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SUMMARY

The implementation strategy proposes the development of a
baseline systemn for delivery to NASA/lLangley Research Center and
a parallel effort to * tramwsfer IPAD techndlogy from the
development  environment +to the ipdustrial aerospace-vehicle
design PnVLronment. A three phase plan is presented, the first
phase of whlch results 1n an initial operatlonal system in four
years.

The Phase 1 implementation of IPAD will provide a suitable
balance between technical capability and system capability.
Adequate technical modules 'Hlll be available to support
development and checkout of the IPAD concepts on sonme meanlngful
design case’ qtudles. The Phase ‘1 implémentation of IPAD- will
‘provide ‘some analYSlS capablllty for Progect ‘1 subsonic’ class
airplanes {See Volume D II). This technical capability will
provide the basis for vehiclé ‘analysis/design callbIatlon since
it will be 90351b19 %Yo relate the subsonic cldss of alrplane to
both éxlstlng in-service airplanes 'and to studies which are
continudlly in ‘progress for this ‘class of alrplane. The Phase
1 implementation will also provide some analysis capability for
Project 2 supersonic class airplanes (see Volume II). This
technical capability will orient IPAD to future vehicle design
prohblems. It is expected that technical capability for Phases
2 a2and 3 will reflect NASA and irdustry experience with Phase 1
capability.

The implementation of the IPAD system will basically follow
the Phases 1, 2, and 3 enumerated in Table 2.1 of Volume IV,
The initial operational system developed during Phase 1 will
provide the principal IPAD design feature of continuity of task
and time. <Continuity will be supported through the development
of the user/IPAD interface, and subtask and community libraries.
During Phase 2, the system will be extended to include limited
information control through the capability of defining project
plans and rTeports. The full capability of the TIPAD systen
design will be completed during Phase 3. This imncludes full
support of project planning and reporting, specialized
interactive capability, and full privacy and security
provisions.

The successful transfer of IPAD technology from the WASA

development environment +to the industrial problem solving
environment is mandatory. A technology transfer strategy which

iii



considers both the commercial, proprietary interests of industry
and the broad public interests of NASA is presentad as follows:

° ' NASA will contract for the evaluation of the IPAD
system software in realistic product design studies.

a Contractors will be required to perform these studies
utilizing the IPAD system with the contractors own
technical modules ard deliver only reports covering
technical and ecopnomwic evaluation of their use of
IPAD. . .

Cost and schedule estimates for two implementation plans
ate presented. The first plan, in which Phases 1, 2, and 3 are
developed seguentially, requires . nearly nmine years and 13.2
million dollars for full IPAD development. The alternate plan,
in which Phase 1, 2, and 3 development is overlapped, results in
a fully developad IPAD in six years, but the cost is 1increased
to 13.7 million dollars. For both plans, Phase 1 implementation
is expected ¢to be completed in four years and is estimated to
cost £ million dollars for IPAD system development and 3 million
dollars for the development of the technical modules.



5.0

I NTRODUCTIO

CONTENTS

N L RN RN LN RN E NN ERERE RN I I B R S I VLR R R
\ M A . K N ¥ X
. " .. ERE - ’ —

ANSHERS TO TASK 3 QUESTIONS L, 2, AND 3 eesscenoconcens

Page
K|

H

1

TPAD THPLEMENTATION STRATEGY eeecessesnenconcocsacnases 3

3.1 Tnplementatidbh PHASE GOALS seeececanacenaasscacnas

3.2 Implementaéi&n

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5

3. 2.6

P‘}:‘ans; ----o‘.’o--o’- -.u nm‘"-.-:-s,l‘-.-“--t'c-
Phase 1 Technical Capability Ceeeaaseneenas
Phase 1 System 4 6 % &8 " OWSS ST DHHEN NS SRS

Phase 1 Usage SUPPOLrt ceaasssnsnnsasessases

IPAD Technology PLrANSFOL envcecevseesnaconen

Phasez T A RS SRS S P AN eAED e e A AR e A

Phase 3 » & & & 90 4 88 8P P s vansRAP LR A e

IPAD IHPLEHENTATION LB B B B I I B B R BN R N N B N RE B NE BE N B I B R B BB B BN IR ]

4.1 Phase

1 Bageline Development Tasks ..... Meemmmaaas

4.2 Baseline Developnent Costs and Schedules -

Plan 1
B.2.1

a-2.2

LA IR B B BN R BB AR LI I B BN B B IR IR B R BN R BE I B BN IR BB BN N B N R R L L BN I

Resources and Flow TIiBNE eceeassansnasans “eaa

Schedules s en At e I et st et e sannvanAdavana

4,3 Baseline Development Costs and Schedules -

Plan 2

A
LR BN B K B B B B BB L 2L L B K I BE B B B BN B B B BE BE BN B BE B R B IR BE B IR IR B O O J

4.4 Technology Transfer and NASA Usage COStS ceeeeecan

REFERENCES

J.5 Operational COSLS cecescncssssnsascnctsanscansssnans

LA B B B AL B IR B B IR L B O L BN B IR U B BB JF B AP I BF B IR B IR O R K JE B IR I JC B BE IR N B 1

6

10

14

15
15

19

21
25
26

28



COHTENTS

APPEKDIX

APPENDIX
APPENDIX

APPENDIX

vi

{Continued)

Page

A - CONSTDERATIONS POR THE MAWAGEMNENT OF IPAD

SOFTHARE DEVELOPHENT cvveccccaccenaccenanncernss Al

B ~ PHASE 1 TECHNICAL PROGRAM ELEHENTS c.ueeesscsess Bl
C - SYSTEM IMPLEMENTATION LANGUAGE SELECTION ...s.. C1

D - PHASE t DETAILED TASK AND COST

INFORHATION PRI BN A R R I N A I Y N A R R R R S R B A L D1



TLLUSTRATIONS

Fiqure Pag

ko

3.1 IPaD Implementatlon Strategy csmssnrsesssasunsssssnsesne 3

.1 Summary of Sysfem Development Costs - Plan 1 cesvanasraes

[Xa)

4.2 Summary of Phase 1 oM Preparatlon COSEtS weenmancseseseas 20
4.3 PERT Chart for Phase 1 IPAD Development sresnssmsnsssns 22
u.u IPAD Devglopment qc-:}lp(ltll€~I C..'..l...l.l."..'.‘......'._23

4.5 Summary of System Development Costs — Plan 2 eceevessseaa 24

APPENDIX D

Dn1 PERT Chart fOIT SD—g ACthltles S e s e msssusassansassREBR e D27



TABLES
4,1 Summary Table for Technoiogy TransSfer sceeservovsacnseas 16
4.2 Summary Table for Preparatioa OFf OES eveevsenessanssnes 16
4.3 Sumﬁéry Table for System Design .............:...;..... 17

4.4 Summary Table for System Implementation weeeseenessnses 17

4.5 Phase 1 IPAD Conversion Cosis ....................;...; 25

APPENDIX D

D.1 Summary Table for Technology Transfer ....... csesewsaes D2
D.2 Summary Table for Preparationfof QHNs .........;........ D2
D.3 Summary Table for Systel DeSigN cusesevecscscnsancessseas D3

D.4 Summary Table for System Implementation .c.eeenscesvess D3

viii



1.0 INTRODUCTION

The devalopment of IPAD will produce tw%o mrajor products: a) -’
the IPAD system capability and b) a technical vehicle daesign
capability. = The ' system ™ design -will accdmmodate technrical
capability limited only by the time ‘and money ‘invésted in ‘the
Operational Modules ({ONS). The technical capablllty may ke
oriented'in any technical direction deésired. 1In contrast the
syster implementation will be general and will be Ilnlshed in a
finits time, except for contlnulng reflnements that are added
for conveniencsa. ’

To ensure that TIPAD as a tool is widely used, the IPAD
technology must be transferred from its development environment
to the "~ “using community at Targe. Consequently, the
implementation plan also includes a specific strateqy to
transfer thlS IPAD technology to the 1ndustr1a1 u51ng communlty.,

2.0 ANSWERS TO TASKX 3 QUESTIONS 1, 2, A¥D 3 -

2.;'Can-IPAD'be developed by a singie organizaﬁion_{company{?

For devélopment purposes, the IPAD system and  OMs should be
considered deparately.' The system development should be done by
a single organization since it must have a unified structure and
logic throughout all the components. However, the OMs may be
developed and contributed by a large (and even diverse) set of
organizations. One of IPAD's goals is to make the use of GHs
developed under such conditions more common in the future.

2.2 Is -it appropriate or desirable to divide +the development
work among industry, government, university? Should anyone of
the three develop it alone?

As noted in sectiom 2.1, the system should be developed by
a single organization and further to ensure an adequate emrphasis
on the requirements of the air vehicle design process, an
asrospace firm should be the IPAD system developer.

From the OM point of view, no single company, university,
or government agency has a monopoly on technical design and O#s.
Thus, the OH development should take advantage of the expertise
throuqhout the U.S.A. and should be contracted for on a broad
basis.



2.3 What problems are associated with the inclusion of
proprietary codes and ideas into the development? -

A1lowing proprietary codes- apd ideas to —reside in . IPAD
poses two primary concerns for OM owners:

. Will T be adequately compensated for code and ideas
which I an willing to release?

® Can I be assured of control of the code so that I am
protected fronm

° use by unauthorized user
» copies being made of code which is not for sale.

The concern about adequate compensation applies only to
"pre-existing" proprietary code which is desired for the IP2D
technology. Some kind of cost reimbursement NASA procuremert
practice will be required if these codes are to be made part of
the "public" TPAD technology.

The concern about control cof the use of proprietary code
will have to be met in the IPaD sSystem design. Today every
commercial computing service faces a similar problem in
permitting competing customers to use their services
simultaneously. Experience to date does not indicate that a
totally secure system is possible. TIBM is near the end of a 340
million security study (reference 1) whichk has produced sone
valuable recommandations and procedures, but no "final answers"
to the security and control problem. In principle, the user
with proprietary code can restrict the use of his code as he
desires, {i.e., the IPAD design has security and control
features which can protect the owner from all ¥Ynormal" security
violations). However, it must be finally noted that no system
has been shown to be secure from the dedicated thief.



3.0 IMPLEMENTATION STRATEGY

1

The strategy for implementing IPAD technology is to develop
a baseline system for delivery to ¥ASA/Langley Research Center
and to simultanreously.-transfer +this +technology from the
development environment to industrial use (figure 3.71),

.. Because of +the length of time.involved in the total IPAD
development, it is necessary to phase the implementation and to
deliver, in a shorter time period, an initial operational systecnm
that demonstrates the .concept of the ITPAD technology. Thus the
IPAD baseline systen and technical capability ¥ill be
implemented in three phases. . Phase -1 is intended to be the
minimum. capability. of an IPAD like system, while Phases 2 and 3
are aimed at enrichment of the basic capability. As soon as
Phase 1 is complete, NASA usage and the transfer to industry
will bhegin. ' ' - ’

INDUSTRY s :’ROIDUCT l
USAGE “\, DESIGN/STUDIES
DEVELOPMENT
ENVIRORMENT  /INITIAL 1PAD, " 1PAD (TR IPA
(Phase 1) (Phass 2) { Phase 3)
DESIGN
LANGLEY METHODOLGY
USAGE RESEARCH

Figure 3.1 IPAD Implementation Strategy



The baseline system will be installed at Langley Research Center
to: )

{1) evaluate systém features and to guide +the Tremaining
systen development, -

{2) evolve air vehicle design methodoloqy consistent with
the IPAD system concepts and,

{3) denonstrate IPAD system to potential users.

The transfer of IPAD technology to industrial use will be
pursued during the development of the system. It 1is probable
that changes to the baseline IPAD will be required to adapt the
system to the industrial environment. These changes could
involve conversion of baseline IPAD to a second host coRputer
system or modifications of the system capabilities.

3.1 Implementation Phase Goals

The goals of each phase are:

Phase 1

. Demonstrate the utility of the IPAD concepts on
total vahicle design studies.

. Demonstrate the task/time contimuity capabilities
of the IPAD system design.

. Develop a strateqgy for transferring Phase 1 TPAD
technology from the development environment to an
industrial environment.

Phase 2

e« . Extend the Phase 1 systenm capability ¢to include
limited information control through the
capability of defining project plans and reports.

@ Expand IPAD usage to industry.

® Demonstrate effective man/machine methodology on
aerospace vehicle problems at Langley Research
Center.

. Determine the impact of fourth generation

compiters on the develcpment during Phase 3.



Phase 3

» Demonstrate the full capability of +the TIPAD

system design.-
‘s - Fall support of project plahning and
raeporting
’ Speciaiized.interactive cépability

* Full privacy and security provisions.

