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Chapter 1
Introduction

The ¥ partition specification language [22] is a flexible and intuitive language for specification
of problem partitions in decomposition-based design optimization. This reference manual in-
troduces the constructs of the language, and illustrates how problem partitions can be specified
using¥. A description of the language in terms of its grammar and semantic requirements is in-
cluded to provide a formal definition of the language. The style of writing and the many presented
examples make this manual a suitable introduction to the language and its possibilities.

Intended users o are researchers working in the field of decomposition-based design optimiza-
tion. The language provides a tool for intuitive partition specification that can be also used for
exploring alternative problem partitions. The language is not a stand-alone tool, but should be
considered to be a pre-processor for computational frameworks that coordinate the solution of the
decomposition problem¥ provides aspecificationof the partition of the problem; theolution

of the specified problem is obtained by a computational framework. Examples of computational
frameworks are presented in [4, 5, 8, 12, 13, 14]. The motivation bebhiiglvery similar to

that of the AMPL language [6], which provides a problem specification approach for nonlinear
programming frameworks. The difference is tiaapplies to partitioned problems that consist of
several optimization subproblems, and AMPL is targeted at integrated, monolithic optimization
problems.

A number of steps are involved in specifying and solving a decomposed problemiusing

1. Specification of the partitioned problemn (how variables and functions are distributed
over the problem)

2. Conversion of thel specification to the format suitable for a computational framework.

3. Definition of variables and functions (in terms of their bounds, initial guesses, associated
numerical routines, etc.) such that the computational framework can use them.

4. Solution of the partitioned problem (using a computational framework)

In the first step, the partitioned problem is specified usingth@nguage. This specification
is converted to a format suitable for interpretation by a computational framework in the second
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Figure 1.1: Relations between the different partition specification formats. Boxes represent par-
tition formats, and arrows are associated with translators/generators. The shaded boxes and solid
arrows represented specification formats and translators described in this manual.

step. In the third step, relevant attributes are assigned to variables and functions used in the
U specification. Sinc& only defines how variables and functions are distributed over various
components and systems, these numerical attributes have to be supplied separately. Once the
partition specification and variable and function definitions are available, the problem is solved

in Step 4 with an appropriate coordination method implemented in a computational framework.

Several tools are available for coupling partition specificationis io computational frameworks:

e An error-checker that checks whetheWaspecification meets the semantic requirements
of the language.

e A convertor/compiler to create normalized machine-readable (partition) specifications in
INI format from ¥ specifications. From these normalized partitions, platform-specific in-
put files for the computational coordination frameworks can be generated.

Normalized specifications in the INI format are generic, and independent of the language used
to program the computational frameworks (for example Python, Matlab, C++, Fortran, or XML).
Normalized partitions are machine-readable, and straightforward input file generation is possible
for the various computational frameworks. Note that these input file generators are framework-
specific, and beyond the scope of this manual ordhkanguage. The relations between the
different partition formats is illustrated in Figure 1.1.

Due to the generic nature of normalized partition, conversion to other output formats is also
possible. For example, a generator that constructs functional dependence tables (FDT) from nor-
malized partitions is available as well. A functional dependence table is a compact, matrix repre-
sentation of the structure of the problem [11]. These FDTSs, or related representations, are often
used by automated partitioning methods that derive partitions that can be coordinated efficiently.

This reference manual is organized as follows. First, the general system design problem and its
decomposition are introduced in Section 2. Second, we present the language elenteims of
Section 3, followed by the description of the associated tools in Section 4. Third, a number of
examples are presented in Section 5 to demonstrate the use &fldmguage and its tool set.

A definition of ¥'s grammar and the semantic requirements are given in Appendices A and B,
respectively. Appendix C includes the litefalspecifications and the generated normalized par-
titions and functional dependence tables for the examples described in this manual.
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Chapter 2
Decomposition-based
optimization for
engineering system design

Decomposition-based optimization approaches are used for the distributed design of large-scale
and/or multidisciplinary systems. Decomposition methods consist of two main steps: partitioning
and coordination. In partitioning, the optimal design problem is divided into a number of smaller
subproblems, each typically associated with a discipline or component of the system. The task of
coordination is to drive these individual subproblems towards a design that is consistent, feasible,
and optimal for the system as a whole. The main advantage of decomposition methods is that
a degree of disciplinary autonomy is given to each subproblem, such that designers are free to
select their own analysis and design tools.

In this section, we introduce the general system design problem followed by a description of the
two main steps in decomposition: partitioning and coordination.

1 Optimal design problem in integrated form

The starting point of decomposition methods is the system design problem in integrated form:

min f(z,s)

subjectto g(z,s) <0 2.1)
h(z,s) =0
where s = a(z,s)
wherez = [z1,...,2,] is the vector that contains the design variables of the entire system.
Responses = [sq,...,s,,] are intermediate quantities computed by analysis functiors
[a1,...,am,]. Withs = a(z,s), we mean to express that each analysis funciicior response
s; may depend on thetherresponses;|i # j: s; = a;(z, s;|j # 7). The response; may not
depend on itselff = [f1,..., fm] IS the vector of system objective functions, and constraints
g = [91,-..,9m,] @ndh = [hy,... hy] are the collections of all disciplinary inequality and

equality constraints, respectively. We refer to the above formulation as integrated since it includes
the variables and functions of all disciplines in a single optimization problem.
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2 The partitioned problem

The purpose of partitioning is to distribute the variables and functions of integrated problem (2.1)
over a number of subproblems. These subproblems are typically mathematical entities that per-
form (possibly coupled) analyses, evaluate objective and constraint values, or solve optimization
problems. The subproblems may therefore (partially) differ from the original disciplines from
which the integrated problem was synthesized.

Three main partition types are often identified: aspect-based, object-based, and model-based
partitions. Aspect-based partitions follow the human organization of disciplinary experts and
analysis tools. Object-based partitions are aligned with the subsystems and components that
comprise the system. The third, model-based approach relies on mathematical techniques to
obtain an appropriately balanced partition computationally. Model-based partitioning methods
often rely on graph theory or matrix representations of problem structure.

