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ABSTRACT

to support such needs during product design. That paper

Previous work introduced a new representation of engineering reviewed relatedvork and describedoncepts for automatically

analysis models, termeatoduct model-based analytical models
(PBAMSs) [Peak and Fulton, 1992b]. Since analysis information
is linked with detailed design informatioRBAMs enable rapid,
flexible analysis in support of product design. this approach,
a catalog of ready-to-use PBAMs can be credited automate
established, "routine" analysis models.

This documentpPart | oftwo companionpapers, discusses
the use oPBAMSs in routine analysiand overviewsthe PBAM

creating analysis models directly frodfetailed design data.
Results emphasizdtbw engineering analysis is an information-
driven process.

More recent work [Peak, 1993] defingse formal structure
and operation of thBBAM representation. This paper (Part 1)
and itscompanion(Partll) arelargely extractedrom thatwork.
The purpose of thesevo papers is tshow howthe PBAM
representation enables automated interaction of diverse analysis

representation. Part Il describes PBAMs of representative solder models and the product model.

joint fatigue modelsthat illustrate and evaluate thRBAM

representation. Combined, these papers emphlasizé®BAMs

can automate the interaction of heterogeneous analysis models.
A new notation,constraint schematicss included in this

This Part discusses tloencept of "routine analysis models"
and how PBAMs can be used during the design of printed wiring
assemblies (PWAs). It gives an introduction ttee general
PBAM representation itself including constraint schematic

paper that graphically represents analysis models. Since PBAMsnotation. Part Il presents solder joint fatigue case studiésh

are founded upon constraint graph theapd object-oriented
information modeling concepts, a high degree of flexibility and
modularity is achieved.

1 INTRODUCTION

| have more than enough to do than to extract my own FEA data.
I am talking to manufacturing, tooling, vendors, fatigue and
fractures, the stress group - | simply don't have time.
Design Engineer, Airplane Structures
[Liker, et al., 1992]

Unfortunately, the above quote often typifies the priority given to
analysis in theproduct design process today. their survey of
industrial CAD/CAE usage, Liker and associates identiifye
"unfulfilled promises of CAD," one of which ithere will be an
iterative and seamless link betwe€AD and CAE analysis."
They foundthat eventhe largest users &€AD/CAE often had
inadequately staffed analysis groups comparethéoanalysis
needs of the design groups.

An earlier paper [Peak and Fulton, 1992b] introduced a new
representation of analysis models, ternpedduct model-based
analytical model{PBAMS), that automatesome analysisasks

evaluate and further illustrate the PBAM representation.

2 USING PBAMS IN PWA DESIGN

This section gives a "bladbox" view of how oneusesPBAMs
without going into the internal details. The next section is an
introduction to this latter point.

2.1 Terminology
A PBAM is a representation of engineering analysis models that
includes linkages to product model design information. The
termrepresentation here means a computable approximation of
"reality” for an intended purpose. The "reality” BBAM
approximates is an analysis model, in contrast to geometric
representations that approximapdysical objects. Thus, a
PBAM is amodel of analysis models

The PBAM representation has a defined structure and
defined operations analogous to mathemataglties such as
matrices and graphsCreating a PBAM torepresent &pecific
analysis model involves filling irthis general structure with
analysis model-specific information. Oneses the resulting
PBAM by performingthe operations definetbr the general
representation.

PBAMs are intended to represeattine analysis models a
term derivedfrom the simplest of three classes désign:
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routine, adaptive, and original design [Opitzaét in Pahl and

One can see how a variety of checks needs to be made during

Beitz, 1988]. A routine analysis model is an established analysis the design of a productTypically for a given product typge.g.

modelthat has beedeveloped for application to a specifipe
of product.

Routine analysis emphasizes repeatedlging proven

PWAs)the samdype of analyseseed to be done several times
for each new product instance at various stages during the design
process. In such cases it would be helpful to have pre-defined

analysis models on new product instances and on designcatalogs of routine analysis modéhst can be used after being
iterationsfor the same instance. The term routine is not meant populated with thespecific data of a new design. Thsction

to imply that the analysisnodels involvedare simplistic. After

an analysis model has been developed, iditilization in
design is understood, evéime most sophisticated model can be
considered a routine model.
andknowing how to applyhe results to design are thamary
skills required to use a routine analysis model.

shows how PBAMs provide a way to create such catalogs.
With checking solder joint fatigue as an example context,
Figure 2-2 illustrateshow a user generally would utilize a

Understanding model limitations PBAM selected from such a catalog of analysis models.