3.2 implementation Plans

The inplementation goals are supported by plans which
provide for phased technical and system capability, technology
transfer through contracted studies by industry using IPAD, and
usage support that ensures maintenance, +training, and OM
additions.

The Phase 1 implema=2ntation of IPAD will provide a suitable
balance between technical capability arnd system capability.
Adeguate technical modules will be available to° support- the
development - and check .out of the IPAD concepts on sore
meaningful design case studies.. :

Broad user acceptance of IPAD w®ill be. enhanced if sobwe
technical capability is developed for each design level during
the initial implementation. The initial design and analysis
capability for TPAD wiil be limited to modification of existing
code and to the development of new code in a few design areas
which .are required to make +the initial IPAD a useful design
tool. This initial capability based primarily on existing code
should establish an incentive to incorporate new code into IPAD.

Since a fully developed IPAD extends over nearly nine years
if the development phases are seguential, an alternate plan for
phase overlapping is presented. The sequential development has
the following potential benefits:

*+ ° Maximum opportunity for feedback into ‘Phases 2 and 3
from NASA and/or industry usage.

= A significantly lower yearly cash flow.

If Phases-2 and 3 ate overlapped with Phase 1 and with each
other, development time reduces to 6 years but:



» Feedback from actual wusage will npot impact the
implementation.

- The yearly cash flow rises significantly.

No specific technical capability development is planned
beyond Phase 1. It is expected that technical capability for
Phases 2 and 3 will reflect NASA and industry experience with
Phase 1 capability.

The implementation of the IPAD system will basically follow
the Phases 1, 2, and 3 enumerated in Table 2.1 of Volume IV.

" Appendix A presents considerations for the organization and
management of a software project the size of IPAD.

3.2.1 Phase 1 .Technical Capability

Phase 1 technical capability is described in detail in
Volume TI. The Phase 1 implementation of IPAD will provide
Level ITI and JXII analysis capability for Project 1 subsonic
class of airplanes. This technical capabildity will be adequate
to support the development and checkout of the IPAD system. It
will also provide a basis for calibration since it will be
possible to relate the subsonic c¢lass of airplane to both
existing in-service airplanes and to studies which are
continually in progress for this class of airplane.

The Phase 1 implementation of IPAD will also provide Levels
II and part of Level IIXY analysis capability for Project 2
suparsonic class airplanes. This technical capability will’
orient IPAD to future vehicle dssign problems. This will help
deronstrate the value of the IPAD system for evaluation of
complex design studies for which past experience is limited.
‘ .

In addition, the interface with manufactufing at Level #T
will be initiated during Phase 1 implementation.

3.2.1.17 Technical Hodule Selection

It is assumed that the primary modules from Level IT and
Level 1III subsonic transport networks can be obtained from such
existing sources as the Boeing Computerized Preliminary Design
System (CPDS) {references 2 and 3). Approximately 75% of the
rejuired code is assumed to exist in a form which can be
incorporated into IPAD,



The ovrimary wmodules for Level TT and the geometry sizing
vart of Level IITI for the supersonic transport networks should
. be able to be derived from the subsonic modules. Approximately
15% more code-is required. It is assumed +that approximately
90% of this c¢ode sxists. The 2xisting code has been executed
only as separate prograus, therefore considerable work is
required to develop the interface between these modules. Much
work has been done in support of the Level V and VI interactive
design of detailed parts.

The Phase 1 modules have been selected from those llsted in
Volume VY. The list of modules is givenr in Appendix B.

3.2.1.2 Phase 1 Technical Module lLanguage

It is proposed that the IPAD project adopt as its technical
module languagde the American Mational Standards Institute (ANSI)
standard FORTRAN 1in effect at the start of IPAD implementation
and as implemented by the Control Data Corporation (CDC) for its
CYBEER machines. In the event the compiler for +the staandard
FORTRAN is not available when needed, the alternate standard
will be the FORTRAN language as implemented in the primary CDC
FORTRAN compiler. Xt is anticipated this will be FTN (Refererce
4.

The factors which affect the choice of a tecknical module
language are:

L The 1ife span of IPAD

- Past and present commitment to FORTRAN as a scientific
applications language

. Resistance to change

s Continuing activities of thé ANST committee ¥X3J3
. Technical improvements to progranming languages
» Desive to improve the quality of software

. Benefit of usimg a standardized language

Since the approval of the last national standard FOETRAN
some six years ago, the ANST %333 committee has been considering
changes %0 the. standard. As of March 1973, 109 changes have
been proposed. If approved in its present form, the proposed
standard, known as FORTREV, will much more closely reflect the
FORTRAN capabilities presently offered by major hardvare



vendors. Presently, it 1is anticipated that +the proposed
standard will be preseanted for nationmal adoption in the fourth
quarter of 1973. :

3.2.2 Phase 1 Systen

The initial operational system developed during Phase 1
will provide the principal IPAD design feature of continuity of
task and time. Continuwity will be supported through the
development of the user/IPAD system interface, and subtask and
community libraries. In addition, the ipitial systes will
include the capability of job construction and execution.

3.2.2.1 Use of Curreptly Existing Executive Routines

Since there are a number of M"integrated systems" in
existence +today, the feasibility of beginning IPAD development
with existing software as a base was examined. Prior to
examining a few specific systems, some general observations were
made. The basic characteristic of IPAD which distinguishes it
from other systems is continuity over task and tire. This
Fequires specific software features to maintain continuity of
the user's activities on the computer over time periods which
are dictated by the nature of this work (see Volume IV section
3.1 for detail description}. This characteristic shows up in
several distinct system features, without which IPAD could not
be clearly distinguished from several current systems. Thus a
key guestion is how readily could the feature of continuity over
task and time be added to another system, and how much of the
original syster would survive the change.

Related to this guestion is the contrast of innovation and
ayolution to gain desired system characteristics. If mnew
characteristics represent a radical change, an evolutionary type
development is not likely to produce the change in a reasonable
time period. The potential savings realizable through use of
existing softvare must be assessed, independent of the technical
value of the software.

Pirst, it is the code itself that is to be used, =not its
design features. The developers of IPAD are assumed to be under
the burden of +taking advantage of current software ideas
whenever applicable. Once the IPAD design is complete, the
judgement would have to be made about the suitability of the
code. Possibly one would alter the design in an acceptable vway
in order to accommodats the code. The real guestion then is,
how much code is really at stake? The majority of the T"pormal®
executive functions are carried on in the IPAD design node F



{see Volume IV, Section 6.2), and some related functions are in
a few other nodes. Node F is estimated at less than 2% of the
cod2 in the Phase 1 system. The risk of using such code is that
it may not really fit the design in a proper fashion, resulting
in some kind of adaption to make it fit. Thus the potential
benefits are too small to justify much of any risk.

Second, there is the possibility of using another system in
total as a starting point. Pour representative systems are CPDS
(references 2 and 3), ATLAS {reference 5), COMRAD (reference 6),
and NASTRAN {reference 7). The IPAD characteristic of
continuity over task and time is missing from all four sSystenms.
Each system has its own method of executive control, ideas fronm
which TIPAD will undoubtedly take direction in the appropriate
design nodes. Only CONRAD is designed as an interactive systen
and thus is the only candidate for actual code usage. At this
point the previous Temarks concerning inmnovation versas
avolution come to bear and the recommendation is that the IPAD
design is innovative and should not be developed starting fronm
a current systen.

3.2.2.2 IPAD System Implementation Language

The proposed IPAD system implementation language is SYMPL
{Reference 8). The language, SYMPL was originally developed by
the Computer Sciences Corporation as part of +the effort +to
implement the JOVIAL language on the UNIVAC 1108. The language
was acquired by Control Data Corporation {CDC) as part of the
JOVIAL 1language acquisition. The language has been or is being
used by CPC to produce the SYNPL compiler, JOVIAL compiler,
parts of the SCOPE 3.4 operating system, COBOL 5 compiler, PL/I
compiler, ALGOL compiler and a data management system.

SYMPL offers the essential features of a systenm
implementation language without any unnecessary overhead. The
language has had extensive use on the recommended host K CDC
hardware. . Appendix C contains an elaboration of the decision
process used to select the implementation language. The AED-9O
(reference 9} language is a serious contender with its major
drawbacks being: lack of extensive use on the recommended host
hardware, extra overhead of non-required features, and user
documentation that is of quality less than desired.

3.2.2.3 Host Systen

The host hardware is assumed to be a CDC 6000 model. There
are two choices of "standard” operating systems at this time;
SCDPE 3.% and KRONOS 2.1. Because of its greater orientation to



the IPAD environment of interactive processirg, KRONOS 2.1 is
selected. As discussed in Volume IV, the operating system will
have to be modified to support IPAD, creating a special version
of the operating syst@en.

211 currently planned modifications to the host computer
operating system to support the IPAD system will be made during
Phase 1. Two critical system capabilities absent on curremnt CDC
6000 operating systems will be added. These are:

{1) mwmulti-tasking within a single users +terminal control
and

{(2) the ability to log off without losing continuity with
activities in progress.

Multi-tasking 4is amn operating systen feature which allowvs a
running program to command the execution of another progranm,
usually in parallsl with the origipating prograr.

3.2.3 Phase 1 Usage Support

The intent of Phase 1 usage support is to provide the tocls
and procedures which will ensure system and ON maintenance, user
training and OM additions.

3.2.3.1 Maintenance

IPAD maintenance during production usage must be capable of
responding %0 user's requests for corrections and additions.
The IPAD system features of continuity and dintegrity will be
used to support all software which can impact the IPAD user's
results. To do less would allow a serious erosion of the TIPAD
system design intent of Mguaranteed" r integrity of software.
Thus the host operating system software (the nodified version
for TIPAD) also needs to he malntalned in the same manner as the
0¥ and system software.

The procedures for long term maintenance of the system will
re defined and implemented in Phase 1. These procedures include
a means.of reporting problems, suggesting solutions, suggesting
inprovements, and implementing changes.

Maintenance of ONs will be restricted to those considered

part of "standard" IPAPDP and will be handled ir a procedural
sense similar to the system maintenance.

10.



There will be periodic releases (updates) of IPAD with all
known errors removed and additional capability added. The

rational and procedures for such updates ¥ill be devised during
Phase 1. :

3.2.3.2 User Training
A procram of training will be established for:
e Use of the IPAD system features.
. Design methodoleogy in the IPAD environment.

Training will he provided, at NASA direction, during Phase 1.

3.2.3.3 Rddition of ONs

¥ethods will be developed in Phase 1 for adding OMs. There
are two basic categories of OMs at any installation of IPAD:

{1) Those OMs considered to be a part of the standard O#
- library.

{2) Those added by users to augment IPAD for their
individual purposes.

The first category needs close control anpd well defined
certification standards as well as criteria for Fjudging future
additions. The second category need be governed only by the
local faciliity?'s ability to store and handle the OMs. The
methods for adding OMs will encompass both requirements.

3.2.4 IPAD Technology Transfer

The .transfer of -the IPAD technology from the development
environment to the industrial pfoblem solving environment is
mandatory for the success of the IPAD concepts. Normal
commercial . strategies for marketing ard selling a high
technology product do not apply directly in the IPAD situnation
because of the NASA role in the initial development.
Nevertheless a +technology transfer strategy, whick considers
both the commercial, proprietary interests of industry and the
broad public, general industry interests of NASA can be
structured in the following seguence:

- NASA contracts for the evaluation of the IPAD systenm
software in realistic product design circumstances in

11



which contractor/s will be required to , utilize, the
IPAD sSystem with the contractor's techrnical modules, on,
realistic case studies of product design.

. NASA selects successful contractor/s on the basis of
cost, evaluation approach/depth, and techpical
quality/depth of case study design problems proposed
by contractors.

» NASA, through their IPAD systen contractor} will
install +the TIPAD system software on the successful
contractor?'s host computer.

. Contractors deliver only reports- covering technical
and economic evaluation of their use of IPAD.

It appears that the above strategy offers a flexible framework
to achieve a balance of:

8 The cost +to WNASA for installation on other host
computer centers. ~ However the resulting IPAD systen
software version could, after the contracting pericd,
have multiple public use and availability.

. The cost to contractors to adapt a 1limited set of
their technical modules to the IPAD system. Such.cost
to be borne by them but the modules also can temain
proprietary.

v The benefits to NASA to achieve industry involvement
in IPAD as a user, rather than the more sferile role .
of developer. '

» The benefits to contractors to have an early
opportunity, perhaps competitive advantage, to learn
utilize, and evaluate a possible  significant

productivity advance in problem solving capability.

Initial exploratory work will be required +to seek out
interested organizations and to refine this technology transfer.
strategy. .

The technology transfer activity may reguire the system to
be operational on a ‘host computer different from the WASA
Langley host. If this is necessary, work may begir during phase
1 in parallel with the implementation at NASA Langley.