Partitioning problem (2.1) requires a distribution of the variables and functions over a number
of subproblems. To this end, the variablesire partitioned intal/ sets of local variables;
allocated to subproblems= 1,..., M, and a set of coupling variablgsthat influence two or
more subproblems. Similarly, responseare partitioned inta\/ sets of subproblem responses
sj,j=1,..., M, and a set of system-wide responsgsEach of these sets is further partitioned
into a set of local responses and a set of coupling responsgs;j = 0,1,..., M. The local re-
sponsesy; for j = 1,..., M are similar to local variables; and are exclusively associated with
subproblem;j. Local system responses are exclusively used as an argument to the coupling
functionsfy, go, ho, anday that are defined below. Coupling responges [ro,r1,...,ry/] are
relevant to two or more subproblems, similar to the coupling variafples

The analysis functiona are partitioned intal/ local analysis functions;, j = 1,...,M,
that computes; = [r;,u;] and a set of coupling analysis functioag that determines, =
[rg,ug]. The local analysis functions;(y,r,x;,u;) may depend on the coupling variables,
the coupling responses, and the local variables and local responses for subpjoblith
the dependency ad; on responses; = [r;,u;], we express that an analysis functienof

a; for responses; may depend on the other responsgs: # i of s;. Analysis functions

ao(y,r,up,x1,u1,...,X57,up) can depend on all variables and all responses. The objec-
tive functionsf are assumed to have coupling functidgéy, r, ug, x1,u, ..., X, upr) that
may depend on all variables and responses, and local fundtionsr, x;,u;), j = 1,..., M

that depend only on one set of local variables local responses;, the coupling variables
y, and coupling responses Similarly, the constraintg andh can be partitioned into coupling
constraintg (y, r, ugp, X1, u1,. .., X, up ) andhg(y, r, ug, x1, uy, ..., X7, upr), and a set of
local constraints for each subproblei(y, r,x;,u;) andh;(y,r, x;, u;).

Under these conventions, the partitioned problem is defined as:

min [fO(Y7rau07x17u17'"7X]M7uM)7
Y X1, XM
fi(y,r,xy, 1), ..., fr(y, v, x0r, ung)]
subjectto go(y,r,up,x1,uy,...,Xp,up) <0
ho(y,r,up,x,u1,...,Xp,up) =0
gi(y,r,x;j,u;) <0 j=1,....M (2.2)
hj(yaraxjvuj):() ]:1,,M
where r = [rg,r1,...,T]
(rj,u;) =a;(y,r,x;,u;) j=1,....M
(I'o,llo) = a()(Y7rvu07X1>u17 s 7XM,11M)

Although the above formulation assumes that integrated problem (2.1) possesses a certain sparsity
structure (the presence of local variables and functions), it is general enough to encompass many
practical engineering problems.
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A common technique of decomposition methods is to introduce a number of auxiliary variables
to separate the local functions with respect to the variables of each subproblem. For the cou-
pling variablesy, we can introduce separate copies. . .,y at each subproblem, where each

y; only contains those coupling variables pfthat are relevant to subproblejn To enforce
consistency between the coupling variables, consistency constraints are introduced:

c)j{n: inYj — Snjyn =0 j=1,...,M, neN; (2.3)
where the binary selection matr;,, selects those copies of subproblgnthat are linked to

the selected copies of its neighbarand.\V; are the set of neighbors to which subproblgis
coupled through the consistency constrah?jt&

Similarly, separate copies;,,, m € R;, for the coupling responses, j = 0,1,...,M are
introduced at the subproblems € R; that require response; as an input. These response
variables are then added to the set of optimization variables. To enforce consistency between
response; and each of its copies;,,,, consistency constraints are introduced

r

Cim = jmrjfrjm:0 j:O,L...,M, mGRj (24)

where the binary selection matri;,,, selects those responses of subprobjetmat are relevant
to its neighbom.

After introduction of the variable copies and the consistency constraints, the partitioned problem
can be written as:

_ min_ [fo(fo,il, - ,i]u), fl(il), . ,fM(fM)]
X0,X1,- XM
subjectto go(Xo,X1,..-,Xnm) <0

ho(Xo,X1,...,Xpm) =0
(I‘()Lll()) :ao(imil,...,iM) .
gj(X;) <0 j=1...,M (2.5)
h;(x;) =0 j=1,...,M
(rj, ;) = a;(X;) j=1....M
c(Xo,X1,...,Xp) =0

where Xy = [rg, uo]
ij:[yj,xj,rj,uj,rmj\jERm] jzl,,M
wherec denotes the collection of the consistency constraints (2.3)—(2.4), and the local responses
ug, . . ., uys have been included as optimization variables.

The artificially introduced variables in the above problem can be eliminated from the optimization
variables through the consistency constraints the analysis equations. Whether or not these
variables are eliminated is however a mattecodrdination and not a choice we want to make

at thepartitioning stage. Hence, we will refer to problem (2.5) with all optimization variables
included when we speak of the partitioned problem for the remainder of the user manual.

9 The partitioned problem
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Chapter 3
Partition specification
language w

¥ (PS — Partition Specification) is a linguistic approach for the intuitive specification of problem
partitions. Before describing the proposed partition specification langliagenore detail, we
first introduce the following main definitions:

e A variableis an optimization variable of the system design problem, and can be an actual
design variable or a response variable computed as the output of an analysis.

e A functionrepresents an analysis that takes variables as arguments, and computes responses
based on the values of the variables.

e A componentepresents a computational subproblem in a partition, which contains a hum-
ber of variables and functions.

e A systemcontains a collection of coupled sub-components whose coupled solution is
guided by a coordination method. A sub-component can be a component or another system.

The ¥ language specifies a partitioned problem by defining how variables and functions are
distributed over the components, and how these components are combined into larger subsystems
and systems. The building blocks of a specificatio®iare therefore components and systems.

