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PREFACE
Thi s GQui debook is a three volune set prepared by the U S. Arny

Materiel Conmmand to provide internal Arny guidance for the inplenentation
of Integrated Product and Process Managenent (1 PPM).

Thi s Vol unme covers supporting guidance. The primary user is the Arny

I ntegrated Product Team (I PT). Oher users are those concerned with the
managenent of the process, as well as, those responsible for the
qualification training of people for the IPT. Volunme 3 is a reference
for the IPT to be used to support the application processes of Vol unme 2.

Vol une 1 covers the concept and inplenentation of IPPM It is
manageri al gui dance and should be of primary interest to Arny
progran proj ect/ product nmanagers, matrix support managers and managers of
weapon system devel opnent. The secondary use is for | eadership of the
Arny I ntegrated Product Team (I PT), as well as one of the tools for
qualification training of people for the IPT. W have organi zed Vol une 1
into five sections; Section | - Introduction, Section Il - Organization
and Resources, Section Ill - Acquisition Managenent, Section IV - Design
Process, and Section V - Tailoring to Acquisition Strategies.

Vol ume 2 describes specific actions to be taken in | PPMapplications. It
provi des operational guidance. W have organized Volume 2 into three
sections; Section | - Purpose, Section |l - Team Conposition, and

Section Il - Integrated Product Team Life Cycle Responsibility.
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TOOLS AND PRACTI CES
Section |I. | NTRODUCTI ON

This volune covers the tools and practices that nay be necessary to
i mpl ement the principles of Integrated Product and Process Devel opnent
(IPPD). Included is a list of tools and technol ogi es and an | PPM
assessnent criteria action plan that can be used to assess the | PPD
capabilities of a potential contractor. Finally, appendix A provides the
Army' s concurrent engineering strategy which covers the "Visions,"
"Coal s" and "Ways" for inplementing concurrent engineering within the

Arny.
A. | PPD TOOLS AND TECHNCLOG ES

Section Il on IPPD tools and technol ogi es describes the avail able or
needed tools to conprehensively inplement |PPD in a very |large conpl ex
organi zation. Oher snaller |ess conplex organizations nay require a
| ess conprehensive IPPD tool kit. It is the intent of Section Il to
provide a shopping list of |IPPD automation tools and technol ogi es that
can be used during source selection to evaluate a contractor's proposed
net hod of inplenenting | PPD.

B. | PPD ASSESSMENT CRI TERI A

Section Ill on I PPD assessnent criteria is provided to further
assist in evaluating the contractor's strengths and weaknesses in
i mpl ementing an | PPD program Vhile Section |l provides a shopping |ist
of | PPD autonation tools and technol ogies, Section Ill provides a neasure

of what is required agai nst what the contractor has inplenmented.
C. CONCURRENT ENG NEERI NG STRATEGY

The action plan for stream ining the acquisition process within the
Arny consisted of ten "White Papers" covering various initiatives that
outlined the visions, goals and ways to initiate this reform One of
these "Wite Papers" addressed inplenentation of concurrent engi neering
within the Arny. Appendix A provides the "Wite Paper" entitled
"Concurrent Engineering (CE) Strategy."

Section Il. | PPD TOOLS AND TECHNOLOG ES

This section reviews the tools and technol ogi es which are expected
to have significant inpact on the inplenentation of
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desi gn automati on systens which support |PPD and a assessnment of four
maj or | PPD attri butes:

- Organi zati on.
- Requirenents.
- Communi cati on.
Product Devel opnent Met hodol ogy.

This section explains the desired functionality of specific design
automation tools and technol ogi es.

The desi gn autonati on approaches proposed here can be categorized as
fol | ows:

Data and activity nodels.

Dat a managenent .

I ntegrated product devel opnent tools.

Design "view' support for nultiple perspectives.
Deci si on support tools.

Management support tools.

This section also reviews sonme of the pronising core technol ogi es
whi ch provide a foundation for automation of a | PPD environment:

Predictive algorithms for early estinmators.

What if exploration within requirements analysis.
Case- based reasoni ng.

Neural network adaptive |earning algorithnmns.
Conflict resolution approaches.

A. TOOLS AD TECHNOLOG ES

Wthin the larger context of enterprise integration, there are
several inmportant |inkages to Electronic Design Automation (EDA) tools
and technology utilized within the I PPD environnment for integrated
product devel opnent:

Managenent | nfornmation Systens (MYS).

Conput er |Integrated Manufacturing (CIM.
Suppl i er-custoner |inkage.

Conpetitive benchmarki ng and market trends.
Integrated corporate information architectures.

These rel ationships are established at the end of this section.
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1. Design Views. Design "views" are a concept for viewing a
product or process design fromdifferent perspectives. This concept is
fundanental for a proper understanding of a | PPD environment. Miltiple
alternative design views should be supported by the nodels, the tools,
and t he managenent systens di scussed throughout this gui debook.

For product devel opnment teans to work "independently together," the
perspective of each team nenber should be supported. The process of
transl ati ng one perspective into another is often error prone.

2. Modeling Tools and Technol ogies. Mdels will continue to be
required to provide a data structure for the design of products. EDA
tool s thensel ves are not useful without this input data. Meaningfu
performance anal ysis is dependent on accuracy of the nodels.

Quality and custoner satisfaction are key objectives of any | PPD
met hodol ogy, indicating the inportance of accurately determ ning product
requi renents. Product features nust be verified agai nst performance
requi renents in a consistent and repeatable fashion. This necessitates
conpr ehensi ve product nodeling capabilities, which in itself contains new
chal | enges

Anot her inportant area is workflow nodeling. This can actually
be viewed as process nodeling, but is segregated here for enphasis and
differentiation fromnore traditional fabrication process nodeling.

Wor kfl ow nodels will be critical for the anal ysis of devel opnent
processes necessary for continuous process inprovenent. Workflow nodel s
are the basis for conparison between alternative |PPD inplenmentation and
are al so expected to be the basis of new project managenent, scheduling,
and pl anni ng tools.

