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FOREWORD 

The I P A D  project w a s  a very  unique, e x c i t i n g  and rewarding e x p e r i e n c e  f o r  t h o s e  

associated with it. It combined t h e  sc iences  of  engineer ing ,  computing, manufactur- 

i ng ,  management, and human behavior  i n t o  a very i n t e n s i v e  e f f o r t  t o  f i r s t  d e f i n e  a 

problem and subsequent ly  pose a s o l u t i o n .  It addressed  t h e  c r i t i c a l  i s s u e s  of 

engineering/manufacturing p r o d u c t i v i t y  a t  t h e  core of  a n  aerospace company's opera- 

t i o n ,  namely how it develops i t s  mainl ine products .  IPAD genera ted  s t r o n g  o p i n i o n s  

and a t t rac ted  t a l e n t e d  people. I n  t h e  f i n a l  a n a l y s i s ,  it appears  t o  have he lped  set 

d i r e c t i o n s  on a n a t i o n a l  scale i n  a very complex a r e a .  This  document attempts t o  

summarize some of  t h e  i s s u e s  and exper iences  which appeared impor tan t  t o  t h e  a u t h o r s  

d u r i n g  t h e s e  m o r e  than t e n  y e a r s  with I P A D .  One I P A D  f e a t u r e  w a s  t h a t  whi le  many 

people  had d i f f e r e n t  views of  IPAD, a l l  who p a r t i c i p a t e d  i n  it appeared to  derive 

something from it. Undoubtedly, t h i s  r e p o r t  w i l l  be viewed s i m i l a r l y .  Hopeful ly ,  

however, t h e  a u t h o r s  have captured  t h e  e s s e n c e  of l e s s o n s  l e a r n e d  from t h e  IPAD 

e x p e r i e n c e  and t h i s  report w i l l  b e n e f i t  others who m i g h t  embark on such a v e n t u r e .  

F i n a l l y ,  t h e  a u t h o r s  would l i k e  t o  express  a p p r e c i a t i o n  t o  t h o s e  ITAB m e m b e r s  and 

o b s e r v e r s  and IPAD s t a f f  who c o n t r i b u t e d  t o  t h i s  report by r e f l e c t i n g  on t h e i r  IPAD 

e x p e r i e n c e s  and l e s s o n s  l e a r n e d  and t o  Susan J. Voigt ,  former Asst. IPAD P r o j e c t  

Manager, f o r  h e r  ed i tor ia l  a s s i s t a n c e  on t h e  report. 

Robert E. Ful ton,  I P A D  P r o j e c t  Manager 
George C. S a l l e y ,  Deputy IPAD P r o j e c t  Manager 
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SUMMARY 

A key element to improved industry productivity is effective management of 

CAD/CAM information. To stimulate advancements in this area, a unique joint govern- 

ment/industry project designated Integrated Programs for Aerospace-Vehicle Design 

(IPAD) was carried out from 1971-1984. The goal was to raise aerospace industry 

productivity through advancement of computer based technology to integrate and 

manage information involved in the design and manufacturing process. IPAD research 

was guided by an Industry Technical Advisory Board (ITAB) composed of over 100 re- 

presentatives from aerospace and computer companies. The project complemented tra- 

ditional NASA/DOD research to develop aerospace design technology and the Air Force's 

Integrated Computer-Aided Manufacturing (ICAM) program to advance CAM technology. 

IPAD had unprecedented industry support and involvement and served as a unique 

approach to government/industry cooperation in the development and transfer of 

advanced technology. This paper summarizes the IPAD project background, approach, 

accomplishments, industry involvement, technology transfer mechanisms and lessons 

learned from the project. 

INTRODUCTION 

For the United States to remain competitive in the world market, improvements 

in industrial productivity are essential. A key element to improved productivity is 

the advancement, introduction, and effective use of computer-aided design/manufac- 

turing (CAD/CAM) technology. To stimulate advancements in CAD/CAM technology, a 

unique joint government/industry project, denoted Integrated Programs for Aerospace- 

Vehicle Design (IPAD), was carried o u t  from 1971-1984 (fig. 1 ) .  The project goal 

was to raise aerospace industry productivity through advancement of technology to 

integrate and manage information involved in the design and manufacturing process. 

IPAD was carried out initially under the sponsorship of NASA's Office of Aeronautics 
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and Space Technology; in 1982 the Navy's Material Command became a cosponsor. The 

program complemented traditional NASA/DOD research to develop aerospace design tech- 

nology and the Air Force Integrated Computer-Aided Manufacturing (ICAM) program to 

advance CAM technology. Work under the IPAD project was done principally through a 

prime contract to the Boeing Commercial Airplane Company under the guidance of an 

Industry Technical Advisory Board (ITAB) composed of members of aerospace and Navy 

contractors and computer companies (fig. 2). ITAB quarterly reviews provided a 

regular form for over 100 engineering and computer organizations to hold indepth 

discussions of critical CAD/ CAM issues which directed IPAD research and spurred 

internal company efforts. For its size IPAD had unprecedented industry support and 

involvement and provided a unique approach to government/industry cooperation in the 

development and transfer of advanced technology. Some of the IPAD reports, techni- 

cal papers and software releases are included in references 1-96 and Appendices A- 

C. This report summarizes the IPAD program, from the perspective of its industry 

involvement, technical approach, programmatic approach and technology transfer. The 

report also includes a discussion of some of the lessons learned which should be 

addressed in future IPAD-like projects. 

INDUSTRY INVOLVEMENT IN IPAD DEVELOPMENT 

The definition of the IPAD project evolved over many years from a study and 

critique process that included extensive aerospace industry involvement. Two in- 

depth studies of the feasibility and possible forms of an IPAD system were carried 

out in 1972-73 by The Boeing Commercial Airplane Company and General Dynamics/ 

Convair (see ref. 1,2). The total cost of these studies over a 17-month period was 

$611,000. Each study contractor undertook a careful dissection of the vehicle de- 

sign process to delineate those functions and tasks that can be beneficially sup- 

ported by computer hardware and software and then defined the format and elements of 
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a software system that could substantially improve the design process. They also 

assessed the impact of this IPAD system on company computer hardware requirements 

and on the performance of company staffs and evaluated its cost and benefit poten- 

tial. 

One company examined these questions in the context of design of three kinds of 

vehicles--a large subsonic transport, a supersonic transport, and a hydrofoil--and 

developed a comprehensive, detailed picture of the design process as a multilayered 

network of functions. The other examined intensively the tasks and interfaces of 

individual designers and groups and analyzed carefully the information flow in de- 

sign. They considered the effects of the detailed constituent parts of the design 

process and extrapolated their experience with existing software systems to arrive 

at computer requirements, costs, and benefits of IPAD software. Both concluded that 

an IPAD system is feasible and will fit on existing computers. They arrived at 

software systems that differed in detail, but exhibited the same general character- 

istics and order-of-magnitude costs. Projected benefits included 25-90 percent time 

and 20-60 percent cost savings in design, better management visibility, and reduced 

risk and cost resulting from greater depth in early trade-offs, on-time designs, and 

fewer design changes during production. 

Results of these studies were presented in four oral reports that were well 

attended by representatives of industry; for example, 83 industry representatives 

attended the final oral presentations. Following completion of the studies, the re- 

sults were critiqued by teams from McDonnell Aircraft Company; Lockheed-Georgia Com- 

pany; Grumman Aerospace Corporation; Rockwell International, Los Angeles Aircraft 

Division; Control Data Corporation; IBM Corporation; and Sperry Univac. These firms 

examined such questions as completeness of the studies, credibility of the proposed 

systems and projected development parameters, user acceptance, and government and 

industry roles. They expended significant effort over four months, employing 3 1  
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team members and about 100 part-time consultants. The critique reports (ref. 3 )  

reveal a wide spectrum of views, but strong consensus that IPAD system developmet 

should proceed, should not include technical modules development which should remain 

largely the prerogative of industry, and should provide early delivery of software 

and user involvement. Because of the inevitable budget limitations, it was recom- 

mended that NASA limit its specific objective to production of a truncated, but 

"working", system. 

Other early evaluations of the IPAD system concept included an Army-funded 

study by McDonnell Douglas Astronautics Company of its benefit potential for missile 

design (ref. 4 )  and a small NASA-funded study by Battelle Columbus Laboratories of 

its potential for non-aerospace application (ref. 5). In addition, the NASA Re- 

search and Technology Advisory mmmittee (RTAC) on Materials and structures spon- 

sored a colloquium of high-level aerospace managers at MIT on January 30-31, 1974, 

at which IPAD was examined and discussed. NASA prepared an IPAD "Prospectus" in 

February 1975 which set forth the plan for development, initial maintenance, and 

release of IPAD; for an Industry Technical Advisory Board (ITAB) to advise the IPAD 

contractor; and for a user-controlled organization to accept maintenance responsibi- 

lity for IPAD software. NASA then conducted a survey of 4 1  aerospace companies 

seeking their commitment to become a member of ITAB during IPAD development; to 

evaluate IPAD software before it is generally released; and to financially support, 

in the context of a user-controlled organization, maintenance and improvement of 

IPAD software after its value to their company had been demonstrated. Two messages 

of a general nature were apparent in the company responses. First, support for the 

IPAD system concept and willingness to provide advice and counsel through the ITAB 

was very good from the large and medium airframe companies for whom IPAD software 

would be primarily tailored. Second, most companies prudently preferred to defer 

hard commitments beyond ITAB participation until they had a chance to assess 
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r e s u l t s .  A few companies Specif ical ly  d e c l i n e d  commitments t o  par t ic ipate  i n  t h e  

I P A D  project ,  and t h e s e  f e l l  i n  two c a t e g o r i e s  - e i t h e r  I P A D  s o f t w a r e  did n o t  appear  

to  m e e t  t h e  needs of  t h e i r  p a r t i c u l a r  design process, or  t h e y  s a w  IPAD s o f t w a r e  

aimed a t  design problems l a r g e r  t h a n  t h e i r  company a c t i v i t y .  S e v e r a l  such companies 

wished t o  remain informed on IPAD progress  with an o p p o r t u n i t y  t o  r e - e v a l u a t e  t h e i r  

p o s i t i o n  la te r .  

Based on i n d u s t r y  w i l l i n g n e s s  t o  suppor t  t h e  IPAD concept ,  NASA e s t a b l i s h e d  a n  

o f f i c i a l  IPAD project and an IPAD development c o n t r a c t  w a s  awarded through competi- 

t i v e  procurement to  t h e  B e i n g  Commercial Ai rp lane  Company i n  1976. The i n i t i a l  

I P A D  development c o n t r a c t  with Boeing cont inued  u n t i l  1984. A second (sole  s o u r c e )  

c o n t r a c t  w a s  awarded t o  B e i n g  i n  1983 t o  s u p p o r t  t h e  cont inued  I P A D  project as w e l l  

as any subsequent  r e d i r e c t i o n s .  The o f f i c i a l  IPAD project w a s  t e r m i n a t e d  i n  May 

1984 and a smaller r e d i r e c t e d  e f f o r t  is c u r r e n t l y  underway. The t w o  B e i n g  prime 

c o n t r a c t s  i n  1976 and 1983 w e r e  with the Boeing Commercial Airplane Company with t h e  

bulk  of t h e  computer s c i e n c e  s u p p o r t  provided by Boeing Computer S e r v i c e s .  B e i n g  

also subcont rac ted  wi th  a number of aerospace and computer companies f o r  v a r i o u s  

suppor t  t a s k s .  The t o t a l  Boeing c o n t r a c t u a l  e f f o r t  from 1976-1984 w a s  approximate ly  

$ 23 M. Severa l  s m a l l  independent c o n t r a c t s  were also awarded by NASA t o  such or- 

g a n i z a t i o n s  as Kentron I n t e r n a t i o n a l ,  Information Research Associates and George 

Washington U n i v e r s i t y  to p r o v i d e  independent test and e v a l u a t i o n  of IPAD products .  

T h i s  independent e f f o r t  to ta led approximately $3 M. In a d d i t i o n ,  government provided 

c i v i l  s e r v i c e  s t a f f  and f a c i l i t i e s  d i r e c t l y  a s s i g n e d  to  t h e  IPAD project t o t a l e d  

approximately $4 M. In t o t a l ,  t h e  government s u p p o r t  p rovided  t o  t h e  IPAD project 

f r o m  1976-1984 w a s  approximately $30 M. 

ITAB OPERATION 

The major focus f o r  broad indus t ry  involvement i n  t h e  IPAD project w a s  through 

t h e  I n d u s t r y  Technica l  Advisory Board (ITAB). ITAB w a s  formed by t h e  development 

i 
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contractor soon after contract initiation to afford industry the maximum opportunity 

for influencing the course of I P A D  development. NASA invited I T A B  companies to par- 

ticipate and the development contractor established the Board composition subject to 

NASA approval. Board members were typically high level executives having overview 

responsibility for company CAD/CAM related work. They were supported by senior 

technical staff where appropriate. I T A B  was deliberately limited to 20 members 

which was felt to be a manageable but representative group. Observers, who were 

also permitted, began with a handful and eventually grew to over 80. The total 

Board, representing major U . S .  aerospace and computer companies, met at approximate- 

ly 3 month intervals. I T A B  activities included review of planning and technical 

documents, critique of key development decisions, prioritization of I P A D  activities, 

identification of demonstration programs, sponsorship of symposia, and evaluation of 

prototype software. 

other potential IPAD users aided in its evaluation and use. 

r 

. 

A s  the I P A D  software was released, I T A B  member companies and 

The I T A B  chairman was selected from industry and was supported by an I T A B  exe- 

cutive officer on the contractor's staff but independent of and detached from the 

development group. The relationship between I T A B ,  the contractor (Boeing) and NASA 

is shown in Figure 3 .  This arrangement ensured direct communication between I T A B  

and the contractor for ongoing work while at the same time permitted strong commu- 

nication with NASA at both the I P A D  Project Office and at NASA Headquarters. A list 

of the final members and observers of I T A B  is listed in Appendix D. 