The specification of detailed information of variables and functions is beyond its purpose. It is
assumed that such additional information is supplied in conjunction with the specification of the
partitioned problem.

1 Components

The main building blocks of a partitioned problem definitiondirare components. These com-
ponents are typically associated with analysis disciplines in aspect-based partitions or with com-
ponents in object-based partitions, but may also be purely computational subproblems that have
no direct relation to the physical system. At the partitioning stage, we are not concerned with
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the assignment of analysis and/or optimization authorities to components. This is a choice that is
made at the coordination stage, and does therefore not appear in the component definitions.

A component definition in? is given by

comp N =

|[ extvar Ve
intvar V;
objfunc F,
confunc F.
resfunc F,

The keywordcomp is followed by the nameéN of the component definition. The name of a
component must be unigue with respect to the names of other components and systems. The body
of the component definition is placed between the bradketsd]|, and includes the definition

of variablesVv and functiond~.

The variables for a component define the elements of the v&gtor Eq. (2.5). The language
distinguishes between two types of variables: external variables defined after the keytvard

and internal variables defined after the keywintdar. External variable¥ can be accessed by

the system the component is part of. These external variables are used in variable couplings or
system-wide functions. Internal variablgsare only accessible within the component. A vari-
able’s name must be unique with respect to the other variable names included in the component
definition. The variable names do not have to be unique with respect to the variable names of
other component definitions.

It should be noted that the external variables of a component may include more variables than just
the coupling variableg; and response variables andr,,; (for whichj € R,,) in Eq. (2.5).

The local variables:; and local responsas; that are used as arguments in one of the system-
wide functionsfy, gg, hg, andag are external variables as well. The reason for taking a different
division of variables is that from a system designer’s viewpoint it is relevant to know which vari-
ables have an influence beyond the component in which they are defined. From this perspective,
external variables are those variables that affect other components.

Functiong- are divided into three groups: objective functions defined after the keywigjfuinc,
constraint functions defined after the keywamhfunc, and response functions defined after the
keywordresfunc. The objective functions of a component represent the local objedijvies

Eqg. (2.5), the constraint functions represent the local constrginis;, and response functions
express the relations between variables through the local analysis funefiofsich objective

and constraint function is defined 85X), wheref refers to its name, anH are its arguments.

The arguments of a function are a list of one or more variables whose values are required to
compute the value of the function. Response functions are definé=¢X), whereR is a list

of variables that are computed as responses of funttibhe parenthesis arouitlare optional,

and we apply the convention that they are only used wRéna list of more than one output
variables (for example; = a;(x) and (r1,r2) = a12(z)). The arguments and responses of

a response function may not share common elements. Coupled response functions of the form
r1 = ai(z,r2), ro = az(x,r1) have to be included as separate response functions, instead of
being composed into a single one of the fofm, r2) = a12(x, r1,72). Such a coupled form
implies that the functiom must include a description of how the coupling between the analysis
functionsa; andas is resolved. Since this is a actuallycaordinationdecision, we do not want

to make this choice at thgartitioning stage. It is possible to apply the same function multiple
times with different arguments.
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To illustrate the use o¥, consider the following example optimization problem:

min [fo(xa,x3), fi(z1,22,y,7), f2(@s, 24,Y)]
T1,T2,T3,T4,Y,7,U

subjectto g¢;(z1,y) <0

g2(73, 24,y,u) <0 (3.1)

r = ai(r2,y)

u = as(x3,x4,7)
A possible partition of this problem consists of two subproblems. The first subproblem has lo-
cal variablesr, 25 and local functionsf, g1,a;. The second subproblem has local variables
xs3, x4, u and local functionsfs, g2, as. The two components are coupled through the coupling
variablegy, r and the system-wide objectiyig that depends on variabig of the first subproblem
and onz; of the second.

For this partitioned problem, the specification of the two subproblems is given below. The first
subproblem is calle@irst. Componentirst has four variables:, zo, y, » and three functions
f1,91,a1. Variablesy, r are external variables since they are coupling variables of the system.
Variable x5 is also an external variable since it is an argument of the system-wide objective
fo. Variablez; is internal since it appears only in the functions of comporkérst. Function
fi1(xz1,z2,y,7) is a local objective with four argumenis, 2, y, 7, and functiong, (z1,y) is a

local constraint with two arguments, y. Functiona;(z2,y) is a response that determines the
values ofr. The definition for the second subproblem follows along similar lines.

comp First =

|| extvar zq,y,r
intvar x;
objfunc f;(z1, z2,y,r)
confunc g (x1,y)
resfunc r = a; (22, y)

I

comp Second=

|[ extvar zs,y,r
intvar x4, u
objfunc fo(zs,z4,y)
confunc gs(z3, x4, y, u)
resfunc u = ay (3, 4,7)

2 Systems

Once the components of a partition are defined, they can be assembled into systems. A sys-
tem definition includes two or more subcomponents and describes the couplings between them.
The subcomponents of a system can be components or other systems. Components and systems
together form the partitioned problem. A system definitioliis given by

SsystN =

|| extvar Ve
intvar V;
sub C
link L
objfunc Fq

13 Systems
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confunc F.
resfunc F,
alias W

I

The keywordsyst is followed by the nama#l of the system definition. The name of a system must

be unique with respect to the names of other components and systems. The body of the system
definition contains a definition of variables, sub-components, variable links, coupling functions,
and so-called alias variables.

Since a systemis a collection of components and their couplings, it does natdwmgavariables

of its own. Theresponsevariablessy = [rg, ug] associated with the coupling analysis functions
ay (see Eqg. (2.5)) are however included in a system definition. The keyvestsar andint-
var are used to define which response variables are external and which are internal.

The sub-components are defined after theub keyword by a comma-separated list of instan-
tiations of the sub-components that comprise the system. Both components and systems can be
instantiated as sub-components. These instantiations are of theéfory, whereD refers to

the name of the component or system definition that is instantiatedS &d comma-separated

list of names, one for each instantiationi@fthat is included in the system.

