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The use of minicomputer-based turnkey interactive graphics systems has increased significantl y at

the Navy laboratories. Between 1975 and 1978 , three systems were procured by different Navy
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Navy Laboratory Interactive Graphics Study for fiscal year 1978 to determine the Navy laboratories ’
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(U) Nat ’s ’ Laboratory In tera ctive Graphics Study, Final Report ,
by Dale Oliver Christensen. China Lake , Calif. , Naval Weapons Center ,
Marc’K~~ 79 , 42 pp. (NWC TP 6083, publication UNCLASSIFIED.)

(U~~ The objective of the Navy Laboratory Inter active Graphics
Study (NLIGS) was to define the interactive grap hics needs of the Navy
laboratorie s in the present and in the future. In this study, int eractive
grap hics refers to the minicomputer-based turnkey interactive graphics
systems (MTIGS5) .

(U)’-The seven Navy labora tories formall y requested a total of 110
work stations under NL IGS. The application areas are documentation ari d
dra fting, mechanical design and layout , integrated circuit design , design and
fabrication of printed circuit boards , and tape preparation for numerical
control machines.

- (U)~The recomm endatio n s 01’ the NLIGS are that SIOM in funds be
ide ntified over a 2-fiscal-year period to procure a Navy laboratory Mu GS,
t hat a support organization be established to increase overall system
prod uctivity , that a productiv e study be initiated to develop the methods
of monitoring system productivity, that each Na vy laboratory submit an
in teracti ve graphi cs im plemen tatio n p lan , and that a national graphics
in formation interchange standard be pursued.
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INTRODUCTION

Over t he past 5 y ears . there lI:is been a growing interest in minicomputer-b ased turnkey
interactive grap hics system s (MT IGSs . The ter m interactive graphics refers to a computer-base d
system that  stores . displays . and manipulates information in a dig ita l data base. These manipulations
incl ude mod el ing, preprocessing inI ~ rma t ion for anal ysis programs , preparing formal documentation ,
o u t p u t t i n g  II )  a computer  output microf ilm ((‘OM ) device , and preparing control tapes for numerical
control tN , ( )  machines. Using conventional  methods , these functions ~‘re handled individually. In a
dig ital dat a base , all these func t ions  have a common source. The combination of the common source
and the  sof tware ,  which has been tailored to comp lete a specific function , has shown impressive
manpower product iv i ty  incr eas e s .

There are three major types of in terac t ive  graphics systems: host- computer-based systems ,
minicomputer  refresh sy stem s , and MTI G Ss.

The host-c omputer-base d in t e ra c t i v e  graphics systems are genera lly ve ry expensive to use and
require a large host computer dedicated to graphics. The minicomputer refresh systems are used
primarily in simulators where the hardware is very sophi sticat ed . but the user is required to write most
of his own software , Since most simulation requirements are unique , software must be written by
someone thoroughly knowledgeab le with the application. For MTIGSs , the vendor provi des all the
hardware and software in an integrated package. It is minicomputer based and is a stand-alone system.
This study, t he Nav y Laboratory Interactive Graphics Study (N LIGS), is concerned only with MTIGSs.

In the earl y 1970 s . MTI GSs were primari ly used to prepare documentation of printed circuit
hoards ( P(’Bs). As the software has been developed , many other areas have been added. These include
modeling, anal ysis preprocessors , output  to computer  output microfi lm , and N/C tape preparation.
The vendors are in a very competitive market , and the sophistication level of the software is
progres sing rapidl y. In the next S years . the modeling, analysis preprocessors , and N/ C tape
preparat ion capabili t ies will be greatly extended.

The Navy laboratories (NLs) have had an interest in MTIGSs since 1973. The microelectroni cs
group at Navy Electronics Laboratory Center (now Naval Ocean Systems Center (NOSC)), San Diego,
(a l if ornia , was the first to procure an MTIGS. It  is used exclusivel y for integrated circuit design . A
(‘omputervision system was procured and installed in 1974. In 1975 both the Naval Weapons Center
(N WC I ,  China Lake . (‘ali fornia , and Naval Ordnance Laboratory (now Naval Surface Weapons Center
(NSW(’ )) . White Oak , Maryland,  started writ ing specifications to procure MTIGSs. Both NWC and
N SW( required a general-purpose system with the app lication areas of documentation preparation ,
P(’B desi gn. and Nj (’ tape preparation. An A pp licon system was procured and installed at NWC in
J a n uary  1 977 . A Computerv ision system was procur ed and installed at NSWC in February 1978.

With  the growing interest  of many of the NLs for MTIGS , the Director of Laboratory Programs
(I)LP) tasked NWC to conduct the NL I GS in FY 78.

This final  report documents the results and recommendations of the NLIGS.

3
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OBJECTIVE

The objective of the NLIGS is to define the NL MTIGS .ieeds for the present and future. If
the study results showed the need for MTIGSs in the NL community, a large competitive
procurement would be conducted. Funding would be provided by the DLP. The initial and updated
NL IGS proposals are given in Appendix A.

APPROACH

INITIAL ACTION

The study bega n in October 1977. A milestone chart and schedule for the stud y are shown in
Figure I .  The first milestone was to establish a contact point at each NL. This was comp leted in
November 1977. A list of the contact point personnel is in Table 1. NUGS personnel felt that it
was very important that each NL determine its own needs using its own personnel. Assistance from
the NLIGS princi pal investi gator was available.

Since the MTIGS industry is very dynamic , an ongoing vendor or market survey will continue
throug h out the program. Semi-annual contacts have been made and are being continued with the
major MTIGS vendors.

MILESTONES O J N D J F M A M J J A S

ESTABLISH CONTACT _____

VENDOR SURVEY I____  — — 

— — — — —

SYSTEM REQUIREMENTS L — 1

COMPLETE STUDY _______________

SPECIFICATION 
I l

V FINAL RECOMMENDATION

FIGURE 1. Interactive Graphics Study Milestones (FY 78).
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TABLE 1. N ’JGS List of
Contact Pt~nt Personnel.

Laboratory Contact

NADC Daniel R. Tarrant
NCSC Paul C. Bishop
NOSC Pat 0. Burke
NSRDC Ruey Chen

NSWC
D L Carro l T. Shelton
WO Carl A. N elson

N USC

NLN H. Gerry Lipsett
NPT Thomas A. Galib

NWC Dale 0. Christe nsen
John E . Anderson

The NLIGS p rinci pal investigator made three visits to each NL during FY 78. He briet ’ed
in t e rested parties about the potential app lication areas for MTIGSs. The interested personnel and the
contact point , along with the hel p of the local Navy Laboratory Computer Committee (NLCC )
representative , then submitted their requirements to the NL IGS principal investigator.

A meeting of NLIGS contact point personnel was held at NWC in February 1978. The purpose
of that meeting was to agree on ground rules for the NLIGS cost justificatio n format. The cost
justification assumptions are given below. A discussion of these justifications is in Appendix B. Other
milestones for FY 78 included the wri t ing  of this document and starting the preliminary specification.

COST JUSTIFICATION ASSUMVFIONS

The following assumptions were made at the outset of this study:
1. Only quantifiable dollar savings would be considered (see Appendix B).
2. Quality of the manual and automated produced drawings would be directl y compared.
3. The app lica Zion areas for the NLs were limited to documentation prep aration , mechanical

design , and simple CAD/CAM applications —PCB generation , N/C tape preparation , and Integrated
Circuit (IC) design .

4. A 5-year system life was assumed.
5. A 2:1 productivity increase with no support organization over all app lication areas for the

system life was assumed.
6. The price of a system was estimated at $ lOOK per work station.
7. The present work load in the app lications areas was assumed to be constant over the next

five years.
8. A cost analysis was to be prepared by each NL using the fast payback format according to

NAVCOMP INST 7000.38 , Attachment I .

