. and Data (lenera l (for ~‘oVA software)

AN/LIYK-21: Digital Equipment Corp . (for NW-il)

The software base for the AN IAYK-14 is essentially that of the AMIIIY K_ ?O since
the AYK-14 is upward compatible from the (IYK-20 . and the groun in charne of
the UYK—2fl software is currently making the few modifications necessary to
move the entire base to the AYK-14. Althouqh the AYK-14 was not included in
this study , very little error is introduced by treatinq its base to he enual
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 principl e data . Al thounh
this report describes only the availabili ty of each tool , a companion renort
to be issued shortly by James Wagner places a dollar value on each tool and
d yes an estimate of the total value of the base for each comPuter architec-
ture. These data will be used in the life cycle cost analysis for the MCF
computer project.
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it. SELF-HOSTED SOFTWARE

Table 1 gives the pertinent results of the software base study for self-
hosted software. Details of the table are explained in this section . We
li st only the tool s tha t ex i st for at leas t one arc hi tecture.

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

Tool 1.3.4 Test Instruments and Analyzers . This tool allows a programmer to
instrumen t hfs source program so as to obtain counts of the number of times
designated portions of his proaram are executed. He can also discover which
nortions 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 availabl e for architectures if it is
available for one. Indeed , this is the case for a FORTRAN analyzer. Either
RXVP-l 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 (WK/l2 since
it does not have a FORTRAN compiler in its base. The GYK-l2 has a TACPOL corn-
Diler wi th the test instrumentation bui lt. into the language . so that it gets
:redit for this too1 in the TACPOL base.

Tool 1.4.1.1 Basic assembler. All architectures have assemblers availa-
ble. In several cases there are more than one assembler. Since macro assemb-
~ers satisfy the basic assembler need , and all architectures have macro assemb-
lers , we list 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
;everal computers are the following:

UYK-7 MACRO/32 (from Univac)

UYK-20 Level 2 Assembler and P~ACRO/2O (from Univac and NAVFCS)

(YK-l2 L3OSO Macro Assembler (from Litton )

UYK-1 9 Macro Assembler (from ROLM)

UYK-2l MACRO/li (from DEC)

Tool 1.4.2.1 FOPTRAN Cbmpiler. All architectures except the (YK-12 have
~ FORTRAN compiler available. Some have more than one. Univac and NAVECS
~re sources for the UYK-7 and IYK-20 compilers while ROLPI and DEC supply corn-
~ilers for the UYK-l9 and UYK-2l . respectively.
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‘-~c1 1 . 4.?.2 CON)1. compiler. The two architectures that are compatible .j

~~ ~~-~re - -- c i a1 comnuters have COBOl compi lers while the purely military archi-
tectures do not. The COBOL for the IjYK-l9 is called IPI COBOL availabl e
‘ ‘ r” the Flordia-based company iPt . DEC supplies the COBOL for the UYK-21 . 

-

‘

Thol 1.4.2.3 CMS-2 Compiler. For the purposes of this study we do not
¼1 -l s .inauish among the several different levels of CMS-2. For the architectures
tha t are considered here, If a CMS-2 compiler exists , then the study found
it exists for at least two levels 0-f the language definition . Univac and
NAVECS can source the CMS-2 compilers for the UVK-7 and UYK-20 architectures.
Command Control ConTlunications Corporation of San Pedro, Cal ifornia suppl ies
the CMS- 2 for the UYK-l9.

Tool 1.4.2 .7 JOVIAL compiler. Univac has written a JOVIAL for the UVK-7
~nd can supply this as a product.

Tool 1.4.2 .R TACPOL compiler. Litton ’ s TACPOL compiler for the (lYK-l2
-
~~~ Lafled 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 camability exists
‘cr- all architectures at least at the basic level and in several instances
~~~~ the simnle overlay level. The linkers credited to each architecture are
‘s cllows :

UYK—~ L i n ker ( from Un ivac)

UYK-20 Linkin g loader (from Univac and NAVECS)

c YK-12 Embedded In PSS and TOS operating systems (from Litton)

IIYK-l9 RLDR (from Data (leneral and ROL~)

UYK-2l LIN K-ll (from DEC)

Tool 1. 4.3.2 Simple Overlay Linker. This tool performs basic linking
~i’ nodu les , ol us has the capability to construct overlay trees so that over-
L~~t ’ cells from module to module can be implemented . The programs and their
- ‘~~~ ctive sources are ctiven as fol lows :