Depending on the design stage and problem being addressed,
models of varying complexitand computationatost could be

Routine analysis can be contrasted with two other categories needed and would be part of the catalog.

of analysis: adaptive analysis and original analysis [Peak,
1993]. In these cases the emphasis isnalel development
rather tharmodelusage These categoriesre not dogmatic and
some overlap may exist.

2.2 Routine Analysis in PWA Design

Figure 2-1 gives specific examples of product requiremntats
could be checked using routine analysis models whieWa is
in the board layout design stage.

Develo
o 1 PWA |-
9 Layout ,f Initial Layout
. . Designer Validated
Typical Requirements > Check F——> Acceptable
Perécggnrﬁ&crﬁ: Interference [PTC, SDRC] > PWA PWA Layout
Reliability

Component Failure - Thermal [MGC]

Solder Joint Fatigue - Thermomechanical*
Solder Joint Fatigue - w/ Warpage Effects*
Solder Joint Fan'g'ue - Vibration [Steinberg, 1988]
Plated Through-Hole Fatigue

Manufacturability X
PWA Warpage - Reflow Soldering [Garratt, 1993]
PWA Deflection - Bed-of-Nails Test [lannuzzelli, 1990]
Component Placement Time

LayOUt 2 Unacceptable
Tool PWA Layout
Modify

nOFE © PWA

Layout 3
Designer

Figure 2-1 PWA Design Validation Process

Modified Layout

*Case Study Examples [Engelmaier, 1983, 1989; Lau, et al. 1986]

Each product requiremembay haveits own analysis model or
series of models to judge if the preliminaPWA design is
acceptable. It is important to note thatmerous analysis
models existhatcan be used toheck suclPWA requirements.
For example, Mentor Graphic's Autotherm compui@sponent
temperatures tocheck componentreliability. Lau [1991]
contains numerous solder joint fatigue models (though not al
are oriented towards design use). Steinlj&838] devotes a
whole book to electroniequipment vibration analysis. Garratt
[1993] simulates thermomechanical deformations in a simplified
bare printed wiring board (PWB) during thmeflow soldering
process. Furthermore, lannuzzelli [1990] describesiite of
analysis models to simulate theehavior of aPWA during
various manufacturing processes, including bed-of-nails testing.
The results obtaineflom such analysis modetsay indicate
the needfor a design change. Faxample, if the design is
deemed unacceptable from a component reliability point of view,
the component could be moved to a codesa on thd®WA, or
the enclosureould be modified to provide more coolingttat
area of thePWA. Resourcepermitting, thismodified design
should then be re-checked.

First, the user selects which analysis model (represented by a
PBAM) to use. Second,the requiredproduct and analysis
entities areconnected tahe selectedPBAM at a highlevel. In
Figure 2-2 theeomponent ofnterest (R110), the loadequency,
and the temperature extremes awech inputs. ThePBAM
automatically extracts detailed informatifnrom the connected
entities to create the analysimdel it represents. The creation,
execution, and interaction of submodels within dealysis
model (if applicable)are also handledutomatically. Finally,
the PBAM allowsthe user to obtain the result if@am that is
meaningful tothe problem at hand. A solder joint fatigue of
3536 cycles is the result shown in the figure.

Often design checks which involve analysis models are
performedessfrequently than would be desired duethie large
amount of resources required to perform the analysis. The major
consumer of human resources is oftea creation of thenodel
itself (evenfor routine analysis).The solution phase of analysis
is typically well developed in terms of computer-aided
automation. Other problem areas include the interaction of
several possibly heterogeneous submodels within an analysis
model, and the feelback of finalresults to drive desigchanges

Catalog of Analysis Models

PBAMs
PSB = Plane Strain Body
3. Plane Strain Mode| _{__ComponentpsB }\
[Lau, et al. 1986] [ Substrate/PWB: PSB \ |

Solder Joint: PSB

Solder Joint Fatigue Models

Component: Rod
o ——

Substrate/PWB: Rod
Solder Joint: Shear Body

1. Extensional Model
[Engelmaier, 1983, 1989]

Component

e ———
Substrate/PWB: Beam

Solder Joint: Short Beam

2. Bending Model 4. 3D Continuum Model

[Mao, 1992]