5
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RESULTS OF THE STUDY

Documentation is one of the most cost-e ffective app lications for MTIGSs. Because every NL has a
large documentation requirement , each NL has a leg itimate need for an MTIGS. The number of work
stations requested varies with the size of the laboratory and the number of app lication areas. A total  of
110 work stations was requested b y the seven NLs. A list of requested work stations and cost savings by
laboratory is given in Table 2. The app lication areas for each laboratory are given in Table 3.

TABLE 2. NL I GS Work Station Requests
and Estimated Cost Savings.

Requested
Laboratory work Savings , $K

stations

NADC 8 1,261
NCSC 5 640
NOSC 10 1,580

NSRDC 10 2,530

NSWC
DL 9 1,712
WO 5 814

N USC
NPT 17 1,652
NL N 22 3,092

NWC 24 5,824

Total 110 19,105

*Does not include equipment cost .

6

~~~~~~~~~~~~~~~~ . ;.~~~~__ __
~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



_ _

NWC TP 6083

TABLE 3. N LIGS Applicat ion Areas by Navy Laboratory.

I Laboratory

Area NSWC NUSL
NADC NCSC NOSC NSRDC NWC

___________ ______ _____ ______ ______ 
DL WO NL.N NPT 

____

Documentation
Piece Part X X X X X X X X x
Assembly X X X X X X X X X
Updates X X X X X X X X X
COM X x

Mech Desi gn
LAD X X X X X X X X X
TOL Study X X X X X X X X X

E lectr ical
PCB X X X X X X X X X

N/C X X X X X

IC x

Notes: LAD — Layout and Arrangement Drawing
TO L — Tolerance
N/C — Numer ica l  Control (Machine Tools)

DISCUSSION OF RESULTS

NUMBER OF WORK STATIONS

The number of work stations requested b y each NL was given in Table 2. NADC , NOSC , NSRDC ,
and NSWC /DL requested about 10 work stations apiece , NCSC (the sm allest NL) requested five . The
existing system at NSWC/WO plus the work stations requested will also total 10 work stations , for that
NL. Both NUSC/NPT and NUSC/NLN have very large documentation requirements for their eight
product lines. This accounts for their asking for a total of 39 work stations. NWC requested 24 work
stations. Since NWC has an existing system , many more people have been exposed to the MTIGS
capabilities and want to expand their usage .

APPLICATION AREAS

The app lication areas (see Table 3) are very similar for all the NLs; a more detailed discussion
of the MTIGS app lication areas is given in Appendix C.

7
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.-\, of the w ork stat ions wil l  be used in five pr imary application ar e as.  l.a.i i N L has requi rements
for  generat ing documenta t ion ,  including piece part and assembly draw ings , and for u p d a t i n g drawings.

t h e  creat ing and up dat i ng of documenta t ion  is one of t h e  1110Sf c u s i - e f f e c t - v e  application areas of
MT IG Ss.t The most sophisticated suf tv , a re  has been developed for the PCB app lication area , and alow si
every laboratory has a requi rement  in t h i s  area. F ina l ly ,  all the laborator ies  indicated a use l u i  M T IGS5
in the area of mechanical design layouts  ari d a r rangement  dr awings.  a powerfu l app licat ion area. I R ~ ol

the N Ls also want  to use MT IG Ss f or  developing and preparing tapes tot  N C mach ines tools. At present
2 I 2- and some 3-axis N (  mach ine s  can be accommodated.  NOS( wi l l  use the M TI GS for IC design.

COSTING PLANS

Seven different cost plans and the cost analysis assumptions for procuring an NL MTIGS are given
in Table 4. (The details of each plan are given in Appe n di x D.) The two major variables are fundin g
levels and ~ support organization funct ion.  The funding levels are at S lU M . S8 , 5M . and S6M. Plans 1. 2.
and 3 include a support organization , and plans 4 . 5 , 6 , and 7 do not.  The number of work stations per
plan per NL is given in Table 5.

TABLE 4. NL I GS Cost Anal ysis ( Five-Year Period).

Plan
Factor

2 3 4 5 6 7
N
~~a

c
~To

4
~

1rk 
115 97 55 11 0 11 .0 92 50

Syste m cost , SM 10.0 8.0 6.0 9.8 9.8 7 .8 5.8
Gross savings , SM 26.3 19.9 5.6 19.1 15.3 11.6 3,5
Net savi ngs , $M 16.3 11.9 (0.4) 9.3 5.5 3.~~~ (2 .3)

N otes: 1. Plan 4 inform ation came from each N L;
Plans 1 , 2, 3, 5, 6, and 7 were derived from Plan 4

2. Assumptions:
All  Plans:

Five-year system life
Constant FY 78 dollars
One man-year labor per work station
Enough work to f i l l  work station for 1 sh i f t /work  day
Support cost same for all plans
Maintenance = 510K per work statio n per year

Plans 1, 2, 3
Support Organization
2.6:1 Productivity Increase

Plans 5, 6, 7
No Support Organization
2.0:1 Productivity Inaease

8 
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TABLE 5. Suggested Work Stations
by Plan.

Plan
Lab — —

- 1 2 3 4,5 6 7

NADC 8 7 4 8 7 4
NCSC 5 4 3 5 4 3
NOSC 10 9 5 10 9 5
NSRDC 10 9 5 10 9 5
NSWC

DL 9 8 5 9 8 5
WO 5 4 3 5 4 3

N USC
NPT 17 15 8 17 15 8
NLN 22 18 8 22 18 8

NWC 24 18 9 24 18 9
SO 5 5 5

Total 115 97 55 110 92 50

Defining system costs is difficult , because the electronics industry is so dynamic. The
microprocessor is sign ificantl y impacting the MTIGS industry. The manufacturers of MTIGSs do not
know the details of the equipment that they will be selling 18 to 24 months from now ; they know
about 12 to 18 months in advance. This has made it very difficult to calculate system costs. Today ’s
prices have been used to calculate system costs. The manufacturers indicate that more powerfu l
work stations will be available in the future for about the sam e price as today ’s equ inment.

A new generation of MTI GS work stations is coming in FY 79; and in FY 80. a new generation of
MTIGS central systems is predicted. Tile move for the new central system will be toward a distributed
processing network. The proposed NLIGS procurement will include the new generation work stations
and central systems.

The issue of cost savings is important to this stud y. The cost and savings factors used in this stud y
were selected with great care. Small changes in productivity are associated with large dollar savings. A
cost sensitivity anal ysis was performed to see the effect of different productivity figure s (see Appendix
E). An increase in the productivity of 0.1 for p lan I results in an additional $2.67M savings over the life
of the system.

The net savings (gross savings minus system cost) bring out an interesting point: there is a
- j significant support overhead associated with the system. For examp le , looking at plan I

Manual Labor $69 .5M MTI CJS Labor $26.7M
Support Overhead 

- 
O.3M Support Overhead l6.3M

$69.8M $43.OM

9
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The support overhead in the manual method accounts for 0.4% of the total cost. Using an MTIGS.
support overhead accounts for 37.9~ of the to ta l  cost . The MTIGS support overhead pays for indirect
labor to operate the system , the system maintenance , and the support organi zation function , if
app licable. Due to thi s large overhead , plans 3, 6, and 7 do not fare as s~ell as the other plans . The
evaluation of the net savings fi gures is straig htforward; p lans I and 2 are the most cost e ffective.

The difference in equipment between plans I and 2 is more than just 18 MTIGS work stations ;
other peripheral hardware has also been deleted. If the largest net savings is the criterion for selection,
plan I should be implemented. (System payback will he about two years for plan I . )

Because of uncertainty of int lation factors ove r the tlve -year period from FY 81 to FY 85.
constan t FY 78 dollars are used . The fi gures are shown for a 5.yea r period , assuming an average
productivity for the period of time. In real life , there is a product iv i ty  curve . A 2 :1 product iv i ty  is
assumed if there is no suppor t organization , and 2.6:1 productivity if there is a support organization.

In order to better quant i f y interactive graphics system productivity,  an e ffort should he
undertaken to monitor present product iv i ty  increases at the interactive graphics facil i t ies located at \WC
and NSWC/WO. This effort  would develop the necessary techn i ques to monitor interact ive grap hics
system product ivi ty  af ter  i ts  instal lat ion in the NLs.

IMPLEMENTATION PROBLEMS

The ul t imate  goal of ~s1TIGS is to hel p increase productivi ty to the hi ghest possible level.
Interactive graphics is a hi ghl y prod uct ive tool . but experience has taugh t ti~at there are way s to
increase and maximize productivity gains.