12



3.2.5 Phase 2

The product technical capability for Phase 2 is expected to
primarily reflect the experiences of N3SA and industry with
Phase 1 capability. Yo specific technical module developments
Are planned.

The 1IPAD system capability for Phase 2 development is
described in Volume TV. Detailed task planning for Phase 2 has
not becen done, but it is expected to bhe similar to Phase 1, with
the following considerations of tasks completed in Phase 1:

. The total system design is complete.

. All basic operating systen podifications are
conpleted.

e Conversion, development and maintenance aids have been
developed.

s Most standards and procedures have bheen developed.

The rajor Phase 2 development includes:
- Insertion of project wmanagement contrel capability

. Broader system utility support

3.2.6 Phase 3

The product technical capability for Phase 3 is expected to
primarily reflect the experiences of NASA and industry with
Phases 1 and 2. No specific technical modirle developments are
planned.

The TPAD system capability for Phase 3 development is
described in Volume IYV. The Phase .2 IPAD will be extended to
include:

. Completion of the control aspects of project plans
- Insertion of "extra” features to enhance usability
= - Interactive graphics

The development of IPAD beyond Phase 3 c¢ould include
broader system utility capability in the form of:

. Information retrieval and display

» General interactive sopport

13



4.0 TPAD INPLEMENTATICN

Implementation of the baseline IPAD is described 1in terns
of development tasks, costs and schedules. Phase 1 costs and
schedules were developed from detailed tasks {see Appendix D).
Detailed tasks have not been developed for Phases 2 and 3. Two
plans for implementation beyond Phase 1 are presented. The
difference betwean the plans is only one of scheduling - the
tasks are identical. :

4.1 Phase 1 Baseline Development Tasks

The IPAD system capability for Phase 1 development is
described in Volume 1IV. The tasks associated with the
development of this capability are divided irto four main groups
and are listed below.

Technology Transfer

- Draft descriptions of work statecments
. Survey potential bidders

a Formulate and issue Request for Proposals

Preparation of Ols

» Develop OM selection criteria

Prepare OM language specifications

. Specify OM conversion aids

- Select and collect ONs

* Prepare the OM language

® Prepare the conversion aids

o Prepare the IPAD data bank

° Specify the OM certification tests
° Prepare the Phase 1 OMs

° Prepare 0OH¥s for system checkount

System Design

. Establish design procedures and standards

14



Refine the Level 1 design

Establish coding/certification standards and
procedures .

Specify the host opetrating system modifications
Specify the development and maintenance aids
Produce the system language specifications
Prepare the system language

Produce the total system design

Systen Inplementation

E

Define the Phase 1 capability

Produce all development and maintenance aids
éerform the operating system modifications
Establish training methods and train users
Code and certify the systenm

Certify the Phase 1 OMs in the systen

Plan and prepare computing facilities

4.2 Baseline Development Costs and Schedules - Plan 1

4,2.1 Resources and Flow Time

Tndividual tasks and their associated costs in man months
and computer resources are given in tables 4.1, 4.2, 4.3, and

4.4,

These costs should be interpreted usirng the following:

Estimates for individual tasks are for technical work
plus supervision and miscellaneouns costs.

Costs for computing time are estimated on current
commercial rates from vendors of the CDC 6600.

Dedicated machine costs are taken from a vendor's rate
book for a 1 year lease.
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ORIGINAL PAGE 1§
OF POOR QUALITY

Table #.| Summary Table for Technology Transfer

. Manths Man Months
m;:;?tor Deseription ﬁ‘:::lh ﬁ;‘: o Computing Resources
rog. Eng
T Draft work statement descriptions 13 9 5 11 Mona
Tr-2 Survay potential biddars 22 3 2 4 Nona
TT-3 Formulate and 1ssue RFPs 25 12 2 7 Nons
TOTALS 24 9 22 None
months
duration
Table 4.2  Summary Table for Preparation of OM's
Activity Dascription Start gl::tm Man Monthe Computing Resourcey
Designator Month | 40 Prog. T Eng.
OM-1 Establish OM selection criteria 1 H - 2 None
oM-2 Prepare OM language specifications 2 1 1 - None
OoM-3 Spacify OM conversion alds 2 2 5 - Nane
OM-4 Collact all Phasa 1 OMs 2 3 - 7 None
OoM.5 Prapare OM language 3 3 4 $600 computing time
OM-6 Prepare OM conversion aids 5 8 23 - $4,000 computing time
OoM-? Prepare {PAD data bank 1 6 - 15 £1,000 computing time
oMs Specity OM certification tests 1 8 8 15 Nons
oM-9 Prepare Phase 1 OMs 11 6 247 259 $200,000 computing tims
QaM-10 Prepars syttem checkout OMs i 2 2 8 $2,000 computing time
TOTALS 36
. months 290 303 $207,600 computing time
duration




ORIGINAL PAGE IS
-@F POOR QUALITY

Table 4.3  Summary Table for System Design
Months Man-Month
3‘:::'"’;0‘_ Dsscription ’S“lan ' flow Computing A
e vion Ume Prog. Eng.
501 £stablish dengn proceduras and stendards 1 1 3 . Nong
sD-2 Refina Level 1 dasign 2 1 3 3 None
Establish inutial ccding, cartification .
S0-3 standardt % 3 1 3 None
SD-4 Complets cading, certlfication standards 4 1 3 - None
SD-6 Specify host operating syn;em modifications 3 2 3 - None
SD-6 Spocify maintenance and davalopment ards 3 2 [ - None
s5D-7 #roduce systern languaga specifications 1 3 4 - None
sb-8 Prapare the sytlem language 4 5 12 - £2000 computing tima
sD-9 Davelop total system design 3 18 173 17 $2000 computing time
TOTALS 20 209 20 $4000 computing time
months .
duration
- Table 4.4 Summary Table for System Implementation
Months Man-Months
Activity Start
Dascription flow Computing Resources
Designator Manth tims Prog. Eng.
§1-1 Dafing Phaia 1 system capabltiity n 1 4 4 Nons
51-2 Produce dovelopment and maintenance alds 2 8 32 - $6,000 computing time
. Parform baskc operating systam . $3,000 computing time
51-3 modificatjons " & 2 38 105C hours block time
. . $1000 computing time
Sl.4 Complete a1l operating systam modifications 14 3 12 168 hotirs block time
516 Estoblish usar training methods 22 2 4 4 $400 computing time
51-8 Code and ceartify the system 22 18 185 - Oedicated machine for $341,472
St-7 Traan usary -] 2 1 1 $1,000 computing time
s1-8 System—0OM [ntegration 28 13 B2 92 Dedicatsd machine for $926,029
r Establish plan for the IPAD computl .
518 Tacilities " 1 t 1 Nons
51-30 Prapare computing feclithes 2 38 & - Nana
Phase 1 totels Criticat 383 101 $11,400 computing time
Path—50 1206 hours block time . }
$1,887,601 dedicated machine } **
511 Doliver IPAD Phate 2 51 30 1680 50 $1,000,000 computing time
§1-12 Delivar IPAD Phase 3 ot 24 120 a0 $780,000 cc;mpullng time

* A dedicated computer for §1-3 and §1-4 activities would cost $600,352 for 8 9 months period snd would replace the block snd
computing time estimates,

** |f 3 dodicated computer {s ured for 51-2 and 514, the total dedicated maching cort would be $2,357,583.
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The identifiers associated with each task have the
following meaning: '

TT-i -~ Technology Transfer
O¥-1 - Preparation of ONs
Sp-i - System Design

$1I-1 - System Implementation

The detail estimates for each individual +task are given in
Appandix D.

Figqure 4,1 shows the total system development costs
ircluding comnputer resources and figure 4.2 shows the OH
preparation costs. The labor costs are based on the following
rate table over the total IPAD development period.

Year ' Averadge Tabor BRate/Man Year
1975 $55,000
1975 $57,800
1377 360,600
1978 $63,700
1975 $66,900
1980 $70,200
1981 $73,700
1982 377,400
1983 $81,300

The dedicated machine costs reflect only hardware rental and
maintenance. No figures are included for standard overhead
itemps such as electricity, operators, paper, building, etc. An
estimate for these items would be 154 of the hardware costs,
The OM preparation costs do not include the cost to buy the
existing OMs; only the cost of conrverting O#s to IPAD is
included. - )
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4.2.2 Bchedules

Figure 4.3 shows the development PERT chart (each solid
line vrepresents an activity, each dotted 1line. a schedule
constrairnt, and each circle an event). The designators
associated with each activity line correspond tc¢ the activities
listed on tables 4.1, 8.2, 4.3, and 4.4. The activities with
double lin=s are on the critical path.

Figurs 4.4 is a development schedule based on the PERT
chart. ¥o attempt has been made to optimize manpower loading.
This schedule shows the task relationships on a time basis +tfo
provide further insight to the «c¢ritical path, which is
identified by the double lines on +the chart. The following
activities reprasent the critical path for Phase 1.

» {Sb—1) - Establish design procedures and standards
© {SD-2) - Refine Level I design specifications
e {SD~9) ~ Prodice the total system design
@ (5I-1) - Define Phase 1 capability
. {SI-6) - Code and certify system
» {SI-8) - System/0M certification
The major activiéies on the critical path are: {SD-9} - Produce

total system design and {SI-6) - Code and certify systen. Any
attempt to shorten the Phase 1 development time will have to
concentrate on these activities.

4.3 Baseline Development Costs and Schedules - Plan 2

The tasks for the overlap plan are identical to +the non-
overlap plan. As depicted in figure 4.5, Phase 2 coverlaps
Phases 1 and 3 and Phase 3 slightly overlaps Phase 1. Phase 2
begins when +the system coding and checkowt is firnished. Phase
3 begins in the fifth year,

The schedulzss for the three individual phases are assumed
to be umaffected by the overlap. However, there is a potential
for some re—development in Phases 2 and 3 due to the overlap,
and a 20% cost penalty was applied to the Phase 2 and 3 work.

The same mnanpower cost schedule 1is applicable, and the
basic Phase 2 and 3 costs go down due to lower labor rates. The
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added overlap penalty costs, however, give & mnet 1increase . of
about $500,000 for a total cost of $10,700,000.

4.4 Technology Transfer and NASA Usage Costs

4.4.1 Technology Transfer

The technology transfer plans call for the issuing of omne
Oor more RFP's. The costs shown in figures 4.1 and 4.5 1imrclude
the effort to specify such RFP!s, but not the cost of the
resulting contracts. No information is provided on which teo
base the cost estimates.

In the event a decision is made to install the IPAD systen
on a different host computer than +the baseline systen,
additional costs would arise. The tasks SI-6, -7, and -8 ({sce
section 4.2) would have to be redone, and all the OM's would
have *to be converted. Table 4.5 shows the estimated costs for
this additional work. The OM estimate assumes that +the ONM's

have been prepared for IPAD and just need conversion to another
host.

Table 4.5 Phase | iPAD Conversion Costs

§]1— 6 Si—8
CODE AND CERTIFY oM SYSTEM/OM TOTAL
SYSTEM CONYERS [ON INTEGRAT ION
COMPUTING $940,800 $30,000 $925, 600 $1,896,400
LABOR $983,000 $500,000 $983,700 $2,466,700
TOTAL $1,923,800 $530,000 $1,909,300 $u,363, 100

4.4.2 NASA (Langley) Usage

The strategy calls for research into design methodology to
go on within NASA using IPAD. These activities are not
specified nor have costs been estimated.
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oriGINAL
4.5.1 Computing Costs OFP RQUAL]TY

4,5 Operational Costs

The IPAD operational costs are estimated on the basis of
comparing what am analysis would cost in a non IPAD environment
and in an IPAD environment using similar OM capability. The non
IPAD environment was defined to be an analysis performed using
individual ©programs in a batch computing mode. The three
components.of IPAD operatiomral costs have been identified as:

{7) 1Integration - cost of IPAD executive and data manager.

{2) Time Sharing - cost of running in a time sharing mode
as compared to a batch mode.

(3) Continuity - cost of facilities to provide +task and
time continuity in IPAD which is primarily the cost of
a trillion bit memory device.

Component-Cost Breakdown:

. Integration —————=———m e e 1.3
This component includes a 1.05 cost factor
for the executive and 1.25 for the data
manager. This reflects the experience of
CPD3 and ATLAS systems at Boeing.

* Time Sharing -———=—————cmeo e~ 1.1
It is assumed that a typical IPAD subtask
will reguire 20% of its execution in -a
time sharing mode and 80% in a batch node.
It is further assumed that time sharing
costs are a factor of 1.5 greater than
batch. . Thus ‘the cost for time sharing
in TIPAD is:

{1.5 x .2} + (1.0 x .8)

il
ey
.
-t

. Continuity ---———=—————— e 1.4

The fully burdened cost of the IPAD host

machine is assumed to be $150,000/mohth.