Solder

Substrate/PWB Joint

User Actions

1. Select Analysis Model
2. Connect Product / Analysis Entities

PBAM

PWA #95415

R110 Sol
J%m?ré

Plane Strain Model
[Lau, et al. 1986]

PSB = Plane Strain Body

lday —>
-55°C —>
125°%c —> Solder Joint: PSB

3. Obtain Result 3536 cycles <—,

Model 3

Figure 2-2 Routine Analysis Using PBAMs



Product-Analysis Linkages  Analysis-Analysis Linkages constraint graph of this case géven in Figure 3-1 where the
/ convention of designatingelations by boxes and variables by
/ PBAM open circles has been used .

A key advantage to viewingelations and variables as
constraints is that constraintan bemultidirectional (assuming
such inversionsare mathematically possible.) Ithe above
Model 2 example ifay anda, aregiven asinputs,ag will be determined,

Product & Analysis Entities
PWA #95415

R110
[Resso] )\ %o <>

B

e

1;‘:_?2 <> and thenay. Likewise,ay anday could beinput to determine
125C <> Vodel agand thera, .
3536 cycles € >y fxy.2) A review of constraints in general and their applications to
Model 0 engineering problems in particular is given in [Peak, 1993].
None of the papers reviewed discuss the linkage between
Multidirectional Input/Output Diverse Solution Methods detailed product and analysis models in terms of constraints.

Also, analysis relations represented as constrairgsypically
formula-based andare presented as "tangle#nots" of
(Figure 2-3). Furthermore, if analysis modal® to be used constraints. No work was foulrtdhat viewed the intgractions
both for design analysisnd design synthesis, one must be able Detween heterogeneous apaly5|§ models as constraints. )

to run analysis models with different input/output directions as ~ The advantages of object-oriented (OO) representations for
indicated by thewo-way arrows (e.g., input the fatigue life to ~ €ngineering applications, including information hiding and
determine allowable temperature extremes). Therefore, the key €ncapsulation, are discussed in [Peak and Fulton, 1992b]. The

Figure 2-3 Challenges in Automated Analysis

areas of research that willost likely increas¢he automation of ~ remainder of thisection shows how constrairdad objects can
the analysis process as a whole are: be combined torepresent engineering analysis models and
* Automated model creation address the above gaps.

* Heterogeneous multi-model interaction

* Results feedback

e Multidirectional input/output
This research addresses these problepesifically for routine
analysis problems.

3.2 Constraint Schematics of Analysis Models

This section showkow constraintsand objects can be used to
represent analysis models. With this intent in mind, a new
notation, termedonstraint schematics has been developed in
this research to gphicallyillustrate analysianodel constraint
graphs The basics of this notation are given in Table 3-1. Since

3 INTRODUCTION TO THE PBAM REPRESENTATION the underlying structurdrom a constraint viewpoint is a graph
As noted abovethe PBAM representation has both general mychlike that encountered in electrical schematimsalogous
structure and general operations whéie formally defined in terminology and features have been used. For example, the
[Peak, 1993]. Six @fferent viewsre also deflnedyhlch help subsystem symbol idased on an integrated circuit pin-out
capture anccommunicatethe structural and operational aspects diagram.

of a PBAM. Some of these viewse utilized later in this paper. Figure 3-2a is a constraint schematic of the constgaayh

This section introduces the internaforkings of the PBAM given in Figure 3-1. Notethe inclusion of thepart-of
representation, which is based on constraint gtagbry and relationships (as indicated by the small filled triangles)rater
object-oriented concepts. to organize variables intoatural hierarchies. The variatsds

an object that encapsulates all the variables and relatimwn.
Hence, a constraint schematic capitalizes on the strengths of both
objects and constraints.

Figure 3-2b is one possibRibsystemview of this object
(anobject can havenanydifferent such views). In a subsystem

3.1 Constraint and Object Representations

The basic idea ofconstraints is that variables, &, and
relations, r;, among those variables can be declared explicitly by
a user or application without explicitlgpecifying how any

unknown variablesare to be determinefFreeman-Benson, et : . ? ) .
view, only variables of interest to a particular use of digect

al., 1990]. In aconstraint graph, variables and relations are .
both vertices, and edges represent the participation of a varialblen.eed be shown. Nowhatag canstill be accessed througag

in a relation. For example, considbe variablesyy, a, ag, ay via the part-of relationship. The full constraint schematic is

and the relation o n ~ -9 "Th present .and acti\{e in a subsystem sM@view is simply an
Sy tap-ag=0 anda,-(a5rmp) =0 © abstraction that hides unnecessary detail.