There are a number  of MTIGS problem areas that  need to be addressed. These problem areas
include dup lication of effort ,  sta n dar d i za t io n , documentation , t ra ining,  software tes t ing. fu ture
planning, and networking.  To deal e ffectively with all these problems , manpower is needed t o solve
the problems.

Sandia Laboratories in Alboquerque , New Mexico. has one of the premier software organizations
in the MTIGS industry user base . NWC has also receive d software from Sandia Labs and imp lemented it.
The Sandia-developed software has rought NWC by far the highest pr oductivi t~ gains. ( N’ WC uses the
Sandia software package for generating electrical schematics.) Productivity constants from 2: 1 to 4:1
have been quoted by the NWC users for schematic creation.

Two of the most serious problems that  will face the NLs as a result of the installat ion of a
large , networked MTIGS will be dup lication of effort and standardization. The MTIGS ven dor
provides the system software commands to create the geometry, mani pulate the graphics , and handle
the files. What is missing are the component libraries and standar dized grap hics techni ques bui l t  into
an app lication package which can be simp ly utilized b y the system operators. These app l icat io n s
packages have to  he tailore d to the individual needs of each installation. A two-step approach is
required. The support organization meets the first step, and the local organization meets the second
step. (A discussion of support and local organizations is in the next two sections.)

With the instal lat ion of an MT IGS , work must begin immediatel y to develop the menus , macros.
component l ibraries , and other tailored software necessary for each application area. I n i t ia l ly ,  at NWC.
the peop le who learned the system first developed the standards and app lication packages. This was a
very slow and painfu l process . Since revisions of the system software come out every 6 to 8 months . the
application packages need to  be updated to take advan tage of new system features. In some cases , t h is

L _ _  _ _ _ _  
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requires major revisions to these app lication packages. As the app lication packages chan ge , new
documentation of ’ these pack ages is also required. All the operators need to be updated in the use of
these new packages. These are not trivial changes and manpower is needed to imp lement them.

The system software as it comes from the vendors has errors in it. Before these app lication
package s can be implem~nt ed, the software must be tested and alternate approaches developed.
Networking of all the NLs usin g the Navy Laboratory Computer Network (NALCON) will also create
problems. The interfa cing of the NL MTIGS into the national standards effort also must be addressed.

SUPPORT ORGANIZATION

If  all of the above problems are handled on a local basis , each NL will approach them
differently. There will be ten times the people working on the problems. Instead of being productive
Ofl tile system, they will be addressing the above-mentioned problems . A support organization could
deal with these problems , allowing local personnel to continue at a productive level. A proposed
support organization chart is given in Figure 2.

PR OG R A M

MANAGER

ASSOCIATE PROGRAM 1~ , _ J ~~~~~T I STRAT I~ flL MANAGER J - 
OFFICER J

L INDUSTRIAL ENGINEER SECRETARY J

SO F T W A R E
MANAGER

L~

I I
R&D GROUP APPLICATIONS GROUP

ELECTRICAL ELECTRICAL
MECHANI CAL MECHAN ’CAL

- 
- CAM CAM -

SYSTEMS PUBLISHER
TRAINING

FIGURE 2. Propose d Support Organization .
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Tile program m anage r would assume all coordination respo n sibility for  ri te suppor t  o rg a n t / a t mon .
The associate program manage r would assist in the coordination of the pro gr am , and also would he
heavil y involved in the national standards e ffort. The administrative off icer ’s r~spuiis i hi lmt ~ wo uld he
contract and product i vi ty  monitoring. The secretary would provide secretarial func t ions .  The s t I t ~s ate
manage r would have complete control of the software groups and would also lead t l t c  \ L \1 I ICS
software committee. The industrial engineer will monit ir NL system product i v i t s  -

The Software R&D Group ’s function would be to check out the system sof tware ,  report the
problems to the manufacturer ,  and develop solutions to the problems. The support orga i t iz a tmi n s~~uld
also provide a sing le point of contact for software problems for the NLs as well as the conti.t ~ttir That
would greatl y simplify contractual  problems. Each member would be involved w i th  advan cej p lann i ng  in
his/he r particular area. One of the large payoffs of the future  is analysis. The elect r mca ~ ai t d mechani L a l
specialists would evaluate different approaches of linking analysis programs with MTIG S lo shorten or
improve the desi gn cycle . The CAM specialist will be developing .i viable N . C sy stem.  The sy stem
specialist would deal with NALC ON , host interfaces , a nd appropriate l ink i n g  of at i al ) SIS prog iam s

The Applications Group would be primarily involved wi th  develop ing, duc u nt ent ing.  and t r a m n i m i e
peop le in the use of app lication package s . The electrical , mechanical , and N / C specialists will develop
the start flies , macros , menus , and library components for each app licat ion and will implet nent the
standards for each app lication package . The publisher would have the resp u t l s t h . l i m v of devel oping
standardized documentation for all the app licat ion packages. Ele 1she also will c r d ina t c  the input  of

all system change requests. The training specialist , usi n g ve ndor~suppl ied int ’ssr n lat ion an d experience .
will develop appropriate training materials for tile basic system and app lication packages.

The support organization will contr ibute  signi fi cant ls  to the increase of product iv i ms for the NL
ISITIGS. It wifl also provide standardizat ion oi the app lication packages so tha t  drawings can he
passed easily from NL to NL without long, involved translat ion pr ocedur es.

LOCAL LABORATORY ORGANIZATION

Each participating NL will have to determine for itself what kind of an org ani / a t ton  it requires to
support its Mu GS, The number of work stations to support and number of app lication packages being
used will also hel p determine the size of the local organization . A proposed organization for the  \\\ C
Interactive Grap hics Facility (IGF) is given in Figure 3 in order to present : typical  large fac i l i t s
st ruc ture .

The facility manager ’s role would be to supervise the entire operation . find new cust omers .
support the present ones , and plan for the future. The operations manage r would be responsi b le f o r

monitoring the contracts for maintenance and operation , interfacing with the Civil Service operators
to see that their tenninals are operating properly . The software manager will supervise all so f tware
development and will monitor any software contracts as well as 1 a t ic ipatc in the NL Mu GS
software committee. The present system programmer will support the existing .\pp licon MT IGS.

The A pplications Group is expected to consist of five people. Their roles arc very simi lar t o

their counterparts in the support organization.
Exper ience at NWC has shown that it is very important to have a standardized source o

app lications packages (Sandia Labs); however, these programs need to be tailored to local needs. This
tai loring process does not take as much time as the development , but it is very imp ortant  to

L 

increasing productivity.  Therefore , the A pplications Group will require three specialists: one each in
electrica l , mechanical , and system app lications. They would tailor the package s to meet local needs.
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INTERACTIVE GRAPHICS
LFACILITY MANAGER

I

_ _  
_ _  I

PMAINTENANCE”L OPE R A T I
~~~1 S O F T W A R E

___________ MANAGER MANAGER

I I
I I I I

~“/7 ’~ 7’/’/r71
I OPERATORs SUPERVISOR PRESENT APPLICATIONS GROUP

SYSTEM ELECTRICAL

~,OPERATO R
,~~ P R O G R A M M E R  MECHANICAL

__________ ___________ 
SYSTEMS

PUBLISHERCONTRACTOR PERSONNEL TRAINING

I t( ,t RI 3 . Proposed Njvai Weapons Center I n ier ac i ive  Graphics Facility Organization.