The cost of a trillion bit TPAD data

base storage device, fully dedicated to

IPAD, is estimatéd at $30,000/month.

Assuning IPAD usage is one-half the

host machine, the cost factor is thens

.5{150,000) + 30,000 = 1.4
.5{150,000)
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The eostimated total operaticnal cost for an analysis perforned
with IPAD is the sum of these three extra costs. A factor of
1.8 times the’ coqt of ‘normal hatch processing without IPAD.

4.5.2 Maintenance Costs

During the first year following the release of IPAD, systenm
maintenance will require three people full time. Sustaining
maintenance beyond this period will reguire an average of two
man years per year. This does not include any maintenance of
the OM coda. In addition there will be clerical costs to
support the release of modifications, update, manuals, etc.

4,5.3 User Support

Tser support for +training, consultation, etc., is very
dependent upon the nunber of users. In the early period of IPAD
usage a staff of two engineers and one programmer would be
needed to provide OM and system support.
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APPENDIX A
CONSIDERATIONS FOR THE HANAGEMENT
OF IPAD SOFTWARE DEVELOPMENT

The purpose of this section 1is to 1list  key items that
should make up the IPAD software development management plan.
The plan should contain the folleowing ten itens.

1) Overview

2) Phases

3) Task Organization and Structure

4) Tests

5) Configuration Controls

6) Docunentation

7) Training

8) Reviews and Reports

3} Installation and Maintenance
10) Resources and Deliverables

Each of the above items are discussed below. References 1 and

2 provided the source for some of the key considerations
presented.

A.1 OVERVIEW

Project objectives under the contract should be stated.
Organization of the total plan should be clear. The assumptions
and restrictions on which the plan is based should be listed.
A gross schedule for the prcject should be present. A statement
of the objectives of each of the remaining sections of the plan
should be present.
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A.2 PHASES

This plan element is a ‘definition of the programming
development effort in terms of a series of tasks that occur in
Sequence. Basic definitions should be established and the
remaining sections -of the plan should be tied to these
definitions.

A.2.1 Defipition Phase

® Primary Objectives
. Problem analysis
° betailed project planning
® Secondary Objectives
® Finding people
° nderstanding the customerxr
° Forming tentative design ideas

A.2.2 Design_Phase

® Primary Objectives
» Baseline design for operational programs
L Baseline design for support prograns
® Secondary Objectives
» Preparation for integration testing
@ Setting up configuration controls
. Writing preliminary acceptance specifications
. Constructing simulation models
. Manning for subsequent phases
© Preparation for programming training
° Publication of programmer’s handbook
® Initial preparation for system test
. Initial preparation for acceptance test
° Setting up project libraries
. Writing prelimipary user documentation

As2.3 Proaramming Phase

. Primary Objectives
. Detailed design
s Coding
° Unit test
s Integration test
® Program documentation

A2



A.2.4

A.2.5

A.2.6

Secondary Objectives

» Betailed preparation for system test

* Detailed preparation for acceptance test
® Writing final acceptance specification

L

Preparation for customer training

System_Test Phase

Primary Objectives
» Execution and analysis of system tests
. Testing against probler specification

Secondary Objectives

. Completion of acceptance test preparations
Custonmer training

Correction of descriptive documentation
Conpletion of user documentation

Manpower reassignment

o ¢ 8 @

Acceptance Phase

Primary Objectives
. Execution and analysis of acceptance tests
. Signing of formal acceptance agreement

Secondary Objectives

» Completion of customer trajining
» Cleanup of documentation

Installation and _Maintepance_ Phase

Primary Objectives
s Assistance in installing system
. Assistance in beginning orperation

Secondary Objectives

° Testing on-site

® Continuing maintenance and tuning
. Continuing operation

. Project evaluation
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A.3 TASK ORGANIZATION AND STRUCTURE

The organization plan should define the organization of the
project tasks and people and the assignment of responsibilities
during various project phases. A sketch of the main flow of
work within the organization, starting with problem analysis and
design and proceeding through rrogramming, integration, testing,
documentation and delivery should be included. The detailed
plan 1listed in section A.3.1 through A4.3.5 represents the
project during the programming phase.

2.3.1 Analysis and Design

Writing Problem Specificaticn

Writing System Functional Specification

Change Contreol of System Design after Design Phase
Data Base Configuration Control

Sipmulation Modeling

Reviewing Detailed Design

WHriting User Documentation

A.3.2 Development

Detailed Design

Writing Unit Test Plan

Coding

Reading Other Programmex's Code
Unit Testing

Writing Program Documentation

o 4 & s O &

2.3.3 Integration

Receives Rew Code from Development

Integrates Kew Code

Performs Configuration Control

Performs Integration Testing - Regression Tests
Provides Scaffolding Development

Enforces Standards

Performs Technical Review

Provides Progress Visibility

s & & G & 0 e

A.3.4 Test

b Writing System Validation Specifications
® Writing Acceptance Test Specifications
. Gathering and Generating Test Data
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A.3.5

& 0 ¢ & 6 p O g W 2 B

Choosing and Obtaining Test Tocls
Setting Up Test Libraries
Executing Tests

Analyzing Test Results
Documenting Test Results

Computar Time Control
Supplying Keypunch Services
Planning and Installing Terminals
Issuing Programmer's Handbook
Training -

Special Technical Assighments
Technical Liaison

Docunment Centrol

Report Control

Contract Change Corntrol
Supplying Clerical Support
Maintaining Project History
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4.4 TESTS

Fach performance requirement of the systen software
description should be verified. This verification should be
made by test, demonstraticn or inspection.

Fach performance regquirement is to be verified wusing the
software documentation as the first abstraction of the computer
progran.,

Each system test should be completely reproducible by
personnel not associated with the software development.

The testing process should be modular and certainty at one
level should be established before proceeding to the next.

As an annex to each test plan, a test coverage matrix
should be made, going from performance specification to specific
subtest. The following defines the types of testing.

Testing done on +the lowest level progranm module (a unit)
before it is combined with other units +to¢ form higher level
modules.

The process of combining tested units into progressively
more complex groupings and testing these groupings until the
entire program system has been put together and tested.

Systemn Test

The retesting of the completed program system, in as nearly
a live environment as possible, by personnel other than those
vho produced the prograns.

Acceptance Test

The exercising of the program system under conditioas
agreed to by the customer in order to demonstrate to him that
the system satisfies the customer's requirements.

Testing of +the program in its ultimate operational
environment to assure readiness for operation. For each type of
test, the objectives, <responsibility, procedures and +tools
should be specified.
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A.5 CONFIGURATION CONTROLS

The objective should define the procedures to be used for
controlling change in +the evolving and completed program
systems. In order to provide visibility to both the contractor
and NASA, certain baseline documents acceptable to both parties
should be established amnd all events should be controlled
relative +to those baselines. Baseline documents serve as a
reference point on guestions raised. Changes whether revisions,
additions or deletions should be negotiated relative to the

' baseline. A revised baseline document becomes the new baseline.

. Baselirnes
. Problem specification
e Design specification
» Proposing a Change
. Who may propose a change
- Proiject menbers
~ Customer
- Other contractors
. Change proposal document
» Investigating a Proposed Change
. Who, how, when
. The investigatort's report

~ Sumnary of proposed change

~ Originator?'s name and organization

~ Classification of the change o

~ Impact on costs, schedules, other prograns

~ Recommendations
s Types of Changes
. Type i——the change affects a baseline or would
cause a cost, schedule or other impact.
. Type 2-—the change ‘affects no baseline and has

negligible cost, schedule or other impact.

] Configuration Control Board
® Membership
. When it meets
< How it operates
- Types of Recommendation
° Acceptance
. Rejection
. Customer Directed Changes
. Implementing a Change
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Estimating cost of change
Approvals

- Project management

- Customer

Documenting the change
Pesting the change .



A.6 DOCUMENTATION

The
resources
basic set

documentation plan should define the procedures and
required for the publication cycle and to outline a
of project documents.

Publication Procedures

. Preparation and approval
® Typing

a Proofing apd editing

. Reproduction

- Distribution

Project Documents
. Problem specification
- Scope—--describes the requirements of the progranm
system
- Regquirements—-detailed description of programn
system
Performance
Data base requlrement
Human facters

Design Specification--defines a solution to the
problem described in the problem specification. The
design specification is the fourdation for all progranm
implementation. The design logic described here is
detailed enough so that all required functions are
satisfied, all interfaces are defined, system files
are defined, and the logic conmecting all program
nodules is defined. The design is done in sufficient
detail that all Jlogic problems are resolved anrd the
complete program system "hangs together." The Jlcowest
level of program mcdule is specified in terms of the
functions it must perform and the interfaces it mnust
have with other modules, but the actual internal
design of these lowest level modules is left to the
implementing programmers.

Coding Specification

Change Proposal

Problem Specification Change Notice
Design Specification Change Notice
Test Specification

Test Case
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Test Report

Technical Wote

Administrative HNote

Programmer's Handbook

Introduction

- Objective-—the handbook is to be the source of
basic technical information required by all
programmers on the project.

- Scope--handbook should be reascnably concise,
useful and usable from a programmer's point
of view.

- Publication--near end of design phase.

Problem

- Intreduction--tatorial description of the
customer, the envirconment, and the job to be
done.

- The problem specification—-complete.

Testing~-includes entire test plan

Support programs—-describes programming tools

available.

The design specification—--includes overall design

concept, design standards and corventions, coding

standards and conventions, the baseline design.

Documentation

Equipnent

Glossary

Technical Status Report

Project History

-
L
L ]

-Scope

Significant events
Manpower history
Machine time history



A.7 TRAINING

The training plan defines the dinternal and external
training regquired, the responsibility for each, and the
resources required.

° Types of Training
. Internal training
- Understanding the overall project
- Technical

Coding language
Use of test tools
Use of terminals
The data processing hardware
Interfacing with other subsystems
The problen
The baseline design

- Non Technical
Management techniques
Configuration control procedures
Documentaticn control
Reporting requirenrents
Clerical procedures

» External training

- Installing the program system

- Using the systenm

- Modifying the systen

. Resources
. For each type cf training identified, show:

training schedules
instructors required
training materials
facilities
nunher of trainees
special computer programs for training

All



C.8 REVIEWS AND

REPORTS

This plan element addresses how project status should be
compunicated by oral prcject reviews and written reports.
. Reviews
. Internal

Definition phase review--review the problem
specification and determine readiness for the
design phase.

Preliminary design review—--when the baseline
8esign has been completed, it should be
revieved to assure the validity of the design
approach.

Critical design review--review the completed
design specification to determine whether or not
it satisfies the problem specification and is
reasonable and programmable. Review project
plan.

Programming phase review--review progranm
integration resuylts and determine readiness
for the system test phase.

System test phase review—-review system test
results and determine readiness for the
acceptance phase.

Post-mortem review--review aﬁﬁ_épprove the
project history document.

External

Prelimipary design review--review validity of
design approach.

Critical design review—--review in detail and
concur on the design specification; revievw the
contractor's project plan for entering the
programping phase.

Acceptance review—-review the results of the
completed acceptance tests and determine any
remaining problems that must be corrected before
NASA Langley will formally accept the. progranms.

. Reports
P By nonmanagers—-~biweekly, task oriented
. Manager--biweekly, milestcne oriented
° Project manager--monthly and gquarterly
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A.9 TINSTALLATION AND MAINTENANCE PLAXN

This section should define the contractor's responsibility
in installing, demonstrating and maintaining +the .accepted
program system.

. ITestallation

. Responsibility

° Schedule

. Multiple site considerations
. Maintenance

e Change couatrol prccedures

. Work location

. Funding
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A.1C

Al4

RESCURCES AND DELIVERABLES

This plan element should gather im one place a summary of
all resource estimates and a schedule for all deliverables.

Manpower—--total., by month and by cateqgory
Computer Time--by month and by type

Other Resources

. Publication costs

Travel Costs

Relocation of employees and equipment
Equipment and supplies

Special purchases or rentals

Delivery Schedules--dates for all deliverables
Milestcne Charts

Budget

Observations on NASTREAN develeopment management as reported
by reference 3.

1)

2)

3

4)
3)
6)

7)

8)

9)

Design teams were not allowed time to produce
functional specifications,

Users' views were obtained on uyser input,.