Operationally, a typical I T A B  meeting met at different I T A B  member sites, was 

composed of various status reports, and resulted in a series of recommendations to 

the contractor. Figure 4 outlines a typical meeting agenda. I T A B  recommendations 

were drafted by an ITAB Control Board, finalized by I T A B  members and meticulously 

tracked at subsequent meetings. Special I T A B  audit committees were often esta- 

blished to conduct on-site technical reviews of Boeing work at specific major 

4 
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milestones. The work of these audit committees often provided the background for 

I T A B  recommendations. Each meeting usually contained extensive technical discus- 

sions and varied opinions which provided an excellent forum for education, informa- 

tion exchange, and clarification of issues. The resulting recommendations provided 

program direction and recommendations were tracked to insure contractor response. 

I T A B  members were a highly participating group and assumed many responsibili- 

ties which significantly aided the program. Some of their efforts are noted on 

Figure 5.  Al l  member organizations ana several observers actively participated in 

hosting meetings, technical exchanges and software or document evaluations. A few 

companies (such as those noted in the figure) contributed staff and/or products to 

support specific research or development tasks. Government funding was provided to 

support I T A B  travel but these funds were never fully used by I T A B .  The total I T A B  

effort was so extensive and pervasive that, if contracted, it would likely have 

equaled the government funds contracted for the I P A D  technology development. 

TECHNICAL APPROACH 

The I P A D  project was technically an engineering/computer science R & D effort 

to use computer technology to improve the integration of engineering analysis/ 

design/manufacturing processes. The technical approach contained several phases, 

each of which was the basis for subsequent developments. The I P A D  technical ap- 

proach described here was not o n l y  useful in addressing integration issues but also 

could serve as a guide for other technology programs associated with engineering 

software development. m e  basic stages are summarized below with a brief descrip- 

tion of results (see Figure 6 for an approximate schedule). The basic strategy was 

to dissect the aerospace design process, both from an engineering system viewpoint 

as well as for specific engineering scenarios, establish functional requirements for 

a future CAD/CAM system, conduct the preliminary design of a future system (denoted 
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"Full IPAD") which best meets all requirements, and develop prototype communication 

and data management software to meet some of these requirements (Figure 6 , 7 ) .  

coordination was maintained with CAM technology being developed in the Air Force 

ICRM progam. 

Feasibility/Definition Phase 1971-1976 

Close 

b 

This phase included two competitive contractual studies to investigate the po- 

tential need, approach and benefits from use of computers to support companywide in- 

tegration of design (Figure 8). Each contractor worked independently for 6 months; 

evolving results were then presented at 3 month intervals to industry forums for re- 

view and critique. One study (Boeing) developed a systems viewpoint of the total 

work process for product development (ref. 1 ) .  The other study (General Dynamics) 

investigated a spectrum of design tasks from the viewpoint of individual disciplines 

(ref. 2). These two studies provided a gross characterization of the computer 

aided design capabilities needed to support future product developments as well as 

the benefits of such a capability (Figure 9). Such benefits included improved 

designer productivity, improved work environment, reduced design cost and reduced 

downstream manufacturing rework cost. Also considered was why NASA should lead such 

an effort (Figure 1 0 ) .  Industry reviews (ref. 3, 4 ,  5) of these and other IPAD 

activities (Figure 11) concurred with the results, recommended NASA proceed with 

IPAD and expressed willingness to aid development (Figure 1 2 ) .  This phase culmina- 

ted in the selection of a single prime contractor, the Boeing Company, to lead sub- 

sequent phases. 

Design Process Definition Phase 1976-1977 

The goal of the IPAD project was to develop a future integrated CAD system. 

Since development of such a system was unprecedented, not only the requirements but 

also the approach to defining the requirements was unknown. The approach taken was 

to organize a multidisciplinary design team to conduct a systems analysis of the 
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development process for a recent aerospace product, a Boeing 747 commercial air 

transport. The team prepared detailed logic charts of all stages of design, charac- 

terizing design levels, the major engineering steps within these levels, interfaces 

among steps, design iterations, and analysis and design computer programs used to 

support this work (Figure 13). The 747 study was subsequently expanded to consider 

other vehicles including a future advanced aircraft (SST), military aircraft 

(fighter), and a non-aircraft vehicle (hydrofoil). 

The system analysis work was also broadened to investigate design interfaces to 

manufacturing and where major data exchanges take place (Figure 14). This aspect of 

the study was limited to design/manufacturing interfaces since the ICAM program was 

well underway to investigate technology associated with detailed manufacturing pro- 

cesses. The studies did, however, include an investigation of how an engineering 

development was managed through schedule and resource control, tracking and assess- 

ment processes. The above work (ref.9-11) provided a system level description of a 

representative aerospace design process, the first such description available in the 

literature. 

The aerospace design process description was used to conduct an investigation 

of the detailed information flow through the design process. Charts were prepared 

for defining in detail the quantities and types of data flowing among the various 

design stages (ref. 12). Figures 15 and 16, for example, show the data flow asso- 

ciated with preliminary design of an aircraft fuselage frame. A complementary study 

was also conducted to identify the individual tasks engineers wanted computers to do 

and how engineers would like to interface with the computer (ref. 13). This work 

characterized and quantified the data flow through a design process, quantified the 

daily information work load on a company having several products under simultaneous 

development, and established a list of user interface capabilities needed by 

engineers to control a future integrated design process. 
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Requirements Definition Phase 1976-77 

The design process definition phase provided the basis for development of a 

list of functional requirements for a future integrated CAD system (see Appendix 

A: Document D6-IPAD-70040-D). These requirements were compiled by a joint engi- 
8 

neering and computer science team through a very demanding review and assessment L 

process. In developing the requirement list, the effort focused on user need rather 

than the feasibility of satisfying a need. Great difficulty occurred in bridging 

the communication gap between the two different technical cultures of engineering 

and computer science. To help resolve this, each requirement was supported by an 

abstract of an acceptance test to determine if a requirement was satisfied. No 

requirement could be included if an acceptance test could not be conceived. 

The requirements document was subjected to intensive review by ITAB and NASA 

staff and several major reviews were held. These reviews often caused major reworks 

to consider areas overlooked, correct deficiencies and clarify issues. The final 

requirements document (see Appendix A: IPAD Document D6-IPAD-70040-D) was prepared 

and edited by a 4-person technical team composed of a senior engineer and computer 

analyst from both Boeing and NASA working together on site for approximately one 

month. Figure 17 shows the number of requirements according to various categories. 

User interface and information access, transfer and management needs made up the 

bulk of the requirements. For example, the management of data required a demanding 

set of functions greatly exceeding existing software capabilities (Figure 18) and a 

typical company would require rapid access to trillions of words of design data 

(Figure 19). 

Preliminary Design of a Future Integrated CAD System 1977-1978 

Preliminary design of a future IPAD system was developed to meet the IPAD re- 

quirements. Software design was carried out through a top down approach coupling 

requirements to system design. This coupling was not always possible since there 
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was not a one-to-one connection between specific requirements and software functions 

and since there was heavy reliance on distributed operating system technology not 

available. Ultimately, a level 3 preliminary design of this future advanced system 
L' 

was developed with down to third level components and with varying levels of further 

Y details for each component (see ref. 24 and Appendix A: Document D6-IPAD-70036- 

D). The resulting system denoted "Full IPAD" could be viewed as a general-purpose 

interactive integrated computer-aided design system developed to support engineering 

design processes. It would be built on the operating systems of a distributed, 

heterogeneous computing complex. Its primary function would be to handle engineer- 

ing data associated with the design process. Full IPAD software would be installed 

by each company on its computers and used in a manner similar to vendor-supplied 

operating system software. The Full IPAD software would augment, rather than re- 

place, existing operating system software. It would support the continuous design 

activities of a typical company mix of multiple development projects. The Full IPAD 

system would serve management and engineering staffs at all levels of design (con- 

ceptual, preliminary and final) and aid in the assembly and organization of design 

data for manufacturing processes. 

The Full IPAD system would support generation, storage, and management of large 

quantities of data. Its capacity would only be limited by the computer hardware 

configurations selected by each company. The system would be used in a distributed 

computing environment having one or more central host computing systems and many 

remote computing systems. One such arrangement of Full IPAD components is given in 

figure 20. The number of terminals might be several hundred or more and may be 

distributed across the host and remote systems. The Full IPAD software would func- 

tion on the computer complexes in use today by aerospace corporations, but would 

achieve its full potential on the computers in the next decade. 
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The functions of the three major IPAD software components illustrated in figure 

20 are ( 1 )  executive software (IPEX) to control user-directed processes through 

interactive interfaces with a large number of terminals in simultaneous use by en- 

gineering and management personnel and to provide communications between computer 

hardware within and outside the IPAD distributed computing system; (2) data manage- 

ment software (IPIP) to provide a comprehensive, versatile capability for efficient- 

ly storing, tracking, protecting, and retrieving exceptionally large quantities of 

data maintained on multiple storage devices; and ( 3 )  geometry and graphics utility 

software to provide a wide range of capabilities for information and geometry crea- 

tion, manipulation and display functions including design/drafting and interactive 

and display graphics. 

Libraries within the data bases might include analysis/design computer programs 

utilized by various disciplinary specialists and extensive quantities of data. The 

analysis/design computer programs would not be part of the Full IPAD system, but 

would be provided by each company to form the complete design-software system; se- 

lected publically available technical programs might be included in IPAD releases to 

demonstrate capabilities. The data in the data base would include all official pro- 

ject information defining the characteristics of current baselines and alternative 

designs and their performance, as well as archival "handbook" information forming 

the technology base for company designs. 

design information by all disciplinary groups would thus be possible. Temporary 

storage for design information being actively used by individuals or teams would 

also be provided. 

Simultaneous access to the same baseline 

A Full IPAD system would not be a hands-off "automated design" system and would 

not constrain company design methods. The quality of future aerospace designs gene- 

rated in an IPAD environment would depend on the same primary factors as in today's 

design environment: creativity of designers, quality of technical staff, quality of 
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analysis tools and design data, and coordination of design and manufacturing infor- 

mation. IPAD should also be a tool to improve manufacturing direct access to engi- 

neering data. While support for the manufacturing process was not a specific re- 

quirement for the Full IPAD system, it is believed that many manufacturing needs are 

met by the resulting system design. 

A preliminary design of each of these above components was carried out to un- 

derstand key elements, logic interfaces and scope required for development and/or 

technology advancement. Development of the total Full IPAD system was estimated in 

1978 to be a high risk effort costing in excess of $100 M, and well outside of scope 

of an R & D effort. Two critical components which required major technology ad- 

vances were IPIP and IPEX. After extensive reviews by ITAB it was decided to focus 

the next phase on development of prototype software to manage engineering data. 

While there was strong sympathy for IPEX, a distributed engineering operating sys- 

tem, it was felt that computer vendors, with greater resources, would continue to 

address this issue, and that there could be a higher payoff to engineering for the 

IPAD project to concentrate on advancement of data management technology. 

Prototype Software Development 1979-1984 

Under the guidance of ITAB, the IPAD project developed prototype computer soft- 

ware to meet many CAD/CAM information management requirements (see refs. 26-29, 40 ,  

92 for overviews of technical accomplishments). Some of the basic requirements 

driving CAD/CAM systems development (refs. 48-57) include (fig. 2 1 ) :  ( 1 )  accommo- 

date many different views of data from a variety of users and computing storage 

devices; (2) allow many levels of data descriptions to support a wide variety of 

engineering organizations and tasks; ( 3 )  permit easy changes in data definition as 

work progresses; ( 4 )  allow data to be distributed over networks of computers of 

various manufacture; ( 5 )  permit data definitions to be readily extended as needs 

arise; (6) store and manipulate geometry information; ( 7 )  embody adequate 
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configuration management features; and (8) provide extensive capability to manage 

information describing stored data. 

priate research and develop prototype software for a future network of computers 

(refs. 58-59).  Data structure models considered and their status in 1978 included 

heirarchical network, relational and three schema (Fig. 2 2 ) .  To provide the re- 

quired CAD/CAM functionality, and yet meet software performance requirements, data 

base management would be staged at two or more levels with different software capa- 

bilities needed for both the local (user) level and global (project) level (fig. 

2 3 ) .  With such a tiered data base management approach, current inconvenient file- 

oriented procedures (fig. 2 4 )  would be replaced in an IPAD environment by future 

procedures (fig. 2 5 )  where convenient user languages efficiently create, store, 

manipulate, access, and control information in accordance with CAD/CAM requirements. 

The IPAD approach taken was to conduct appro- 

Prototype software was developed under the IPAD project at both the local and 

global levels (Figure 23). A system denoted Relational Information Management (RIM) 

was developed for local-level data management. RIM is based on the highly flexible 

relational model which organizes and manages engineering and scientific information 

according to tables and relationships among tables. Its features include inter- 

active queries, report writer, and FORTRAN interface. RIM was first operational in 

1979 and is now a mature system (Fig. 26) .  In 1981, it served as a critical in- 

formation management capability to support NASA investigations (ref. 60) of the in- 

tegrity of 30,000 tiles on the space shuttle orbiter (fig. 2 7 ) .  The success of RIM 

in such evaluations led to its continued developnent and enhancement by government 

and industry. Over 300 copies of RIM (Fig. 2 8 )  were distributed by the IPAD project 

and a public Version 5.0  is available from COSMIC* for CDC, IBM, DEC, UNIVAC, PRIME, 

*Computer Software Management and Information Center 
112 Barrow Hall 
University of Georgia 
Athens, GA 30602 
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and Harris computers. Commercial organizations have continued to enhance RIM and 

now provide compatible RIM derivative software (e.g., BCS/RIM and MicroRIM) and 

associated maintenance and support for such software operational on a wide range of 

computers (from personal computers to super computers). Commercial versions of RIM 
L 

d are being used extensively by industry (refs. 61-64), and one version has been 

adopted by the Naval Sea Systems Command for use in its early stage ship design 

integration process. NASA used RIM as the common data management system (Fig. 29) 

to integrate several engineering disciplines through development and application of 

a prototype system denoted Prototype Integrated Design System (PRIDE) (ref. 94-95).  