3. Process Mddels. Mdels of the manufacturing and support
processes are required to support the concurrent design team Processes
shoul d be designed in tandemwi th products, especially when the nmateria
properties are sensitive to process paraneters. Process inpacts on the
design need to be assessed as well. Test is one of the first areas where
we see industry w de standardization efforts of a new process (e.g.,
boundary scan testing). This approach was required because current
approaches were not capable of handling increasing device conplexity,
rather than fromany desire to achi eve product optim zation. G her
processes are not currently perceived as being as difficult as test so
little effort is expended on process inprovenent. A focus on concurrent
product and process optinization should becone a priority to notivate the
standard-i zation of inproved processes for support, nmintenance, etc.
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4. Product Data Models. The increasing need to exchange product
data between team nenbers, organi zati ons and conpani es has stimulated the
devel opnent of standards for product data. The nost widely known effort
i s Product Data Exchange using STEP/ Standard for The Exchange of Product
Model Data (PDES/ STEP). |In order to support the needs of nultiple
di sci plines, STEP can accommopdate different views and vocabul aries. The
data are assured to be consistent if represented within the structure of
an i nformati on nodel

5. Workflow Mddels. Wirkfl ow nodel s have not been perceived as
useful in the past, because flexible and adaptabl e descriptions of
wor kfl ows were not available. However, workflow nodels will be required
to describe systematic, repeatabl e processes. These repeatabl e processes
are required for product optim zation and to insure repeatable product
success. Workfl ow nodel s are descriptions of the sequence of processes
and the inputs/outputs of each process. Most workflow tools, which are
typically incorporated within franework software, track the
interrel ati ons between processes. This allows themto nullify analysis
results when rel evant changes are nmade to the product description. For
i nstance, the layout of a printed circuit board can be nullified, or
mar ked as erroneous, when an additional conponent is added to the
schematic or an interconnection is changed. Wrkflow nodels are hel pfu
in configuration managenent of product devel opnent data in | arge and
conpl ex devel opnent prograns. Data sources can be |inked with anal ysis
results to insure coherency of the data package.

B. PRODUCT DATA NMANAGEMENT

Product data nanagenent systens nmanage the data which is used within
i ntegrated product developnent. Here we are concerned with the
managenent of data for consistency and accessibility. Mich of |PPD
nmet hodol ogy is focused on the integration of devel opment perspectives.

For successful |PPD approaches to work well, it is a requirenent
that all team nenbers have the ability to review and contribute to the
design. This requires tool support for controlled access to work-in-
progress designs. Current DOD requests for access to in-progress design
data have highlighted network and design representation issues which
shoul d be addressed to effectively support this style of design. Wrk in
progress data should be avail abl e across the design team during al
phases of design, including requirenents definition and conceptual design
as well as detail ed design and manufacturing phases. It is anticipated
that there can be many approaches to providing access to this data,
however, it is inportant to stress that bal ance across team nenbers is
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critical. Team nenbers requiring access to the design data need to be
able to easily utilize the current data and they should be notified
whenever other team nmenbers change the design in significant ways.

Q her issues to be addressed in product data managenent incl ude:
the degree of integration of data sources, (which include franeworks,
data storage policies, and standardi zati on of design data
representation), the scope of product data to be nanaged, such as design
and process data, requirenents and conceptual design data, corporate
history, intention and access pattern data, decision traceability,
required rel ease data, and supporting process data. Another issue is the
physi cal extent of data, both in sheer volune and in extent of
distribution. Finally, aspects of data control and security need to be
addr essed.

1. Integrated versus Interfaced. |Integrated and interfaced are two
approaches to unifying sources of design data. Providing sinmnmultaneous
access to work-in-progress data is infeasible in a scheme of interfaced
tools. Interfaces expect that data requests can be processed serially
and that data transactions are short. Lengthy transactions typical of
product and process design/analysis functions and response to nultiple,
si mul t aneous requests requires true integration of data in order to
enable IPPD. In determ ning when to nove to full integration, a
cost/benefit analysis should be perforned on the inpact of access del ays
and aged design data. Another force inpacting the decision to integrate
is the conplexity of the coherency controls required to propagate changes
and their inpacts to all relevant data repositories. Segregated,

i nterfaced schenes require conplicated coherency nechanisns, while in an
i ntegrated system update propagation is relatively sinple.

a. Frameworks. Frameworks that allow design support tools to
be "plugged" in and out of design environnents are a requirenent of any
evol vi ng design automati on system | PPD inposes noladditional functiona
requi renents, but rather strengthens the requirenent for "too
plugability.” This is because tools will be evolving nore rapidly in
response to new waves of | PPD requirenents to respond to increnental
requi renent refinements of traditional design automation - faster
sinul ati on, synthesis, behavioral level design, etc. 1In addition, IPPD s
tail ored approaches for each individual programinplies that design
aut onati on support organi zations will be involved in assenbling
custom zed sets of tools within a framework for each program Too
plugability eases the support burden of that custom zation

3
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b. Standards. The nobst obvi ous approach to providing
integration and tool plugability is through standardi zation of data
exchange fornmats and nethods for interoperability of tools such as a
standard procedural interface.

c. Data Storage. Product data nmanagenent schenes shoul d
support arbitrarily large and di verse devel opnent teans, so they
t hensel ves shoul d be extensible, should accept product data of arbitrary
type, size, and location. Additionally, to handle evolving | PPD
i mpl enent ati ons, data managenent systens should be flexible enough to
absorb arbitrary extensions to existing data structures. These are
requi renents due to the nature of the previously uncaptured data which
are now required in the integrated devel opnment process. This is
particularly true for data generated during conceptual design and the
initial capture of process requirenents.

d. Level of Data of Design bhjects. An issue closely related
to design data storage is what piece of the total set of data is
consi dered mandatory for the purpose of nmanagenent and access? Design
data to be accessed, shared and eval uated across nultidisciplinary teans
can be quite detailed. Wile this would not always be the case in every
desi gn deci sion, the design data should be accessible at the |evel of
detail required. The smaller the discrete data item the nore overhead
in managing it. The larger the item the nore overhead in using it. For
design data integrity, product data should be managed at the sane | eve
it is accessed, and therefore nodified. This is quite different than
current file-based, rel ease-oriented managenent schenes.

2. Scope of Product Data. |In |IPPD environnents, the product data
descriptions, requirenents, and specifications are suppl enmented by
process information, conceptual information, |essons |earned, corporate
history and a great deal of associated data. As the scope of the design
process increases, the scope of the data required and generated increases
as well. Information on avail able equipment and facilities, training and
training aids, technical nmanuals and rel evant requirenents sources
(Nongover nnent standards, standard practices and procedures) will all
need to be nanaged and accessed in an efficient manner. Traceability of
design decisions to requirenent sources is a beneficial addition to the
envi ronnent which is enabled by the accessibility of requirenments
i nformati on.

Before we | ook at each of these in detail, we should consider the
pur pose of product descriptions. The prinmary purpose is to conmunicate
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i mportant informati on about a product to others with a need and/or
interest. Most current product data nmanagenent approaches involve the
control of raw data which does not address the primary comunication
needs. Capturing and storing the data and informati on needed to support
product devel opnent is only useful if the relevant information can be
identified and retrieved when it is needed and presented in a usefu
format. To understand what is relevant, when information is needed and
in what formis it nost informative, it mght be helpful to study data
access patterns within | PPD environnents.

a. Design Data. Design data refers to the work-in-process
description of the product under devel opnent. This is distinguished from
nmodel s in that nodels are conpl ete descriptions of the product under
devel opnent or a conplete description of a stand al one subset of the
product. To support team devel opnent using a | PPD approach, design data
shoul d be accessible to all team nmenbers in inconplete states. In
addition, design data should be presented in any view or perspective upon
demand. To pronote neani ngful contributions fromall nenbers of the
devel opnent team all views should reflect the updated design
representation as the design evolves. Mnagenent of this evolving design
data, in all of its views is an unsolved challenge for | PPD, even nore
difficult are the personality issues related to data ownership.