The publisher properl y documents the tailored packa ges and coordinates user requests to local
and N L org ani / at i ons.  A monthly newslett er would also be published.

The training coordinator would tr ai n all operators and update them every 6 to 9 months. At
major industr ial  installations , retraining has broug ht about significant productivity increases. New
s~s’.em feature s must be tau ght to the operators if they are to be used. Experience has taugh t that
cont rac t ing  ot i t the operations manager position and key software positions significantl y decreases
e t f e ~ t t v ene ss and productivity.

Althoug h each NL needs to determine the size of its local Mu GS organization , it is suggested
that at the least three billets , a facility manager , operations manager , and a soft ware person , be
provided. This will provide a good nucleus. In larger instal lations , more billets should be provided.
More resources will increase the productivity and effectivity of the local Mu GS.

FUNDING

The funding for the procure ment can be spread over 2 or 3 years. Due to procure ment
restrictions , two-thirds of the funding must be obli gated in the first phase or option . A second
alternative would be to negotiate an indefinite delive ry contract. The approval time for such a
contract could be about 2 to 4 months more than for a stated quant i ty  contract There are also
other contract administration prob lems associated with an indefinite delivery contract .

I f funding is made available in FY 81 to procure an NI MTIGS , Figure 4 shows a realisti c
schedule to follow.

13
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FY 78 FY 79
MILESTONES 

O1N1DIJ1F1M 1A 1M 1 J~J1A IS O IN 1D 1JIF IM IA IM IJ IJIA I$
ESTABLISH CONTACT

VENDOR S U R V E Y  ‘ __________

SYSTEM RE QUIREMENTS I
COMPLETE STUDY 

___________

FINAL RECOMMEN DATION

SPECIFICATION

PRELIMINARY L.._...

R E V I E W  MTGS V V
F I N A L

P R O C U R E M E N T

ADP PACKAGE
P R E P A R A T I O N

ADP A P P R O V A L  C Y C L E

BENCHMARK

EVALUATI ON CRITERIA  
_____________________

I V  78~79 Mites ton cs.

MILESTONES 
FY 80 FY 81 FY 82

________________ 
OI~ID IJ IF IM 1 A~M I J 1 J IA I $ O IN I D I J I F IN IA IM I J I J IA IS O IN ID I J J F 1N IA IN I J I J IA I $

H OC U R E ME NT

PREPARATION I

BIDS I ~~~1

BENCHMARK

E V A L U A T I O N  C
NEGOTIATION I
SIGN CONTRACT V
EXERCISE OPTION I V

IELIVERY
INITIAL CONTRACT 

______ __________

OPTION I t~
INTEGRATION

SITE PREPARATION ___________ _______

TRAINING _____________________________________

SUPPORT 
__________________________________________

t h i  I t  80 . 8! . 82 \ti Is’si ne~

I - I ( , t R I  4 . Propose d Mi I t ~S Schedule.
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IMPLEMENT ATION

Imp lementing interactive graphics at the NLs will not be a trivial process. Each installation will
be only as success fu l as the level of support received from local top management and the
effIciency of ’ the local facility management. MTIGSs require top management support in the form
of pat ience , billets , and space. (It will take 6 months for an MTIGS to start to become productive. )
Suffic ient space , with prope r environmental control , is also necessary in order to have a successful
facilit y . Approximately 600 square feet/central system and 150 square feet/terminal are
recommended. Some of the large r installations will need more space for the central system because of
the number of p lotters required.

STANDARDIZATION

MTIGSs exist presently at NOSC , NWC , and NSWC : two Computervision systems and one
Applicon system. Many different vendors could be considere d for the NL MTIGS contract award.
However , none of the data bases of any of the vendors is compatible. This means that a drawing
created on one system cannot be transferred to another. This problem of data base incompatibility is
growing larger every day. It is similar to the problem that existed 15 to 20 years ago with the N/C
machine tools before they were standardized. The MTIGS industry will not address the problem ,
because this would reduce each other ’s competitive edge ; howeve r, some industrial corporations are
trying to develop their own standardized geometric data bases to help overcome this incompatibility
problem. The U.S. Government is the logical agent to solve thi s problem , with hel p from industry.
The National Bureau of Standards or the American National Standards Inst i tute  (ANSI) should be
funded from all government agencies and tasked with finding solutions to thi s problem.

An important standard is being developed by ANSI committee Yl4 .26. Thi s committee is
defining the standard for passing geometric information between any two grap hics data bases. The
development of this standard will allow the passing of graphic data from the present A pp licon and
Computervision systems to the winning vendor of any future procurement. Navy support of the
effort to attain publi c acceptance and the testing and writing of a translator incorporating the
concepts of Y 14.26 will be instrumental  in the success of this first at tempt at standardization.

NALCON ROLE

NALCON is being developed in a joint effort by all the NLs. Transfer of data files from one
NL to another will be possible under NALCON . and it would be the ideal way to transfe r
drawing files , new menus , and standardized parts libraries for MTIGS as well. This would facilitate
communication among the NLs as well as provide a fast means of up dating and exchanging
information. This effort will be pursued.

FUTURE

One of the most asked questions at the NL MTIGS briefings was whether this system can be
~~~ use d to faci l i ta te  anal ysis. At the present time , most vendors have developed preprocessors to construct
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fin ite element grids , meshes and elements l’or stress analy si s. At NW ( , Ihe IGF is considen og
development of a l ink between schematic diagrams and nonlinear circuit analysis programs. ihe
capability of linking to analysis programs has tremendous potential and may be a very p r o d u s t i s c
application in the future.  Development of this anal ysis interface could he aided by the support
organization ’s R&D group. ’

The MTI(;S will be changing in other ways also; the hardware configurations in Table 6 show
some expected changes. ( I t  will probabl y take 2 to 3 years to see all these changes imp lemented. )
The software will also be improving; it is expected that more veri fication and design aids will he
made available. In the three-dimensional mechanical world , surface and solid capabilities will he
added.

The impact of interactive graphics will no doubt continue to increase. Although the ini t ia l
systems delivered to the NL will be starter systems, expanded growth should be expected shortl y
after  the systems become productive. MTIGS is a dynamic . growing industry (see Fi gure 5) .
Hopefull y. the NLs will support the MTIGS concept. This support will enable productivity increas es
in documentation , mechanical design , integrated circuit design , PCB design and fabrication , and N C  tap e
preparation. With continuing support , the MTIGS concept will become a powerful R&D tool at the N I. s
in the future.

TA BLE 6. Present and Future System Configurations.

Present system:
Central system

Minicomputer 16 bit , 250K memory
Magnetic tape 800/1600 bpi , 45 ips
Disk storage 150 M , 16-bit words
Plotters flatbed
Other peripherals

Work stations up to 4

Storage tube 19 in. CRT

Future systems: Distributed processing

Central system

Minicomputer 32 bit . 2 M words memory
Magnetic tape 1600/6250 bp i , 125 ips
Disk storage 250 M , 32 bit words
Plotters ink jet
Other peripherals

Work st ations ’ up to 8
Raster scan video 25” CRT
Microprocessor lOO K words memory
Loca l storage Floppy discs
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120 — (PROJECTE D)

100 —

S

80 —

6,

Ui
-J
< 60 —

U)
0

40 —

.
20 —

0 1 1 1
73 74 75 76 77 78

FIGURE 5. MTIGSs Gross Sales.

SUMMARY

RECOMMENDATIONS

~~~~ a result of this stud y, the following recommendations are made:
I .  That  DLP make SI OM in funding available for a competitive procuremen t for an MTIGS far

the NLs.
2. That a support organization be designated for MTIGS.
3. That a productive study be initiated at NWC to determin e methods of monitoring interactive

graphics system productivity.