Userg! views should kave been obtaired on progran
diagnostics,

Planning for training was vital,
PERT was used in progress analysis,

Availability of <computer time should have been
scheduled,

The project's development and certification progress
should have been displayed more clearly,

A tutorial manual should have been written,

&4 system support manual should bhave addressed systen
maintenance.
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APPENDIX B
PHASE 1 TECHNICAL PROGRAM ELENENTS

The Technical Progran Elements (TPE's) selected for Phase
1 IPAD implementation are presented in appendix B. The TPE's
are listed by catalog number and title consistent with Volume V.
The status of the TPE's is dencted by:z

1 - operational

2 - in development

3 - not programmed

The OU group number identifies the TPE as providing +technicail
capability for an airplane type and design level as follows:

Ol Group Airplane Type Desigp Level No. of TPEs
i Subsonic 11 9 )
2  Subsonic III 46
3 Supersonic ix U
4 sSupersonic I1I 27
{Geometry sizing only)
5 Subsonpic and \V & VI 3

Supersonic
There are sixty-five unigque TPE's. Many of the TPE's provide

technical capability for more than omne airplane type and design
level.
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catalog WNo.

ARO-5

ARO-6

aRo-7
ARC-8
ARO-9

ARO-10

ARO-11

ARO-12
ARO-13

ARO-14

ARO-17
AR0-21
DCA-1

DCa-2

DCA-3

B2

Title

Analysis & Design of Wing-
Beody Combinations

Calculation of Siender Body
Effects for a,/C Matrix
Formulation

Subsonic Cruise Drag Module
for Transport Configurations

Low Speed Lift and Drag Module
for Transport Configqurations

Have Drag and Supérsonic Area
Rule :

Calculation of Supersonic Prag
Due to Lift and Wing Nacelle
Interference Drag

Supersonic Drag and Pressure
Distribution on Bodies of
Revolution

Supersonic Skin Friction
Prediction

Influence of Non-smooth
‘Geometries on Scnid Booid

Propagation Characteristics
of Somic Booms in Non-
homogeneous Atmosphere

Calculation of Lift and
Induced Brag

Parmetric Estimate of
Supersonic Drag of Complete
Configurations

Airplare Geometry Control

Airplane Geometry Paranmeters

Computerized Space Arrangement
Mockup

Status

1

CM Group

1,2,3,4

1,2,3,4



Catalog No.

DCA-4
DEL-1
DGL~-9
DSA-1
DSA-2
DSA-3
DSA-U
DSA-5

DSA-6
DSA-7
HIS-1
pPNZ-1

PRF-1
PRF-2
PRF-3

PRF-4
PRF-5
_PRO-1

PRO-2

Title Status

Level IIT Configuraticon Sizing 3
Driver

Airplane Exterior Geometry 1
Loft (SHAPE)

Perspective Projections of 1
3D Data {PERSPE)

Wing Structural Arrangement 3
Definition
Body Structural Arrangement 3
Definition
Empennage Structural Arrang— 3

ment Definition

Landing Gear Structural 3
Arrangement Pefinition

Interactive Design - 3
Structural

Frame Design Progranm 3
Floor Beam Design Progranm 3
Configuration Management 3
Noise Prediction 1
Airplane Performance Calcu- 3

lations for Market Analysis

Calculatior of Flight 1
Performance

Takecff and Climbout 2
Performance

Landing Performance ' 2
Performance Summary . 3
Nacelle Design ) 1
Nacelle Design "3

2,4

OM Group

B3



Cataleg HNo.

PRO-3

PRO-Y

PRO-6

sgCc-1
S&EC-2

SEC-2C

SFL-10

51L0-1

SLO-2
SLo-3

STHM-1

STR-1
STR-2

STR-5
WTS-1

WES-2

B4

Title

Engine Performance
{(cycle matching)

Engine Performance
(cycle matching) GSA

Engine Perfofmance
(table lookup)

Engine Imnstallation

Preliminary Airplane Balance
and Tail Sizing Programn

Maneuver Margin Increment
Due to BSAS

SST Preliminary Airplane
Balance, Tail Sizing, Gear
Location and Lateral Control
Check

Flutter Matrix Formulation
and Solution

Rigid Wing Aerodynamics

Aeroelastic Wing Loads
Distribution T

Body and Empennage Loads
Distribution

System Requirements Analysis

Preliminary ¥ing Gross Stress
Analysis and Sizing

Preliminary Body and Empennage
Stress Analysis and Sizing

Fatigue Analysis and Design
Class 0 Weight Estimation

Level T Weight and Balance
System (type & weights)

Status

1

1s2

OM Group

1,2,3,4

2,4

1,2,3,4

1,2,3,4

1,3

1,2,3,4



Catalog No.

RT5~-3

vrs-u

WTS-5
HTS-6
HTS-7
WT5-8

HTS-9

HTS-10

WTS-11
¥Is~12
WTS-13
WTs-14
WTS-15

HTS-24

Title
Wing Geometry and Dead
Height Generating and
Distribution (GEHPAK)
Body/Empennage Design Systen

Ying Primary Structure
{type B weights)

Body/Empennage Primary
Structure {type B weights)

Wing—-Secondary Structure
(type B weights)

Body/Empennage Structure
{type B & C weights)

Landing Gear (type D weights)

Propulsion and Fixed
Equipment

Fuel Distribution

Mass Properties

Height Statement

Airplane Mass Distribution
Heights Update Control

Parametric/Statistic Weight
Estimating (type A weights)

Status

1

=

Wk R e

OM Group

2

3,4
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APPENDIX C

SYSTEM THPLEMENTATION LANGUAGE SELECTICH

C.1 GENERAL REQUIREHMENTS

The IPAD system implementation language should be general
enough to satisfy the requirements of the various IPAD
subsystems. The considerations delineated below begin with
those which influence the execution of the IPAD system, and end
with those which influence the writing and designing of the IPAD
subsystens.

C.1.1 Target Code Efficiency

The target code of a systems language should make full use
of all the capabilities of +the @machine. & serious attempt
should be made to have every statement produce optimal code for
the particular wmachine in the environment in which it is used.
The User's Guide for the language should 1ist +the estimated
storage requirements and execution overhead of all language
constructs.

c.1.2 Run-Time Environment

A run~time library should be provided to meet the conmnmecn

" .run~time needs of +the IPAD subsysteunms. The user should be

informed of the approximate cost, in execution time and core, of
each routine.
C.1.3 Error Checking

4 comprehensive set of compile-time checks should be
provided. Optional iImplicit run-time error checking should e
available such as array bound checking, etc.
C.l.4 Debugging Facilities

The debugging facilities should be flexible enough to

provide selective dumps of blocks of code and/or core in a
static or dynamic mode.
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c.1l.5 Syntax Considerations

After the provision of efficiency and cost ianformation, an
inportant consideration for a system language is that it be as
Teadable as possible. The instructions themselves should read
as easily as if they were part of the documentation; comments
within the program should not be the sole method for explaining
the algorithm or logical flow, but rather they should enhance
the meaning of a set of instructions.

C.1.6 Adaptability

To meet changing demands during the life of the project,
the system language compiler ought to support definitions of new
types of operations and operands. A goecd, general purpose
macroprocessor can aid considerably in making +the language
adaptakbtle to the user. '

c.1.7 Program Hodularity

The system implementation language must provide facilities
for 1linking the object code modules it produces to each other,
and to those produced by FORTRAN, assembly Jlanguage, or any
other language that may be used.

c.1.8 Machine Dependence

The degree of machine dependence of the systems language
should be limited to those features of the host machine that are

. required to meet the system performance objectives. —- e

C.1.9 Language Support and Availability

The system implementation language should be supported and
made available by an organization which under ocontract or as
part of product support will provide the necessary support to
the language and its compiler. This support will permit the
language!'s effective use over the life of the IPAD development.

C.1.10 Long Term Potential

The system implementaticn language should reflect +the
current state of the art in language development and have design
flexibility which wvould allow new features to be added
conveniently so that the language will be attractive for use
over the life of IPAD.
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C.2 SPECIFIC REQUIREMENTS

The previous section delineated the global requirements of
the IPAD system implementation language. It considered the
overall «criteria of such a lanquage both at a source and at the
target levels. This section 1lists the specific lanquage
facilities reguired for implementation of an IPAD system which
will function nearly as efficiently as if hand-coded . in
assenbler language.

C.2.1 Data TFacilities

Fixed point variables are needed to serve as counters, to
contain quantities such as the current length of a varying
length character string, or to be used as pointers to reference
other data items. All basic scalar arithmetic operations must
be available for manipulating these gquantities. There 1is need
for floating point variables and arithmetic operations as well.
Both bit and character data types are reguired: the first waight
contain flags and masks; the second, parsed data items and
command sequences.

C.2.2 Storage Allocation

In order to perform data manipulation efficiently, the
system implementation language shoulid provide various methcds of
storage allocation on two basic levels: program {(static) and
statement {explicit dynamic). Multiply dimensioned arrays with
cell size specification facility and storage mode specification
facility should be available in the program (static} storage
schemes.

The other mode of storage allocation (explicit dynamic) is
required for the statement level and is directly controlled by
the user. That is, the user issues a command to allocate a
variable and at some time later, he issues an explicit conmand
to free it again. buring +the ©pericd of accessibility, the
variable is "“based on" (referenced by) a pointer (whose value is
an address} that has previously been allocated 4in the progran
{on the program or statement level). An implementation of this
feature would be through based array and a pointer variable.

C.2.3 Data HManipulation
String manipulation facilities must be provided as part of

the language syntax to manage bit and character data. Typical
cperations are pattern matching, accessing a substring,
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conca tenating two (or more) strings, inserting, deleting,
substituting, rearranging, etc.

c.2.u4 Program Control and Segmentation

Flow of «contrcl must be waintaiped within dindividual
nodules, as well ag between separate components cof the system.
A clear program logic, which is probably the most crucial aspect
of systems design, can be maintained cnly through the use of
iterative loops and conditional and unconditicnal Jjumgs.
Constructs that should be available for this purpose are IF ...
THEN ... ELSE, WHILE, FOR, and CASE statements. Facilities fcr
overlays and run-time linking shculd be available.

C.2.5 I/0 Facilities

Stream I/0 should be available for unit rtecord devices.
Record I/0 should bke available <for direct access as well as
sequential files. Heans should bhe provided for the buffering cf
data to and from files.

Coe2.6 Debugging Facilities

Simple I/0 should be provided for the user so that he nay
debug with a minimum of excess vork. Facilities for printing-
out the contents of small areas cf memory or for dumping values
of given variables should be included for this purpose. Such
facilities should be provided on demand (that is, the user
indicates _the  point aft - which he wants +he-contents of the

“variable printed), or universally {that is, the user states that
whenever a certain identifier is used, the value 1is to be
dumped}) .

To be compatible with +today's dnteractive environment,

debugging aids should be provided for debugging on-line as well
as off-line.
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C..3 LANGUAGE EVALUATION

In considering which language to use for IPAD systen
‘implementation, there are two inextricably intertwined issues -
management and technical. To " concentrate on one to the
exclusion “of ‘the .other .is short-sighted, particularly because
they are not truly independent. The language selection decision
nust ‘be <based on meeting both the technical and .management
requisites. There are a spectrum of systems languages. ©On the
specialized end of +the spectrum, there are languages (such as
PL/360, ref. 1) which are designad for a specific machine. At
the generalized extreme there are langunages such as AED-0 (ref.
2) which are designed for maximum portability. In the middle
and toward the generalized direction are lanquages such as CDC's
SYMPL (ref. 3), BLISS (ref. 4) and others (ref. 5).

c.3.1 Bvaluyation Criteria

The evaluation criteria used here is divided intoc two
parts: gualification criteria and decision criteria. The
qualification criteria is the minimum set of capabilities that
the system inmplementation lanquage should have. These were
elaborated in section .2 The decision criteria is a set of
quatities that the choice o©f the IPAD system inplementation
shouwld be based on, as discussed in section C.1.

c.3.1.1 Qualification Criteria

Iten ' Points
Data Facilities 20
Storage Allocation 14
Data ¥anipulation - i6
Program Control and Segmentation. 25
I,0 Facilities 10
Debugging Facilities 15
100

The point assignment for cach of the above items was done
on the basis of how important each item will ke in the IPAD

implementation. Key factors affecting assignment are:
processing of command sequences, support to structured
programning, support of IPAD systenm directories and
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dictionaries, and IPAD data manager reguirements. A total of
100 points was divided among the six items.

Each language was rated in each of the akove categories by
estimating how much of the qualifying item the langunage contains
as defined in sections -C,2.1 through C.2.6. For example; if- the
languadé has Dbeen estimated to have 80% of the data facilities
as defined in section C.2.1, it would be awarded 16 pcints. .

c.3.1.2 Decision Criieria

ilten : Reight
Target Code EBfficiency .9
Run~-Time Environment 1.0
Error Checking 1.0
Debugging Facilities - 1.1
Syntax Considerations . 1.2
Adaptability - . .8
Program Modularity 1.0
Machine Dependence and éortability T 1.1
Langnage Support and Availability 1;0_ o
- w'—_iBHB‘Ee;megféhgigi ““““““ o .9

The welghts were assigned on +the basis of those items
affecting implementation being highest and those items affecting
efficiency being lowest.