A subsystem view is somewhat analogous to an integrated

& circuit pin-out diagram. Just as an integrated circait be a
h component in aarger electrical circuit, an object can be a
& & subsystem irthe constraint schematic of another obje8ince
constraint schematics can contain arbitrarily deep subsystem
& nestings, they provide awvay to organize the previously
mentioned "tangled knots" of constraints into meaningful

Figure 3-1 A Constraint Graph bundles.



Table 3-1 Constraint Schematic Notation

Symbol Meaning
Oa ais avariable.
bOL r Variablesa, b, ¢, andd are
related byrelation r. This
cO—- —O a relation can be written ap
q OT r(a,b,c,d)
Variablesa andb are equal,
bO——Qa i.e. an equality relation
exists between them.
bO_._O a Variables a, b, and c are
equal.
cO—
X—(a Variablea is not valid in the
current context.
Variable s has attributes a,
O a Od b, andc which are variableg
(i.e., they are part-of 3.
sO—+—>0O b Variabled is an attribute o&
—»O c and a subattribute or
subvariable of s. l.e.,
variabless, s.a s.h s.¢c and
s.a.dare shown.

/ s Variable s is a subsystem

Da cO which  has attributes/suld

Db e attributesa throughd.

Variables.cis known as in
/ s the scope outside ofs (i.e.,
D a CCh—O 9 h=s.candg=h). Variablesa,
O b, andd havethe same name
Db dg e in both scopes(i.e., a=s.a,
b=s.b, d=s.dandd=e)
a O a, O Unshaded variable aj,
relationrq and subsystens
r ] r, are inheritedfrom the super
class.
S Shaded variable ap,
D d p relationry, and subsysters,
D ad p and relatedconnections arg¢
new to this class.

(9.1 An n-position pole equatesa
bl O . and bj when position i of
b O[q"], switch q is selectedfor i =
! [q.n 1..n (in other words,when
bn O— option i of option categoryq

is chosen).

[m.i] Subsystem Substitution
/s Switch m contains an n-
a c O x position pole _betwgen eadh

O g connected variablpair (e.g.,

Db dO—-Oy §.Cc = X when subsystem is
selected for = 1..n).

a and b are connected by 4

o e O jumper (i.e., the user has
made them equal).

s Instance View An instance

Da ¢ f of subsystens has variablef

30 input into variables.c. g is

O b dG 9 read as an outp@itom s.d In

e QO O h contrast, variableq and s.e

are always equal.

An absolute value relation
exists betweea andb:

a=|b|, b=zxa

A scale & offset relation
exists betweea andb:

a=plb+A,
b=(a-A)/p

Analytical primitivesand systeméke those described ifPeak

and Fulton, 1992b] can be partially represented by constraint
schematics, and analytical systems can be viewed atypmef
subsystem. Analytical variablesd analytical relations have a
somewhat naturalcorrespondence with different analytical
primitives as discussed in that paper.

s h & 4 S
D a a (g
D & &(

a. Constraint Schematic b. Subsystem

Figure 3-2 Views of an Object

Note that when ananalytical system isused for design
verification (design analysispurposes versudesign synthesis
purposes, the rolgslayed by ateastone input and one output
variable reverse. Therefore, the ability to go in multiple
directions is critical if an analysis model representation is to be
used for different design purposes.

Example

Figure 3-3 is an example analytical system whichsied in the
PBAM representing Engelmaier's extensional mogrart II).
Hence, it containghe following relations that determine the
thermal expansion mismatch and calculate the shear strain in
body 3 (corresponding to Egns. 2-4 and 2-5 in Part II).



Interconnected Rods System (IRS)

h, <L 1
¢ Body 1: Rod T1 Fl’ u
Body 3: Shear Body
| Body 2: Rod | T2 F2, u,
-~

Undeformed State (T=T=T,)

y
fas

(—‘

Deformed State

Figure 3-3 An Exemplar Analytical System

_ LA(AT)
3T on, (3-1)
A(aAT) =05(T, = To) —ay(Ti— To) (3-2)

Note that here the subscripts refergenericbody numbers and

not to thephysicalentities being modeled in specific product.