Dependi ng on the dynanics within the devel opnent team any given desi gner
may feel at ease contributing his/her work in real-tinme, as it evolves or
there nay need to be protected scratch pads for the designer to work in,
to try out unproven approaches prior to exposing themto team scrutiny.

Design data could al so consist of multiple alternatives at
varyi ng stages of devel opnent. These also need to be viewed from
mul tiple perspectives, so that all team nenbers can add their
contributions in a tinely fashion in the format nost suitable to their
understandi ng and creativity. This inposes stringent requirements on
mul ti user access schemes. Many nultiuser design systems currently
avai | abl e provi de coordi nati on between users by | ocking portions of the
design at the data file or schematic sheet level. This is unworkable for
a truly concurrent devel opnent effort. It is precisely the area under
active devel opnent by one contributor that should be viewed by others who
can provide constructive gui dance.

Addi tional product data attributes should be added to the
scope of the design data in order to accommpdate the attributes which are
of interest to the specialty engi neers.

3
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b. Process Data. Mny definitions of IPPD explicitly refer to
t he sinultaneous design of product and process. To satisfy this
obj ective, the requirenents for nultiuser access, support for nultiple
views, and access to inconplete, work-in-process descriptions which were
described for design data are also requirenments for process data. Sone
exanpl es of process data are processing sequences, tolerance nodels,
assenbly instructions, manufacturing equi prment used, just-in-tinme
schedul es, depl oynent plans, maintenance policies, etc. Because there is
so little experience in simultaneous design of products and processes,
this docunent can only offer suggestions for an approach

One approach for sonme classes of products is to generate
the process steps automatically to achi eve specified design features
(such as the synthesis of a sequence of milling processes to fabricate a
speci fied shape).

Anot her approach would be to maintain both product and
process views which are synchronized. It is expected that one view could
be consi dered the dom nant view, where nost of the devel opnent activity
takes place. When one or nmore constraints cannot be satisfied,
devel opnent activity would shift to another view  Devel opnent woul d
continue to bounce between views, until all constraints are satisfied or
even better, until an optinal design is found for the product and al
rel ated processes.

c. Requirenents and Specification Data. CGovernnent enphasis is
now to only define the required performance characteristics in terns of
operational ternms and then to require the contractor-governnent teamto
work together to evolve the design requirenents (i.e., Requirenents
Evol ution).

The conceptual design or system engi neering phase accepts
requi renents as inputs and delivers specification as outputs. Tools to
support system engi neering or conceptual design are currently quite
limted in capability, and in particular, do not support allocation or
partitioning of requirenents. However, autonated support for
partitioning is critical to effective nultidisciplinary tradeoffs at the
conceptual stage and to verify that specifications will indeed result in
a product which nmeets the full set of custonmer and user requirenents.
Product data nanagenent system should rmaintain continuity between the
product data and an unanbi guous representati on of the requirenents and
specifications including the source and rationale for all requirenents.
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d. Conceptual Data. The role of conceptual data is to
represent a consistent description of the product and process at very
abstract levels. This data will probably take several unconventiona
forms, including graphical descriptions of hierarchical deconpositions,
textural annotations, analytical results of tradeoff studies, behaviora
descriptions of functions, tracing information to requirenents, etc.

Concept ual design has typically not been captured
electronically in the past, and has not been available to feed into nore
detailed design tasks. If this data and the supporting rationale were
available, it would be very valuable in verification tasks and in
deci sion traceability.

e. Lessons Learned. Lessons learned refers to infornmation
derived from past successes and failures, collected and organized to
serve as guidance for future planning and product developnent. It is
i mportant to document failures as failures, and so, |earn from past
ni st akes rather than repeating them

f. Decision Traceability. Wthin a specific product
devel opnent process, there is a need to capture the decisions nmade and
their rationale so that other team nenbers can efficiently reviewthe
critical decisions. This is inportant when the environment surroundi ng
t he product under devel opnment changes significantly during devel opnent,
either due to | engthy devel opment cycles or very dynam ¢ environnents.
Deci sions should be revisited to reestablish their validity.
Traceability nodul es should be provided within any product data
repositories to support this need.

Traceability nodul es al so provides the additional benefit
of enhancing conmmuni cation within the team by capturing the sequence of
decisions explicitly, a physically dispersed teamw || understand the
decision rationale. Decisions can be reviewed to determ ne that al
rel evant information was consi dered. Decisions which were nade with
i nconplete or inaccurate information can be quickly reassessed in |light
of new information so that their inmpact on schedul es, costs, technica
characteristics, etc., can be adjusted accordingly.

A final benefit of decision traceability is the support it
provides to product data base mai ntenance. Product features, attributes
or requirenments generated by a particular sequence of decisions can be
quickly identified for renmoval or reconsideration when the decision
spawni ng those attributes or requirenments is reversed. Through deci sion

3
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traceability, automated tools could renove all artifacts of "ol d"
deci sions fromthe design.

3. Physical Extent of Data. Mich of |IPPD can be considered data
driven in that the benefits of the approach will only be realized if al
the menbers of the nultidisciplinary team have access to accurate data.
Ther ef ore, nmanagenment of the data is a critical success factor. Data
managenent systens need to be well designed and in place, as one piece of
an | PPD supporting infrastructure. As for products and process, it is
necessary to understand the requirenents for a data managenent system in
order to design it well

a. Anticipated Data Volune. The volune of data which will be
generated, and which needs to be managed, is nassive. The role of the
data librarian will be a significant one as organizations nake the
transition to increasingly sophisticated |PPD inplenmentations. The
i mportance attached to this role is an indication of whether the data
management process is under control. Data nanagenent is critical to the
success of an | PPD environnent. Mbst approaches to | PPD invol ve
coordi nating or unifying decisions which were previously nmade in
isolation in a sequential design process. In addition, nbst approaches
advocate nore explicit consideration of a broad range of data in the
deci si on naki ng. A consequence of these new approaches is the nassive
vol ume of data to be managed in a unified or coordinated manner
Contributing to this volume is the trend toward unifying data from
multiple disciplines (test, reliability, manufacturability, etc.). On
top of that, nore soft prototypes are encouraged; where nultiple
alternative approaches to any given product or process are sinulated and
anal yzed. Previously separate disciplines will attach domain specific
data to each alternative design. To further conplicate matters,
additional data is contributed by the invol vement of suppliers and
customers. Still nore information will be captured, as rationale, and
| essons | earned data are included. Wth shorted cycle tines and | arge
nunbers of people involved in | PPD approaches, it is critical that this
massi ve volunme of data is efficiently nanaged. One approach will be the
utilization of increased conmputer power to generate derived data as it is
needed rather than storing all the data described above.