IPAD research has continued on development of a global data base management 

system denoted IPAD Information Processor (IPIP). The approach taken in IPIP is to 

provide the capability within one system to manage information composed of a wide 

variety of data structures including hierarchical, network, relational, and geomet- 

ric. The IPIP approach is based on the concepts of ref. 28 and Document D6-IPAD- 

70036-D (Appendix A) and uses multiple levels of information formats (schemata) to 

permit unlimited reorganization of information as work progresses (fig. 30). 

Each IPIP schema is connected to other schemata via a general-purpose mapping 

capability (language). It provides a new concept called structure processing 

(Figure 31) where an unlimited number of layers of data structures and interconnec- 

ting schema appropriate for different uses can be created on top of the basic data 

base. IPIP is a new concept, still in test and evaluation phases, and is currently 

operational only on a CDC computer. Its approach to management of geometric data 

together with nongeometric data is a unique concept which could be very important to 

future integration of design and manufacturing such as the application illustrated 

in Figure 32. A critical technical challenge in IPIP development has been to pro- 

vide the high degree of engineering user flexibility and yet achieve acceptable 

response times. In late 1983, a test system (denoted IPIP version 5.0) which has 

z 
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average user responses €or test problems of less than 0.2 seconds per data manipula- 

tion command was provided to selected I T A B  organizations to support evaluations such 

as that illustrated in figure 33.  One vendor (CDC) has established I P I P  as an "as 

is" commercial product and is providing limited support for its installation and 

evaluation. I P A D  results to date in defining CAD/CAM data management requirements 

and in developing prototype software have helped stimulate development of commercial 

CAD/CAM data management software (refs. 65-68), and several computer vendors plan 

release in 1984/86 of relational-type data management systems which address many of 

the CAD/CAM requirements identified in I P A D  research. I P A D  results have also helped 

stimulate infusion of data base management technology into university engineering 

research (refs. 69-71). 

A critical CAD/CAM requirement not yet contained within any available or plan- 

ned commercial data management system is the ability to efficiently manage geometry 

information as data in concert with other engineering data (fig. 3 4 ) .  Through use 

of its multischema capability, and the structure processing concepts, I P I P  provided 

the first approach to management of geometry information within a data management 

system (refs. 48, 49). The I P I P  approach provides software capability to create on 

top of the basic geometric data an information structure having an unlimited number 

of geometric descriptions (schemata). One geometry schema includes the evolving 

geometry/graphics standard, Initial Graphics Exchange Specifications ( I G E S ) .  This 

I P I P  information structure concept opens the door for convenient integation of geo- 

metric information with other types of information associated with a CAD/CAM devel- 

opment process (fig. 35). At the time of this report, an evaluation of the I P I P  

geometry concept is underway, and comparisons are being made with other approaches 

in which management of the geometric data takes place in a "geometry engine" outside 

a basic relational data base manager. 

A 
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CAM Data Management Requirements Phase 1982-84 

The IPAD requirements  w e r e  c o n t i n u a l l y  r e v i s e d  as t h e  subsequent  development 

p h a s e s  progressed bu t  a major r e v i s i t  t o  requi rements  d e f i n i t i o n  o c c u r r e d  i n  1982 

triggered by Navy cosponsorsh ip  of t h e  IPAD project as w e l l  as by a growing aware- 

n e s s  o f  t h e  need t o  a d d r e s s  CAM d a t a  management requirements .  This CAM requi rements  

e f f o r t  work b u i l t  on ear l ier  s t u d i e s  of manufactur ing i n t e r a c t i o n  wi th  d e s i g n  

(Figure 1 4 ) ,  a l i m i t e d  s t u d y  of t h e  information f l o w  o f  a s h e e t  metal par t  ( F i g u r e  

36) d u r i n g  f a b r i c a t i o n ,  comparable s t u d i e s  by Grumman f o r  t h r e e  o t h e r  parts ( r e f .  

4 3 ) ,  several ICAM s t u d i e s ,  and a j o i n t  IPAD/ ICAM workshop i n  1980 focused on C A M  

D a t a  Management I s s u e s .  The r e s u l t s  of t h e s e  e f f o r t s  w e r e  i n t e g r a t e d  i n t o  an as- 

sessment  of t h e  data base management requirements  t o  s u p p o r t  CAM (F ig .  37) and IPAD 

Document-70046 (Appendix A ) .  A t  t h e  t i m e  of  t h i s  report, a Navy suppor ted  follow-on 

e f f o r t  w i t h  t h e  remaining IPAD team was c o n t i n u i n g  work t o  d e f i n e  CAM data manage- 

ment requirements  and t o  develop pro to type  software and a p p l i c a t i o n s  t o  tes t  t h e  CAM 

requi rements  and t o  correlate IPIP  f u n c t i o n a l i t y  wi th  t h e s e  requirements .  Close 

c o o r d i n a t i o n  w a s  also c o n t i n u i n g  between Boeing and ICAM s t u d i e s  such as t h e  Product  

D a t a  D e f i n i t i o n  I n t e r f a c e  by McDonnell Douglas ( ref .  4 2 )  and t h e  I n t e g r a t e d  Informa- 

t i o n  Support  System by General Electric (ref. 4 3 ) .  

IPAD PRODUCTS AND THEIR USE 

Over i ts  l i f e t i m e  t h e  IPAD Project  produced a large number of p r o d u c t s  which 

w e r e  widely d i s t r i b u t e d  to  ITAB m e m b e r s ,  o b s e r v e r s  and o t h e r  o r g a n i z a t i o n s .  These 

p r o d u c t s  which w e r e  e x t e n s i v e  i n  number took t h e  form of technology reports, proto- 

t y p e  s o f t w a r e  and technology exchange p r o c e s s e s  ( F i g u r e  3 8 ) .  Due t o  t h e  n a t u r e  o f  

t h e  p r o d u c t s  and t h e  e a r l y  release d i s t r i b u t i o n  process it i s  d i f f i c u l t  t o  document 

t h e i r  e x t e n s i v e  use.  Informal  d i s c u s s i o n s  i n d i c a t e  t h e  I P A D  technology permeated 
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IPAD project which were critically important to achieving a future integrated CAD/ 

CAM capability. Figure 39 shows the approximate timeline for completion of some of 

the products. Some of the IPAD products and their representative uses include: 

j_ ~~ ~ _ _ ~  

deeply into numerous organizations. Several unique concepts were developed on the 

1. Description of an Aerospace Design Process and its interfaces to 
manufacturing 

Use: 
companies including Lockheed Georgia (Figure 4 0 )  and Rockwell (Figure 4 1 ) .  

The aerospace design process description has been used by several 

2. Requirements and methodology for defining future CAD/CAM system 

Preliminary design of a future integrated CAD system based on a unified 
data management approach 

Use: The requirements definition and full IPAD preliminary design work has 
been used by many computer vendors as a basis for their CAD/CAM products. 
For example, IBM acknowledges significant use of the IPAD requirements in 
definition of its CAD/CAM products; CDC's major CAD/CAM product ICEM 
(Integrated Computer Aided Engineering and Manufacturing) is based on IPAD 
requirements and the Full IPAD software preliminary design. 

3.  Relational Information Management (RIM) system which provided a relational 
data management system for engineering use 

Use: RIM is used at hundreds of organizations and is becoming a national 
data management standard, is embedded in company products at Mentor 
Graphics, ICARUS, EXXON, EXECUCOM; has spawned two new companies MICRO-RIM 
and RIM Technology to offer RIM-based products and services; and has formed 
the basis for a commercial software product BCS-RIM marketed by Boeing 
Computer Services. 

4. Prototype Integrated Design System (PRIDE) which demonstrated the approach 
and benefit of a relational data management system and executive to 
integrate geometry, graphics and several disciplines to achieve a 
multidisciplinary computer-aided engineering capability. 

Use: The PRIDE system has served as the guide for several aerospace or- 
ganizations in development of integrated engineering analysis systems based , 
on RIM and other relational data base management systems. 

5. Prototype future multischema Engineering Data Management system which 
encompassed in one system heirarchical, network, relational and geometry 
data structures 
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. 
6 .  

7 .  

8 .  

Use: IPIP has served as a baseline for advanced data management approaches 
and is being offered by CDC as a product denoted CDC-IPIP. Several vendors 
plan the release in 1984-86 engineering data base management systems based 
on relational and/or three schema approaches. A variety of approaches to 
management of geometry data is also under study. 

Data networking approach for communication of data among heterogeneous 
c ompu t e r s 

Use: Networking software has been installed at several aerospace companies 
and was a prototype for several commercial networking products including 
Network Systems NETEX and CDC's LCN. 

CAD/CAM standard activities to facilitate development of data management 
standards 

Use: IPAD has played a significant role in several national standards 
efforts including cosponsorship of the IGES effort to establish Initial 
Graphics exchange specification; IPIP Logical Schema Languages and Data 
Manipulation Languages were based on 1978 CODASYL Data Description and Data 
Manipulation Languages and RIM is becoming a standard for communication of 
engineering data among heterogeneous computers. 

Unique Technology Transfer approach to speed use of high technology by 
industry. 

Use: The ITAB industry involvement mechanism has been used as a model for 
several major programs. For example, ITAB was specifically identified as a 
guideline in a November 1983 RE'P for development of "Guidelines for Applyi- 
ng Computer Aided Engineering Systems to Generate Plant Designs" by the 
Electric Power Research Institute. A new Air Force program for engineering 
data management for logistics needs (Integrated Design Support System) 
also plans to establish an ITAB-like advisory board to guide its activi- 
ties. 

PRIORITIES FOR FUTURE CAD/CAM TECHNOLOGY DEVELOPMENT 

There are many areas of technology which need attention to achieve the level of 

data base management required €or integration of CAD/CAM activities in a major aero- 

space company. Some major priorities are noted here. A key data management re- 

quirement not yet commercially available is the ability to manage unified CAD/CAM 

information distributed across computers of different manufacture with the user 

flexibility provided by software such as RIM and IPIP. A typical company may have 

several different computers to support its combined engineering manufacturing activ- 

ity; the addition of subcontractors introduces even more heterogeneity in computers. 
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Examples of recent high-technology developments include the NASA space shuttle 

(Fig. 42)  and Navy advanced aircraft (e-g., Fig. 431,  wherein major components were 

developed by many widely dispersed companies, each having different computer com- 

plexes. IPAD research has begun development of technology for distributed data 

management. The basic IPIP design was planned for a distributed complex, and the 

IPAD prototype networking software developed in 1980 provides high-speed (greater 

than 10 bits/sec) information transfer between CDC CYBER 730 and a DEC VAX 11/780; 

as noted earlier the latter has already been expanded by vendors into commercial 

products. IPAD research in 1984 investigated an initial distributed data management 

approach for a system composed of a CDC CYBER 835, an I B M  4341, and a DEC VAX 11/ 

780, with each computer utilizing different data base management software (Fig. 4 4 ) .  

Based on these and other studies ITAB, NASA, and the Navy identified critical needs 

for CAD/CAM related data management research over the next few years to include: 

6 

1. 

2. 

3 .  

4 .  

5. 

6. 

7. 

Development of distributed data management software capabilities 

Development of executive software to control information management over a 
network of heterogeneous computers 

Development of multidisciplinary analysis/design data management approaches 
for sequential and concurrent processing computers (Fig. 45)  

Extension and evaluation of geometry data management software capabilities 

Development of data management approaches to support expert engineering 
systems (Fig. 46)  

Definition of the elements of expert systems technology to be utilized 
internally by advanced data management systems 

Refinement and assessment of manufacturing data management requirements 

. 
A National Research Council report states (ref. 4 4 ) :  The use of computers in 

design and manufacturing offers the potential of an integrated information system 

that encompasses product planning, designing, manufactural engineering, purchasing, 

materials requirements planning, manufacturing, quality assurance, and customer 
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acceptance .  A s i n g l e  product  d e f i n i t i o n  d a t a  base c o n t a i n i n g  an e l e c t r o n i c  d e s c r i p -  

t i o n  of  t h e  designed p roduc t s  t h a t  a r e  be ing  c o n s t r u c t e d  o r  manufactured is  a key- 

s t o n e  to  t h e  s u c c e s s f u l  u t i l i z a t i o n  of CAD/CAM technology.  The NASA/Navy I P A D  pro- 

ject under t h e  guidance of ITAB has  helped focus  u n i f i e d  government/ industry techno- 

logy development on t h i s  important  n a t i o n a l  p r o d u c t i v i t y  need. A Nat iona l  Research 

Counci l  s tudy  ( ref .  96) has  s t r o n g l y  recommended t h e  I P A D  e f f o r t  be cont inued  and 

t h a t  NASA use I P A D  technology as a b a s i s  for an i n t e g r a t e d  CAD/CAM c a p a b i l i t y  t o  

s u p p o r t  t h e  space s t a t i o n  program. 