UYK- 19 RLDR (from Data (leneral and ROLM)

UYK-2l RSX TASK BUILDER (from DFC)

Tool 1.4.3 .3 Extended overl ay linker. This tool has all of the caoabil-

~ties of a simple overlay linker plus the ability to manage memory dynamically
- o as to take advantage of available memory. There Is some concern as to

-
~~~~~~ apol i cability of this tool in a system with virtual memory since the vir-

~~
‘ memory achieves the same function in a different way. Only the UVK-2l

1~ I$ PAGE IS BEST QUALt?y PRAC?XCABL~t.RO~I COPY F~TR2US~L~I) a-~o ~DC
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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 availabl e 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 reconfiguration for reliab ility purposes.

Tool 1.4.4 .1 Interactive Debugger for Assembler. This tool is deemed
to be slmTTar to debugging systems similar to 001 and DOT for the PDP-lO end
PDP-ll computer systems. The debugging aids given in the tabl e are OED for
the UVK-7 (from Litton), DEBUG for the UYK-19 (from ROIM) and DOT for UYK-2l
(from Carnegie-Mellon University and DEC).

Tool 1.4.4. 1.3 Symbolic debugger for COBOL . This tool is the COBOL
equivaTent of the previous tool in that one has to be able to debug Inter-
act ive ly at the source language level wi th 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-l9, the program is available from Data General and for the UVK-21
it Is available from DEC.

Tool 1.4.4.3.2 Noninteractlve Symbolic Debuqaer for FDRTPAN . Of the
architectures 1~or which FORTRAN is available only the UVK-21 architecture
has a FORTRAN wi th built-in symbolic debuqqino aids for batch (noninteractlve’

~debuggina of FORTRANS . The source of the software is DEC and it is contained
in PDP-li FORTRAN .

Tool 1.4 .4.3 .3 Noninteractive Symbolic Debuqoer for CflROI. This is the
same si tuat ion as for the FORTRAN batch debuggina aid. Only the UVK-21 archi-
tecture has such software available , and it is part of the COBOL packane for
the PUP-il available from DEC.

Tool 1.4.4 .3.4 Noninteractive Symbolic flebugoer for CMS-2. The CMS-2
compiler available from Univac for the UYK-7 has debuqaino facil i t ies for
noninteractive debuqg-lna at a symbolic level .

Tool 1.4.4.3.6 Noninteractive Symbolic Debuager for TACPOI. The TACPOL
language as implemented by Litton for the GVK-l~ contains dehugaing 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 t s Work Bench System available from DEC for
the PUP-il. For the GYK-l2 , Litton has developed a tool known as SPS Librarian .
Other architectures apparently do not have software that meets the specifi—
cations for this tool .

A-~S
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Tool 1.4.6.1.1 Languaqe Dependent Moni tor for Assembler. There exists
a tooTknown as SIV for System Test Vehicle availabl e from Univac and NAVECS
that apnears to meet the tool specifications . Th is runs on the UYK-20.

Tool 1.4.6 .1.2 language Independent Monitor. STV for the t’V K-20 satisfies
this tool requirement and is availabl e from Un i vac and NAVECS . A monitor
for the IJVK-7 is available from Litton as part of ITAWOS software system
wri tten to support the IHA project.

Tool 1.4.8.2 Reformatters. All architectures that have FORTRAN compilers
are deemed to have this tool since it is availabl e as a FORTRAN source to
operate on FORTRAN as a preprocessing step . The tool is called IFTRAN-2
FORTRAN Preprocessor for Structured Progran~n in~. Since the GYK- l2 does not
have a FORTRAN comp il er , it is missing this tool. However , i f  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
coftware base.

Tool 2.1 Data Base Manaaement System. The tool known as ITAWDS mentioned
above for the UVK-7 for lanauage Independent monitors is a comprehensive soft-