Coupling functiond= are divided into three groups: objective functions defined aftgfunc,
constraint functions defined afteonfunc, and response functions defined aftesfunc. The
objective functions of a system represent the coupling objecfivas Eq. (2.5), the constraint
functions represent the coupling constraiggsh,, and response functions express the relations
between the response variables through the coupling analysis funatjoisach objective and
constraint function is defined d¢X), wheref refers to its name, and are its arguments. Re-
sponse functions are defined &=f(X), in which R is a list of variables that are computed as
responses of functioh For systems, the arguments are a list of response variables and/or sub-
component variableSv, where the identifieBv is used to access variabl®f sub-componerts

Each coupling function should have arguments from at least two different sub-components. This
dependency may be directly visible in the arguments, but can also be implicit through the use of
response variables and response functions. Again it is possible to use the same function multiple
times with different arguments.

The variable couplingk that follow thelink keyword define which variables are coupled. Es-
sentially, each coupling represents a consistency constraint between two variables of different
sub-components, or between a system response variable and a sub-component variable. A cou-
pling is of the forml; -- I, where one of thé; andl, is always a variable of a sub-component,

and the other is either a variable of another sub-component, or a system response variable. This
latter case defines a consistency constrejpt in Eq. (2.4). The collection of couplings gives

the set of consistency constraiitsf the partitioned problem (2.5). Observe that specifying con-
sistency constraints using the proposed symbolic expression is far more intuitive than using the
collections of binary selection matric&s,, andTj,, and index set®; in Egs. (2.3)-(2.4).

Additional syntax is available for specifying links that form star or chain structures. A star struc-
ture is used if one variable is coupled to many other variables. An example of a star link is
S Vi - {S.Va, S5.vs, Sp. vy }, which is equivalent t&; .vq -- S;.va, S1.vp - S3.V3, S1.vp - Sy,

and couples variable, of sub-componen$, to variablesvs,, vs, andvy,, of components,, S;,
andS;, respectively. An example of a chain link$.v; -- S;.v; -- S;.v3, which is equivalent to

S Vi - SV, SV - S3.vs.

AliasesW are used for systems that are themselves part of another system. Aw édiased
to make a variabler of subcomponen§ accessible outside the current system. Aliases refer
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strictly to variables of subcomponents, and are externally accessible similar to a system’s external
variables. The difference between an alias and an external system variable is that an alias is
computed at the subcomponent level, whereas the external variable is computed at the system
level.

An aliasw in systemN is simply defined as/ = Sv and introduces alias for variablev of sub-
componentS This alias can then be used in a higher-level system using the ideitifierAn
advantage of using aliases instead of an identifier sudth@s is that the higher-level systems

do not need to have detailed knowledge of the structure of its subsystems. Additionally, the
definition of the higher level system does not need to be changed if the structure of the subsystem
is modified. Observe that an alias definition doesdefine a consistency constraint; aliases are
simply used to forward variable values from lower to higher levels in the problem hierarchy.

The final ingredient of a partitioned problem specification is the statement
topsyst S

which instantiates the partitioned problem by defining that the highest system in the coordination
process iS

The system definition for Example (3.1) is given below. The system has PFaoldem and
includes two sub-component$ of type First, and B of type Second One link A.y -- B.y
couples variablg of A with variabley of B, and the second link.r -- B.r couplesr of A and

B. Functionfy(A.z2, B.xz3) is included as a coupling objective that takes variabl®ef A and

x3 of B as arguments. Finally, systefmoblemis defined as the highest-level system by using
thetopsyst statement.

syst Problem=

|[ sub A: First, B: Second
link A.y -- B.y, A.r -- B.r
objfunc fo(A.xz2, B.x3)

Il
topsyst Problem
The definitions for component&Erst and Second systemProblem and thetopsyst statement

comprise the partition specification for our example problem. The resulting partition structure
is depicted in Figure 3.1. For a complete description of the allowed syntdx tie reader is

referred to Appendix A.
Problem
First Second
X1, X0, Y, F 7]7(09{1{2:737{327 X3 X4 Y, VU
Silxr, x2, 3, 1) Ay--By Solxs x4, )
gi(x1,) Ar—Br 8a(x3 x4y, 1)
r=a(x,y) U =axxs x4 )

Figure 3.1: lllustration of specified partition for Problem (3.1).
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Chapter 4
Processing of
specifications

We have developed a compiler that checks partition specificatioisfam errors, and translates

them into a normalized partition in INI format. These normalized definitions are less compact and
harder to read than specificationsim but have the advantage that they can be easily interpreted

by other programs [3, 23]. Additional, a generator has been developed that constructs a functional
dependence table (FDT) from a normalized partition. Other representations such as graph sets or
adjacency matrices can easily be derived in a similar fashion.

The following sections describe the normalized partition and the generator for the FDT in more
detail. A description of the requirements that are asserted by the error checker is given in Ap-
pendix B.

1 Normalized partition

The normalized partition definition is defined in the INI format, and contains sections for each
instantiatedvariable, function, component, coupling, and system. This in contrast to the partition
specification in¥ that includegdefinitionsthat can be instantiated multiple times. For example,

a specification inl can include a single component definition that is instantiated multiple times

(for example thdBeamcomponents for the portal frame). In the normalized definition however,
separate component sections for each instance are included (a separate section for each of the
three beams). As a consequence, the normalized partition is defined such that it relates directly to
the mathematical definitions associated with the partitioned problem of Eq. (2.5). Input files for
computational frameworks are often based on these mathematical definitions, and we expect that
automatic generation of these input files from the normalized definition is relatively easy.

Files in the INI format are composed of a number of sections, where each section contains a
number of keys and associated values. The heading of such a section is placed between square
brackets fieading], and after each heading, the key-value pairs of the section are listed in the
form key = value. Here, a value can also be a comma-separated list of multiple values that is
possibly empty.