A partial constraint schematic tifis systemand one subsystem
view are given in Figure 3-4 (fothe case where = F, = 0).

The specific variable names have been augmented with the
category of analytical variable they belong taditu .

A(QAT)  system paramater

T, load AlaAT) =0, (L, - T)) - o (1, - 1)
r
system !
IRS eometr, L
o= bodi g Yy 1
odies material model
body 1 stress-strain model ay
O O-
load T,
O-
material model
body 2 stress-strain model ay
O
load r_l'z _ LA(0AT)
3 2h3
body 3 geometry  hy f2
irai
strain Y,

a. Constraint Schematic

V' Interconnected
Rods System

D To A(0AT) (O
DLy
D o
D Ty
ox
DT,

D hs Y.

3

®

b. Subsystem View

Figure 3-4 Views of an Analytical System

3.3 Simple PBAMs

Thus far only analytical variables and relations have been
considered. It will now be shown how PBAMs are
representations that relatanalytical variables toproduct
variablesin a specific application via transformations (Figure 3-
5). Rememberthat analytical primitives, systems, etc. are
generic in the sengdatthey potentially can besed tomodel
manydifferent products. The basidea of aPBAM is toutilize
these generic resources but link them with product-specific data.

A PBAM hasproduct variables (p; andpy in PBAM in
the figure) which define what product modelata must be
"plugged in." Internally the PBAM can decomposehese
variables into their subattributes( pg, pg in PBAMq) per the
part-of relationship. Analytical variables( through ag in
PBAMq) may bedecomposed intsubattributes in the same
manner as product variables.

Product-analysis transformations are linkages that relate
product variables to analytical variables. Wealization is a
processthat simplifies thephysical (product) situation into
analysis attributes [Shephard, &t 1992]. The ternproduct-
analysis transformation is used here to describe lihe
directional relation between product and analytical variables; an
idealization is one direction of this relation.

Also, there may be analysis-analysis transformations
within the PBAM scope(e.g.rq in PBAMg). Both product
variables and analytical variables can eventually be related to the
analytical variables of the subsystesy,

Theanalysis contextshown hooked to PBAMin Figure 3-5
is the user of the PBAM. This usewsuld byeither a person or a
computer tool (e.g. arexpert system checkingthe product
design) or even another PBAM. This figure iBBAM detailed
instance view that shows how a PBAM isised by an analysis
context. Therefore, bollines are used to indicatonnections
between the two.Arrows onthe bold lines indicate inputs and
outputs forthis particular usage of tHeBAM (other notation is
explained in Table 3-1).

To utilize a PBAM once it has been implemented, the
analysis contextinitializes thePBAM, connectshe necessary
product and analysientities, and specifieshich variable is to
be the output of the PBAM. If the analysis context is a designer,
highly interactiveuse of thePBAM may be possible. For
example, the designer can change which varigdresnputs and
which are outputs to answer "whaif® type questions.



Analytical Variables Analysis-Analysis Transformations

- loads - mathematical operations
- stresses, strains, deformations - coordinate transformations
- performance criteria - extrema selection
Analysis Context
5y v PBAM ,,
% al
Analysis & % Sy
Enuties & Analytical
a System 1
g =)
& O&—P . Da a O
Product D & 200
Entities . D & a1 0
P
R O DB e OB 02 D & a, O
2 D & a30
& O O-%—0-2 D &
2 D &
P hg—abe ok = D &
Product Variables Product-Analysis Transformations Subsystem
- systems - components - geometric transformations
- assemblies - features - material transformations
- sub-assemblies - boundary condition idealizations
Figure 3-5 Structure of a Simple PBAM
Additionally, he or she can inject new values into variables and
see the result by probing other variables. Table 3-2 Characteristics of Simple and Complex PBAMs
No. of
3.4 Complex PBAMs _ Subsys.  Subsystem Types Emphasis
JustI ’?s ?nal){[tlcaSys;%nA\iA can b(i] Gusded as Zubszlstems 'ntﬁtheéimple 1 Analytical system | Product-Analysis
analytical systems, s can hseed as subsystems by other .
PBAMs. This nesting d?BAMs can be arbitrarilgeep. Thus, Matter model, etc.| Transformations
it is helpful to distinguish betweesimple PBAMs andcomplex Complex Tor Same, plus Subsyst'em
PBAMs by the characteristics given in Table 3-2. more | other PBAMs Interactions