ware system that contains wi thin it a database management system. It is ava~l-able from Litton . The two architectures that have conrercial counterparts
a lso  have data base management systems . For the t’YK-l~ . the system is known
~ MIflA S, and is available from Boelna Comnuter Services . For the IIYK-2l
t h~ tool is IDMS-li, available from DEC for the POP-li .

Tool 2.3.1 Text Processing 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 IIYK-7
i s available from FCDSSA. The tool listed for the UYK-?l is TYPESET-li and
is available from DEC for the PUP-li.

Tool 2.4.2.1 Interactive Source Languaae Editor. The editor for the
UY~~-19 archi tecture is known as SPEED, and is availabl e from ROLM . The UYK-7
~‘- tito r is a subsystem of SHARE 7 and is available from Univac. Any one of
,~ n~ jp~~ e~r’ of editors for the IIYK-21 architecture meet this criterion. Amona
them is the editor that runs under lAS availabl e from DEC for the POP-il .

Tool 2.4.2.3 Batch Source Lanquaqe Ed i tor. All architectures have batch
editors available according to the list below:

UYK-7 Subsystem of Share 7 ( from U n i v a c )

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

UYK-l9 BEDIT (from ROLM)

GY K- 12 Subsystem of SPS Librari an (from L itton)

UYK-l9 SLIPER (from DEC)

1*)M OUFY ~~~ I T~.) L~i)t~ .
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Tool 3.9 Rea l-TIme Operating System plus Time-sharing. The UYK-7
version of this tool is the ITAWUS system availabl e from Litton . The UYK-2l
software system is called lAS and is available from DEC.

Tool 3.13 Time-sharing plus virtual machine monitor. Of the five archi-
tectures only the UYK-21 was given credit for being virtual izabl e in the sense
of being abl e 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-2l was
given credit for this tool since the only instance of a virtual machine monitor
for the UYK-2l exists in a research environment, and cannot said to be a re-
leasable piece of software . For sim i lar reasons , no architecture was credited
with Tool 3.14 , which is a superset of this tool .

III NONSELE-HOSTED SOFTt4ARE

Softwa re that can be hosted on architectures other than the candidate
architectures must necessarily not denend on realtime responses of the can-
didat e arch i tectures. This eliminates operatinq systems , performance mon itors .
and data base management systems from the list of tools that can be self-hosted .
Similar reasonina reduces the list of possible nonself-hosted tools to the
li st given in Table 11. Since some of the tools fall in the category of tools
that are avail abl e for all architectures if availabl e for one, they are credited
to all architectures. The text in this section exnlains all such cases.

Tool, 1.1.1 General Purpose System Simulator. This program exists on the
IBM 370 and Univac 1100 series computers amona others . It Is probably not
necessary to mount a special development to create a running version on a
mili tary 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 nati ve architecture . In some cases the cross assembler is written in
a machine independent language such as FORTRAN so that it can run on any one
of several d i f f e rent computers . The list of cross assemblers availab l e Is
as follows :

UYK-7 Available for Univac 1100 series computers from Univac.

UYK-20 Runs on six different computers since it is written in
compatibl e FORTRAN . ( from NAVECS )

UYK-lQ Ava ilable for IBM 370, Un i vac 1100, and COC 6000 series
computers ( from Data General)

UYK-2l Available for IBM 370 and COC 6000 computers from
Computer As sociates and First Data

r~y~-l~ Ava i la ble for IBM ~7O
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~‘cc~mhlers that run on foreian hardware are macro assemblers.

T~~~~l l .4 .5. l  R’RAN Compiler. The lflK-20 architecture has a FORTRAN
~