17 Normalized partition



18

Variable sectiorvar_i is introduced for each instantiated variable, whieisea counter. The key-
value pairs in this section define the variable’'s nan¢he definition in which it is specified,

the instantiation patP of this definition. The generic variable section is given below at the left,
together with the section for variable of component4 : First of Example (3.1) at the right.
The specification for this example is given in Section 1.

[var_i] [var1]
name =N name =15
defined._in =D defined_in = First
path =P path = ProblemA
Function sectionsunc_k are introduced for each instantiated functior= 1,...,ms + mg +

mnp + ma. Function sections are similar to variable sections, but include additionabkgyars

and resvars that define the argumend$ and responseR of a function, respectively (where

only analysis functions have responses). These arguments and responses are defined as comma-
separated lists of appropriate variable section headings. Below, the generic function section is
given, together with the section associated with functipof Example (3.1).

[func_k] [func_3]

name =N name =a

defined._in =D defined_in = First

path =P path = ProblemA

resvars =R resvars =var_3

argvars =A argvars =var_1,var_2
Component sectionsomp_j are introduced for each instantiated component 1,..., M. A

component section includes definitions of its instantiation name (or IBbéh definition typeT,

its instantiation patlP, its coupling and local variablé4 andV, its coupling and local responses

R. andR,, and its local objective, constraint, and response functigns-. ,andF,. Note that

the local and coupling variables correspond to the definitions;ofindy; in the partitioned
problem (2.5), and that the local and coupling responses correspond to the definitignsuod

r; andr,,;|j € R,,. Below, the general component section is given, together with the section
associated with sub-componettof Example (3.1).

[comp_j]

name =N
type =T
path =P
coupling_vars =V,
local_vars =V,

coupling_resvars =R;

local_resvars =R
objfuncs =F,
confuncs =F;
resfuncs =F,

[comp_1]

name =A

type = First

path = Problem.A
coupling_vars =var_2
local_vars =var_l,var 4

coupling_resvars =var_3
local_resvars

objfuncs func_1
confuncs =func_2
resfuncs =func_3

For each consistency coupling, a sectimk_p is introduced that includes the variabMs,V,
that it couples, the nam of the system in which it is defined, and the instantiation path of this
systemP. The generic coupling section is given below, together with the section associated with

link A.y -- B.y of Example (3.1).
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[link_p] [link_1]

defined_in =D defined._in = Problem
path =P path = Problem
coupling =V, Vs coupling =var_2,var_6
The system sectionsyst_s for each systens = 1,...,S includes its name, its typeT, its

instantiation pathe, and its sub-componen& Furthermore, a system section includes a number

of links L, its objective, constraint, and analysis functiénsF., andF,. The function names are
again section headings. The generic system section is given below, together with the section for
systemProblemof Example (3.1).

[syst_s] [syst_1]

name N name = Problem
type T type = Problem
path P path = Problem
coupling_resvars =R, coupling_resvars =
local_resvars R local_resvars =

sub_comps S sub_comps comp_1,comp_2
links L links =link_1,link_2
objfuncs Fo objfuncs =func_7
confuncs Fc confuncs =

resfuncs F, resfuncs =

Finally, a single topsyst section is included to define which sy&esthe highest in the hierarchy.
The generic topsyst section is given below, together with the topsyst section for Example (3.1).

[topsyst] [topsyst]
system =S system =gyst 1l

2 FDT generator

At this point, we have implemented a second generator that computes the functional dependence
table (FDT) from a normalized partition. The FDT is a common representation of problem struc-
ture that is used in the context of automated partitioning methods. The FDT is a binary matrix in
which rows correspond to the objective and constraint functions of a problem, and the columns
correspond to optimization variables. Eleméntj) of the FDT is 1 if function: depends on
variablej, and 0 otherwise. Essentially, the FDT is a binary representation of the Jacobian matrix
of the problem, and similar representations appear in the large-scale optimization literature.

In its default setting, the FDT of the partitioned problem (2.5) is generated, where each consis-
tency constraint is included as a separate row of the FDT. The generated FDT for Example (3.1)
is depicted in Figure 4.1(a) and clearly reflects the structure of components and systems. Al-
ternatively, the generator can generate an FDT where each consistency constiminsed to
eliminate an artificially introduced variable. The reduced FDT for Example (3.1) is depicted in
Figure 4.1(b). Where the former “full” FDT reflects the structure of Problem (2.5) and the specifi-
cation inV, the latter “reduced” FDT reflects the structure of Problem (2.2) and is a representation
often used by automated partitioning approaches.
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Problem.A Problem.B
T2 Yy T X1 |T3 Y T Ty U y | x1 X2 U2
syst fol/l 00 O] 1 000 O Yy T |2 T1|T3 T4 uw
Problem 031'2 0100 01000 fo f/o/0O O 1 0O(1 0O O
/0 01 0|0 01 0O fi /1 1/1 1/0 0 O
comp fil/1 11 10 00 0O gr¢91/1 00 1/0 0 O
ProblemAg; |0 12 0 1/0 0 O 0 O ar a1 11 0|0 0O O
a1 11 00 00 0O f2 fo/1 00 01 1 O
comp f2/0 00 0|1 1010 g 9211 0|0 0] 1 1 1
ProblemB ¢ |0 0 O 0/ 1 1 0 1 1 a a0 1/0 0|1 1 1
a0 0 0 0|1 01 1 1
(b) Reduced, associated with formula-
(a) Full, associated with formulation (2.5) tion (2.2)

Figure 4.1: Functional dependence tables generated from normalized partition of Example (3.1).
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Chapter 5
Examples

In this section, we demonstrate the use of the partition specification language on a number of
example problems from the literature. The first example is a geometric programming problems,
the second example is Golinski’s speed reducer design problem [7], the third example is the portal
frame design problem introduced by [18], the fourth is a vehicle chassis design problem of [10],
and the fifth example is the supersonic business jet example introduced by [1]. The partition
specification files, generated normalized partitions, and generated functional dependence tables
for these examples are included in Appendix C.