Fach _item above was rated on a scale of 1-10. The scores
were assigned on a relative basis, among languages reviewed,
with the following interpretation:

1-2 ZInferior Capability

3-4 Below Average Capability

5-6 Average Capability ‘

7-8 Lbove Average Capability

9-10 HSupefior Capability
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The final score for sach item is obtained by multiplying by +the
.weight. The decision criteria score is obtained by summing the
above item weighted scores. The final decision criteria score
is obtained by multiplying the decision criteria score by the
sum of gqualification.criteria percentages. The maximum-possible
score is 100. . ’

C.3.2 Evaluation

The above c¢riteria and procedures are applied to the
following languages: AED-0, BCPL, BIISS, CDC FORTRAN, PASCAL,
PL/I and SYWPL, (refs. 2, 6, 4, 7, 8, 9, 3). Below is the
sunmary of results given 1in order of decreasing final score.
The sections C.3.2.1 through C€.3.2.7 give +the detailed scores
and intermediate t?tals.

Qualification Decision  Final

Langquage Total Total Score
SYMPL 88 83.9 74
AED-0 89 68.6 61
-~ PL;/I (IBHF) -- 92 57.4 53
BCPL/6600 77 60.5 47
PASCAL 78 57.9 45
_ BLISS 74 _ 58. 2 53
:énc FORTRAN EXTENDED 58 63.0 37
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C.3.2.1 Language - SYMPL

Qualification Criteria

Item - . ‘Score
bata Facilities 20
Storage Allocation 14
‘Data Manipulation ) 186
.Progrém Control and Segmentation 23
I/0 quii%tieg' ‘ 5
Debugging Facilitjies 10

Qualification Total' 88
Decision Criteria
iﬁgﬂ Baw_Scoré  Weight Scor
Target Code Efficiency 9 0.9 8.1
Run—~-Time Environment 7 1.0 7.0
Error Checking ’ ‘.ZAWf_ 1.0 1.0
bébayging Facilities 8 © 1.1 8.8
Syntax Considerations ' 10 ‘1.2 12.0
Adaptability g 0.8 7.2
Program Modularity 9 1.0 9.0
Machine Dependence and Portability 7 1.0 7.7
Language Support and Availability 9 1.0 9.0
Long Term Potential 9 C.9 8.1

Decision Total 83.9
Fipal Score .88 x 83.9 = 74
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C.3.2.2 Language - AED-O

Qualification Criteria

Itenm . SCOre
Data Facilities 18
Storage Alloccation 14 -
Data Manipulation 16
Program Control and Segmentation 23
I,70 Facilities 6
bDebugging Facilities 12
Qualification Total 89

Decision Criteria

Itenm

. Raw_Score Height Score
Target Code Efficiency 5 G.9 4.5
Run-Time Enviroament 7 . 1.0 7.0
Error Checking 6 1.0 6.0
Debugging Facilities 7 1.1 T.7
Syntax Considerations 6 1.2 7.2
Adaptability 6 0.8 4.8
Program Modularity 8 1.0 8.0
Machine Dependence and Portability 10 1.1 11.0
Language Support and Availability 7 1.0 7.0
Long Term Potential 6 - .9 S.4

Decision Total 68.6

Final Score = .89 x 68.6 = 61
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C.3.2.3 Language — PL/I (IBM F)

Qualificaticn Criteria

item Score
Data Facilities 20
Storage Allocation 14
Data Manipulation 16
Program Control and Segmentation 21
I/0 Facilities 8
Debugging Facilities i3

Qualification Total 92

Decision Criteria

Item : Ray_Score #eight Score
Target Code Efficiency 4 0.9 3.6
Run~Time Environment 6 1.0 6.0
Error Checking -6 1.0 6.0
Debugging Facilities . -8 - - 1.1- - 8.8
Syntax Considerations 5 1.2 €.0
Adaptability 4 0.8 3.2
Program Modularity 8 1.0 8.0
Hachine Dependence and Portability 5 - 1.1 5.5
Language Support and Availability 4 1.0 4.0
Long Term Potential : 7 6.9 €.3

Decision Total 57.4

Final Sccre = .92 x 57.4 = &3
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C.3.2.4 Language — BCPL/6600

Qualification Criteria

Iten Sgore
Data Pacilities 20
Storage Allo;ation 10
Data Manipulation 14
Program Control and Segmentation 22
1/0 Facilities 6
Debugging Facilities _5
Qualification Total 77

Decisgion Criteria

Itenm . Raw_Score Height Score
Target Code Efficiency 6 ¢.9 5.4
Run-Time Ervironment 4 1.0 4.0
Error Checking ) ‘ 1.0 8.0
Debugging Facilities 5 1.1 5.5
Syntax Considerations g 1.2 0.8
Adaptabiliéy 8 0.8 6.4
Program Meodularity 8 1.0 8.0
Machine Dependence and Portability .9 1.1 9.9
Language Support and Availability 2 1.0 2.0
Long Term Potential -8 0.9_ 4.5

Decision Total éO.S

Final Score = .77 x 60.5 = 47
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C.3.2.5 Language - PASCAL

Qualification Criteria

Item - Score
Data Facilities 18
Storages Allocation 10
Data Manipulation 12
Program Control and Segmentation 25
I/0 Facilities 6
Debugging Facilities _1
Qualification Total 78

Decision Criteria

Iten : Raw_Score  Height Score
Target Code Efficiency 5 0.9 4.5
Run-Time Environnent q 1.0 4.0
Error Checking g 1.0 4.9
- Debugging Facilities ~ - S wljl_ H é.g
Syntax Considerations 10 1.2 12.0
.Adaptability 7 0.8 5.6
Program Modularity 5 1.0 5.0
Machine Dependence and Portability 9 1.1 5.9
Language Support and Availabiliity 2 1.0 - 2.0
Long Term Potential 6 0.9 .4

Decision Total 57.9

Finral Score = .78 % 57.% = 45
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C.3.2.6 Llanguage - BLISS

Qualification Criteria

item . S¢ore
Data Facilities 16
Storage Allocation 8
Data Manipulation 12
Program Control and Segmentation 25
I/0 Facilities 6
Debugging Facilities _3
Qualification Total 74

Decision Criteria

Iten Raw_Score  Height Score
Target Code Efficiency 5 0.9 4.5
Run—-Time Environment 3 1.0 3.0
Error Checking 4 1.0 b.0o
Debugging Facilities 5 1.1 5.5
Syntax Considerations 9 1.2 10.6
Adaptability . 8 0.8 6.4
Program HModularity 8 1.0 8.0
Machine Dependence and Portability 8 1.1 8.8
Language Support and Availability 2 1.0 2.0
Long Term Potential 6 0.9 5.4
_Decision Total 58.2

Final Score = .74 x 58.2 = 43
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C.3.2.7 Language - CDC FORTRAN Extended

Qualification Criteria

item Score
bData Facilities 10
Storage Allocation 7
Data Manipulation 8
Program Control and Segmentation 15
I/0 Facilities 16
Debugging Facilities _8
gualification Tctal 58

Decision Criteria

Iten Raw_Score Height Score
Target Code Efificilency 3 0.9 7.2
Run-Time Environment 7 1.0 7.0
Errof Checking ) 7 1.0 7.0
.Debugging- Facilities - B T1.1 6.8
Syntax Considerations 4 1.2 4.8
Adaptability 1 0.8 0.8
Program Modularity 7 1.0 7.7
Machine Dependence and Portability 4 1.1 4.4
Language Support and Availability 9 1.0 3.0
Long Term Potential 7 0.9 6.3

Decision Total 63.0

Final Sccre = .58 x 63.0 = 37
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C.4 DISCUSSION OF EVALUATION

The ‘'science of evaluating computer programning languageés is
presently 'in an elementdry stage {ref. 10). This fact alcng
with a desire to provide some basis for a language choice, -the
foregoing decision process was devised. It is recogrized that
the process is subijective. The £first three highest ranking
languages will be discussed as to c¢ritical points in the
evaluation process.

SYMPL
1) Extensive use on the host systen and hardware
anticipated for initial implementation (CDC 6600),
2) No CASE-construct in language syntax,

3) some of the I/0 facilities would have to be done by a
tun-time library,

4) Compiler for other hcst mpachines would have to be
implemented.
AED~O
1) Small host system user base,

2) No CASE construct in language syntax,
3) Lack of global debugging facilities,
4) Limited array facilities,

5) Awkward language syntayx,

6) Awkward method for based array,

1) Limited I/0 facilities,

8) Too many syntax facilities buried in run-tine
litraries,
9) Lack of visibility on cost of language constructs and
facilities,
10) User documentation is less than adequate.

PL/I

The evaluation of this language was complicated by the fact
that it is not presently readily available on the host systenm.
The evaluation  was based 1in part on inpplementation on other
vendor's equipment. Host PL/T implementations appear to have
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been characterized by excellent design specifications but their
actual performance has been disappeinting. The present non-
availablity of PL/T on the host system eliminates it from

serious consideration.
AY
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APPENDIX D

DETAILS OF IPAD DEVELOPMENT COSTS AND SCHEDULE ESTIMATES

D.l - SUMMARY TABLES

. Individual tasks and their asscciated costs in man. months
and computer Tresources are given in Tables D.1, D.2, D.3, B.U.,
These costs should be interpreted using the following: '

o The total estimates for imdividual tasks include
technical work plus supervision and miscellaneous
extra costs.

s Supervision resources are estipmated at 10% of
technical. -

. "The miscellaneous category covers such items as
° secretaries
. .documentation
@ training
. reporting -

. The'portion of the total cost estimate due to
supervision and miscellaneous costs is given in
parenthesis following each estimate.

s Costs for computing time are estimated on current
comitercial rates- from vendors of the CDC 6600,

. Dedicated machine costs are taken from a vendor's
’ . rate book for a 1 year lease.

Follcowing these tables each individual task is described in
more detail. The identifiers asscociated with each task have the
following meaning:

TT-1i Technology Transfer
OM¥-i - Preparation of OMs

Sb-i - System Design

SIi-1 System Inplementation
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ORIGINAL PAGE I
OF POSR QUALITY

Table D.1  Summary Table for Technology Transfer

Months Man-Menths
A“:""V Description Start | fow Computing Resources
Designator Month | time Prog. Eng.
TT-1 Draft work statement dascriptions 13 ] 1 i1 | Nons
T2 T survey ;)otmtiu!;lddeﬂ 22 3 2 4 None
TT-3 Formulats and lsus RFP1 25 12 2 7 None
TOTALS 24 ] 22 None
months
duration

Table D.2  Summary Table for Preparation of OM's

Sf::::rm Daacription :lt;;tth :{l‘ﬁﬂu P::Min:' Computing Resources
OM-1 Establish OM selection criteria 1 1 - 2 Nons
OM-2 Prepars OM language specificstions 2 | 1 . None
OM-3 Specify OM convenlon sids 2 2 ] - Nons
CM-4 Callsct all Phase 1 OMs 2 3 - 7 None
OoM.5 Prepars OM langusge 3 3 4 - $500 compurting time
OM-8 Prapare OM conversion sids 5 [ 23 . $4,000 computing time
OoM-7 Prapspe IPAD dats bank 1 .1 - 15 $1,000 computing time
oM8 Speclly OM curtification tests 11 8 8 | 18 Nons ___ - - -
oM-9 Prepsrs Phase 1 OMs 1 26 247 269 $200,000 computing time
oM-10 Prapars aystem checkout OMs 1" 2 2 B $2,000 computing tima

TOTALS 38
months %0 303 $207,800 computing time
. duration
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Table D.3

Summary Table for System Design

N

L Activi . Months Man-Manth
D'i vity 1. . Detcription Start | fow Computing Resources
- . ,Designator Month | g P E
- I I i ne-
sD-1 Establish design p d and standards 1 1 3 . “Mons
5D-2 Ratine Lavel 1 delgn 2 % a 3 None ’ ) '
Establish initlal coding, certification - .
D3 standards o . 3 1 3 None
SD-4 ’ Complate coding, cortificatian standards 4 ] 3 - None . -‘
505 Specify host opersting system modifleations 3 2 3 - Nons - .
SD-6 Specily melntanance and development alds 3 2 3 - None
SD-7 Preduce system languapge specifications 1 a 4 - None
sD-8 Prapars the system language 4 5 12 - $2000 camputing time -
sbe . _Davelop total systam deslgn 3 18 173 17 $2000 computing time
- A TOTALS 20 209 20 $4000 computing tims
' * - months .
. - ‘ . duration :
Table D.4 Summary Table for System Implementation
Maonths Mar-Months . - .
g:::;::tor Dascription fﬂl::m flow Computing Resources
time Prog. Eng
51-1 Deofina Phase 1 systemn capabliity 24 1 4 4 Nane
§1-2 Produce davelopment and maintenance slds 9 8 32 - $6,000 computing tims
. Perform basie oparating system . $3,000 computing time
513 modifications 0 5 9 36 1050 hours block tima
. - $1000 computing tims
51-4 Complats il uperating system modHications| 14 3 12 156 hours block Ums
S8 Estebilsh usar trakning mathods 22 2 4 4 $400 computing time
§1-8 Code and certify the system 2 18 198 - Dedicated machine for $841,472
§1-7 Train users as 2 1 1 $1,000 computing time
$1-8 System—OM (ntegration a8 13 7] o2 92 Dedicatsd maching for $926,020
X Establish pian tor ths IPAD il .
§1-9 (’aclllgeip " forthe computing 1 1 | Nons .
51-10 Prapars computing facllitles 2 35 & - None
' . . . Phese 1 totals | Critieal | 383 | 101 | $11,400 computing time
Path—EBQ 1206 hours biock time '
. R . . . $1,867,501 dedicated machine ¥ **
si-n Dalivar IPAD Phase 2 51 30 180 7] $1,000,000 computing tirme
St-12 Deliver IPAD Phase 3 a1 24 120 40 $780,600 computing time

* A gedicated computor for §1-3 and §1-4 ectivities would coat $500,352 for 2 § months perlod and would replace the biock and

computing

time estimates.