TECHNOLOGY TRANSFER MECHANISMS 

Technology t r a n s f e r  is used h e r e  i n  t h e  b roades t  possible c o n t e x t  of e n s u r i n g  

t h a t  t h e  a p p r o p r i a t e  technology is t r a n s f e r r e d  t o  those  t h a t  need it. The IPAD 

p r o j e c t  i n  i t s  t o t a l i t y  w a s  a major technology t r a n s f e r  mechanism and t h i s  techno- 

logy t r a n s f e r  showed up i n  a l l  facets of t h e  project. There w e r e ,  however, some 

major e lements  t h a t  should  be h igh l igh ted  as d r i v e r s  t o  make t h e  technology t r a n s f e r  

p rocess  a success .  I P A D  r e sea rch ,  for  example provided i d e a s  and focused a t t e n t i o n  

on c r i t i ca l  CAD/CAM i n t e g r a t i o n  i s s u e s  which s t i m u l a t e d  technology t r a n s f e r  among 

t h e  t r i a d  of t h e  I P A D  t e a m ,  computer vendors and aerospace computer u s e r s  ( F i g u r e  

4 7 ) .  A l i m i t e d  number of u n i v e r s i t i e s  w e r e  also involved i n  t h e  p rocess .  %us IPAD 

resea rch  no t  on ly  provided new technology bu t  a l s o  w a s  t h e  c a t a l y s t  f o r  technology 

t ransfer  between t h e  u s e r s  and producers  of  CAD/CAM i n t e g r a t i o n  technology.  To 

f a c i l i t a t e  t h i s  t r a n s f e r ,  t h e  e f f o r t  w a s  focused p r i m a r i l y  around I T A B  ( F i g u r e  4 8 ) .  

To a i d  technology t r a n s f e r  NASA c o n t r a c t u a l l y  r e q u i r e d  I T A B  and Boeing work t o g e t h e r  

as a t e a m  wi thout  NASA s e r v i n g  as mediator.  NASA u s u a l l y  l i m i t e d  t e c h n i c a l  direc- 

t i o n  t o  s i t u a t i o n s  where Boeing and ITAB could  n o t  r e s o l v e  an i s s u e .  It t u r n e d  o u t  

t h a t  NASA and ITAB u s u a l l y  had s i m i l a r  views on t e c h n i c a l  i s s u e s ,  however NASA views 

were n o t  t r a n s m i t t e d  a pr ior i  t o  ITAB. "he success  o f  t h e  ITAB/Boeing/NASA t r i a d  
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(F ig .  49) w a s  due p a r t l y  t o  t h e  c o n t r a c t u r a l  s t r u c t u r e  of t h e  concept  and p a r t l y  t o  

t h e  committment of t h e  l e a d e r s  of t h e  t h r e e  groups.  It w a s  a l s o  f a c i l i t a t e d  by key 

Boeing s t a f f ,  i nc lud ing  t e c h n i c a l  submanagers, t h e  ITAB Execut ive O f f i c e r  and IPAD 

Program Support Manager who provided  a d m i n i s t r a t i v e  and t e c h n i c a l  suppor t  t o  ITAB.  

Af t e r  approximately one year  of o p e r a t i o n  I T A B  began t o  assume ownership of  t h e  IPAD 

p r o j e c t  and i t s  technology t h r u s t s ;  t h i s  ownership l a s t e d  u n t i l  t h e  program's  con- 

c l u s i o n .  The number of ITAB members and obse rve r s  quadrupled ove r  t h e  project l i f e  

and t h e  group became a c t i v e  e n t h u s i a s t s  t o  f a c i l i t a t e  CAD/CAM technology t r a n s f e r  

through a v a r i e t y  of formal and informal  mechanisms. I T A B  w a s  s t r o n g l y  opposed t o  

ending  t h e  I P A D  program because of  i ts  success  as a technology t r a n s f e r  mechanism 

and because t h e r e  w e r e  s t i l l  many i s s u e s  t o  be re so lved .  

f 

PROGRAMMATIC PERSPECTIVE 

Progammatically wi th in  NASA, t h e  IPAD project had i t s  g e n e s i s  around 1970 wi th  

t h e  Langley Research Center  Director, Edgar M. C o r t r i g h t  who asked a t e c h n i c a l  t e a m  

l e d  by Richard H. Heldenfe ls ,  Deputy Di rec to r  f o r  S t r u c t u r e s ,  t o  i n v e s t i g a t e  whether 

computer technology c o u l d  be used m o r e  e f f e c t i v e l y  t o  suppor t  i n d u s t r y  a i r c r a f t  de- 

s ign  processes .  This i n i t i a t i v e  fol lowed i n  t h e  wake of NASA's s u c c e s s f u l  develop- 

ment of  NASTRAN, an advanced s t r u c t u r a l  a n a l y s i s  so f tware  system and appeared t o  be 

an a p p r o p r i a t e  next s tep i n  computer a p p l i c a t i o n s  t o  a n a l y s i s  and design.  F igure  50 

g i v e s  a chronology of major programmatic events .  

Key people e x i s t e d  a t  NASA Headquarters  ( D r .  Leonard Harris) ,  Langley ( D r .  

R o b e r t  E. Ful ton)  and Boeing ( D r .  Ralph E. Miller, Jr.) who w e r e  exper ienced  i n  

f i n i t e  element methods, i n t e r e s t e d  i n  t h e  nex t  cha l l enge  i n  computer a p p l i c a t i o n s  

and s a w  t h e  p o t e n t i a l  of computer technology to  a i d  i n t e g r a t i o n  of a n a l y s i s  and de- 

s i g n  t a s k s .  Two f e a s i b i l i t y  s t u d i e s ,  noted ear l ier ,  he lped  p rov ide  program d e f i n i -  

t i o n .  The r e s u l t s  of  t h e s e  s t u d i e s  were s u b j e c t e d  t o  e x t e n s i v e  c r i t i q u e s  i n c l u d i n g  

I 
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a special programmatic workshop a t  MIT on January 30-31, 1974, a t t e n d e d  by s e n i o r  

r e p r e s e n t a t i v e s  from NASA, AF and indus t ry .  This  workshop recommended I P A D  be i n i -  

t i a t e d  b u t  t h a t  t h e  focus  be on t h e  core sof tware  c a p a b i l i t y  such as e x e c u t i v e  and 

in fo rma t ion  management and t h a t  t h e  a p p l i c a t i o n s  programs he l e f t  t o  i n d u s t r y .  

There w a s  g r e a t  concern t h a t  NASA leave automation of des ign  technology t o  i n d u s t r y  

b u t  c o n c e n t r a t e  on core f a c i l i t i e s  t o  suppor t  t h a t  technology.  There w a s  a g e n e r a l  

f e e l i n g  t h a t  e x i s t i n g  vendor provided o p e r a t i n g  systems l e v e l  c a p a b i l i t y  w a s  n o t  

s a t i s f a c t o r y  f o r  eng inee r ing  des ign  and t h a t  expansion of t h a t  c a p a b i l i t y  w a s  needed 

by t h e  aerospace  i n d u s t r y .  

A p re l imina ry  project p l a n  w a s  prepared i n  A p r i l  1973 which o u t l i n e d  t h e  basic 

IPAD p lan .  This p l an  focused on development of a core composed o f  d a t a  management, 

e x e c u t i v e  and u t i l i t y  so f tware  and the u t i l i z a t i o n  of a p p l i c a t i o n  programs i n  t h e  

p u b l i c  domain. The t o t a l  set of  sof tware would make up a f u t u r e  IPAD system. The 

phases  of  development inc luded  a sof tware  development p l an  fo l lowed by maintenance 

and ope ra t ion  p lan .  This  p l an  had some s i m i l a r  t i es  t o  t h e  p l an  f o r  t h e  NASTRAN 

program which w a s  a t  t h a t  t i m e  i n  t he  maintenance and o p e r a t i o n  phase.  The project 

w a s  advocated and approved as a sof tware development e f f o r t  and w a s  funded as a sys- 

tems technology program i n  t h e  OAST budget beginning  i n  FY 7 5 .  Prior t o  f i n a l  im- 

p lementa t ion  and a t  t h e  d i r e c t i o n  of D r .  Alan Lovelace,  NASA OAST Associate Admini- 

s trator,  a p rospec tus  of  t h e  proposed IPAD program w a s  p repared  i n  1975 and s e n t  t o  

t h e  ch ie f  eng inee r ing  o f f i c e r  of  most m a j o r  ae rospace  companies t o  so l i c i t  t h e i r  

adv ice  and suppor t  f o r  t h e  program. The response  as  noted  i n  o t h e r  s e c t i o n s  w a s  

very  suppor t ive  and f i n a l  approval  of NASA OAST t o  proceed w a s  s ecu red .  

The e f f o r t  w a s  funded as a system technology program managed as t h e  I P A D  Pro- 

ject  o u t  of t h e  R & T S t r u c t u r e s  and Materials Of f i ce  a t  NASA Headquarters  and t h e  

S t r u c t u r e s  Directorate a t  NASA Langley (see Figure 5 1 ) .  The basic e lements  of t h e  

Boeing c o n t r a c t  are noted i n  Figure 52. On completion of  t h e  p r e l i m i n a r y  design 
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phase f o r  a F u l l  IPAD it became Clear t h a t  a f u t u r e  f u l l y  i n t e g r a t e d  CAD software 

system could  n o t  be developed f o r  t h e  r e sources  a n t i c i p a t e d  f o r  t h e  IPAD project and 

t h a t  some r e d i r e c t i o n  w a s  r equ i r ed .  ITAB and t h e  IPAD P r o j e c t  O f f i c e  h e l d  a major 

P re l imina ry  Design Review i n  September 1978 and OAST h e l d  a major programmatic re- 

view i n  February 1979. A s  a r e s u l t  of t h e s e  reviews,  it w a s  dec ided  to r e d i r e c t  t h e  

I P A D  e f f o r t  toward development of  a new so f tware  technology f o r  e n g i n e e r i n g  data 

management. Software development w a s  concen t r a t ed  a l m o s t  e x c l u s i v e l y  toward I P I P  

development, a complex unprecedented d a t a  base management system. The o r i g i n a l  

i n t e n t  of an i n t e g r a t e d  so f tware  system w a s  abandoned as be ing  too expens ive ,  inap-  

p r o p r i a t e  f o r  NASA, and n o t  t h e  best use of  t h e  l i m i t e d  R 61 D r e sources .  dvanced . 

d a t a  management concept such as IPIP  provided a p p r o p r i a t e  NASA r e s e a r c h  toward 

f u t u r e  advanced engineer ing  so f tware  systems. 

P f l  

re 

IPIP w a s  i n  f a c t  a ve ry  l a r g e  under tak ing  f o r  an eng inee r ing  so f tware  e f f o r t  

b u t  w a s  f e l t  to be a major high r i s k  i n i t i a t i v e  needed t o  advance CAD/CAM d a t a  

management technology. During development, t h e r e  w e r e  s e v e r a l  s p i n  o f f s  such as 

RIM, t h e  networking so f tware ,  PRIDE and v a r i o u s  o t h e r  systems sof tware .  me p r i n c i -  

pal t h r u s t ,  however, was IPIP  and i t s  a s s o c i a t e d  technology.  The n a t u r e  of  t h i s  

s i n g l e  so f tware  system made it d i f f i c u l t  t o  produce small e a r l y  release p roduc t s  

o t h e r  than technology reports. As t h e  complexi ty  of t h e  eng inee r ing  d a t a  base  

management i s s u e s  became more v i s i b l e  I P I P  and RIM became t h e  v e h i c l e  f o r  e v a l u a t i o n  

of t h e s e  i s s u e s .  As a major programmatic even t ,  R I M  w a s  s u c c e s s f u l l y  applied i n  

1980 t o  suppor t  the  NASA space  s h u t t l e  t i l e  i n v e s t i g a t i o n  and u l t i m a t e l y  became a 

major commercial sof tware product .  The f i r s t  v e r s i o n  of  IPIP  became o p e r a t i o n a l  

1981 on a CDC CYBER computer i n  1981. Subsequent IPIP v e r s i o n s  s i g n i f i c a n t l y  i m -  

proved performance and added capabi l i t ies  such as geometry data management ( 1 9 8 2 )  

and m u l t i u s e r  features ( 1 9 8 3 ) .  These v e r s i o n s  c l e a r l y  proved t h e  unique I P I P  mul t i -  

schema d a t a  base management concept  f r o m  a sof tware  implementation v iewpoin t .  
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However, due t o  the  magnitude of t h e  t a s k  and t o  l i m i t e d  r e s o u r c e s ,  t h e  IPIP  ver -  

s i o n s  a t  t h e  completion of t h e  I P A D  p r o j e c t  s t i l l  lacked adequate  performance and 

use r  f e a t u r e s  t o  suppor t  a reasonable  eng inee r ing  e v a l u a t i o n .  

I n d u s t r y  through I T A B  cont inued  to  s h o w  s t r o n g  suppor t  for I P A D  and one cou ld  

see s i g n i f i c a n t  changes toward embracing I P A D  concepts  w i th in  t h e  aerospace and 

computer companies working c l o s e l y  w i t h  IPAD.  ITAB had f a r  more p r i o r i t y  i t e m s  for 

development than  a v a i l a b l e  r e sources  would permit and s e v e r a l  companies provided  

direct  suppor t  t o  the development e f f o r t .  Throughout the program, c o o r d i n a t i o n  also 

cont inued  w i t h  the  A F  ICAM program (Figure  53) and NASA/AF s taff  coopera ted  i n  

programmatic i s s u e s  and developing  a Memorandum of Understanding. 

shown cont inued  i n t e r e s t  i n  I P A D  s ince  its incep t ion  and i n  FY83 the Navy Manufac- 

t u r i n g  Technology program jo ined  t h e  I P A D  program t o  fund i n c r e a s e d  a c t i v i t y  i n  CAM 

data management needs ( F i g u r e  5 4 ) .  This led t o  a t a s k  t o  d e f i n e  CAM data management 

requi rements  and s o m e  l imi t ed  i n v e s t i g a t i o n s  were carried o u t  as noted  earlier.  AS 

t h e  IPAD program w a s  ending  i n  1984, a NASA/Navy follow-on e f f o r t  denoted Engineer- 

i n g  Manufacturing Information System (EMIS) w a s  be ing  focused toward developing  and 

a s s e s s i n g  data management requirements t o  suppor t  CAD/CAM i n t e r f a c e  and CAM i n t e g r a -  

t i o n  a c t i v i t i e s .  