1 Geometric programming

The first example is the geometric programming problem taken from [9, 19, 20]. The problem is
given by:
min  f(21) + f(z2) = 22 + 23
subjectto g¢1(zs, 24, 25) = (23_2 + zi)z;2 —-1<0
g2(z5, 26, 27) = (22 + 26_2)27_2 -1<0
3(28, 20, 211) = (28 + 23)22 — 1 <0
94(28, 210, 211) = (25 2+ 22) 217 — 1 <0
(
(

Q

Q

5(211, 212, 213) = (241 + 215) 275 — 1 <0 (5.1)

g6(211, 212, 214) = (23 + 235)27,. — 1 <0

hi(z1, 23,24, 25) = (23 + 2, 2 + 28)27 2 =1 =0

ho (22, 25, 26, 27) = (22 + 28 +22)252 =1 =0

ha(z3, 28, 29, 210, 211) = (28 + 29 > + 270 + 231) 232 — 1 =0

ha(z6, 211, 212, 213, 214) = (23] + 230 + 255 + zﬁ)zﬁ_2 —-1=0
The first partition of this example defines two subproblems. The first subproblem has local vari-
ablesx; = [z1, 22, 24, 25, 27|, local objectivef (z1) + f(z2), and local constraintg,, g2, h1, ha.
The second subproblem has local variables= |[zs, z9, 210, 211, 212, 213, 214), NO local objec-
tive, and local constraintg, g4, g5, g6, h3, h4. The subproblems are coupled through the linking
variablesy = [z3, zg]. The specification for this partition is given below:
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comp First =
|[ extvar zs, zg
intvar z1, zo, 24, 25, 27
objfunc f(21), f(z2)
confunc g (23, 24, 25)
» g2 5;2672'7)
h1(21,23724725)
» ho (22, 25, 26, 27)
I
comp Second=
|[ extvar zs3, zg
intvar zg, zg, 210, 211, 212, 213, 214
confunc gs(zs, 29, 211)
194(2872107311)
,95(21172127213)
,96(2’1172’1272’14)
h3(z3, 28, 29, 210, 211)
» ha(z6, 211, 212, 213, 214)

I

syst Geo2a=
|[ sub A: First, B: Second

link A.23 -- B.z3, A.z6 -- B.zg
Il

topsyst Geo2a

The coupling between the two subproblems through the variables can easily observed from
the system definitioseo2a as well as the local nature of the remaining variables and functions
in the definitions ofirst andSecond

A second partition of the above splits the second subproblem into two comp@ented and
Second that are coupled through the variablg . The definition of componerfirst of the
previous partition remains the same, and the specifications of the two new components and the
systemGeo2bfor this partition are given by

comp Secongd =
H extvar zs, z11
intvar 28,29, 210
confunc gs(zs, 29, 211)
» 94(28, 210, 211)
y hS(ZSa 28,29, 210, le)

I

comp Second =
H extvar zg, 211
intvar 212, 213, 214
confunc g5(2:117 2192, 2’13)
» 96(211, 212, 214)
» ha(z6, 211, 212, 213, 214)
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syst Geo2b=
|[ sub A: First, B;: Second, By: Second
link A.z3 - By.z3, A.zg - Ba.zg, B1.211 - Ba.211

Il
topsyst Geo2b

The third partition for this example splits componéirst of the second partition into two com-
ponentd-irst; andFirst, that are coupled through variable. The specifications of components
Second and Second remain the same as in the previous partition, and the specifications for
componentgirst; andFirst; and systenGeo2care given by:

comp First; =
|[ extvar zs, z5
intvar z1, 24
objfunc f(z1)
confunc g1 (2’3, 24, 25)
I s ha(z1, 23, 24, 25)

comp Firsty =
|[ extvar zs, z6
intvar 29,27
objfunc f(z2)
confunc g (zs, 26, 27)
]| ,h2(22725726,27)

syst Geo2c=

|[[ sub A;j: Firsty, Ay: Firsty, B;: Second, Bs: Second
link Aq.z3 - By.z3, A1.2z5 - Ag.z5

]| y AQ.ZG -- BQ.ZG, Bl.zu -- BQ.le

topsyst Geo2c

The three partitions of this example are depicted in Figure 5.1.

2 Speed reducer

The second example is the speed reducer design problem taken from [7, 15, 20]. The objective
of this problem is to minimize the volume of a speed reducer (Fig. 5.2), subjected to stress,
deflection, and geometric constraints. The design variables are the dimensions of the gear itself
(z1, 9, x3), and both the shafts:(, z¢ andxs, 7). The design problem for the speed reducer is
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Geo2Za Geo2b
First First
Z1 ZpZ42Z52Z7 Z12Z2Z4252Z7
fe1gh h fg1&hihy
2326 23 Z6
Second Second, Second,
28 29 210211212 213 214 28 Z9 Z10 Z12 213214
Z11
83848586 h3hy g3 843 g586ha
(a) First partition (b) Second partition
Geo2c
First, First,
Z1 24 Z22z7
Zs
Seim fgah
23 Z6
Second, Second,
28 Z9 Z10 n Z12 213214
g3 84h3 g5 86 ha

(c) Third partition

Figure 5.1: Three partitions of geometric programming problem.