** If s dedicated computer is used for 512 and 51-4, the total dedicated maching cost would be $2,367,853,

ORIGINAL PAGE &
OF POOR QUALITY
fa,
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ACTIVITY TDENTIFICATION TT-1

Activity Pescription

Draft a work statement for future Request £for Proposals (RFP)
for the +transfer of +the IPAD technology from a development
environment to industry use. :

Results FExpected

Preliminary work statements for technology transfer RFP's which
indicate the type/depth of case study design problems, and the
technical/economic factors to be evaluated by the contractors as
a consequence of the use of IPAD.

Cost_and Flowtime Estimates

Labor {man-months)
5 programming {1)=*
11 engineering (2) %

Flowtine {months)
9

Computing Resources
None

*This is the portion of the total estimate due +to supervisiocn
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION TT-2

Activity Description

survey potential bidders to test the validity of the Phase 1
technology transfer plans. .

Results Expected

Evaluation of the potential bidders survey and persomnal bidder
contacts so that the intended work statements can be finalized.

Cost and Flowtime Estimates

Labor {man-months) -
2 programming (1) *
4 engineering ({1)%*

Flowtime (months)
3

Computing Resources
Ncne

*This 1is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, +training,
Teporting, etc.).
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ACTIVITIY IDENTIFICATION TT-3

Activity Description

e .

Fornulate and issue Regquest for Proposals for the technology
transfer.

Resultsgs Fxpected

RFP's issued to industry. Timing of the contractor's efforts
and expected results to be coordinated with Phase 2 plans.

Cost apd Flowtine Estimates

e e o e o e . e e e

Labor (man-months)
2 programming {1)*
7 engineering (1) *

Flowtime ({months)
12

Computing Resources
None

*This is. the -portion of the tbfﬁl’eétfmaie'dﬁemto‘sﬁpervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION OH-1

Activity Description

Establish constraints and standards for the selection of OMs for
Phase 1 capability. ' '

Besults Expected

Constraints and standards for engineering amnd computing
requirements; for exanmple:

Engineering Computing

disciplines language

engineering theory run time

modeling technigues documentation

mathematical methods machine dependent features

Cost_and Flowtime Estimates

Labor - {man-months)
2 engineering

Flowtime {months)
1

Computing Resources
None

D7



ACTIVITY IDENTIPICATION ON-2

Activity Description

Prepare the OMN language specifications - this will"” ﬂepend upon
the activity of OHM-1 and will consist of collecting existing
information.

Results Exzpected

Formal language specification for the OM language or languages
to be used during Phase 1 developmenat.

Cost_and_Flowtime Estimates

Labor (man-months)
1 programnming

Flowtime (months)
1

Computing Resources
Nene
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ACTIVITY INFORMATION OM-3

Activity Description

Specify the OM conversion aids - that software and/or reference
material to be used during preparation of the OWs.

Results Expected

Specifications of all software to be developed; 1identification
of all reference material available and usefal. :

Cost_and Flowtime Estimates

Labor (man-months)
5 programming (1) *

Flowtime ({mcnths)
2

Computing Resources
Hone

Additional.Scheduling Informatiocn or Cost Informaticn

This activity will overiap the activity of OM selection, {ON-4)
but some information from that activity will be pecessary.

#This is the portion of the total estimate due +to supervision
and piscellaneous costs (secretaries, documentation, training,
reporting, etc.j).
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ACTIVITIY IDENTIIFICATION OHM-i4

Activity Description

Selection and collaction of all Ehase 1 CHMs.

Results_Expected

Source code for all OMs intended to be part of Phase 1 IPAD. In
addition, any available documentation and checkout aids should
be obtained.

Cost_and Flowtime Estimates

Labor (man-months)
7 engineering {1)%

Flowtime (months)
3

Computing Resources
None

*This 1is +the ©portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION OM-5

Activity Description

Prepare the OM language.

Results Expected

The OM language(s) should be operational and performing to
specifications on the host systemn. : -

Cost and Flowtime Estimates

Labor (man-months)
4 programming {1) %

Flovtime (months)
3

Computing Resources
$600 computing time

Additional Scheduling Informaticn or Cost Information

Coordination required between this activity and preparation of
conversion aids activity (OH-6).

*This is +the portion of the total estimate due to supervisiocs
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION ON-6

Activity Description

Preparation of conversion aids - this will require gathering of
information about the types of conversions which will be déne
and may involve writing some translators or code scanners.

Results Fxpected

Conversion aids meeting the specifications developed in OM-3.
Any software developed will be operational on the host system at
this point.

Cost and Flowtime Estipates

Labor (man—-months)
23 programming {5)*

Flowtime {months)
6

Computing Resources
$4000 computing time

Additional Scheduling Information or Cost Information

. .This -activity -camnot “Start until SD-4 is completed which
provides system coding standards.

*This is the portion of the total estimate due to supervision
and miscellaneous costs ({secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION OM-8

Activity bPescription

Specify the OM certification tests.

Results Expected

Specifications of the tests to be performed and the ‘results to
be obtained in order to declare the OM as certified.

Cost and Flowtime Estimates

Labor {man-months)
8 programming (2)*
15 engineering (3)*

Flowtime (months)
6

Computing Resources
Ngne

Additional Scheduling Information or Cost Information
This activity must be coordinated with the OHM preparation
activity {OM-9).

*This is the portion of the total estimate due +to supervision
and miscellanecus costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY INFORMATION OM-7

Activity Description

Prepare the data bank for -IPAD Phase 1 - gather all data
required and put it into machine format. Requirements will be i
developed following OM selecticn.

- Results Fxpected

A1l data reguired for the Phase 1 data bank, in the host systen
representaticn, ready for IPAD.

Cost_and Flowtime Estimates

Labor {man-months)
15 engineering (3)*

Flowtime (months)
6

Computing Resources
$1000 computing time

_*This is_the _portion-of -the totalestimate™ due Ebuyéﬁpgfgiéion
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION oM-9

Activity Descriptionm

Prepare the selected Phase 1 ONs.

Results Expected

A1l ONs operational in the host system and performing well
enough to make - it feasible to begin certification. a1l
. information necessary.to incorporate the OWNs into IPAD should be
available.

Cost apd Flowtime Estimates
.Labor (man-mcnths)
247 programming- (50)*
259 engineering (54) %

“#lowtire (months)
26 mopths (5)*

Computlng Resources
$200,000 computing time

*This is the portion of the total estimate due to supervision
and_ riscellaneous costs (secretaries, documentation, frainirng,
reporting, etc.).
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ACTIVITY IDENTIFICATION OM-9 (Continued)

The information for incorporating OM's into IPAD is dependent
upon the specifications for code and-OM- incorporation coaing
from the system design activity (SD-9).

The following information is used in estimating +the labor for
preparation of Phase 1 0OHs.

e + The Technical Program Elements (TPE) listed in
Appendix B are divided -into two categories: conversion
only (status 1) and development (status 2 and 3).

. Source card estimates from Volume V are used to
estimate TPE size.

° Development labor is estimated at 800 source
statements per programmer man month.

. Conversion labor is assumed to be 1/10 of development
labor.
* During development and conversion /s of an

engineering man month is estimated to be reqguired to
support a programmer man month.

. Engineering specifications for development are assumed
to take 50% of the engineering support during
development.

. Preparation for interfacing in IPAD is assumed to take

10% of the cost to develop.

e There are 108,000 cards to be developed and 294,000
cards to be converted.

The labor figures are: 301 nm fer program preparation
51 mm for engineering specifications
50 mm for IPAD .preparation
402 me Tctal

The computing costs are estimated at $200,000 ($500 per man
month) .
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ACTIVITY IDENTIFICATION OM-10

Activity Description

Prepare a set of OMs to aid system checkout. This .activity .is
intended to solve problems asscciated with ois to use for systen
checkout. -

.Besults Expected

Operational OMs in the host system and the necessary information
to insert thei into IPAD. This will be a subset of the Phase 1
OMs, amounting to 5-20% of the total OM set.

Cost and Flowtime Estimates

Labor {(man-months)
2 programming
5 engineering (1) *

Flowtime {months)
2

Computing Resources
$2000 computing time

#*This is the portion of the total estipmate due to supervisioh
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.). '
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ACTIVITY IDENTIFICATION SD-1

Activity Description

Establish the design procedures and standards.

Besults_ Expected
Detailed specifications of how the system design will be

approached and how it will be documented. This will produce a
formal description of the design tree, state diagrams, etc.

Cost_and Flowtime Estimates

Labor (map-months)
3 programming ({(1l)*%*

Flovtime {(months)
1

" Computing Eesources
None

#This is the portion of the total estimate due +to supervision

. and niscellaneons costs (secretaries, documentation, -training,

reporting, etc.).
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ACTIVITIY IDENTIFICATION SD-2

Activity Description

" Refine the level 1 design specifications given in Volume IV,
section 6.2.

Results Fypected

A complete description of the.system at level 1, consistent with
. the standards set up in activity SD-1.

Cost_and Flowtime_ Estimates

Labor (man-months)
3 programning (1)*
3 engineering (1) *

Fiowtime {months)
1

Computing Resources
None

*This is the _portion of the total estimate due to supervision
and miscellaneocus costs {(secretaries, documentation, training,
reporting, etc.). :
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ACTIVITY IDENTIFICATION SD-3

Activity Description

Establish +the initial <coding and certifying standards and
procedures. '

Results Expected

Standards and procedures - for coding and certifying practices.
This will not include any detail about the syster language since
the specifications will not have been available.

Cost_and_Flowtime Estimates

Labor (man-months)
3 programming (1)*

Flowtime {months)
i

Computing Resources
None

*This is_the portion of ~the total -estimate due to supervisicn ™

and miscellanecus cosSts [secretaries, documentation, training,
reporting, etc).
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ACTIVITY TDENTIFICATION SD-4

Activity Description

Complete the coding and certifying standards and procedurss.

. . i e s b e Tl e o

A11 standards-and procedures -governing any coding and certifying
work in the IPAD systen.

Cost_and Flowtime_Estimates

Labor ({(man-months)
3 programming (1) *

Flowtime {months)
1

Computing Resources
None

#This is the portion of the total estimate due to supetvision

and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SD-5

Specify the host operating system mcdifications necessary to
support Phase 1 IPAD.

Regults Expected

Detailed external specifications of the operating system
modifications required by the IPAD system design.

Cost_and Flowtime Estimates

Labor (man—-months)
3 programming {1)*

Flowtime (months)
2

Computing Resources
Hone

#*This is the portion of the total estimate due +to supervision
and miscellansous costs (secretaries, documentationr, training,
reporting, etc.)
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ACTIVITY IDENTIFICATION SD-6

Activity Description

Specify the development and maintenance aids. This activiey
should include a thorough search for aids wused in the
development of sizeable software.

Results Expected
Specifications of all aids to be used during development and for

maintenance of the system. These aids may or may not exist, so
develcpunent may not be necessary.

Cost_apd _Flowtime Estipates

Labor (man-months)
5 programming {1}%*

Flowtime {months)
2.

Computing Resources
None

*This is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SD-7

Activity Description

Produce the IPAD system language specificatioans.