One specific category of data needs special attention -
conceptual design data. There is a nearly infinite information which is
not explicitly captured which drives initial product and process
concepts. Inplenmentation alternatives are considered and di scarded
(explicitly or inplicitly), narrowi ng the anount of relevant infornation
up to the point at which a specific inplenentation is sel ected.

10
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b. Physical Distribution. In sophisticated |PPD approaches,
data is generated by the nobst know edgeabl e team nmenber, as an integra
part of his job and in a tinely fashion. Wen the nultidisciplinary team
grows |arger than the nunber of people who can be supported on a single
wor kst ati on, data management schenes will have to cope with physically
distributed data. In the cases where the teamis widely dispersed
geographically, (in different parts of the country or even the world)
this beconmes especially challenging, but no | ess necessary. This
situation is inevitable if custoner and suppliers are nenbers of the |IPPD
team The data nanagenent systemw |l be required to handl e frequent
updates to physically distributed work in progress data, provide version
managenent, synchroni ze updates and provide rapid response throughout the
di stributed environnent.

c. Information Control. Critical in data nanagenent is a
systemto ensure the accuracy of the information. This involves
validation by the responsible "owners" when information is conmtted into
a managenent systemto nmake sure it is correct and verification of the
design when retrieved so that the correct information is delivered. The
role of the librarian or a librarian systemhas increased inportance in
IPPD. This is due to the data centered nature of the concurrent
i nformation approaches, rather than the tool centered approaches of
sequenti al engi neeri ng.

C. DESIGN TOCLS

To support |PPD, design tools currently allow the design engi neers
to nake initial estinmates of design characteristics, such as thernma
profiles, reliability, supportability, etc., of their products.

In addition to product devel opnment support tools, tools and
capabilities are required to support program managenent tasks. Product
devel opnent net hodol ogi es cannot truly change unl ess program nanagenent
met hodol ogi es (and therefore tools) change to reinforce the new approach.
This is tied to the nmetrics used to track project progress.

| PPD desi gn net hodol ogi es can gain a good deal of |everage from
supporting design tools. These tools can be exam ned in two categories:
i mprovenents to existing tools and devel opment of new tools. The first
can be referred to as evolutionary advances while the latter are
consi dered revol utionary.

1. Evolutionary Advances. Evolutionary inprovenents to the current
state of design automati on are those beconi ng avail able today or are
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simlar enough to currently available tools to expect that one or nore
vendors will develop capabilities in response to the current narket
demand for |PPD support. These inprovenents include: faster and nore
broadly applicable simulators and Distributed Interactive Simulation
early invocation of support engineering analysis tools, inproved and
predictive analysis tools, standardization of tool interfaces and data
representation, etc.

a. Better Analysis. Analysis tools should be able to determni ne
t he product characteristics as a function of a broad spectrum of design
alternatives and variabl e paraneters. Especially inportant are the
characteristics of reliability, supportability, testability and
manufacturability for both hardware and software. Analytica
capabilities will have to be devel oped to accurately assess the inmpact of
desi gn deci sions nade on abstract product definitions.

b. Earlier Invocation. |PPD requires the invocation of
anal ysis tools earlier in the product devel opnent cycle. For exanple, a
prelimnary producibility analysis can be performed on a tentative parts
list, prior to Printed Circuit Board (PCB) |layout. Additiona
produci bility anal yses could be run each tine the design is refined.

c. Broad Perspective Tools. In may instances, input data can
be marginally expanded to support sinultaneous analysis by two or nore
simlar disciplines. This has the advantage of providing feedback from
nmul ti pl e perspectives to the designer so that he can see nultidirectiona
i npacts of design changes. Also, the efficiency of Conputer A ded
Engi neering (CAE) is inproved due to the single pass through the data
structures to yield nultiple results, rather than each tool traversing
the data structure separately.

d. Libraries. Distributed data libraries with centralized
control to support nultiple tools have the advantage of one-tine-only
i nput, verification, maintenance and access functions. Standardi zation
of part libraries and support of conponent data by the conponent supplier
will greatly reduce the amount of l|ibrary support required fromtoo
vendors. They should strive for conpatibility with major part library
vendors, rather than duplicate part library devel opnment staffs

e. Interactive Design Rule Checking and Gui dance. W are
begi nning to see a nove to provi de enbedded design rule checking in
"design data capture tools," such as schematic and | ayout editors. This
can be expected to advance into interactive design real-tinme feedback
and possibly to proactive, predictive design gui dance.

12
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f. Sinulators. As conputer power becones nore affordable,
si mul at ors have been enhanced to handl e | arger partitions of conplex
designs. Inproved simulation techniques can be expected to inprove the
ability to handle analog effects in the sanme simulation run as digita
effects. The capability to sinulate analog, digital, microwave and
software (i.e., the entire product) across partitioning boundaries is
possible. Capabilities exist to sinmulate a conplete electronic circuit
and stress test the circuit using sinulation. Wapon systens performance
tradeoffs can take advantage of the Distributed Interactive Simulation
technology to try out each desired characteristic in a sinmulated
battlefield and then using the results to drive optim zation

g. Engineering Tools for Qther Disciplines (Software
Mechanical). Due to the exploding costs and the "out-of-control"
schedul e i npacts of software devel opnent, Conputer Ai ded System
Engi neering (CASE) tools have gained some well deserved attention. This
will continue until software devel opnent is well enough understood to be
optimzed and it will regain its position as just one portion of the
entire product.