4. That each Nt.  participating in the procurement submit an implementation plan (including
billets and space) to NAVMAT.

S. That the Navy identify funds  to support the public acceptance , testin g and translator
developmen t of the ANSI Y 14 .26; that a continued effort be made to solicit funds to support
thi s standar d from othe r DOD agencies.

17
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CONCLUSION

• The NLs have a legitimate need for MTIGSs , and the procurement cost is justif ied. The abil i ty to
handle design and documentation information in a digital data base is a state-of .the-a rt technology.
Developing and ni aintainiñ g this technology is necessary in staying current with industry and the fu ture
methods of product design and documentation. Also , with decreasing NL ceilings the ~ Ls have a
definite interest in increasing productivity,  and the use of MTIGSs is one very effective method of
accom plishing that productivity increase. Therefore , funding should be identified so tha t  the
procurement cycle can start as soon as possible.

18 
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NOMENCLATURE

ANSI American National Standards Ins t i tu te
APT Auto m atic Program Tools

CAD Computer Aided Design
( A D  ( A M  Computer Aided Design/Computer Aide d Manufacturing

CAM Compute! Aided Manufacturing
CLTAPE Center Line Tape

(‘OM (‘on lputer Output  Microfiln i
DL NSWC located at Dahlgre n , VA

DLP Director of Laboratory Programs
ECP Engineering Change Proposal

IC Integrated Circuit
IGF Interactive Graphics Facility

LAD Layout and Arrangement Drawing
MT IGS Minicomputer Turnkey Interactive Graphics System
NADC’ Naval Air Development Center . Warminster , PA

NALCON Navy Laboratory Computer Network
N/C Numerical Control

NCSC Naval Coastal System Center, Panama City. FL
N L Navy Laboratory

N LN NUSC located at New London , CT
NLCC Navy Laboratory Computer  Committee

NLIGS Nav y Laboratory Interactive Graphics Study
NOR Notice of Revision

NOSC Naval Ocean Systems Center , San Diego , CA
NPT NUSC located at Newport , RI

NSRDC Naval Shi p Research and Development Center . Bethesda , MD
NSWC Naval Surface Weapons Center , Dahl gren , VA
NUSC Naval Underwater Systems Center , Newport. RI

NWC Nava l Weapons Center . China Lake, CA
PCB Printed Circuit Board

R&D Research and Development
SO Support Organization

TOL Tolerance Study
VLSI Very Large Scale Integrat ion

WO NSWC located at White Oak , MD
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DEPARTMENT OF THE NAVY
HEAO OUARTERS NAVAL  MATERIAL  COMMAND

,_-_.! WASHINGTCN 0 C 20360 IN FPL  RI 0

*~\~~
“ . ‘ 08T 1/TA}(

Ser 385

24 AUG 1977

From : Chief of Naval Material
To: Commander , Naval Weapons Cen ter

Subj: Investigation of Interactive Graphic Needs of Navy Laboratories

Ref: (a) NWC DD Form 1498 Study Proposal

1. The rising interest of the CNN laboratories in interactive graphic
system acquisitions and the wide app lica tion of these sys tems within
the laboratory environment indicate a need for a closer examination
of these systems with the aim to standardize on a laboratory system or
systems which can possibly be networked among the laboratories. The
subject investigation , proposed by reference (a), is approved up th r c u g h
specification preparation and will be funded by NAVMAT (MAT 08T1) in
Fiscal Year 1978.

2. The conduct of the investigation should be coordinated with the
Navy Laboratory Computer Committee to assure compatibility of existing
comnputat ional  systems and any in te rac t ive  graphic system tha t  may be
proposed and/or presently exists. The future acquisition of a “labota—
tory interactive graphic networked system”, will be dependent on the
stud y recommendations and the success in defend ing f u t u r e  bud get r eques t s
for the system acquisition. The increased prod uc tivi ty made po ssible
with an interactive graphic system makes it a likely cand idate for the
fast—payback program if the current dollar thresholds  are ra i sed  — a

decision presently under consideration .

3. In addition to the NWC system , NSWC/W0 has an interactive graphics
system under procurement. Until comoletion of subject investigation ,
no further similar procurements will be approved by NAVMAT .

JAMES H. PT~O~ ’~S
Copy to: 

,
- By d i r ec t ion

NLCC (C. Gleissner) (w/cy of ref (a))
NAVA IRDEVCEN
NAVCOA STSY SLAB
DTN SRDC
NAVOCEAN SYSCEN -
NA VP ERS RA NDC EN
NAVSUR EW P NC EN
NUSC NPT
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(~J) Study of Present  and F u t u r e  I n t e r a c t i v e  Graph ics  Needs at Navy_Laboratories