-
~~~~~-:“ ler for it written in FORTRAN that has successfully executed on CDC
~‘ - C - C. Univac 1100. and iBM 370 serIes computers . The AN/UYK-2 l has a
-~~~~~J cors s compiler for it that runs on the GE 6000 computers , and is
ava i lable 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 CMS-2 Compiler. The CMS-2 Compiler for the UYK-l9 mentioned
abo v e is wri tten in FORTRAN and runs on several different computers. Sim-
ilarly the CMS-2 comoiler for the UYK-20 is written in FORTRAN and runs on
~evera l different computers . There is a UYK-7 CMS-2 compiler that runs on
~iivac 1100 computer systems, and the nonself-hostinamethodoloqy is the

‘iorma l mode of operation with CMS-2 program development.

Tool 1.4.5.4 JOVIAL compiler. JOVIAL is written in itsel f and can run
on several different comnuters while nroducinn obj ect code for a specifi c
corru to r . Since there is self-hosted JOVIAL compiler for the LJYK-7 , this
ccr’~~ler can be and has been run successfully on other computers that have

Tool 1.4.5.5 TACPOL . TACPOL-A Is the TACPOL compiler for GYK-l2 that
executes on the IBM 370 series computers.

Too l 1.4.6 Instruction simulators . All but the UYK-2l have reported
nonsel f-hosted instruction simulators . We suspect that there exist such sim-
ulators for the UYK-2l as wel l , and are currently investigating this possi-
b ility . The ISP compiler at Carnegie-Mellon Univers ity does simulate the
NW_ li 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 suninary of
the instruction -level simulators apnears below:

LJYK-7 Runs on the Univac 1100 series comouters ( from Univac)

UVK-20 FORTRAN based proaram for UYK-20 runs everywhere (from Univac )

GYK-l2 Available for !B~ 370 (from Litton)

UYK-2l Available for IBM 370 (from First Data and Computer Associates)

UYK-l9 Availabl e for IR~’ 37fl (from ROLM)
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IV FINA L 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 possibl e for an architecture and we achieved good aareement
among the sources. It is rather unlikely that anything sianificant 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 i tem, that Is,
H 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 limi ted
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

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 V 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 ~1 N N
(for each of fi ve standard
languages)

A-9

— — -_ - .— _-—-~--- - -5 -----5 A



_ --5- .—..-~ . ~—_—~-,—_————-—.—-‘,.—-—..~~ .,— . —~---- ‘_ — -~~--o ,.~~—.~--- ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
~~~-- —,—

- ~~~~~~ ~~~~~~~~~~~ — ‘ . ~-—~~.‘—~ , , _ _ ,

TABLE I. SELF-HOSTED TOOL AVAILA BILITY (CONTINUED)

U U U II —

V V Y V V
K K K K K
7 2 1 2 1

0 9 1 2

1.3.4 Test Instruments and Analyzers:

FORTRAN V V V Y N

TACPOL N N N N V

(for each of three other N N N N N
standard languanes)

1.4.1 Assemblers:

Bas ic V V V V V

Macro V V V V V

1.4.2 Compilers :

FORTRAN V V V V N

COBOL N N V V N

CMS-2 V V Y N N

JOVIAL V N N N N

TACPOL N N N N V

1.4.3 Linkers :

Basic - V V V V V

Simple Overlay N N V V N

Extended Overlay N N N V N

A-iO 
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TABLE I. SELF-HOSTE D Toni. AVAILA BILITY (CONTINu ED)

U U tu U
V V V V V
K K K K K

- 7 2 1 2 1
0 9 1 2

— 
1.4.4.1 Interactive Debuaa ing Aids :

Assembler V N V V N

COBOL N N V Y N

CMS-2 V P4 N N N

(for three other standard N N N N N
lavrnuaaes)

1.4.4.3 Noninteractive flebuaglng Aids :

Assembler N N N N N

FORTRAN N N N V N

COBOL N N N V N

CMS-2 V N N N N

- JOVIAL N N N N N

TACPOL N N N N V

1.4.5.2 Integrated Library N N N V V

1.4.5.3 Automatic Software Prod ucti on Test N N N N N

1.4.6.1 Lanauage Dependent Monitors:

Assembler N V N N N

(for five standard languages) N N N N N

1.4.6.2 Language Independent Monitor V V N N N

1.4.7 Standards Enforcers:

(for five standard languages) N N N N N

A-il
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~r~ ! r  I. SELF-HOSTED TOOL AVaILABILITY (CONTINUED)

I
U U U U
V V V V V
K K K K K
7 2 1 2 1

0 9 1 2

1. 4.8 Preprocessors, reformattors:

FORTRAN V V V V P1

(for four other standard N N N N N
languaaes)

2.1 Data Base Management System V N V V N

2.3.1 Text Processing System V H N V N

2.4.2 Editors :

Interactive V N V V N

Ba tch V V V V V

3 Operating systems :

RTOS + TSOS V N N V V

RTOS + TSOS + VMM N N N N N

TSOS + MPOS + VMM N N N N N

A-i 2
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TABLE II. NONSELF-HOSTED SOFTWARE TOOLS

I - ~~~~~~~~~~~ - -,~ 
* * . ~~~~ 

.

- ‘ - r 1~ , -

V V Y -
~ -Y V

- 
~~~~~~~- , • - . K K - K K K

7 2 1 2 1
0 9 1 2
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1.4.4 Cross Assembl ers V V V V V

1.4.5 Cross Compilers:
— FORTRAN N V N V N

COBOL N N V N N

j cMS-2 V V Y N N

JOVIAL V N N N N

TACPOL N N N N V

1.4.6 Instruction Simulator V V V V N
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