The Navy had 

LESSONS LEARNED 

The l e s s o n s  l ea rned  from a complex p r o j e c t  such as I P A D  are many and d i f f i c u l t  

t o  document, p a r t i c u l a r l y  because I P A D  w a s  bo th  a technology development and techno- 

logy t r a n s f e r  program. Most of the l e s sons  l ea rned  are con ta ined  i n  the  a t t a c h e d  

l i s t  of r e f e r e n c e s  or i n  t h e  p r o f e s s i o n a l  expe r i ences  of  t h e  more than  500 CAD/CAM 

t e c h n i c a l  and management s t a f f  who had c l o s e  c o n t a c t  wi th  t h e  program. 

l e s s o n  l e a r n e d  is t h a t  a p r o j e c t  such as I P A D  n o t  on ly  addressed impor tan t  t e c h n i c a l  

i s s u e s  b u t  it also served  as a needed t r a i n i n g  ground f o r  a s i g n i f i c a n t  pe rcen tage  

The b i g g e s t  
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of t h e  key people now r e s p o n s i b l e  f o r  i n t e g r a t e d  CAD/CAM and data management i s s u e s .  

me t r a i n i n g  of t h e s e  t e c h n i c a l  and management s ta f f  through a focused r e s e a r c h  

project a c t i v i t y  was a n  e x c e l l e n t  way t o  accelerate upgrading n a t i o n a l  expertise i n  

a very  complex t e c h n i c a l  area c r i t i c a l  t o  improved p r o d u c t i v i t y .  V i r t u a l l y  a l l  

major CAD/ CAM and engineer ing  data management e f f o r t s  t r a c k e d  IPAD and w e r e  in -  

f l u e n c e d  by i t s  experiences.  IPAD gave t h e  CAD/CAM i n t e g r a t i o n  and data management 

i s s u e s  n a t i o n a l  focus,  c r e d i b i l i t y ,  d i r e c t i o n ,  approach and s p e c i f i c  t e c h n i c a l  

c o n t r i b u t i o n s .  The r e s o u r c e s ,  w h i l e  n o t  adequate  t o  a c h i e v e  many needed t e c h n i c a l  

accomplishments, appeared adequate  t o  a c c e l e r a t e  n a t i o n a l  a t t e n t i o n ,  make selected 

t e c h n i c a l  accomplishments and a c h i e v e  t h e  d e s i r e d  technology t r a n s f e r .  

The government's (NASA/Navy) role i n  l e a d i n g  t h e  IPAD e f f o r t  and i n  p r o v i d i n g  

t h e  basic core funding w a s  e s s e n t i a l .  I n d u s t r y  c o n t r i b u t i o n s  probably  matched t h e  

government funding and t h e i r  in formal  cost s h a r i n g  w a s  e s s e n t i a l  t o  t h e  v i a b i l i t y  o f  

t h e  p r o j e c t .  The b a s i c  program p l a n  w a s  composed of  ( 1 )  a f l e x i b l e  R & D p r i m e  

c o n t r a c t  with an aerospace company, ( 2 )  independent  NASA i n  house p l u s  c o n t r a c t e d  

s o f t w a r e  e v a l u a t i o n s ,  ( 3 )  t h e  ITAB review and c r i t i q u e  p r o c e s s  and ( 4 )  a long  t e r m  

NASA commitment. T h i s  program p l a n  appears  t o  have been w e l l  conceived t o  a d d r e s s  

t h e  r e q u i r e d  technology advancement and t o  speed technology t r a n s f e r .  The I P A D  

programmatic model i s  l i k e l y  t o  be u s e f u l  t o  o t h e r  programs p a r t i c u l a r l y  t h o s e  

related t o  engineering/computer technology i s s u e s .  ?he r e s u l t s  o f  an ITAB s u r v e y  on 

lessons l e a r n e d  toge ther  wi th  some d e t a i l e d  o b s e r v a t i o n s  on t e c h n i c a l  approach,  

programmatic support  and technology t r a n s f e r  are summarized below. 

ITAB A s s e s s m e n t  Survey: 

To provide  i n s i g h t  i n t o  t h e  l e s s o n s  l e a r n e d  from I P A D  a survey  w a s  made o f  ITAB 

m e m b e r s  and s e l e c t e d  o b s e r v e r s .  Table  1 e x t r a c t s  s p e c i f i c  r e s p o n s e s  t o  t h e  survey  

t o  g a i n  i n s i g h t  i n t o  t y p i c a l  ITAB company r e a c t i o n s .  me f o l l o w i n g  l is ts  t h e  

q u e s t i o n  (Q) asked and summarizes t h e  I T A B  response (R): 
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1. Q: How d i d  IPAD h e l p  your company? 

R: IPAD h e l p e d  through s e r v i n g  as an e x c e l l e n t  n a t i o n a l  forum f o r  key 
i s s u e s  re la t ive  t o  i n t e g r a t i o n  and data management i s sues ,  l a r g e l y  n o t  
understood a t  IPAD's incept ion .  It also g r e a t l y  r e i n f o r c e d  i n t e r n a l  
company e f f o r t s  t o  address  t h e s e  i s s u e s  l e n d i n g  b o t h  t e c h n i c a l  and 
management c r ed ib i l i t y  t o  t h e  i s sues .  

2. Q: mat r e s u l t s  d id  you f ind  m o s t  u s e f u l  ( e i t h e r  t e c h n i c a l  or management- 
w i s e )  ? 

R: The IPAD r e s u l t s  found most u s e f u l  inc luded  t h e  d e s i g n  process 
methodology, IPAD requirements ,  and t h e  CAD/CAM i n t e g r a t i o n  c o n c e p t s  
which aided aerospace company e f f o r t s  and i n f l u e n c e d  vendor products .  

3 .  Q: What use d id  your company make of IPAD products?  ( requi rements ,  
p r o t o t y p e  s o f t w a r e ,  documents) 

R: Extens ive  use w a s  made of t h e  v a r i o u s  t e c h n i c a l  reports and documents, 
RIM and t h e  networking software.  IPIP  w a s  u s e f u l  t o  o n l y  a few 
o r g a n i z a t i o n s  t o  provide advanced data base management i n s i g h t .  

4.  Q: How e f f e c t i v e  w a s  t h e  ITAB process and why? 

R: h e  ITAB process w a s  an overwhelming s u c c e s s  and cons idered  t h e  "key t o  
IPAD success" .  It w a s  considered a "unique exper ience"  as a t e c h n i c a l  
a d v i s o r y  board which w i l l  have a long  term impact due t o  t h e  l e a r n i n g  
which took place and t h e  c o n t a c t s  developed. 

5. Q: Approximately how many of your p e r s o n n e l / o r g a n i z a t i o n s  had c o n t a c t  w i t h  
IPAD r e s u l t s ?  

R: I P A D  had direct c o n t a c t  with t h e  core (10-50)  t e c h n i c a l  and management 
l e a d e r s  w i t h i n  each ITAB company who direct l o n g  term CAD/CAM techno- 
logy. me o v e r a l l  number c o n t a c t e d  i n  a second leve l  o f  t e c h n i c a l  or 
management i n t e r f a c e s  ranged w e l l  i n t o  t h e  thousands o v e r a l l .  

6. Q: what could  have been done bet ter ,  and what w e r e  t h e  major d e f i c i e n c i e s ?  

R: Areas which could  have been improved inc luded  
- more stable funding 
- p r o j e c t i n g  t h e  image of a l e a d i n g  edge r e s e a r c h  e f fo r t  r a t h e r  t h a n  a 

- p r o v i d i n g  m o r e  v i s i b i l i t y  i n t o  a p p l i c a t i o n s  and demonst ra t ions  
- p r o v i d i n g  less emphasis on a large software product ( I P I P )  which had 

- c o n c e n t r a t i n g  technology developments on smaller modules, which 

- p r o v i d i n g  add i t iona l  emphasis i n  such c r i t i c a l  i s s u e s  as s t a n d a r d s ,  

software development p r o j e c t .  

found l i t t l e  d i r e c t  use a t  t h e  t i m e  of  project ended 

g r e a t l y  i n c r e a s e  both  p r o b a b i l i t y  of s u c c e s s  and technology t r a n s f e r  

microcomputers, d i s t r i b u t e d  data management and geometry data manage- 
ment 

7 .  Q: Any o t h e r  t e c h n i c a l  or management i s s u e s  you t h i n k  appropriate t o  
comment on. 
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R: A general  obse rva t ion  w a s  t h a t  t h e r e  w a s  "no ques t ion  I P A D  s i g n i f i -  
c a n t l y  a l t e r e d  t h e  c o l l e c t i v e  op in ions  o f  a s u r p r i s i n g  number of 
dec is ion  makers , " tha t  I P A D  w a s  an " e x c e l l e n t  program f o r  i ts  t i m e s "  and 
t h a t  they were " s o r r y  to  see momentum h a l t e d  when i n d u s t r y  needs data 
management r e s e a r c h  ." 

Technica l  Approach I s s u e s  : 

Techn ica l  i s s u e s  inc lude  both  t h e  concep t s  involved  i n  t h e  work and t h e  ap- 

proach to accomplishing t h e  t e c h n i c a l  work. The unique t e c h n i c a l  concep t s  developed 

by  I P A D  are noted  e a r l i e r  i n  t h e  report and documented more f u l l y  i n  t h e  numerous 

r e f e r e n c e s .  Some lessons  l ea rned  from t h e  t e c h n i c a l  approach i n c l u d e :  

1. Engineering and computer s c i e n c e  are n o t  on ly  d i f f e r e n t  d i s c i p l i n e s  b u t  i n  

s o m e  r e spec t s  are d i f f e r e n t  c u l t u r e s ;  c o n f l i c t s  between t h e  t w o  groups are 

l i k e l y  and should  be a n t i c i p a t e d .  Within t h e  I P A D  t e a m  t h e r e  w a s  o f t e n  a 

s t eady  c o n f l i c t  between eng inee r ing  and computer s c i e n c e  on t h e  g o a l s  o f  

t h e  p r o j e c t ,  requi rements ,  sof tware  development approach,  q u a l i t y  of  t h e  

products and communication meanings. A t  t h e  beginning ,  I P A D  e n g i n e e r i n g  

management d i d  n o t  unders tand  computer s c i e n c e ,  so f tware  development con- 

cepts, the  d i f f e r e n c e s  between a p p l i c a t i o n s  and system programming, and 

so f tware  terminology. Likewise,  I P A D  computer management d i d  n o t  under- 

s t a n d  engineer ing  des ign ,  computer-aided requi rements ,  t h e  need f o r  t u t o r -  

i a l s  and demonst ra t ions ,  and terminology.  Each group had a d i f f e r e n t  view 

of t h e  research  concep t s  requi red  from such a project. 

2 .  Software p r o j e c t s  o f t e n  have a cont inuous  and h igh  tu rnove r  i n  t e c h n i c a l  

s t a f f .  The I P A D  ra te  of 30+% per  year  caused d i f f i c u l t y  i n  ma in ta in ing  

s t a f f  s t a b i l i t y  and competence s u f f i c i e n t  t o  develop  a l a r g e  p r o t o t y p e  

software system such as I P I P .  U s e  of a s e l f  documenting development lan-  

guage (PASCAL) may have been a s a l v a t i o n  i n  accomodating t h i s .  A h i g h l y  

tuned conf igu ra t ion  management system t o  suppor t  so f tware  and document 

development had t o  be e s t a b l i s h e d  and w a s  e s s e n t i a l  t o  t h e  p r o j e c t .  
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. 

3 .  A r e l a t i v e l y  new development language (PASCAL)  can a l s o  be a major d e t e r -  

r e n t  t o  sof tware  development. While PASCAL appeared t o  be a good t e c h n i c a l  

base f o r  system development, PASCAL suppor t  sof tware  w a s  no t  s u f f i c i e n t l y  

mature a t  t h e  i n c e p t i o n  of major coding. Compilers,  development u t i l i t i e s  

and r e s i d e n t  e x p e r t i s e  was not r e a d i l y  a v a i l a b l e  which g r e a t l y  a f f e c t e d  

code q u a l i t y  and p r o d u c t i v i t y .  A "machine independent" language w a s  an i m -  

p o r t a n t  I P A D  development requirement and PASCAL w a s  t h e  b e s t  of a poor set 

o f  a l t e r n a t i v e s  a t  t h e  t i m e ;  t h e  FORTRAN ver s ion  a v a i l a b l e  i n  1978, ap- 

peared t o  be a w o r s e  choice  t o  suppor t  t h e  I P A D  system coding a n t i c i p a t e d .  

4. The c o n f l i c t i n g  goa l s  of "research" sof tware  ve r sus  "usefu l"  sof tware  pro- 

v ides  a c o n t i n u a l  problem for  an advanced eng inee r ing  sof tware  r e s e a r c h  

project. Engineers  want usefu l  sof tware  products  and computer s c i e n t i s t s  

wanted t o  develop new concept sof tware .  With I P A D  it was d i f f i c u l t  t o  f i n d  

a middle ground of new high r i s k  computer s c i e n c e  concepts  which, a t  t h e  

same t i m e ,  could be be embodied i n t o  u s e f u l  p ro to type  sof tware .  The t e r m  

H u s e f u l "  w a s  o f t e n  d i f f i c u l t  to  de f ine .  