arirrar DATE 
- - 

~~~I4 S S I I M ~~~ E1  ( -~~ 0 I t , S L I N 0 0 1 0  ;UN0ING A G E N CY  
— 

J I R  PERFORMANC E MET HOD

fl CT 1977 _____SEP 1980 
_______ ____________ 

I ____________________________,,
~ co,. , tac,-o .,anr 

It RESOURCES E S T I M A T E  .. FS OFESSIONAL MAN Y EA R S  J S. FUNDS (In tAouf lndZ)

• OA T E S / E I F E C T I Y E  L E F I R A T IO N . PRECCOI NO

S NIJMRER . 
F I S C A L  _________________________

CUR RENT
I t AMOU T ~‘ A R

R I ND OF A W A R D  F. tOM 101AL
In R LSPONSIRLe 000 0 0 0 A M I Z A I I U N  — 

20. P E Rf O R M I N G O R G A N I Z A T I O N

Navy Laboratories 
— 

N A M E • Naval Weapons Center

ADORESS ~~ 
Washing ton , DC *005E15 • China Lake , CA 93555

*INCIRAI. INIZ L S T I G A T O R  ,r.4nIm 5SA .N if US Ai.d..,k I n zf l f t ,f l o n )

RC SPOP3SISLE INDIVIDUAL RAMC~ 
Dale 0. Chr is tensen

NA M E Mr. James H. Prob us T C L ( F H O N C : (714) 939—3364
TELEPSI ONE - SOCIAL S E C U R I T Y  A C C O U N T  NUMSA R

21 . G E N E R A c USE
ASSOCIAT E I N V E S T I G A T O R S  -

NA~~ t 
John E. Anderson

it It C Y W 0 0 0 S  P,ecrde EACH .4th S,c..nO Ci.szijicafron C ode )

23 TE CHN I CaL  O R I E C T I V C .  24 APPROAC H , 25 PROGR ESS (Funmh IndI IJuoi  ponroph, denn/tcd hi ,p 4 rn be, P’recede In: of nc/v pIth Secunty Ckwficsro, Code ) 
—

23. (U) The technical objective of this program is to define the present and
future needs of all Navy Laboratories in the area of interactive graphics ,
to establish representatives at each Navy Laboratory as a key contact , to
make a recommendation to the Director of Navy Laboratori~s as to whether
it is feasible to develop a independent network of interactive graphics
f ac i l i t y  wi th in  the Navy Laboratory system , and if feasible , to write a
purchase spec i f ica t ion, and to procure the system.

24. (U) Each Navy Laboratory will be visited , their mission reviewed , and
possible areas def ined where the use of in teract ive  g raph ics  would increase
productivity and reduce costs. With this information , the feasibility of
a networked interactive graphics system will be evaluated.

25. (U) Nothing is presently being done in this area.
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LABORATOR Y PROGRA M SUMMARY C L O S S I I I ( O T I O N ANII (i<~*II

5 .OODI0C.~~~IOUP

IINO.NWC -39I0 49 ( REV 5 2 - 7 4 /

A) T I D l I T  *uI, I I ’ ,

NAVAL WC A PO NS CE NT ER
01 O i l  20 IIBIIJ O 0/Il l ‘ I . .  01100

28 . MANPOWER AND COST ESTIMATES 
CFY .~ CFY CFY . 1 CFY .2  CF Y 3

A. PROFESSIONAL MA N - Y E A R S  1. 5 1.5 1.0

B. TOTAL DIRECT LABOR MAN -YEARS 1.5 1.5 1.0

C. TOTAL LABOR ANO OV E R H EA D - S I ( I 100 110 80

0. MATER IAL S AND T R A V E L - S K I  25 15 25

B. MAJOR PROCURE ME NTS CONT RACTS (S K) 8000

F. PLANNING ESTIMATE 5 ~ 125 8125 105
G. FUNDS A V A I L A B L E  S K I  0 0 0

II . 
_______________ _______________ _______________ 

1
N.

29 SAC ’ ~ I1C ,)N1) 30 Pi orl o 050 B I L E / T O N E S  31 R E F E R E N C E S  32 MA J O R  P R O C U R E M E NT S  A ND C O N T R A C T S ,  33 S P E C I A L  R E Q U I R C I O E N T S  Fi,~ ,.I •1 4.ilI 0.o5 p,~ 0 0 5 0 4 W

Sn—, .-, CI. . . . l iot n.. Ci, . .

29. (U) Presently, there are over 500 mini—computer based interactive graphics
systems in business and industry in the United States. Interactive graphics
does reduce costs , increase productivity, and save time. Productivity in-
creases of 5:1 are common in industry . Interactive graphics is an aid and
can be utilized for design, drafting, documentation , and analysis. The
NAVWPNCEN procured its interactive graphics system in FY 7€ and Fl 7TQ ,
and received it in December 1976. Since then the system has been utilized
by many people. It has been and is being learned first hand where the
problems and key concerns are.

30. (U) Milestones
a. Establish contact person at each Navy Laboratory 15 NOV 77
b. Define system requirements for each Navy Laboratory 01 FEB 78
c. Conduct a market survey of interactive graphics

vendors 01 FEB 78
d. Complete study 01 MAY 78
e. Write a system specification 01 SEP 78
f. Prepare RFP 01 DEC 78
g. Prepare benchmark 01 DEC 78
h. Evaluate responses 01 APR 79
i. Sign contract 01 JUL 79
3 . Followup at site installations 01 OCT 80
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LABORATORY PROGRAM SUMMARY /NARDIS REPORT (CONT. SHEET)
• IIMD-NWC-39 10,5O (REV . 6- 7 5)  CLA SSIFI CA IION

RORS UNIT NO A C T I V I S T  
—

NAVAL WEAPONS CENTER

32. (U) The major  procurement would be the purchase of a networked
interact ive  graphics system at the cost of approximately $8 ,000 ,000 .00 .
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23. (U) TEC HNICAL OBJECTIVE: THE TECHNICAL OBJECTIVE OF THE NAVY LABORATORY
I N TERACTIVE GRAPHICS PROGRA M IS TO PROCURE AND INSTALL A MINI COM t4UTER TURNKEY
INTERACTI VE GRAPHICS SYSTEM IN EACH OF THE NAVY LABORATORIES IN FY 80-81. THIS
SYSTEM IS TO I NCREASE MANPOWER PRODUCTIVITY AND REDUCE THE COST OF DOCUMENTATION.

24. (U) APPRO A CH: THE MTIGS WILL BE PROCURED OVER A TWO-YEAR PERIOD IN FY 81 82. THE
DETAIL SYSTEM SPECIFICATION AND OTHER ADP APPROVAL DOCU MENTS WILL BE WRI TTEN AND
SUB MITTED IN MARCH 1979. THE BENCH MARK AND PROCUREMENT EVALUA TIO N PACKAGE WILL
ALSO BE PREPARED I N Fl 79. FI NAL VERSION OF THE SPECIF ICATION WILL BE COM PLETED IN
LATE FT 79.

25. (U) PROGRESS: (OCTOBER 1977 - SEPTEMBER 1978) EACH NAVY LABOR ATORY WAS VISITED
A ND INTERACTIVE GRAPHICS APPLICATION AREAS WERE DEFINED. EACH LABORATORY SUBMITTED
ITS RE QUIREMENTS FOR COMPILATION INTO A NAVY LABORATORY REPORT. THE REPORT IS I N
THE FI NAL APPROVAL CHAIN AND WILL BE ISSUED IN EARLY FT 79. PREPARATION OF THE
SPECIFICATION HAS STARTED.

(3 5 9~ Q 1 ‘198 51~~~~ NO 0 0 2 01 4  1 t w O  wwc lOP I 3°QO / 6  7 / 1  P’S lAO S 505 105 SE 1455 SC SI II RISOLITI UN CL AS SI F I ED
u .S. GOV E RN ~1E NT PRINTING OFFiCE 197O- 434...13J~.26

L - - - -. 

~~~~~~~~~~~ .
- I ... . i~~~~~~~~~~~~~~~~~~~~~~~~ 0~~~~~~



r ~~~~~~~ 

. — - - -

~~~~ 

.