2. Revolutionary Advances. This section covers capabilities (tools
and technol ogi es) that are needed for | PPD but are currently not being
i nvestigated. Many of these required advances will be very difficult to
make and/or will require significant Research and Devel opnent (R&D)
i nvest ment, because the market need is not yet clearly understood. These
areas are required and through tinme and famliarization with | PPD
techni ques, will be recognized as inportant. However, the devel opnent
lead tine is significant. It is inportant that research begin very soon
to provide solutions for the anticipated bottlenecks in inplenenting
| PPD. Revolutionary tools are those freed fromthe | egacy of
conventional tools and are architected for the purpose of providing
nmul tidisciplinary design guidance and design analysis. This is where we
can expect to see real advances in blurring the boundaries between mgjor
di sciplines, like engineering and nmanufacturing, hardware and software,
el ectrical and nechani cal engi neering.

a. Data Centered Tools. The advantage of object oriented, data
storage managenent is inmedi ate access to inprogress data fromnmultiple
perspectives, extensibility of the information to be captured in the
tools, the ability to transform between perspectives and the ability to
both enter and view the data fromvarious |evels of abstraction. An
extensi bl e data storage nmanager centered provides the opportunity of
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usi ng corporate owned data bases with vendor tools achieving
interoperability, with the often proprietary data structures utilized by
a specific tool. The advantage of this is that a product design (which
is the intellectual property of the developer) is not in jeopardy when
vendors upgrade tool releases. Tools and workstations do not have to be
delivered to the custoner when it is required that the design be
delivered as well as the final product, (e.g., governnent contracts).
This is simlar to the DOD's nove toward the Contractor |ntegrated
Techni cal Information Services (CITIS)

b. Data Sharing. Data sharing is the concept of nultiple team
menbers havi ng i ndependent access to work-in-progress design data
(usually fromdifferent perspectives) for review, analysis, nodification
and annotation. This will require significantly nore sophisticated
mechani snms for data object |ocking/version branching and nerger and
concurrence across nultiple copies of data.

c. Quality Metrics. Few netrics exist for determining and
tracki ng product quality and its inprovenent. This serious deficiency
needs to be addressed in order to justify investnent into autonmated | PPD
support and infrastructure costs. The specific | PPD approach sel ected
for a specific product devel opment program should be justified as any
ot her business decision, i.e., with a cost/benefit analysis. Currently,
quality inprovenents resulting from | PPD investnents cannot be accurately
quantified because a neasurenent basis for custoner satisfaction has not
been devel oped.

d. Tradeoff Metrics. A separate category of nmetrics are those
to be used in tradeoff decisions involving several design disciplines.
Mul tidisiplinary tradeoff approaches require conparative neasures across
disciplines. Currently a common basis for conparison between disciplines
does not exist, such as testability and thermal. Mbst currently proposed
conpari sons involve a subjective or arbitrary translation to a comon
factor, such as time or dollars.

An inportant aspect of IPPDis to track the value added of
activities in the IPPD environnent. To do this, it is necessary to
determi ne the aspects of product devel opnent which are valuable. An
eval uation basis nust be deternmi ned and the neasurenents shoul d be
i ndi cators of the rel evant val ue added.

e. System Engineering Tools. Errors nade in the conceptua
design and initial system engineering tasks have serious repercussions.

14
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There are currently few broad capability tool sets which provide support
for conprehensive nmethodical system engi neering of the product.

Rudi nentary tool sets have been devel oped on an ad hoc basis and narket
demand is growing for such tools. Additional capabilities are needed to
provi de support in gathering and docunenting the true and conpl ete set of
product requirenents, traceability between inplenentation and those

requi renents, assistance in partitioning the functionality of the product
into el ectronic subsystens, nechani cal subsystens and software
subsystens, and design verification. An area for future research is

nmul tidisciplinary optimzation. This involved sinultaneous consideration
of all constraints, paranmeters and potential design alternatives as part
of automated product optinization. Al so needed are interfaced/

i ntegrated conceptual design tools which produce an executabl e
specification of a conplex (hardware and software) system which can be
val i dat ed agai nst requirenents. Partitioning tools would then extract
hardware and software specifications independently and provide them
electronically to detailed design tools. The detailed tools nust have

el ectronic access to requirenments, conceptual design intent and
verification tools to reexanine cross discipline design tradeoffs, to
verify the correctness of detailed designs and inplenentation plans and
to provide direction to detail ed designers.

f. System Performance Specifications. The system specification
area is conposed of two separate features: There needs to be (1) an
unanbi guous execut abl e | anguage for expressing product and process
characteristics, interpretable by the process action teamand (2) an
ability to ensure a correct-by-construction product which conforns to the
system performance specification

(1) Specification Language. For complex electronic
systens, there is no executable specification | anguage to describe
requi renents or specifications. An executable specification refers to a
mechani sm for describing and sinulating a product during its conceptual
phase. The purpose of the sinulation is to determine if all the
requi renents have been captured, if the product neets all the
requirenents and if the requirenents, as captured, are conpletely
unanbi guous and accurately reflect the concerns of the custoner.

(2) Constraint Propagation. Constraint propagation is a
technique to ensure that the design refinements satisfy system
performance requirenents and the perfornance specification. Constraint
propagati on nmethods need to include constraint relaxation to accomvpdate
nmodi fications in the performance requirenents or specifications.
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g. Documenting Relevancy. Design intent is used to annotate
product and process information with decision rationale and ot her
notations to facilitate reuse of design nodules. Ideally, it is usefu
to allow arbitrary types of information to be added to the notation so
that software fragments fromenul ators, paranetric information, textual
and graphic information can be included in the design annotation. The
annot ati ons should al so include the known design inpact of conpronises,
limtations, and conflicts, so that as constraints on the design are
relaxed in the future, the design can be reoptinzed. Research topics in
this area should be focused on synthesizing design information which is
captured as a natural part of the design process and then assinilated
into information relevant to other designers who will be posing queries
froma variety of different perspectives.

h. Planning and Scheduling Tools. Many existing scheduling
tools are built on a foundations of sequential engineering and subvert
the interaction, required within IPTs. New tools are required to
determi ne optimal schedules for allocating resources to a project using a
| PPD net hodol ogy. Al so required are planning and scheduling tools for
task tracking, progress nonitoring, and ultimately performance review of
t eanm i ndi vi dual s i nvol ved

D. PERFORVMANCE REVI EW5

Mul tiple design views to support the various team nmenbers in the
perspective that they understand is probably the nbst productive
approach. A single master version of the product data shoul d be
mai nt ai ned whi ch is unanbi guous. Fromit, all the individual design
views will be derived. To facilitate interactive discussions about
design nodifications, a viewto-view translator would al so be hel pful,
al though only required for performance reasons. |n an ideal system each
team nenber is |looking at his/her viewin a separate nonitor and updates
to the design are automatically displayed in all views. One approach to
supporting multiple design views is through a single, unanbi guous view of
t he product which can be filtered to provide a specific perspective.

1. Definition of Perspective. The first question to be addressed
i s whose perspective should be supported. This relates to who are the
team nmenbers and how key are their inputs. Utimtely, all team nenbers
are supported because you never know where critical inputs are going to
come from regardl ess of areas of expertise. This highlights the need to
provi de support for nultiple perspectives. The sane data and product
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design will be viewed fromnore than one perspective at a tinme, all of
whi ch coul d be under active nodification. oviously, this requires a
schene for managing nultiple perspectives, for translating between
perspectives and for synchroni zi ng changes in various perspectives.