5 .  I n  managing an advanced engineer ing  computer systems project t h e  p r i n c i p a l  

l e a d e r s h i p  should have e x p e r t i s e  i n  both  t h e  eng inee r ing  need and computer 

systems development. It i s  usua l ly  impossible  t o  g e t  bo th  c a p a b i l i t i e s  i n  

one person. m e  IPAD choice  a t  bo th  NASA and B e i n g  was f o r  t h e  program 

manager t o  be an eng inee r ing  manager and t h e  deputy program manager t o  be a 

sof tware  development manager. Experience i n  c r i t i ca l  a r e a s  such as l a r g e  

advanced pro to type  system development or advanced d a t a  base  management con- 

cepts w a s  d i f f i c u l t  to  f i n d  within an aerospace  company. I P A D  project ac- 

complishments s u f f e r e d  u n t i l  t h i s  r equ i r ed  exper ience  could be found or 

developed from t h e  p r o j e c t  s t a f f .  Pbre u s e  of  s u b c o n t r a c t o r s  f o r  s p e c i f i c  

c r i t i c a l  s k i l l  a r e a s  might have been u s e f u l .  



32 

6. Software engineer ing  and top down d e s i g n  is  a good concept  b u t  it h a s  t o  be 

s i g n i f i c a n t l y  modif ied i n  a r e s e a r c h  e f for t  l e a d i n g  t o  p r o t o t y p e  system 

sof tware .  A f t e r  p r e l i m i n a r y  des ign  is  c a r r i e d  t o  t h e  t h i r d  or f o u r t h  

level ,  coding should begin on p r o t o t y p e  software i n  parallel to  h e l p  r e f i n e  

t h e  design. such p r o t o t y p e  coding is  needed t o  c l a r i f y  c o n c e p t s ,  s t i m u l a t e  

s t a f f  enthusiasm, and show s u b s t a n t i v e  progress. Sometimes such code also 

t u r n s  o u t  to  be h i g h l y  u s e f u l .  For example, RIM w a s  o r i g i n a l l y  a data base 

management p r o t o t y p e  developed i n t e r n a l l y  w i t h i n  the project t o  unders tand  

r e l a t i o n a l  concepts ;  it w a s  r e w r i t t e n  several t i m e s  before it became t r u l y  

u s e f u l  and w a s  p roduct ized .  The I P A D  t e a m  carried o u t  requi rements  d e f i n i -  

t i o n  and p r e l i m i n a r y  des ign  f o r  t w o  y e a r s  prior t o  beginning  any coding  and 

t h e  f i r s t  s o f t w a r e  p r o d u c t s  began t o  show up 3 y e a r s  i n t o  t h e  project. 

This  w a s  too long  and some p r o t o t y p e  coding  should  have begun no later t h a n  

one  year  i n t o  t h e  project wi th  p r o d u c t s  beginning  t o  evolve  d u r i n g  t h e  

second year.  

7 .  Performance o f  sof tware  is an impor tan t  e lement  and should  be c o n s i d e r e d  i n  

t h e  e a r l y  s t a g e s .  The i n i t i a l  sof tware  should have moderate performance,  

i f  possible, b u t  hooks should  be b u i l t  i n t o  t h e  sof tware  f o r  performance 

probes to  suppor t  subsequent  per€ormance assessment  s t u d i e s .  Engineer ing 

u s e r s  w i l l  n o t  s e r i o u s l y  e v a l u a t e  s o f t w a r e  u n l e s s  t h e  performance is  

reasonable;  t h u s  performance t h r e s h o l d s  need t o  be i d e n t i f i e d  and m e t .  The 

s o f t w a r e  design team needs to  unders tand  the role and importance of  p e r f o r -  

mance a n a l y s i s  and t h e  r e q u i r e d  target  levels. RIM w a s  n o t  e v a l u a t e d  out -  

side t h e  development team u n t i l  i t s  performance w a s  acceptable. IPAD d i s -  

cussed t h e  importance o f  performance i n  t h e  IPIP  des ign  b u t ,  because of  t h e  

complexity of t h e  IPIP d e s i g n ,  s e r i o u s  i n c o r p o r a t i o n  of  performance issues  

w a s  delayed u n t i l  an i n i t i a l  system w a s  o p e r a t i o n a l .  Earlier i n c o r p o r a t i o n  
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of f e a t u r e s  t o  reduce known performance d e f i c i e n c i e s  i n  t h e  system would 

have ame l io ra t ed  t h e  i n t e n s i v e  performance enhancement e f f o r t  t h a t  ensued 

and f a c i l i t a t e d  I P I P  eng inee r ing  eva lua t ion .  

8 .  The t e c h n i c a l  p l a n  f o r  a sof tware r e s e a r c h  e f f o r t  should  a i m  toward modular 

p roduc t s  and f o r  s e l e c t e d  ones t o  be o p e r a t i o n a l  w i th in  t w o  yea r s .  Selec-  

t e d  so f tware  p roduc t s  which a r e  l o w  r i s k  t o g e t h e r  with t e c h n i c a l  reports 

should be developed with a po r t ion  of  t h e  resources .  Simultaneously a more 

expensive h igh  r i s k  set o f  sof tware should be s t a r t e d  so it can be i n  t h e  

p i p e l i n e  f o r  a much longer  t i m e .  The b a s i c  t e c h n i c a l  p l an  should  have a 

mix of  modules composed o f  low and h igh  r i s k  p roduc t s  t o  be completed over 

a near  term and longer  term schedule  and should a l l o w  f o r  s o m e  f a i l u r e s  as 

w e l l  as successes .  

9. The c o n t r a c t u a l  o r g a n i z a t i o n  r e s p o n s i b l e  f o r  prototype so f tware  development 

should probably  be separated from t h e  r e sea rch  o r g a n i z a t i o n .  While t h i s  

may be i n  t h e  same p a r e n t  c o n t r a c t o r ,  t h e  r e s e a r c h  and development phases  

need t o  be s e p a r a t e l y  organized,  budgeted and managed. The r e sea rch  group 

should  be r e q u i r e d  to  document concepts  o r  des igns  s u f f i c i e n t  t o  suppor t  

t h e  p ro to type  development, whether done by t h e  development group or by an 

independent  group. There i s  a n a t u r a l  t u g  between t h e  r e s e a r c h  and deve- 

lopment e f f o r t s  bo th  i n  terms of t e c h n i c a l  t a l e n t  and a v a i l a b l e  r e s o u r c e s .  

I n  I P A D ,  r e s e a r c h  a c t i v i t i e s  w e r e  o f t e n  i n t e r t w i n e d  wi th  p r o t o t y p e  develop- 

ment and it w a s  o f t e n  progammatically unc lea r  how r e s o u r c e s  were b e i n g  

d i s t r i b u t e d  o r  how funding r educ t ions  impacted t h e  t w o  areas. S e p a r a t i n g  

t h e  two a c t i v i t i e s  i n t o  t w o  w e l l  d e f ined  o r g a n i z a t i o n a  would have he lped  

p u t  more d i s c i p l i n e  i n t o  documenting t h e  r e sea rch  concep t s  a n d  i n t o  conduc- 

t i n g  sof tware  development. It would have a l s o  he lped  c l a r i f y  t h e  s t a t u s  of  

t h e  r e s p e c t i v e  r e s e a r c h  or sof tware  p roduc t s  and i d e n t i f y  how funding  
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r educ t ions  and schedule  s l i p p a g e s  impact o t h e r  work. I f  funding  f a l l s  

below a cr i t ical  l e v e l ,  development of p roduc t s  is then  t e rmina ted  and t h e  

documented r e sea rch  concepts  and/or des igns  s e r v e  as program p roduc t s .  

Programmatic Support I s s u e s  : 

The p lanning ,  advocacy, accomplishment and c o o r d i n a t i o n  r e q u i r e d  t o  ensu re  t h e  

funding of a program such as IPAD has  many i s s u e s .  Since r e s e a r c h  funds  are scarce 

and t h e  government is s e n s i t i v e  t o  nega t ive  cr i t ic ism,  a few detractors of a program 

can s o m e t i m e s  ove r r ide  t h e  suppor t  of many. The f a c t  t h a t  IPAD had a r e l a t i v e l y  

long  funding  l i f e  fo r  such a r e s e a r c h  project sugges t s  t h e r e  w a s  good suppor t .  A t  

t h e  same t i m e  it w e n t  through s e v e r a l  funding  crises d u r i n g  i t s  l i f e  and funding  

suppor t  had begun t o  e rode  n e a r  t h e  end wi th  i t s  conclus ion  be ing  r e l a t i v e l y  abrupt. 

Some programmatic support  i s s u e s  inc lude :  

1. 

2. 

A program needs a s t r o n g  focused use r  advocacy group. IPAD's long  l i f e  w a s  

due p r i m a r i l y  to  t h e  e x i s t e n c e  of ITAB whose members m e t  r e g u l a r l y  wi th  

s e n i o r  NASA/OAST s t a f f .  The I T A B  companies also had r e p r e s e n t a t i o n  on 

s e v e r a l  NASA Advisory Committees. The s t r o n g  suppor t  by I T A B  and t h e  IPAD 

b e n e f i t s  t o  them is  seen i n  t h e  I T A B  assessment  survey  d i scussed  earlier. 

P r o j e c t  goals  need t o  be c l e a r l y  understood and r e g u l a r l y  reviewed by t h o s e  

who have programmatic in f luence .  Af t e r  complet ion o f  t h e  p r e l i m i n a r y  de- 

sign phase,  IPAD s h i f t e d  from a development e f f o r t  t o  r e s e a r c h  and t h i s  

s h i f t  w a s  no t  widely v i s i b l e .  Thus t h e r e  w a s  o f t e n  a programmatic miscon- 

c e p t i o n  of IPAD p r o j e c t  goa l s  as t o  whether t h e  focus  w a s  on development o f  

n e w  research  concepts  i n  computer  a p p l i c a t i o n s  or on development of  u s e f u l  

software fo r  i n d u s t r y  s i m i l a r  to  t h e  NASTRAN exper ience .  Except f o r  a few 

f a r s i g h t e d  groups,  t h e  bulk  of i n d u s t r y  ( i n c l u d i n g  many ITAB m e m b e r s )  

viewed IPAD as a development e f f o r t  aimed a t  a working system. 
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3. m e  image of an engineering software project and the resulting products 

need to be clearly defined and understood; deliverables should also begin 

in 1-2 years. Since I P A D  was viewed by many as a system development effort 

rather than focused research, the lack of near term deliverables which 

could be evaluated was a programmatic deficiency. I P A D  aimed toward a 

large prototype software product ( I P I P )  but the resulting research funds 

were incompatible with that goal. While the innovative I P I P  was a bold 

strategy, it could be argued for programmatic reasons that a better project 

plan would have been to focus on several small software products to be spun 

off at 6 month to 1 year intervals for application by NASA and industry. 

The plan could also have included coupling the application to an ongoing 

NASA project. This strategy, while programmatically attractive, would 

likely never have yielded the new data base management concept in I P I P .  

And a modular I P I P  did not appear technically feasible. 'Ihe modular strat- 

egy would also have required scarce resources to be devoted to installation 

and demonstration in potential user sites since voluntary installation of 

major software modules did not prove viable except for RIM. Neither the 

enthusiasm of I T A B  members, the critically important insight being derived 

by I T A B  companies nor the numerous technical documents were sufficient to 

maintain program support. More quantitative software products such as RIM 

and validated applications outside the project are needed to maintain 

programmatic support for an engineering software program. 

4.  A research program emphasis needs to be compatible with the appropriate 

funding program office. While I P A D  enjoyed good support, it did not have a 

natural home within the OAST program offices. I P A D  technology cut across 

several disciplines and had an especially strong computer science applica- 

tion emphasis. It was managed within Structures and Materials office and 
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w a s  s t r o n g l y  suppor ted  w i t h i n  t h a t  o f f i c e .  A t  t h e  same t h e  major CAD/CAM 

o r  computer s c i e n c e  a p p l i c a t i o n s  programs had l i t t l e  precedence  wi th in  NASA 

and computer systems technology r e q u i r e d  f o r  IPAD w a s  n o t  wide ly  understood 

by s e n i o r  NASA OAST management. IPAD n a t u r a l l y  had programmatic d i f f i c u l t y  

wherever t h e r e  w a s  a change i n  OAST l e a d e r s h i p .  

5 .  It is  usefu l  i f  government in-house eng inee r ing  programs b e n e f i t  from a 

sof tware  technology e f f o r t .  For example, NASA's in-house r e s e a r c h  s t a f f  

p r i m a r i l y  conduct basic r e s e a r c h  i n  t h e  t r a d i t i o n a l  eng inee r ing  d i s c i p l i n e s  

and could  see l i t t l e  nea r  te rm-benef i t  to  t h e i r  a c t i v i t i e s  from I P A D ' s  

CAD/CAM da ta  management t h r u s t s .  Thei r  I P A D  suppor t  w a s  t h e r e f o r e  mixed 

s i n c e  s i g n i f i c a n t  scarce re sources  w e r e  going t o  i n d u s t r y  i n  an area 

f o r e i g n  t o  t r a d i t i o n a l  NASA resea rch .  Better in-house suppor t  might have 

been achieved through near-term I P A D  d e l i v e r a b l e s  which b e n e f i t e d  in-house 

programs or  through use of  s o m e  IPAD funds t o  cost s h a r e  in-house CAD 

a p p l i c a t i o n s .  While such an approach may d i v e r t  r e sources  away from o t h e r  

impor tan t  areas, it can enhance programmatic suppor t  and s t r e n g t h e n  needed 

a p p l i c a t i o n s .  