~~~~~~~~ 

- . . - -

~~~~~

-—-

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

--- --

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

—-

THIS PLGZ IS BIsST QUALITY PPSpLCT1~~ A~~~~~~~

YROI OQ~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~

LASORA TOR T PRO CRA SS SUMMA RY CL A S SI FI C A T I Q R AND ODMNGR *D IRG GROUP
I I N S - N R C 3910 49 S E E N . 12 74 )  NWC TP 6083

U NCLASSI F IED 
—

A C T I V I T Y  I W ORK U N I T  NUMBER

_______ 

NAVA L WEAPONS CENTER 133060
27 . T E C H N I C A L  AGENT 26. PRIOR IC NTI FI C A TIO N

F T  78 F T  79 V T  80 F T 81 F T  82
28. MANPO w ER AND COST ESTIMATES
_______________________  

C F Y -I C FY CFY .1 CFY .2 C FY + 3

A . PROFE SSIONAL MAN-TEARS -

_________________________ 
1 . 3  1 . 7  5 . 0  1 2 . 0  1 2 . 0

8. T O T A L  D I R E C T  L A B O R  M A N - T E A R S

__________________________ 
1 . 5  2 . 2  6 . 0  1 3 . 0  1 3 . 0

C .  TOTAL LABOR AN D OVERHEAD ( B K )
______________________________ 

96 162 371 870 870

B .  M A T E R I A L S  AND T R A V E L  ( B K )
_____________________________ 28 43 369 130 130
C .  M AJOR P R O C U R E M E N T S / C O N T R A C T S  ( SE )
______________________________ 

________ 

33 145 270 7000 3600

F PLA NNI NG E S T I M A T E  ( B K )
_____________________________ _____ 

350 1 0 1 0  8 0 0 0  4 6 0 0
C. V UNDS A VAILABLE (BE)

_____________________________ 16 0 350 0 0 0

H .

H .

~~ IACIGIDUID 1I~ •IN IS SIT 5UISYCIIS II. IDI•S NCIS 37 . MA JOR PIQCON (Sth?S AID CO SI N RO TS ~1. IFICIR L R(NAINIRIITS II~~• . , . 5  1.11.,N.Sl  . F .55 S.t,t i t ,  t l ~ II 6 i IN t i t I  CNN .’ .

29. (U) BACKGROUND: THE NAVY LABO RATORY IN T E R A C T I V E  GRAPHICS STUDY WAS INITIATED IN
F l  78. THE RESULTS OF THAT STUDY SHOWED THAT THERE IS A LEGITI MATE AND COST
JUSTIFI ABLE NEED FOR M I N I  COMPUTER TURNKEY INTERACTIVE GRAPHICS SYSTEMS (FITIGS ) IN
T HE NAVY LABORATORIES. BASED ON THE RESULTS OF THE STUDY . FU N i~INC HAS BEEN
IJE NTIFIED TO PROCURE A tI TIGS FOR ALL CNM R+D LABS.

30. PLANS AND MILESTONES START COMP
FY 1979.
PLANS (U )PRE PARE RFP FOR NETWORKED INTERACTI VE GRAPHICS SYSTEM .

PREPARE BENCHMARK AND EVALUATE RESPONSES TO RFP . SECURE
ADP APPRO VAL . STUDY PRODUCTIVITY DETERMINATION TECHNI QUES.

M iLESTONES (U )COMPLETE D ADP APPRO VAL PACKAGE 7806 7903
(U )PREPARE BENCHMARK 7901 7911
(U )PREPARE EVALUATION CRITERIA 7901 7911
(U )COM PLETE FI NAL SYSTEM SPECIFICATION 7810 7911
(U)CO MPLETE ADP APPRO VAL CYCLE 7901 7910

F l 1980.
PLANS U )START PROCUREMENT OF Mu GS TEACH PEOPLE IN USE AND

MANAGEMENT OF SYSTEM .
MILESTONES (U )RFP ON STREET 8003 8006

(U )BENCH MA RK 8007 8009
(J )EVALUAT ION 8008 8010

Fl 1981.
MILESTONES (U )NEG O T IATION 8012 8103

(U )SIG N CONTRACT 8104 8104
(U )SUPPORT ORGANIZATION 80 10 8105
( U ) H A R D W A R E  D E L I V E R Y  8105 8202

Fl 1982.
_!IIL ES TONES (U )EX ERC ISE OPTION FOR ADD ITIONAL HARDWARE 8101 8101
DATE PACE

790226 I 2 OF 3
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L A B O R A T O R Y  PROGRAM SUMMARY ( C O N T  . S HEET )  C L A S S I F I C A T I O N  U N C L A S S I F I E D
ISN D -N WC- 39 10 / 5 O (REV . ~2-1 4)

HORK UN IT NUMBER ACT I V I T Y

133060 NAVAL WEAPONS CENTER
3 0 .  CO NT D

(U )OPT ION 1 HARDWARE DELIVE RY 8103 8107

31 . REFERENCES
(U )NONE 

-

32. MAJOR PROCUREMENTS AND CONTRAC TS
ITEM LET-DATE $SERV $MAT ’L DEL-DATE CONTRAC TOR

Fl 19 7 9 . ( U ) I r J T E R A C T I V E  GRAPHICS SUPPOR 7901 145 7909
FT 198 0. ( U ) I N T E R A C T I V E  GRAPHIC SUPPORT 7910 250 8009  TBD

( U) I N T E R A C T I V E  GRAPHIC  EQUIPME 8001 250 8006  APPLICON
FT 1981 . ( U ) N E T W O R K E D  I N T E R A C T I V E  GRAPH 8 104 3300 670 0  8107 TBD

(U)I N TERACT IVE GRAPHICS SUPPOR 300 TBD
FT I 982.(U )NETWORKED I NTERACTIVE GRAPH 8112 3300 8202 TBD

(U )INTERACT IVE GRAPHICS SUPPOR 300 TBD

33. SPECIAL REQUIREMENTS
FACILITY DATE RE Q

(U) NONE
SKILL  DATE  REQ

(U ) NONE
A IR C R A F T  T I P  MO DI F ICA TI ON F L T  H R S  R E Q

( U ) NON E
EQUIPMENT DATE REQ

( U) N ONE

__________________________________ ________________________
DATE 

- 

J P t s G E

____________________ 
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Appendix B

COST JUSTIFICAT iON ASSUMP1IONS

For tile MTIGSs, the ISSUeS ul cost say  IlIgs and pruductivi t ) i( icrea Ses are comp lex. Man s factors
are difficult to measure either by direct cost or tIIlIC Say logS.

All NL contact points agreed that the dollar savings reported should be quantifiable savin~~. To
comply with this assumption , measurable savings had to be defined. It was agreed That a compar able
qu ality criterion would be used: the cost to produce a drawing manually would be comp ate d dir ectl y

to t he cos t to produce an automated drawing of similar quality.
Some of the intangib le savings that are very difficu lt to s I1 .J -.ure in dollars are not included in

the real-dollar savin~~. For instance , the desi gn sop histication level of today~s weapons is increas tng
rap idl y. The cost of manuall y producing these desi gns is becoming so high tha t  automated techniques
must be used in some instances. Theref ore , MTIGS would he used to complete these design s in an~-
case.

Time savings are beneficia l and allow for other bene fits. If it takes only half as long to design a

weapon system or subsystem on the MTIC S. more time can he spent in perfecting the design in the
design phase. It  is difficult  to measure that savings in real dollars. Also , MTIGSs allow the design ers
to have capabilities such as rotat ion and translation of parts available for tolerance studies in minutes
instead of weeks. The result is a t a r  superior and more timel y initial design , but it is almost impossible
to quant i fy  the real-dollar savings resulting from a superior initial design.

A 5-year system life was assumed. This system life is typically used in industry.
A productivity increase of 2 :1  or 2. 6 :1 for all application areas (comparable quali ty being

assumed) over the system life was estimated. Many productivity ratios have been published in the
open literature. The NWC interactive graphics t~cility has shown productivity ratios of 2: 1  to 4 :1 for
the preparation of electrical documentat ion.  Indu strial  users show productivity ratios of 3: 1 to  4:1
for the preparation of PC boards. The mechanical desi gn productivity ratios are lower ; most range
from 1.5:1 to 2 :1 .  Howeve r , when tailored to specifi c app lications , a large automotive manufacturer  has
consistently measured productivit y ratios of 4:1 to 5 :1  for tool and machine desi gn. Thus , the
productivity ratio of 2: I or 2.6:1 appears to be a conservative estimate over the life of the system.

MTIGSs do not start on the first day at a 2: 1  productivity ratio. It  takes approximatel y I to 4
months in electrical app lications and 3 to S months in mechanical app lications to train users and
arrive at a productivity ratio of 1: 1. However , by the end of the first year , the productivity ratios
should be approaching 2: 1. This increase s slightly during the second year and then levels off. Thus ,
at least 6 months are necessary to allow an MTIGS to become productive .

The cost of MTIGS was assumed to be approximatel y S tOO K per work station. This TA as a very
conservative estimate which included the central  system with all the necessary perip herals. A work
station includes a disp lay with a hard copy unit  where :i technician or engineer can mani pulate graphics
data .

The work load of each NL in the MTIGS applications areas was assumed to be constant over the
system life . In reali ty,  it will probabl y increase.

The cost savings were summarized on Attachment  I I f  NAVCOMP INST 7000.38 dated Augu ct
1977 . This is the st and ar d  tas t - p ayh ack fo rmat for the report.
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Appendix C

NLIGS APPLICATION AREAS

The app lication areas for MTIGS are growing rap idly. The five NLIGS application areas at