2. Who needs a perspective and does not have one? Custoners
currently have linted options for providing input into product
devel opnent. DOD acquisition offices are beginnings to provide DOD
customers with "wi ndow' into the active design. However, no rel evant
perspective has been defined to really support that custonmer. Comrerci al
custonmers usually have no perspective at all. Neither does marketing.
Infrequently, suppliers have perspectives supported in the design
process. These viewpoints need to be supported to nore effectively allow
those functions to contribute to the solution. |Issues of how the
perspectives are to be created and how they should be presented stil
needs to be addressed.

3. Perspective Constraints/Alerts. Perspective constraints and
alerts refer to the concept of providing information to other team
nmenbers to | et the other person know when he is being inpacted. To
enabl e sonething like this in its nost grandi ose form the system would
have sone intelligence to understand when a proposed change woul d i npact
deci si ons made by another perspective, understand whet her the change
woul d violate the tenets held by that perspective, assess the inpact in
terms of those tenets and informthe individual of the proposal in terns
of costs and benefits. This could be used to focus the negotiation to
the specifics. This systemwould have to understand all the perspectives
i nvol ved and go through this analysis for each perspective to bring al
the appropriate parties together for the negotiation

4. Representing all Rel evant Team Menbers’ Concerns. Techni ques
are required to easily capture and incorporate the users, purchasing,
supplier, business enterprise, etc., perspectives. Sone of the inputs
may take the form of constraints on the project team such as business
policy or doctrinal parameters, while others are requirements or are
unstructured suggestions. Capturing, structuring, interpreting and
utilizing unstructured information is a challenge to current technol ogy,
unless it is captured as context-local annotation, where the person
inputting the data determines structure and locality of relevance. User
interface issues also becone a challenge, particularly in situations of
vastly unequal automation support.
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E. DECI SI ON SUPPORT TOCLS

Deci sion support is a broad topic and is used here in a non-
traditional sense. Decision support refers to the collection of tools
and techni ques that aid product devel opnent team nmenbers to get a handle
on the conplex interfaces between constituent pieces of a conplex
product. Their purpose is to nanage and aid in determning optina
val ues of product paraneters. The follow ng exanple of the interrelated
nature of plated through hole attributes in printed circuit board design
illustrates the nmultidisciplinary nature of the decisions to be
supported. Although an oversinplified exanple, it denbnstrates realistic
tradeoffs between reliability engineers, nechanical engineers,
manuf acturi ng engi neers, electrical design engineers, CAD engineers, and
pur chasi ng agents that could determ ne the success or failure of a
product .

F. PRQIECT MANAGEMENT AND SUPPCORT TOOLS

Devel opnent of the project manager's perspective and its rel ated
support tools introduces sone interesting issues of |PPD inplenmentation
How does the purpose of a review and mi | estones change in a nethodol ogy
of continuous val ue added? How do you determine relative perfornmance of
i ndi vi dual team nmenbers and determine the required skill nmix within a
tean? Wen do you enhance the teamwi th additional team nenbers (when is
the concept mature enough to bring in tooling experts, detail ed
designers, etc.). How do you conpensate individuals within a tean? In
addition to tools to support ongoi ng program nanagenent, there are al so
tools required to support |IPPD inplenentation planning. How do | assess
whet her nmy organi zation will be receptive to the IPPD inplenmentation
pl anni ng? How do | assess whether ny organization will be receptive to
t he | PPD net hodol ogy changes called for in a new progran? |f they are
not receptive, what steps will be required to effect the required change?
The answers to these and sinilar questions will define the program
manager's perspective and deternine the types of tools which should be
devel oped.

G | MPLEMENTI ON ROAD MAP

In determ ning howto get started, before nany of the tools and
technol ogi es discussed in this section are avail abl e, autonation managers
need sone assistance in preparing an inplenmentation strategy. This
assi stance should come froma strong statenent of corporate val ues and
beliefs which can be translated into tactical plans by each of the unit
nmanager s
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H I PPD s LI NK BETVWVEEN EDA AND ENTERPRI SE | NTEGRATI ON

Wiile the bulk of this section focuses on EDA tools and technol ogy
to support IPPD, it should be recognized that an EDA systemwi ||l not be
i solated fromthe general strategy of enterprise integration, also called
enterprise automati on. The conjecture here is that, correctly
i mpl enent ed, an EDA systemwill forman integral part of any enterprise
aut onati on endeavor. Managenent Information Systens (MS) and Conputer
I ntegrated Manufacturing (CIM systens will inpose requirenments on EDA
solutions to | PPD

Section Ill. | PPD ASSESSMENT CRI TERI A
A.  OVERVI EW

Successful inplenentation of | PPD requires nanagenent and technica
community conmitment to the need for change. Once the commtnent to | PPD
is made, organi zations need an action plan to know what to inplenent.
Wthout specific information on the inmmediate targets of change, tine,
energy, and resources will not be committed. Managenent nust establish
an atnosphere that is conducive to the formation and inplenentation of
| PPD.  Throughout this section the term"enterprise" is used. The intent
of this termis to use an organi zational neutral expression that can
apply to government, to industry, to governnent-industry teans, or other
possi bl e conbinations. This section applies equally to any enterprise.

The difficulty to date has been in generating that clear set of
targets. A broader "body of know edge" or "common understandi ng" of how
IPPD is applied to the individual facets of a project has been nissing.
Wthout this common understandi ng, change remains risky and benefits
cannot be systematically assessed. Wth a shared body of know edge, |PPD
proponents becone nenbers of a larger comunity having conmon ground
rul es and vocabul ary that allow sharing of ideas and concepts. The |eve
of know edge or understanding can then rapidly increase as contributions
of menbers are accepted into the body of conmon know edge.

The creation and dissenination of this conmmon understanding is the
goal of this section. Furthernore, the material is organized as a road
map for projects seeking to inplenent IPPD. This road map takes the form
of two matrices, both of which are essential to the assessnent process.
The first, (Critical Self-Exam nation) provides a nechanism for
subj ectively assessing | evel of |PPD appropriate to the goals of the
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programand its conpetitive environnent. Nine "influencing factors" are
defined with four levels of inplenmentation conplexity defined for each.
Greater program conplexity inplies a need for a nore conprehensive | PPD
i mpl enentation for program success.

The second matrix, presents a consistent nethod for determning the
required characteristics of the | PPD approach. |Its rows represent the
various facets of a programor potential project which are inpacted or
changed by I PPD. Each columm describes an approach to | PPD. Al
approaches represent good | PPD practice, but each is a different style or
scope of | PPD inplenentation

The purpose of the graduated levels is to match the appropriate
approach to I PPD inplenentation for a particular programto the needs of
the program The matrices can be used to several purposes: (1)
determ ning the specific conponents of a | PPD approach, (2) generating an
i mpl ement ati on road map to enhance | PPD capabilities, and (3) checking
the consistency of the | PPD approach currently in place. Al of these
involve critical self exam nation

1. Organization of the Chapter. This chapter is |engthy,
containing a large amount of information about |PPD approaches and their
application. An overview of the organization of this information is
provi ded here to assist the reader in navigating through the subsequent
secti ons:

- Part B describes the conponents of all |PPD approaches.