6 .  Large c o n t r a c t u a l  r e s e a r c h  programs need an a p p r o p r i a t e  c o n t r a c t  v e h i c l e  t o  

enhance, not i n h i b i t  conduct of r e sea rch .  The IPAD c o n t r a c t u a l  a r range-  

m e n t s  of a f l e x i b l e  c o s t  p l u s  award f e e  p r i m e  c o n t r a c t  w a s  a very  e f f i c i e n t  

way to conduct t h e  program. This  approach provided t h e  c a p a b i l i t y  to  i m -  

plement major changes i n  t e c h n i c a l  d i r e c t i o n  i n  response  t o  I T A B  reviews 

wi th in  a f e w  days a f t e r  a d e c i s i o n  had been made. It a l s o  pe rmi t t ed  appro- 

p r i a t e  subcon t rac t s  t o  be selected t o  conduct  s p e c i a l i z e d  and/or unplanned 

t a s k s  as work progressed .  The basic IPAD c o n t r a c t  had 108 c o n t r a c t  modif i -  

c a t i o n s  from 1976-83, t h e  m a j o r i t y  of which w e r e  t h e  r e s u l t  of  t e c h n i c a l  

i s s u e s  which arose from t h e  evo lv ing  r e s e a r c h  expe r i ences .  
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7. It i s  important  t o  recognize t h a t  i n  a computer a p p l i c a t i o n s  r e s e a r c h  en- 

vironment,  funding  sources t y p i c a l l y  speak i n  two d i f f e r e n t  v o i c e s  r e l a t i v e  

t o  program con ten t .  In t h e  planning phase,  a r e sea rch  vo ice  seeks  h igh  

r i s k  innova t ive  computer technology r e s e a r c h  beyond t h a t  which i n d u s t r y  

would pursue on i ts  own. Funds provided are u s u a l l y  l i m i t e d  to  t h a t  s u f f i -  

c i e n t  f o r  proof-of-concept sof tware t o  tes t  ideas .  During t h e  development 

phase,  however, a product  voice arises which wants u s e f u l  sof tware  pro- 

d u c t s ,  t h e i r  schedule  f o r  completion and an i d e n t i f i c a t i o n  of  who w i l l  or 

has  used them. For IPAD t h e  concepts  embodied i n  t h e  technology r e p o r t s  as 

w e l l  as i n  t h e  unprecedented IPIP  d a t a  base manager w e r e  h igh r i s k  innova- 

t i v e  d a t a  management i s s u e s  which may have long  term impact on technology.  

This  work, however, d i d  n o t  provide  t h e  programmatic b e n e f i t  of t h e  nea r  

term development, use and subsequent commerc ia l iza t ion  o f  RIM.  Thus, even 

i n  a long  t e r m  f a r  o u t  research  e f f o r t ,  eng inee r ing  groups want u s e f u l  

products  a t  reasonable  i n t e r v a l s .  This  makes development of a l a r g e  h igh  

r i s k  eng inee r ing  so f tware  s y s t e m  v i r t u a l l y  p r o h i b i t i v e .  

Technology Trans fe r  I s s u e s :  

Technology t r a n s f e r  is t h e  process  through which t h e  technology related t o  t h e  

program is t r a n s f e r r e d  t o  those  who need it. It can occur  a t  one l e v e l  such a s  

between t h e  government sponsored e f f o r t  and use r s  o r  a t  ano the r  l e v e l  among t h e  

v a r i e t y  of groups fo l lowing  t h e  e f f o r t .  IPAD had technology t r a n s f e r  a t  many l e v e l s  

and a c r o s s  many groups.  S o m e  i s s u e s  i n  technology t r a n s f e r  are as  fo l lows:  

1. The ITAB review and c r i t i q u e  p rocess  w a s  an e x c e l l e n t  technology t r a n s f e r  

mechanism f o r  an eng inee r ing  so f tware  technology program. The reviews 

provided technology t r a n s f e r  between t h e  development team and t h e  ITAB 

members and t h e i r  a s soc ia t ed  t e c h n i c a l  and management s t a f f .  It a l s o  
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provided technology t r a n s f e r  among t h e  ITAB m e m b e r s .  There w a s ,  however, a 

l o n g  s t a r t u p  t i m e  b e f o r e  t h e  process became effect ive;  i n  I P A D  it w a s  about  

two y e a r s  b e f o r e  real  communication o c c u r r e d  between manufactur ing,  

engineer ing,  and computer r e p r e s e n t a t i v e s .  

2. I n c l u s i o n  of bo th  u s e r s  and commercial computer vendors  on ITAB provided  a n  

impor tan t  long  t e r m  technology t r a n s f e r  r e s u l t .  While ITAB focused  on 

o f f i c i a l l y  communicating t o  t h e  development t e a m ,  t h e y  u n o f f i c i a l l y  com- 

municated with each  o t h e r .  m g i n e e r i n g  u s e r s  s h a r e d  t h e i r  technology 

s t a t u s ,  p lans  and needs and conveyed t h e i r  u n i t e d  needs t o  t h e  vendors  who 

could  provide f u t u r e  IPAD-like commercial products .  The impact of t h i s  on 

vendors could be seen by t h e  dramatic change i n  vendor p r o d u c t s  over  t h e  

I P A D  l i f e  i n  p r o v i d i n g  capabi l i t i es  r e s p o n s i v e  t o  many IPAD requi rements .  

IPAD impact might have been enhanced through i n c l u s i o n  of m o r e  t h i r d  p a r t y  

vendors  on ITAB who marketed d a t a  base management s o f t w a r e ;  t h e  vendors ,  

however, were n o t  a viable f o r c e  i n  1976 when I T A B  w a s  e s t a b l i s h e d .  

3 .  The a c t u a l  costs f o r  good technology t r a n s f e r  is h igh  and may approach t h e  

cost of developing t h e  technology.  NASA s p e n t  about  10% of  t h e  program 

funds d i r e c t l y  f o r  technology t r a n s f e r  b u t  t h e  ITAB process allowed t h e  

4.  

companies t o  s h a r e  i n  t h e  cost and r e s p o n s i b i l i t y .  The practice of pro- 

v i d i n g  t r a v e l  costs where needed f o r  ITAB w a s  p r u d e n t  even though it w a s  

n o t  used c o n s i s t e n t l y .  Having an independent f o c a l  p o i n t  a t  Boeing for ITAB 

i n t e r f a c e ,  sof tware  a n d  document d i s s e m i n a t i o n  and u s e r  s u p p o r t  p rovided  a 

d r a i n  o n  scarce r e s e a r c h  funds b u t  was e s s e n t i a l  to  technology t r a n s f e r  and 

f a c i l i t a t e d  t h e  I T A B  p r o c e s s .  

U s e  of  N A S A ' s  e x i s t i n g  formal o r g a n i z a t i o n  f o r  document and s o f t w a r e  d i s -  

semination do n o t  appear t o  be appropriate technology t r a n s f e r  v e h i c l e s  for 

a n  ongoing r e s e a r c h  program when t h e  p r o d u c t s  are s t i l l  i n  t h e  p r o t o t y p e  
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development stage. For IPAD p r o d u c t s ,  it w a s  impor tan t  t o  provide  working 

documents and i n i t i a l  prototype sof tware  t o  a s m a l l  group of  i n t e r e s t e d  

u s e r s  t o  obtain rapid eva lua t ion  feedback. When documents and software 

( R I M )  were s u f f i c i e n t l y  complete, t h e s e  were s e n t  t o  NASA d i s t r i b u t i o n  

houses such as COSMIC* and NTIS** for subsequent  d i sseminat ion .  

5. The ITAB process n o t  o n l y  impacted t e c h n i c a l  work i n  ITAB m e m b e r  companies 

b u t ,  perhaps more impor tan t ,  it impacted s e n i o r  management d i r e c t i o n s .  

I P A D  focused on t e c h n i c a l  i s s u e s  p e r t i n e n t  t o  i n t e g r a t i o n  o f  computing, 

des iqn  and manufactur ing.  These t h r e e  a c t i v i t i e s  are basic t o  how a c o m -  

pany does b u s i n e s s  and usua l ly  t h e  r e s p o n s i b i l i t i e s  of  separate major seg- 

ments of an aerospace company, each wi th  i ts  own p r o v i n c i a l  v i e w .  The ex- 

t e r n a l  government l e d  IPAD p r o j e c t  and t h e  ITAB process had s i g n i f i c a n t  

impact i n  b r i n g i n g  t h e s e  segments t o g e t h e r .  The a u t h o r s '  o n - s i t e  assess- 

ments  of s e v e r a l  aerospace  companies i n  1984 i n d i c a t e d  t h a t  ITAB company 

management have a more advanced p e r s p e c t i v e  of CAD/CAM i n t e g r a t i o n  i s s u e s  

t h a n  t h e i r  c o u n t e r p a r t s  i n  non-ITAB companies. 

6. The NASA FEDD (For  Ear ly  Domestic Disseminat ion)  p o l i c y  impacts technology 

t r a n s f e r  t o  U.S. companies but n o t  n e c e s s a r i l y  as desired. Because o f  t h e  

importance of IPAD technology, I P A D  w a s  r e q u i r e d  t o  conform t o  t h e  FEDD 

p o l i c y .  V i s i t s  by t h e  f i r s t  a u t h o r  t o  Europe i n  1983 i n d i c a t e  t h e  FEDD 

p o l i c y  appeared t o  d e l a y  d isseminat ion  of  IPAD technology t o  key European 

t e c h n i c a l  groups.  V i s i t s  t o  Japan i n  1982, however, sugges ted  t h e  FEDD 
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p o l i c y  heightened Japanese i n t e r e s t  i n  CAD/CAM i n t e g r a t i o n ,  made it more 

credible and t h u s  may have he lped  accelerate Japanese  i n t e r n a l  a c t i v i t i e s .  

V i s i t s  t o  n o n - I T A B  companies or o r g a n i z a t i o n s  i n  t h e  United S t a t e s  d u r i n g  

t h e  1 9 8 0 ' s  i n d i c a t e  t h e  FEDD p o l i c y  i n h i b i t e d  spread of I P A D  technology 

w i t h i n  t h e  U.S.  For example, t h e  computer s c i e n c e  and u n i v e r s i t y  r e s e a r c h  

community were o f t e n  u n f a m i l i a r  wi th  the I P A D  t e c h n i c a l  c o n t r i b u t i o n s  s i n c e  

t h e i r  medium for communication is  t h e  open l i t e r a t u r e  and t e c h n i c a l  jour -  

n a l s .  %e technology t r a n s f e r  t o  t h e s e  groups w a s  n o t  as s u c c e s s f u l  as 

might be desired due t o  t h e  FEDD p o l i c y  and t h e s e  groups could  have bene- 

f i t e d  g r e a t l y  by I T A B  t e c h n i c a l  de ta i l s .  Thus I P A D  had a t i g h t  r e l a t i o n -  

s h i p  wi th  a key se t  of  I T A B  o r g a n i z a t i o n s  b u t  many o t h e r  U.S. computer- 

related groups knew l i t t l e  of  I P A D  r e s e a r c h  c o n t r i b u t i o n s .  Furthermore,  

t h e  commercial e x p l o i t a t i o n  by U.S. companies of I P A D  technology w a s  i n -  

h i b i t e d  because such companies o f t e n  market w o r l d w i d e  and do n o t  draw de- 

markation l i n e s  between t h e i r  U . S .  and f o r e i g n  products .  Legal counse l  f o r  

one I T A B  m e m b e r  ( I B M )  s e v e r e l y  l i m i t e d  company review o f  s o m e  I P A D  docu- 

ments. For another  I T A B  m e m b e r  (DEC) l e g a l  counse l  d i d  n o t  approve of 

document reviews. I B M ' s  concern w a s  t ha t  it could  n o t  i n s u r e  t h a t  docu- 

ments would n o t  f a l l  i n t o  t h e  hands of non-U.S. c i t i z e n s  who w e r e  working 

f o r  IBM.  This problem w a s  u l t i m a t e l y  resolved by NASA p r o v i d i n g  IBM some 

l a t i t u d e  in  t h e  review process. D E C ' s  concern w a s  t h a t  knowledge by t h e i r  

s t a f f  of IPAD c o n c e p t s  might u l t i m a t e l y  r e q u i r e  p u b l i c  r e l e a s e  of  company 

p r o d u c t s  t h a t  w e r e  s i m i l a r  to  I P A D  products .  While t h i s  w a s  n o t  t r u l y  a 

FEDD i s s u e ,  t h e  FEDD r e s t r i c t i o n s  i n t e r j e c t e d  e x t e n s i v e  l e g a l  s c r u t i n y  of 

t h e  r e s u l t s  and led t o  l e g a l  o p i n i o n s  which might normally not occur  f o r  

r e s e a r c h  r e s u l t s .  n u s  it is  unclear whether t h e  n e t  e f f e c t  o f  t h e  FEDD 

p o l i c y  achieved its in tended  purpose of p r o v i d i n g  e a r l y  domest ic  dissemina-  
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t i o n  and i n h i b i t i n g  f o r e i g n  e x p l o i t a t i o n .  Fa ther  t h e  ITAB p rocess  i t s e l f  

appeared more e f f e c t i v e  than  F E D D  c o n t r o l s  as an a g g r e s s i v e  mechanism f o r  

e a r l y  d isseminat ion  of  pre l iminary  r e s u l t s .  

7. An eng inee r ing  computing r e sea rch  e f f o r t  h a s  t h e  p o t e n t i a l  f o r  computer 

vendors  to  s h a r e  i n  t h e  r e sea rch  and i n  so doing  to  f a c i l i t a t e  technology 

t r a n s f e r  and reduce hardware costs. Furthermore,  t h e  best technology 

t r a n s f e r  t o  vendors  seems t o  occur  i f  t h e  p ro to type  so f tware  is o p e r a t i o n a l  

on t h e  vendors '  hardware. Although seemingly redundant ,  m u l t i p l e  vendor 

implementat ions of software is needed f o r  e f f e c t i v e  technology t r a n s f e r .  