Figure 5.2: Schematic of the speed reducer. Shaft A is the input shaft on the right (with diameter
x¢), and shaft B is the output shaft on the left.
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defined by:

min [Fl(l'l,5172,xg),FQ(l'hl'G),Fg(Zl,l"?), F4(:E6)a F5($7),F6(Z4,l'6), F7(£U5,$7)}

L1y, L7

2
subjectto gi(xa, x5, x4, 6) = — \/(74514) £1.69-107—1<0

11012 ToTs

2

g2(2, T3, 5, 77) = 52 \/(1425535) +1.575-108 —1 <0
g3l wg) = L5zet19 ] <
ga(zs, 7) = L 147241.9 —1<0
g5(x1, 2, 23) = I —-1<0

(

(22

(22

g6(z1, T2, 23) = 8975, —1<0

x2$3$
1. 9315
ZL’Q{L";I

—-1<0
99(1’2,133) = zéms 1<0
gro(r1,22) = 22 -1 <0
g11(z1,22) = 155> —1 <0

where F, = 0.7854x1x§(3.3333x§ + 14.933525 — 43.0034)
Fy = —1.5079z122, Fy = —1.50792122, Fy = 7.A77a3
Fy = TATT23, Fs = 0.78542422, Fr = 0.78542512

(5.2)
The first partition of this problem has three subproblems. Subproble@ear) is concerned
with designing the gear, and subproblems 2 and 3 are associated with the design of shafts 1
and 2, respectivelyShaftAand ShaftB. The local objective of the gear subproblébear is
f1 = [F1], and its local constraints agg = [gs, s, 99, 910, g11]- The local objective oBhaftAis
fa = [Fy, Fy, Fg], and the local constraints agg = [g1, g3, g7|. For ShaftB the local objective
is given by f3 = [F3, F5, Fy], and the local constraints agg = [g2, g4, gs]. For this partition,
the vector of shared variablesys= [z, 22, x3], which are the design variables associated with
the gear. Subproble@earhas no local design variables = []. The local variables foBhaftA
are the length and diameter of shaftd = [z4, 2:4]. Similarly, the local variables foBhaftBare
the length and diameter of shafk2 = [z5, 27]. The specification for this partition is given by

comp Gear=
|| extvar zy,xs,x3
ObjfUnC Fl(iCl,fEQ,.’Eg)
confunc gs(z1, x2, x3)
, 96 (w1, T2, T3)
,99(562,563)
,910(551,%2)
.911(561,1172)

I

comp ShaftA=
|[ extvar zq,zo, 3
intvar X4, Tq
objfunc F2($1, x6)
Fy(we)
F6(=’174,9€6)
confunc g1 (o, T3, 24, T6)
» 93(T4, 6)
(

y 97 x27x371'4,x6)
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comp ShaftB=
|[ extvar zq,xs,x3

intvar X5, L7
objfunc Fg((El, x7)
Fs(27)
F?(l‘ 7)

confunc 92(x2, 3, Ts5, 7)
» 4 (5, 77)
) 98(9327 Z3,Ts, I7)

I

syst SpeedReducer
|[ sub G: Gear, S;: ShaftA Sy: ShaftB
link G.xq - {Sl.l‘1, 52.331}
’ G.Jﬁg == {Sl.wg, SQ.xQ}
” y G(E3 == {51.$3, S2$3}

topsyst SpeedReducer

An alternative partition is to seledt, and F5 as coupling objectives such that variablgeis no
longer a coupling variable, but becomes a local to the first subprokles [z,]. Note thatz;
is still an external variable oear, since it is an argument of the coupling objectivésand
F3. The Gear subproblem of the previous partitions can be used, and the specification of the
alternative shaft subproblen@haftd andShaftB and systenSpeedReduceire given below.

comp ShaftA =
H extvar s, x3, Tg
intvar x4
objfunc Fy(xe)
Fﬁ(l‘ )
confunc g1 (2, T3, T4, T6)
» 93(T4, T6)
) 97(3?2733375547 xs)

I

comp Shaftg =
[ extvar xg,x3,z7
intvar x5
objfunc F5(x7)
s Fr (x5, 27)
confunc ga(wa, T3, 5, T7)
) 94(3307 x7)
’ 98(m27 x3,Ts, (E7)

|

syst SpeedReducer

|[ sub G: Gear, S;: ShaftA, So: ShaftB
ObjfUnC FQ(Zl, .CCG), Fg(l’l, I7)
link G.xg - {Sl.l‘g, SQ.J?Q}

H , GCL‘3 == {Sl.wg, SQ..Z‘?,}

topsyst SpeedReducer

Introduction



SpeedReducer SpeedReducer,

Gear Gear
X1

F18s 8808081 F1 g5 8689 g10 811

X1 X2 X3 X1 X2 X3 X2 X3 ,’/Fz F3\\\ X2 X3
Z
ShaftA ShaftB ShaftA, ShaftB,
X4 X6 X5 X7 X4 Xo X5 X7
FrFyFegi g3 87| | F5 Fs 78284 83 FyFsg1 8387 FsF78:848s
(a) First partition (b) Second partition

Figure 5.3: Two partitions for the speed reducer problem.

The two partitions for the speed reducer problem are illustrated in Figure 5.3.

3 Portal frame

The third example concerns the structural optimization of a portal frame subjected to an exter-
nal load. The portal frame consists of three I-beams 1,2, 3, each with six cross-sectional
dimensionsz® = [h,wy, ws, b, t1,t2]" as design variables (see Figure 5.4). The objective of the
structural optimization problem is to minimize the total mass of the frameConstraints are
posed on maximal deflection of the loaded nogl,(a number of stresses in the beang, (

1 =1,2,3), and a number of cross-sectional constraints that limit the aspect ratios of the flanges
(gl i=1,2,3).

The evaluation of the design constraints requires a number of responses computed with a set of
analysis functions. First, the arei and moment of inertid’ of each beam is computed from

the detailed cross-sectional dimensiahthrough the analysis functigi?, I*) = a¢(z;). These
responses are required to perform the structural analysis of the portal frame that determines the
reaction force§? = [X1,Y7, My, Xo, Y, Ms]% in each beam, and the deflectiorf the loaded

node: (F1,F2 F3 u) = as(A!, A%, A3, I', 1% I3). At each beam, the stressesare computed

from the reaction force¥*? and the detailed dimensions of the beahthrough the analysis
relationo’ = ay(F?, z').