- Part C focuses on the factors which influence the selection of
t he appropriate | PPD approach.

- Part D and E contain the assessnent matrix and the description
of individual cells within the matrix, respectively.

- Part F illustrates the usage of the assessment matrix through an
exanpl e.

- Part G and H review issues related to inplenentation of
concurrent engineering within a project.

2. Assessing Project conplexity - Critical Self-Exam nation. The
necessary and sufficient level of |IPPD capability is tightly associated
with the nature of a particular programor project; and a set of
i nfluencing di nensions were devel oped to gauge the appropriate | evel of
| PPD capability. By assessing the programrequirenments as high or |ow on
the influencing di nensions, an organi zati on can assess the |evel of |PPD
capability that is appropriate for a program

20



AMC- P 70-27, Vol

To illustrate this, consider a very conpl ex, high-technol ogy
program that involves many peopl e spread across organi zati onal and
geogr aphi ¢ boundaries. This type of programwould naturally require nore
conprehensive | PPD capabilities, while a smaller, |ess conplex project
could be acconplished with a sinpler |PPD approach. An attenpt to nove
the required | PPD environnment beyond that |evel that is necessary and
sufficient to satisfy the needs of a program and project will not
necessarily add value to that programor project. O course, once an
organi zation has achieved a | evel of IPPD capability, it would not be
prudent to purposely degrade its IPPD environment. This activity within
the assessnent process is critical to the correct interpretation of the
second matri X.

3. Assessnent. The assessment matrix is used along with a critica
self-exanmination to generate an inplenentation road map and to check the
consi stency of a | PPD approach currently in place within an organization.
By exami ning the description of every attribute (matrix rows) at each
level (matrix colums), the "as is" environnent is assessed. The road
map i s generated by increasing | PPD capability of attributes with
characteristics to the left of the appropriate |evel desired or needed.

4. | PPD Environment. By conpleting an assessnent of all |PPD
attributes, the organi zation devel ops a snapshot of its |IPPD environnent.
In a strict interpretation of the matrix, the programlis overall |PPD

capability is only as strong as its weakest |PPD attribute. The reasons
for this is that a coherency was built into the matrix between the
elements within a colum. Wen a particular attribute is inplenented at
a lower level, this conceptually acts as a bottleneck, reducing the
capability of the whole system Because the matrix was constructed with
highly interrelated el enents, an attribute operating at one level is only
feasible when related attributes have sinmlar |levels of capability. For
exanpl e, inmmediate resolution of issues is not possible if issues are
reviewed only on a periodic basis. For this reason, a cohesive and
consistent solution is possible only when all attributes are inplenented
to the sanme | evel of capability, represented by a single columm. The
colum represents a synthesis of the individual capabilities to provide a
gl obal view of an organi zation's overall ability to apply |PPD nethods.

5. Road map for Inprovenent. Because all approaches describe good
concurrent practice, the matrix is not intended as a rating tool.
Whet her a particular level is "good enough" for the needs of a program
depends on the nature of the program The environment has been desi gned
to highlight weaknesses relative to a programis | PPD needs. By conparing
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the current environnent with the "required" environnment, areas for
i mprovenent can be targeted and plans can be devel oped to overcone those
i dentified weaknesses.

It is tenpting to anticipate the availability of automation
technol ogy as an enabler of IPPD, and this is addressed |later. A carefu
readi ng of the matrix, however, reveals that IPPDis a new culture that
must be instilled in team nmenbers. Automation of current, seria
aut ononous processes is a nmistake and will only entrench current
practices and stifle the nergence of a IPPD culture. Additionally,
autonmation by itself is not the answer. Automation should be viewed as
an enabler or facilitator of |PPD approaches.

6. What the Matrices Are Not. The assessnent criteria are focused
on programrequirenents -- what is necessary to develop a product. The
matri x's assessnent criteria are, therefore, applicable only to the
program The matrix is not neant to evaluate a conpany or a governnent
organi zation or a functional group within an organization. The
assessnent matrix is to be used by an organization to evaluate its |PPD
capability and deternine its organizational needs relative to a specific
program

The matrix is a "snapshot" in time -- a best view defining an
| PPD capability and what is needed. As suggested by the right nost
col unm, however, continuous inprovenent will, with tine, cause new

columms to be added to the right and elimnated fromthe left.

The matrix, its characteristics, and the influencing di mensions
were developed in an attenpt to describe specific characteristics which
i mpact the successful execution of prograns using | PPD practices. As
nor e government organi zati ons and conpani es gain experience with |PPD
additional insight will be gained into the key enabl ers and inhibitors of
| PPD i npl ement ati on.

B. | PPD DECOVPCSI TI ON

IPPD is a broad topic with nunerous attributes. 1In order to exam ne
the relevant aspects in detail, it is necessary to deconpose the tota
| PPD net hodol ogy into its integral conmponents. Although this can be
acconplished in a nunber of ways, the set chosen conprises:
organi zati onal issues, requirenents, comunication issues, and product
devel opnent et hodol ogy.
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Organi zation issues refer to aspects of team dynanics, strategic
busi ness i ssues, and managerment and corporate culture that affect product
devel opnent. The organi zation and its culture nmust support a | PPD
met hodol ogy for it to succeed. Existing cultural and organizationa
policies often counteract the intentions of IPPD. The matrix focuses
attention on several specific categories of corporate culture and
managenent policies that are crucial to successful adoption of |PPD
net hods and the systens engi neering process.

A second nmmjor grouping deals with requirements. |PPD has broadened
the interpretation of requirenents to include all product attributes that
i mpact custoner satisfaction. Adequately capturing and expressing the
total set of these requirenments is crucial to IPPD. In addition, the
matri x includes the need for planning, scheduling, and docunentation of
t he product devel opnent team along with validation of the total set of
requi renents are topics which nmust be worked in concert to ensure
successful | PPD.