Results Expected

Collect complete specifications for SYMPL and any available
utility packages and organize it for IPAD use.

Cost _and Flowtime Estimate

Labor (man-months)
4 programming {1)*

Flowtime {months)
3

Conputing Resources
None

#*This is the portion of the total estimate due to supervision
and miscellaneous c¢osts (secretaries, documentation, training,
Teporting, etc.d. - - - - - - - 7 T T 77

D24



ACTIVITY IDENTIFICATION SD-8

Activity Description

.Prepare the .system language for development use.

1

‘Results Expected

""The language ‘and its specified capabilities should .be
operational on the host systen. Training manuals should be
available, along with plans for training.

-Labor (man-months)
- 12 programming :{2)% -

Flowtiﬁé (nonths)
5

Computing Resources
$2000 computing time

*This is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.). ’
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ACTIVITY IDENTIFICATION SD-9

Activity Description

Develop the total system design to support the level 1
specifications. The design will be taken down to the level of
code in the IPAD system language for all nodes. Councurrent with
the design effort will be the development of a set of data
managenent specifications to support a search for data
management software.

Results Expected

The design tree, state descriptiors, and state diagrams for all
nodes, plus any other iaformation specified in +the design
standards activity Sb-1l. Data management software will be
found, in part or vwhole, or the search will specify why the
required software does not exist.

Cost_and Flowtime Estimates

Labor {man- months)
173 programmlng (60) * (10 people max.)
17 engineering ({3)%*

Flowtime (months)
18 months (4)*

Computing Resources
$2000 computing time

Additional Scheduling Information or Cost Information

See the follcwing two pages. Figure D.1l presents a PERT chart
of the design refinement activities. The tables on the page
following the figure give the detail labor estimates, in man-
weeks, for refining +the design of +the system utilities and
executive. Engineering support is estimated at 1 man full <tinme
during the activity.

*This is the pbrtion of the total estimate due to supervisicn
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY ESTIMATES
{Months Flowtime, Number of People)

LEVEL 3
UTILITIES
DESIEN

LEVEL 2
UTILITIES

UTILITIES
DES N

LEVEL 2 LEVEL 2 LEYEL 3
(2{') EXECUTIVE (1,6) (3:2) EXECUT IVE (1.6

DES IGH
SPECIFi-
CATIONS

SPECIF|=

Figure D.1  PERT Chart for $D 9 Activities
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DETATLED LABOR ESTIMATES FOR REFINEMENT OF THE UTILITIES
AND EXECUTIVE BESIGN ONLY

Estimate for Refinement of Utilities Design

Utility Node* Level 2  Ievel 3 Remainder
Designator ’
G 3 6 T5
H 3 5 12
LI 2 6 15
'K 1 5 10
M 2 4 20
N 2 5 12
¢] 1 Z 6
P 3 -6 20
Q 2 4 10
W . 3 5 12
Total (man-weeks) 22 . us8 132
Total . (man-months) 5 - 10.89 30

Estimate for Refinement of Executive Design

Executive Node#* Level 2 Level 3 Remainder
Designator ’ . ‘
E 2 4 10
F 1 3 7
T 2 i 10
. v 2 ~ i 15
v 2 4 15
STS Interruption 2_ 4 12_
Total (man-weeks) 11 23 69
Total (man-months) 2.5 5.2 15.7

*See Volume IV, figure 6.2.

Total Estimate for Refinement of the Utilities
and Executive Design

Level 2 Level 3 Remainder

Utilities . 22 48 132
Executive 21 _23 __69
Total {man-weeks) 33 71 201
Total (man-months) 7.5 16.1 45.7
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ACTIVITY TIDENTIFICATION SI¥-1

Activity Description
Define the Phase 1 capability based on the Phase 1 capabilities

defined .:3in Volume IV,  section 2.0, and current design
specifications.

Results Expected

Identdfication® of -all nodes ir the design which will be coded
for Phase 1. .

Cost_Estimates and Flowtime Estimates

Labor {man-months)
4 programming (1)*
4 engineering {1)*

Flowtire {months)
PR

Computing Resources
None

*This is the portion of the total estimate due +o supervision
and miscellaneous costs (secretaries, documertation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SI-2

Produce all development and maintenance aids. This will jnclude-
collecting software and developing it, or possibly mnodifying
existing software. - _— .-

Results Expected

Functional software for support of developmént and .maintenance
ready to be used as the host systemn.

Cost_Estimates and Flowtime Estimates

Labor {man-months)
32 programming (8) *

Flowtime ({(months)
8 months

Computing Resources

$6000 computing time

Additional Scheduling Information or Cost_Information

Aetivity-SD-4—nust be completed- first.

*¥This is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SI-3

Activity Description .-

Perform all operating s&stem modifications in support of the
basic executive functions.

LY

Results_Expected

Functioning goét operating system with all modifications’
supporting the basic executive —-operating system relationship.

o -

Cost_and Flowtime Estimates
Labor (man-morths)
36 programming (9)%*

Flowtime (months)
9 L

Computing Resdurces

$3000 computing time + '8 hour blocks of dedicated tlme/day
for 6 months = 1050 nours.

*This 1s the portion of the total estimate due to supervision

and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).

D31



\

ACTIVITY IDENTIFICATION SI-3 (continued)

Additional Scheduling Information or Cost Information

I S R i e il TE I ol VI o S L Sl

EQUIPMENT FOR SI-3 AND -4 IF A DEDICATED MACHINE IS USED

73-13 CPU (49,162 woxrds CM) $25628
6612 Console 0
7054 Controllers 4000
844-2 Disc Drives . , 1300
6681 .Data Channel Converters 0
3528-3 Controller Tape Channel 1574
657-4 Tape Drives 1934
6676 Terminal Controller (600 baud) 2089
Perminals (CRT with some hard copy output) 300
3547 Card Reader Controller 250
4p5 Ccard Reader 4a]
3446 Card Punch Controller 501
415 card Punch 325
3555 Printer Controllers 1308
512 Printers 2046

$41696

(Also possible charge for KRONOS $4500 + 1200/mo.)

Total Rental Time = 12 months (SI-3 + SI-U4)
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ACTIVITY IDENTIFICATION Si-4

Activity Descripition

Complete all host operating-systen modifications.

Resulis Expected

The host operating system ready to run system checkout.

Cost_and Flowiime_ Estimates

Labor (man-nonths)
12 programming (3) %

Flowtime (months)
3

Computing Resources
$1000 computing time + 3-4 hour blocks of dedicated time
per week = 156 hrs. of block time.

L3

Additional Scheduling Information or Cost Information

For detail - of dedicated machine costs, sece same section of
ACTIVITY IDENTIFICATION 5I-3. —

*This is the Portion'dfhtheltotal estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SI-5

Activity Description

Establish training methods for the users.

Results Expected

211 information and resources ready to train the users.

Cost _and Flowtime Estimates.

Labor {man-months)
4 programmer ({1)%*
4 engineering (1) *

Flowtime {months)
2 .
Computing Resources

3400 computing time

Additional Schedﬁlinq Information_or Cost Igﬁormatién

User documentation from the system design must be available.

¥This is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.}).
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ACTIVITY IDENTIFICATION SI-6 .

Activity Description’

Coding and certification of the systen.

' Besults Fxpected

Stable IPAD system capable c¢f performing all the Phase 1
~ functions specified in level 1 design in the environment of the
- OMs selected for checkout. ’

Cost_and_Flowtipme Estipmates -
196 programming (56)*

Flowtire (months)
. 16 months (2)*

" Computing Resources
oo Dedicated machine 1 1/2 shifts per day for the working
period.

Additional_Scheduling Information or Cost_Information

The size of the system is im the 150,000 +to 200,000 source
statement range and some experience indicates 50 checked out
statements per man day output is possible.

Additional equipment needed for activity SI-6 compared to that
for activity SI-3 if a dedicated machine is used.
Honthly Rent Inc. Maint.

2 844-2 Disc Drives ‘ $ 1300
2 6681 bata Channel Converters 688
1 3553 Disc Drive Controller 922
1 821 bisc Drive 6018
1 659 Tape Drive 378
7 Terminals {CRT with some hard copy output) 700
1 10264-2 Memory upgrade to 65,536 _6540

317146

Total Rent is now $58842
Total rent time = 16 'months
Total cost = $941,472

*¥*Thig 1is +the portion of the total estimate due to supervision
and miscellaneous costs ({secretaries, documentation, trailing,
reporting, etc.}.
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ACTIVITY IDENTIIFICATION SI-6 (continued)

Node* by Node Estimates of Source Statements

Full Design % for Phase 1 Phase 1_Est

E 5000 " 80 40090
F 2000 100 2000
T 3000 80 : 2400
i 10000 60 - - 6000
v 5000 50 28500
Subtask step interruption 3000 . 100 3000
Data Management 50000 . 80 40000
Control 10000 20 . 2000
G 10000 60 60C0
H 5000 50 2500
I 13000 80 ) 12000
K 5000 50 2500
i 10000 60 6060
N 5000 60 . 3000
0 3000 20 600
P 20000 50 10000
Q 5000 40 2000
H 10000 100 _10000

176000 116500

*Nodes refer to Systerm Design,‘Volume iv figure 6.2.
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ACTIVITY IDENTIFICATION SI-7

Activity Description

Train users in preparation for usdge aftér delivery.’

Besults Expected

Porential users acquainted with the system and .ready to do
actual problems.

Cost_and_Flowtime Estimates

Labor {(man-months)
1 programming
1 engineering

Flowtime {months)
2

Computing Resources
$1000 computing time
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ACTIVITY IDENTIFICATION Si-8

\
Activity Description

System OM integration. Certification of Phase 1 OMs to the
standards specified in activity OM-8. This includes insertion
of all OMs and the associated data banks.

Results FExpected

All Phase 1 OHMs operational under IPAD and satisfying all
certification standards.

Cost and Flowtime Estimates

o —h - — ——— — e —

Labor {(man—months)
92 programming {20)%
92 engineering ({20)*

Flowtime {(months}
13 months (1)

Computing Resources
Dedicated machine 2 shifts per day for the duration of the

work (4220 hr. block).

Additional equipment needs for “activity $SI-8 compared to
activity SI-6 if a dedicated machine is used.

Monthly Rent Inc. Main.

1 7054 Disc Drive Controller $ 2000
2 8u44-2 Disc Drives 1300
1l 10264-3 Memory increment to 96,304 8891
2 Terwinals (CRT with some hard copy output)_ 200

$12391

~

Total Monthly Rent $71,233
Total rental time = 13 months
Total cost = $926,029

*This is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, +training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SI-9

Activity Description

Establish plans for the IPAD developmental computing facilities.

Results_ Expected

A plan and schedule <for all computing resources-necessary to
support the complete Phase 1 developmental effort. This will
include equipment and operating system specifications necessary.
Where lead time is required, ordering dates will be givem.

Cost_and Flowtime Estimates

Labor (man-months)
1 programming

Flowtire {months)
1

Computing Resources
None
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ACTIVITY IDENTIFICATION SI-10

aActivity Description

Prepare computing facilities for activities 5I-3, SI-6, 5I-8,
SI"g -

Besults Expected

The computing facilities specified for the specific activities
prepared when the activity begins.

Cost_and _Flowtime Estimates

Labor {man-months)
5 programming (1)*

Flowtime (months)
36

'Computing Resources
None

*This 1is the portion of the tctal estimate due to supervision
and—miscellaneous costs (secretariesy;— documentation, traiming,
reporting, etc.).
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ACTIVIIY IDENTIFICATICN SI-11

Activity Description

Develop and deliver Phase 2 IPAD.

Resulis Expected

Additional systenm capability. See Volume IV section 2.0, Table
2.-1‘ ) ’

Cost_and Flowtime Estimates

Labor (man-months)
160 programming (40) *
50 engineering (10)=*

Flovtime (months)
30

Computing Resources
$1,000,000 computing time

The computing cost estimate was based on an average of $4900 per
man month during the Phase 1 SI-6 and SI-8 activities.

#Th;s is the portion of the total estimate due _to supervision
and miscellaneous costs (secretariés, documentation, training,
reporting, etc.).
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ACTIVITY IDENTIFICATION SI-12

Activity Description

Develop and deliver Phase 3 IPAD.

Results Expected

System design implementation ccmplete.

Cost and Flowtime Estimates

Labor (man-months)
120 programming (30} %
40 epgineering {(10)*

Fiowtime (months)
24

Computing Resourcss
$780,000 computing time

Additiopal Scheduling Information or Cost_Information

The computing cost estimate was based on an average of $4900 per
man month during the Phase 1 SI-6 and SI-8 activities.

*This is the portion of the total estimate due to supervision
and miscellaneous costs (secretaries, documentation, training,
reporting, etc.).
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