In a complex PBAM (Figure 3-6) analytical systemay be

Analysis Context Multiple Subsytems
" PBAM,

L& Subsystem
Analysis | 4, / i 2|
Entities a - nalytica

& Ole 1 System
Subsysteml/ D a & (Jd%
PBAM1 Subsystem:,'&:) & Qg
R on:! Py D aO—{1——¢ PBAM D & a:(
D & —0 & D a a,Q
Pr t
DR & {1 D a a( D &
D // D P 35C—|—:) &

Subsystem Interactions (Analysis-Analysis Transformations)

Figure 3-6 Structure of a Complex PBAM



used as subsystems and require analytical var@iieections
just as when used in a sSim@AM; in contrast, PBAMs used
as subsystems also requirgonnections totheir product
variables Also notethat subsystems can be connected to each
other in a typically"my output =your input" fashion (where
input/output is relative to which variable is viewedtlas output

of the outer PBAM.)

3.5 Summary
This section introduced the new constraint schenratitation
which merges constraint and object concepts. The ufiesof
notation in representing analytical primitives, analytical systems,
and both simple and complex PBAMs was illustrated, along with
the basic structure of a PBAM.

The following five PBAM views capture thestructure of a
given PBAM and are listed here for reference.

Table 3-3 PBAM Structural Views
1. Master View 4. Subsystems
2. Extended Constraint Graphs 5.1/0 Tables
3. Constraint Schematic

The master viewfully defines aPBAM representation of an
analysis model. This textual view iomplete but can be
difficult to comprehend as a whole. The other views aide

develop PBAMs.  When it doesxist, analysis model
documentation typically suffers from a lack of product-analysis
transformation intent. These situations make it difficult to
reproduce an analysis model exachiyt an experiencednalyst
can probably fill in the gaps to a sufficient degree.

"Routine analysis modelsthay not be easy to identify for
newer disciplines such &WA thermomechanical analysis. In
fact many analysis models that can be found in the literature may
not have been originally intended to support product design
directly.

Simply definingthe term "routine analysimodel”spurs the
notion that such modelsshould exist (andthey often do in
mature product domains). Furthermotiee needfor routine
analysis models can direct further research and development to
fill in gapsthat may exist. Once a routine analysis model has
been identified,PBAMs canhelp maximize the use of that
model during product design.

Other observations are given in Part Il with specific reference
to the solder joint fatigue case studies. Ressltsw that
PBAMSs enable automated rapid analys@ mixed formula-
based and finite element-based models.

5 SUMMARY
A new analysis model representation, ternpedduct model-

comprehension but are incomplete. Therefore, all views together hased analytical model§PBAMs) has been developetiat

play complementary roles ithe development, implementation,
and use of a PBAM.

All views can be combined together to provide a human
comprehensible (but redundantpcumentation of aPBAM
definition. Thisconglomeration is analogous ttee "data sheet"
description of electronic components in vendatabooks. For
increased modularity and decreased redundancy, PBAM
views can reference the following kinds of resources:

1. Parent PBAM "Data Sheet"
2. Analysis Building Block "Data Sheets"
3. Product Model

The basic operations of th®BAM representation include
connectingthe analysis context, assigning H® combination,
andchanging variable values. An instance vi@g., Figure 3-
6), is anoperationalview that shows how a PBAM isised to
obtain a specific result (i.e., it showse inputs, the outputs, and
the options used).

Developing PBAMs to represent agiven analysis model
involves populatingthe structural viewsgiven aboveand is
largely implementation independent. Ontlee views are
completed, thePBAMs can beimplementedin a computer
systemand subsequentlysed Guidelinesfor both developing
and implementing PBAMs are given in [Peak, 1993].

4 DISCUSSION
Analysis model descriptionsiay bedifficult to piece together
and typically will not contain all the information required to

enables rapid, flexible routine analysigncurrent withproduct
design. This structured representatifully automates the
creation, execution, interaction, and ¢mme degreehe results
feedback of a variety agbutine analysis modelsPBAMsare a
blending of objects and constraints, resulting in filltowing
characteristics:

* Linkage between product model and analysis model

* Support for multiple models of varying complexity

* Options that allow seamless variations of analysislel
characteristics

* Modularity and flexibility

* Uniform treatment and interaction of analysis models
requiring different solution methods

* Multiple input/output alternatives

The lattertwo points have been particularly emphasizedhis
paper and its companion.
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