Conmruni cations is the next major category of critical |PPD
capabilities. Comunications is the |ifeblood of an enterprise.
Strategi es and conmon goals nmust flow out to every individual to nold the
teaminto an efficient and productive unit. Feedback from know edgeabl e
individuals is essential to optinize design decisions and to inprove the
devel opnent, manufacturing, and support processes. The comuni cations
capabilities are categorized by the types of information that are
critical to IPPD. First are the broad organi zati onal needs for data
managenment and sharing within and between departnents (for exanple,
| ogi stics, manufacturing, and design) and between suppliers and
custonmers). Next is "lessons |earned" which conme fromvarious
organi zati ons but nust be interpreted and anal yzed by an indivi dua
engineer in order to influence a particular program Next is decision
traceability, which refers to the capture of an "audit trail" of
deci sions and trade-offs that were considered during the devel opnent
process, specifically the rationale for a decision, the other
alternatives considered and the rationale for their rejection. Finally,

i nt er personal conmuni cation is considered to be the single, nost

i mportant el ement of successful system engineering today. Individuals in
an enterprise nust care deeply about the success of the team and be
openly receptive to inprovenent ideas and proactive in the dissem nation
of timely constructive assistance. Product devel opnent partici pants need
to comuni cate several categories of information, such as working product
data, |essons |earned, decision rationale, and decision sequences. Al
are needed to track and optimnize the process of product devel oprent.
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I nt er personal conmuni cation and interworkstation comuni cation are
crucial and are related to how data is acquired and shared with the
proj ect, program and enterprise.

The final major category is focused on the product devel opnent
met hodol ogy itself. The process of concurrently enhancing the product
and assessing its status are quite novel in a |IPPD environnent. In
particular, optimnization, verification, and devel opnent processes are
redefined for IPPD. This affects the role of data libraries, reviews,
and product architectures.

By breaking down the broad topic of IPPDinto a nore detailed |ist
of critical conponents, this docunment provides a basis for assessing
specific capabilities within individual prograns to address the new
approach to product and process devel opnent called | PPD.

C. I NFLUENCI NG DI MENSI ONS DESCRI PTION OF TABLE I11-1

Since the level of IPPD capability is too tightly coupled with the
nature of a program a set of influencing programand product dimnmensions
were devel oped to aid in gauging the approxi mate | evel of |PPD needed.
Each di mension deals with a specific aspect of programcomplexity. The
specific dinmensions itenized has an influence on the recomended approach
to I PPD. the aggregate of all influences deternines the approach nost
appropriate for a specific program The influencing dinmensions are
provided here and in Table I11-1

Product Conpl exity Busi ness Rel ati onshi ps
Product Technol ogy Team Scope

Program Structure Resour ce Ti ght ness
Program Fut ur es Schedul e Ti ght ness
Conpetition

Each of these are described in the follow ng paragraphs to provide a
better understanding of the viewpoint and their dinmension on | PPD

1. Product Conplexity. Product conplexity is inversely
proportional to the nunber of people who fully understand how t he product
wor ks.  Conpl ex products, as an exanple, include those with el ectronic,
sof tware, nechanical and optical functionality where few engineers truly
understand the full spectrum of the products functionality. Thus IPPDis
essential. Conplex products typically have many interrelated factors
whi ch make product design difficult. The identified levels of conplexity
are- -
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a. Designs that are assenbled using readily avail able "catal og"
parts whose interfaces are standardi zed and robust.

b. Designs that are assenbl ed using nostly comon parts with a
limted nunber of itenms representing state-of-the-art parts.

c. Designs that contain key elenments which are state-of-the-art
or have large nunbers of state-of-the-art parts with many sensitive
i nterfaces.

d. Designs that push the state-of-the-art envelop. Managing
i nt erdependencies is critical to product perfornmance.

2. Product Technol ogy. Product technology refers to the
availability of a base of capability or technol ogy, which can be utilized
in product design. The identified |evels for technol ogy are--

a. Product Designs utilize readily avail abl e technol ogy.

b. Product designs require a new application of an existing
technol ogy, e.g., gears custombuilt for product.

c. Product designs require new capabilities fromone or nore
core technol ogies, e.g., higher speed Integrated Circuits.
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d. Product designs require new core technol ogy, e.g., Gallium
Arseni de (&As).

3. Program Structure. Program structure enconpasses the nunber of
peopl e, layers or reporting hierarchy, role of fornmal and infornal
communi cati ons channel s, and physical distribution of program staff.
Note: The structure represents what is NEEDED to execute the program not
necessarily how business is structured today (which tends to al ways | ook
like category Din a large organization). This relates to how you WANT
to structure a programstaff. The identified |evels for program
structure are--

a. Programstaff size is small with informal reporting
hi erarchi es and conmuni cati on channels. Program objectives are broadly
understood by all team nenbers

b. Programstaff size is noderate requiring layered reporting
structures and nore formal comunications. Subgroups have specialized
assignnents. Informal conmunicati on channels are avail abl e.

c. Programstaff size is noderate to |arge and physically
distributed across nmultiple locations within a building or spread across
buil di ngs or sites. Conmunication channels are typically nore forma
with few infornmal neans of comuni cation.

d. Programstaff size is large, with deep reporting hierarchies
and structured conmuni cation channel s and physically distributed across
nmul ti pl e conpani es, often across nunerous organi zations. Typically,

i ndi vi dual assignnents are narrow in scope and hi ghly focused.

4. Program Futures. Programfutures refer to the follow on
opportunities for the programin the mnds of all team nenbers.
"Futures" deals with how nuch incentive there is to invest in the current
phase to optim ze product success in |later phases or future products or
in other words, requirenents for |ong range business
deci sions/investnments. The levels for futures are--

a. Programis stand alone with no follow on planned. No |ong
terminvestnents are required.

b. Investments are made to mininize recurring (e.g., |abor

savi ng devi ces/automation) and nonrecurring costs (e.g., hard tooling)
plus are ainmed at reuse. Avail able business base to payback investnents.

27

3



AMC-P 70-27, Vol. 3

c. Investnments span contractual and business base boundari es.
I nvestment risks are shared across the enterprise. Programend use
criticality and life cycle product cost call for investment in reuse and
future inprovenents.

d. Programis strategically aligned with enterprise,
encouragi ng significant reuse in future generation progranms, enabling
significant future opportunities. Opportunities for md stream (or in
use) corrections are severely limted. Product has stringent end use
requi renents, e.g., nuclear power plants, |asers, etc.

5. Competition. Conpetition dinmension refers to the |evel of
activity in the relevant industry and the criticality of industry
anticipating and reacting to conpetitor's noves. Fromthe governnent
vi ewpoi nt sol e source procurenent all but elimnate conpetitive
pressures. This di mensi on enphasi zes the need for flexibility of the
programand its ability to react quickly to conpetitive pressures. The
| evel s of conpetition are--

a. Conpetitive pressure is nmniml due to few conpetitors or
cl ose business rel ationshi ps between established business and their
customer base, or protected (product or strategy) niche narket positions.

b. Significant portion of available market is controlled by a
few key conpetitors. Oten significant barriers to entry exist.

c. Conpeting enterprises with significant resources channel ed
to conpetitive anal ysis and narket expansion. Conpetitive benchmarking
i s extensive.

d. Active Conpetition with few barriers to entry, where there
are significant pressure