present are document at ion :  mechan ical desi gn and layout; integrated circuit design; PCB design ,
layout , and manufac ture ;  and tape preparation for N/C machine tools.

DOCUMENTATION

Documentat ion is a product of every NL. Everything that is designed, built , or under contract
to he designed or built must be documented. Piece-part drawings and schematics must be created.
With MTIGS. piece parts can be dimensioned quickly and notes added to complete the drawing. Then
assembly drawings can be created directl y from the piece part drawings . This is a very cost.effective
way to generate assembl y drawings . Notices of Revision (NORs) and Engineering Change Proposals
(ECP 5) can be incorporated into the drawi n gs very quickl y, since they already reside in the data base.
Assembly drawings can then he quickly updated if necessary.

MECHANICAL DESIGN /LAYOUT

Design layouts can be performed on the computer much faster and better than usin g conventional
drafting techniques. In addition , with the designed parts stored in the computer . these parts can be
manipulated (rotated , translated , etc.) much faster than by conventional techniques. Man y more design
iterations can be comp leted. When the layout is complete , the piece-part geometry already created can
be used to create the piece .part and assembly drawings , saving time and money in drawing preparation.

INTEGRATED CIRCUIT DESIGN UC)

Integrated circuit design at the present compl exity levels requires a computer-aided design (CAD)
system. The decrease in physical size and increase in numbers of components in very large scale
integration (Vl..Sl) designs require a sophisticated grap hics system to keep track of and properly
mani pulate the design . Once the components are entered into the system, verification aids are used to
test for component interference and clearances. Then an N/C tape can be generated to create an IC
mask.

c-i
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PCB DESIGN

The designing of ~~Bs was one of the first application areas of MTIGS. Block diag ra m s ,
schematics , and log ic diagi~ ms are created easily on the MTIGS. Once the schematic is complete , aids
are available to hel p properly place the components on the board.

Routing programs are also available to assist the operator route the board. These routers  run on
a minicomputer and are not very sophisticated , but they do eliminate much of the tedium III the
routing process.

When the routing process is complete , a number of verification aids are available. A program
will check the schematic and the layout to veri fy that  the connections are the same. Another
program will verify that  proper clearances have been m aintained between all the solder runs and
components. A net list capability is available to check electrical connections, even over multi ple
drawing sheets. A bill of materials listing can also be automatically generated.

After the PCB has been properly verified, the manufacturing process can beg in. A photop lot ter
output  tape can he generated directly from the layout stored in the data base . This allows the
creation of a photop lot which can be used directl y as an etching master. An N ,’C drill tape can also
be automatical ly generated. With this tape , a PCB can be automaticall y drilled. Output tapes for
automat ic  wire wrap machines or component insertion machines can also be generated. This PCB
package will bring a very powert ’ul tool to the NLs.

N/C MACHINE TAPE PREPARATION

The capability exists wi t hin the MTI GS to create three-dimensional geometries. Once this geometry
has been generated . tool paths  which simulate the machining process can be generated. Milling and
drilling presently can be accommodated. The N/ C part programmer can check aii d edit any erro rs in the
program before actually machi n in g the part.  The MTIGS will the n create an aut omatic pro gram tools
source program or a centerline tape which can be input to a standard automatic program tools system
for processing. Then the part can be machined on an N/C machine.

These five app lication areas have great potential at the NLs. The MTIGSs should hel p the
laborato ry community do its job faster , easier , cheaper , and better.
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Appendix D

I) iT AILED CALC ULATIONS OF SEVEN ALTERNA TIVE PLANS

SUBMITTED PLAN

Each NI submit  ted a cost anal y s is  for imp lementing an inter active grap hics system at its site.
[h is cost anal~sis was base d on the agreed-u pon assumptions (se e Appendix ( 1 .  Each Ni handled the
computations a bit diff ere nt  lv .  I hese cost anal yses arc summari zed in Plan 4.

ALTERNAT IVE PLANS

At the rc~lue\ t  ‘f the DI I’ s ta l l , d i l l  ci c i i i  I i i n d i r ig  levels were evaluated - Addi t iona l  . I s .ump t io n s
w er e  made so t ha t  a la i r  ev aluat ion could be conduct ed.

The number  of i cqucs tcd  work s ta t  o i l s  f a r  surpasse d the  or igina l program estimates. It  fewer work
statio ns were i be provided , all c a l c u l a t i o n s  had to  be adp i us t c d  The m a u i - s  car labor rates were
calculated for each N i  based on the submi t ted  in t o rma t ion .  l— a ch N i’s labor rate was used throug hout
all t h e  calculations. F ach N E  also had d i i  Icrent  u t i l i z at ion t actors . w h u . l u  varied Ii rn 0.94 to I .76
nl an -y e ai  w o r k  s t : i t i l l i t  . .\iu Issluni pIlon was made t ha t  1.0 man- s ea r ;wu r k  sta th ) fl was most c o f l s C r v a t i v e .
It is also assumed tha t  th ere would  hc enough work to t i l l  th e  work s t a t ion  i l i r  I ( f  man- s ear. Based on
the experience 01 \Wt and \ SV’( ~WO . bot h . issurn pt io ns are s e r~ conser vative . Using these
assumptions . the manual and (‘ -\l) labor costs were ~~~ ulated.

The (A l)  ind i r ec t  lab cost s (based upon e.u~ I N I ‘s labor i c )  were assumed to be constan t and
not plan dependent.  1 his is r easonabl e. s lui c e a hasi ~ level ot support is necessary. A min imum of 3
man-scars  ~ear or eac h \j y ~ lj h ,r , ,i rs was  assumed. -‘s ma int enan ce cost if  S OK T A I ’ i  k s t a t i o n  s e ar
was assumed , based on ‘si I I ( , S i i i d i us t i s  e s t i m a t e s  The oth er m: i i iua l  costs . ( At) mater ial  cost s, and
CAD other  costs were prorated on the  nimibe r of ss - i  stat  .ons h ei uu ~ supp lied. Constant  I -V 7~ dollars
were used , and a 5 -y e ar  sy s tem life was assumed. Pl an ’ 5 , o . and 7 were derived using the  above
ass umpt ions  wi th  a product i v i t ~ increase of 2.0: I -

After extensive disc ussions with leading indu st ’~ i users and based on the experience at NWC and
NSWC , it is apparent that M l  IGSs reut ’~’~— d support organi zation in order to realize the largest
productivity gains. Plans I . 2 . and 3 .rc based on the sante assumptions as Plans 5 , 6, and 7 except a
productivity of 2 . b :I  was assumed as a result  of the inclusion ( It a sUppo rt organization .

The details ui each plan for  each N i  are ~ ven in the following pages.
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Appendix E

COST SENSITIVITY ANALYSIS

The same assumptions that  were used to calculate the alternative plans in Appendix D were
used in the sensitivity analysis. The productivity is the only item that was chan ged. A summary of
the sensitivity analysis is given below . Since the support organi zation was considered only in Plans I ,
2 , an d 3 , the dollar savings for these three plans are shown.

Cost Sensitivity Analysis Summary

Cost savin y s a’ (SM)
Productivity

Plan 1 Plan 2 Plan 3

2.0 10.3 6.6 ( 1.5)
2.1 13.0 8.8 (0.3)
2.2 15.6 11.0 0.9
2.3 18.3 13.3 2. 1
2.4 21.0 15.5 3.3

2.5 23.6 17.7 4.5
2.6 26,3 19.9 5.7
2.7 29.0 22.1 6.8
2.8 31.7 24.3 8.0
2.9 34.3 26.5 9.2

3.0 37.0 28.7 10.4
3.5 50.4 39.8 16.3
4.0 63.7 50.9 22.2
5.0 90.4 73.0 34.1

*Savings does not include equipment cost.
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