ITAB also provided an e x c e l l e n t  a r ena  f o r  eng inee r ing  and computing r ep re -  

s e n t a t i v e s  t o  m e e t  and informal ly  d i s c u s s  c r i t i c a l  CAD/CAM i s s u e s .  Vendors 

could  a l s o  c o n t r i b u t e  t o  t h e  program v i a  a prime c o n t r a c t o r  r a t h e r  t han  

d i r e c t l y  t o  t h e  government. Vendors i n d i c a t e d  t h a t  due t o  compe t i t i ve  

t h r e a t s  of i n d u s t r y  c o l l u s i o n ,  e tc . ,  on ly  t h e  government could  e f f e c t i v l y  

o rgan ize  an ITAB-like body and t h a t  i n d u s t r y ' s  best i n t e r e s t s  w e r e  s e r v e d  

by t h e  cont inuance  of IPAD. 

8 .  There is  a c r i t i ca l  m a s s  of e f f o r t  below which an ITAB-based technology 

t r a n s f e r  e f f o r t  i s  n o t  e f f e c t i v e .  For I P A D ,  t h e  ITAB r e p r e s e n t a t i v e s  i n d i -  

cated on s e v e r a l  occas ions  t h a t  a $5 M per year  l e v e l  government funded 

program w a s  needed to  make s u f f i c i e n t  p r o g r e s s  t o  r e t a i n  I T A B ' s  i n t e r e s t .  

When t h e  government funding  f o r  I P A D  dropped t o  around $3 M p e r  yea r ,  the  

accomplishments came too  s lowly ,  program i n t e r e s t s  began t o  wane and i t s  

t e rmina t ion  became a foregone conclus ion .  

CONCLUDING COMMENTS 

A unique j o i n t  government/industry p r o j e c t  des igna ted  I n t e g r a t e d  Programs f o r  

Aerospace-Vehicle D e s i g n  ( I P A D )  w a s  c a r r i e d  o u t  from 1970-1984 with t h e  g o a l  o f  
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r a i s i n g  aerospace  indus t ry  p r o d u c t i v i t y  through advancement o f  computer based tech-  

nology t o  i n t e g r a t e  and manage informat ion  involved  i n  t h e  des ign  and manufac tur ing  

p rocess .  IPAD research  w a s  guided by an I n d u s t r y  Technica l  Advisory Board ( I T A B )  

composed of over  100  r e p r e s e n t a t i v e s  from ae rospace  and computer companies. The 

project complemented t r a d i t i o n a l  NASA/DOD r e s e a r c h  t o  deve lop  aerospace des ign  tech-  

nology and t h e  Air Force’s I n t e g r a t e d  Computer-Aided Manufactur ing ( ICAM)  program t o  

advance CAM technology. I P A D  had unprecedented i n d u s t r y  suppor t  and involvement and 

se rved  as  a unique approach t o  government/ industry coope ra t ion  i n  t h e  developnent  

and t r a n s f e r  of  advanced technology.  

The IPAD p r o j e c t  has  made s e v e r a l  c o n t r i b u t i o n s  t o  CAD/CAM technology such as 

( 1 )  development of methodology t o  i n t e g r a t e  eng inee r ing  a c t i v i t i e s ,  ( 2 )  d e f i n i t i o n  

and des ign  of a f u t u r e  i n t e g r a t e d  CAD/CAM system, (3) demonstrat ion of t h e  need f o r  

r e l a t i o n a l  d a t a  base management f o r  eng inee r ing  and ( 4 )  development and demonstra- 

t i o n  of  new concepts  f o r  d i s t r i b u t e d  d a t a  base management. It a l s o  demonstrated a 

unique and h i g h l y  success fu l  approach t o  j o i n t  industry/government  coope ra t ion  i n  

ach iev ing  technology t r a n s f e r  i n  an advanced eng inee r ing  computer s c i e n c e s  r e s e a r c h  

program. 

The lessons learned  from such a p r o j e c t  sugges t  t h e  basic I P A D  program p l a n  w a s  

a p p r o p r i a t e  and success fu l  f o r  t h e  combined goa l s  of technology development and 

technology t r a n s f e r .  A r e t r o s p e c t i v e  assessment  i d e n t i f i e d  i s s u e s  which should  be 

addressed  i n  f u t u r e  IPAD-like p r o j e c t s  i nc lud ing :  

t h e  n a t u r a l  c o n f l i c t  between eng inee r ing  and computer s c i e n c e  d i s c i p l i n e s ,  

t h e  h igh  turnover  ra te  i n  computer r e l a t e d  t e c h n i c a l  s t a f t ,  

t h e  c o n f l i c t  between r e s e a r c h  o r i e n t e d  and u s e f u l  so f tware  p roduc t s ,  

t h e  b e n e f i t  of an involved  u s e r  group f r o m  a programs i n c e p t i o n ,  

t h e  need €o r  a clear image of  a so f tware  program throughout  i ts  l i f e s p a n ,  
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(6) t h e  importance of s m a l l  modular u s e f u l  p r o d u c t s  completed a t  r e g u l a r  

i n t e r v a l s  throughout  a program's l i f e ,  

( 7 )  t h e  c r i t i c a l  need for and cost  of technology t r a n s f e r  as a p lanned  par t  o f  

an e n g i n e e r i n g  s o f t w a r e  r e s e a r c h  program. 
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D6 -I PAD- 7 0 0 0 5 -P 

D6-IPAD-70010-P 

D6-IPAD-70011-D 

D6-IPAD-70012-D 

D6-IPAD-70013-D 

D6-IPAD-7 0 0 1 5-D 

D6-IPAD-70016-D 
-1,2,3 

D6-IPAD-70020-M 

D6-IPAD-70035-D 

D6 -1PAD-7 0 0 36-D 

D6-IPAD-70038-D 

D6-IPAD-70040-D 

D6-IPAD-70046-R 

Appendix A: Boeing IPAD Project Documents 
(NASA Contract NAS1-14700) 

Document Title 

Documentation Plan 

Management Plan 

Technical Plan 

User Involvement Plan 

Configuration Control Plan 

Reference Design Process 

Product Manufacture Interactions 
with the Design Process 

Integrated Information Processing 
Requirements 

IPAD User Requirements 

IPAD Geometry Standards 

First-Level IPAD User Requirements, Vols. 
1,2,3 

IPAD Executive Summary 

Product Program Management Systems 

Vol. 1 IPAD System Design Overview 

Vol. 2 User Interface Preliminary Design 

V o l .  3 IPAD Evaluations and Alternatives 

Vol. 4 IPEX Preliminary Design 

Vol. 5 IPIP Preliminary Design 

Vol. 6 IPAD Graphics 

Vol. 7 IPAD Geometry 

Vol. 8 User View of IPAD 

Vol. 9 IPAD Level I1 Design 

Manufacturing Data Management 
Requirements 

I PAD Requirements 

Guidelines for Management of Manufac- 
turing Information 
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Appendix B: Boeing IPAD Technical Reports 
(NASA Contract NAS1-14700) 

Originating 
WBS NO. 

3.2.1 

3.2.2, 
3.2.3 

3.4.1 , 
3.4.3 

3.5.1 

3.5.1 

3 .5 .1  

3.5.2 

3 .5 .2  

3.10-1 

3.10-2 

4.2 

4.2.2 

Report 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Reporting Title and Description 

"Definition of IPSR Processes." A list and associated 
description of services needed by IPAD tasks. 

"IPSR Interface Definition." Definitions of IPAD task to IPSR 
interfaces; for IPR functions. 

"Definition and Specification of Interfaces for Data Collec- 
tion." Method of collection for system performance. 

"Report on Study of Existing Network Communication Protocols." 
Recommendations for use of an existing protocol or designing 
one for IPAD. 

"Recommended TPAD Network Communication Protocols." A 
preliminary protocol specification. 

"Final Specification of IPAD Network Communication Protocols." 
A preliminary protocol specification. 

"Message Interface Definition. l1 Message transfer interface and 
applicability to IPAD functions. 

"Connection Interface Definition." Connection interfaces by 
IPAD tasks and method implemented. 

"An Overview of Distributed Computing in the Engineering and 
Manufacturing Environment.'' Four basic topics: objectives of 
distributed processing, components of distributed processing, 
work stations, and possible distributed processing architec- 
tures. 

"Functional and Design Alternatives for Distributed Data Base 
Management Systems in the Engineering and Manufacturing En- 
vironment." Alternatives that should be considered in design- 
ing a distributed data base management facility. 

"Design and Implementation of Geometry Processing in IPIP." 
Application of IPAD DBMS concepts to the storage and manipula- 
tion of geometric data. The features of IPIP designed to sup- 
port the management of geometric data are discussed. The func- 
tional capabilitis for manipulation of geometric data are des- 
cribed in terms of IPIP DML commands and the schemas developed 
for geometry. 

"Literature Search and System Survey Distributed Computing." 
Research and recommendations on distributed data processing. 
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5 . 2 . 1  

5 .2 .4  

5.4.4 

5 .4 .5  

6 .1 .1  

6 . 1 . 1  

6 . 1 . 1  

13 "Interim Report on Integration of Program and Data." Results of 
studying the use of a data management system with engineering 
application programs including sample engineering scenarios. 

14 "Protocol Specifications for Integration Programs Into IPAD .*I 

Documentation of procedures, sample programs, and scenarios 
showing full integration of user-written programs using IPIP. 

15 "Interim Report - Geometry Data Management .I' Description of 
the procedures and data structures used in the RIM prototype 
geometry task. 

16 "Geometry Multiple Representation." Discussion of the canoni- 
cal forms used in the RIM prototype work and associated ANSI 
transformations for these entities." 

17 "Report on NOS Model (EX IPIP)." Results of performance model- 
ing analysis of IPAD prototype work and associated ANSI trans- 
formations for these entities. 

18 "Report on IAS Model (EX IPIP)." Results of performance model- 
ing analysis of the IPAD prototype on the DEC PDP 11/70 using 
IAS and recommendations for changes to the IPAD prototype, IAS 
or the host computer. 

19 "Report on System Design Evaluation." The final report on the 
evaluation of the IPAD prototype. It will contain quantitative 
results of throughput, performance, and component utilization 
analysis. It will identify discrepancies between the system 
and the requirements for first-level IPAD. It will provide 
quantitative descriptions of the host capabilities required and 
make recommendations for changes to host hardware and software. 
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Appendix C: IPAD Prototype Software Releases 

e lease  0.0: 
IPAD Integration Prototype System 
Prototype GRTS (RG library) 
patch I1 display (RD library) 
Patch I1 user interface (RU library) 
IPAD integration prototype: 

AD-2000 postprocessor to RIM 
Finite-element modeler 
Preprocessor to ATLAS and SPAR 
Postprocessor to ATLAS 

RIM I1 
GPGS 
AD-2000 (PDP 11/70 - IAS, VAX/VMS) 
Pascal compiler 
CDC/DEC communications package 
SPAR 
ATLAS 

Release 1.0: 
overview 
Release 1.0 provides the fundamental 
data management capabilities and the in- 
ternal communications facility for the 
CYBER. It can be used to demonstrate 
fundamental data processing capabilities 
of IPIP and make an assessment of the 
effort required to install the system 
software. Release 1 .O nay only be used 
with the application that is delivered 
with it. 
This release contains the following 
functional subcomponents: 
IPIP data manager, record processing 
IPEX service for data transformation 
between CYBER and the network standard 
IPEX CYBER host service access as re- 
quired 
IPEX CYBER intrahost communications 
CYBER Pascal compiler 
GPGS 
IPIP demonstration program 
Installation program 

Release 2.0 
This release contains all of release 1.0 
and the following functional components: 

DATA definition language compilers 
CYBER data manipulation precompiler 
Application module 7 
AD-2000, version 0.0 
ATLAS 
SPAR 
Installation instructions 

Release 2.5 
This release is the same as version 2.0 
but with improved performance. 
Improved performance 
Record processing DML extended 
Preruntime binding 
complete demo script-no restrictions 
Total SPRs installed since version 2.0: 
159 
Updated user instructions 
Updated instruction manual 

Release 3.0 
This release contains all of version 2.0 
plus communications and geometry to sup- 
port IPIP. 
Network product 
IPIP record processing 
Multilevel schema 
Program bind 
Schema bind 

&lease 4.0 
Version 4 . 0  IPAD product supersedes and 
replaces previous versions, supports 
geometry (points, lines, arcs, and ob- 
jects). Performance is improved over 
past versions with less core required 
for IPIP and faster processing. 
IPIP 
IPIP compilers 
GPGS 
Installation, test and usage instruc- 
tions 

Release 5.0: 
Software 
Version 5 . 0  software was released in two 
versions: IPIP multiuser, multithread 
version and a single user version (DM/ 
SU). Both versions offered improved 
performance over previous versions and 
included geometry, Interactive Query 
Facility (IQF) and IGES translators. 
Network software and test progams were 
also released. 
Data base manager: 
IPIP 
DM/SU 

Network product 
Interactive Query Facility (IQF) 
IGES translators: 
GPGS 
Pascal 

Application programs (test cases) 
Comprehensive CCL procedures for sys- 
tem control 
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16. Abstract 

A key element to improved industry productivity is effective management of CAD/ 
CAM information. To stimulate advancements in this area, a unique joint govern- 
mentlindustry project designated Integrated Programs for Aerospace-Vehicle Design 
(IPAD) was carried out from 1971-1984. The goal was to raise aerospace industry 
productivity through advancement of computer based technology to integrate and 
manage information involved in the design and manufacturing process. IPAD re- 
search was guided by an Industry Technical Advisory Board (ITAB) composed of over 
100 representatives from aerospace and computer companies. The project comple- 
mented traditional NASA/DOD research to develop aerospace design technology and 
the Air Force's Integrated Computer-Aided Manufacturing (ICAM) program to advance 
CAM technology. IPAD had unprecedented industry support and involvement and 
served as a unique approach to government/industry cooperation in the development 
and transfer of advanced technology. This paper summarizes the IPAD project back- 
ground, approach, accomplishments, industry involvement, technology transfer 
mechanisms and lessons learned from the project. 

. 