The portal frame optimization problem is defined by
find zt, 72,23, A, A% A3 TV 12, 13,
u,F1, F2 F3 o' 0%, 03
min m(Al, A% A3)
st ga(u) <0

gh(o') <0 1=1,2,3 (5.3)
gi(z') <0 1=1,2,3
o' = ay(F?, z) 1=1,2,3
(A% T?) = a(z?) 1=1,2,3

(FYLF2 F3 u) = af (AL, A2, A3 T 12, 13)
where both design and response variables are included as optimization variables. A possible
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partition is to define one component for the portal frame and one component for each beam (see
Figure 5.5(a)). The specification for this partition is given by

comp Frame=
|[ extvar A', A% A3 I' I% I3 F! F? F3
intvar u
objfunc m(A!, A2, A3)
confunc gq(u)
resfunc (F1,F2 F3 u) = a;(A!, A2, A3 I', 1%, I®)

I

comp Beam=

|| extvar A,I,F
intvar z, o
confunc gp(o), gc(z)
resfunc o = ay(F, z)

H (A1) = aq(z)

syst Portal =
|[ sub F: Frame B, By, B3: Beam
link F.A' -- B,.A, F.I' -- B, .I, FF!' -- B,.F
,F.A? - By, A, F.I? - By.I, FF? -- B,.F
,F.A3 - B3.A, F.I3 -- B3.I, F.F3 -- B3.F
Il

topsyst Portal

ComponenfFrameincludes the response variablds, I, F?, andu. Response¥’ andu are
determined from the values of and I’ with the analysis functions;. Since the responseis

only required locally, this response is an internal variable. The component has the totahmass
as a local objective function, and the deflection constrgjrts a local constraint.

Since the beam components are very alike, one can use a single generic definition that is instanti-
ated three times within the system. The generic beam definition of compBaanthas external
variablesA4, I, andF, and internal variables ando. The responsed, I, ando are determined

from the reactions forceB and the cross-section detadshrough the analysis functiors and

ac. The local constraints are the stress constrap@nd the cross-sectional constraigts

The systeniortal includes one sub-componehtof type Frame and three sub-componenss,

Bsy, and B; of type Beam The external variables of ea@feamsub-component are coupled to
their counterparts in therame sub-component. The system does not have coupling functions.
Finally, thePortal system is defined as the highest-level system througtofisyst statement.

An alternative partition can be set up that does not include compé&remig but defines coupling
functions form, gq, andas (see Figure 5.5(b)). The specification of this partition uses the same
definition for componenBeam and defines an alternative syst@ortal, as

syst Portal, =

|[ intvar FY, F2 F3 u
sub By, By, B3: Beam
ObjfUnC m(Bl.A, BQ.A, BgA)
confunc gq(u)
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Figure 5.5: Two partitions for the portal frame example.

resfunc (F1, F2 F3, u)

af(Bl.A, BQ.A, B3.A7 Bl.I, BQ.I, B3I)
link F! -- B;.F,F? -- B,.F, F3 -- B3.F

I

topsyst Portal,

This alternative systefRortal, has thre@®eamsub-components and includes a number of internal
response variables for those responses computed by the coupling analysis fanctidmrese
responses are then used as arguments of the coupling congfraintare linked to the external
response variablgs of the individual beams. Both partitions are easily and compactly specified

using¥, which illustrates the expressivity of the language.

Vehicle chassis

The fourth example is a vehicle chassis design problem that aims at optimizing five handling
and ride quality metrics while considering the design of front and rear suspensions, and vertical
and cornering stiffness models. A detailed description of the problem can be found in [10]. The
reader is referred to Table 5.1 for a brief description of the optimization variables. The chassis
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Table 5.1: Description of the optimization variables for the vehicle chassis problem. Indices “f”
refer to front and “r” to rear.

Design variables Response variables

a tire position wsf  Spring nat. freq.

b tire position wsr  SpPring nat. freq.
P tire pressure wy  tire nat. freq.

Py tire pressure wy tire nat. freq.

D: coil diameter kus understeer gradient
D, coil diameter K« spring stiffness

di wire diameter K spring stiffness

d, wire diameter Ky tire stiffness

pt pitch Ky tire stiffness

pr pitch Cq4t cornering stiffness

Zs suspension deflectiorC,, cornering stiffness
Zs suspension deflections linear stiffness
K\ linear stiffness
Kgr bending stiffness
Kar bending stiffness
Lot free length
Lor free length

design optimization problem is given by

find a,b,wst, wsr, wif, wir, kus, Kst, Ksr, Kit, Kir, Cat, Car,
ZSfa ZSI'7 KLfa KLI’a KBfa KBI’7 L0f7 LOh Pif7 Pir7
Df7 Dra dfa dhpfapr

min f(wsh Wsr, Wf , Whr, kus)

subjectto g1 (Zss, Kit, Kpt, Lot) < 0

gl(an Ky, Kar, LOr) <0
g2(Dy, ds,pr) <0
g2(Dr; dhpl’) <0 (5.4)
(wav Wsr, Whf , Whr, kUS) = a (av b7 Kva KST; th7 Ktﬁ Caf7 Car)
Kt = ax(Zst, Kit, Kat, Lor)
Ky = aQ(an Ky, Kar, LOr)
(th7 Ktl’) = a3(Pif) Pih a, b)
( afy ar) - a4(Pf7P|r7a b)
(Kvt, Kgf) = as(Dx, dy, pr, Lof)
(KLr; KBr) = a5(Dr7 dr, pr, LOr)

The partition of this problem given in [10] is specifieddrbelow, and illustrated in Figure 5.6(a).

The systenChassishas seven sub-componentgehicle Tire, Corner, two of typeSuspensian

and two of typeSpring Each sub-component includes its relevant set of optimization variables
and functions. Similar to the portal frame example, the similarity of the front and rear suspensions
and springs is exploited by defining a single suspension and a single spring component, which
are then instantiated multiple times in syst€massis

comp Vehicle=
|[ extvar a, bv KSfa KSI‘7 thv K’[ra Cafv Car
intvar wsf, wsr, wif, Wi, kus
objfunc f(wsfv Wsr, Wif , Whrs kus)
resfunc (Wsh Wsr, Wf , Whr, kus) =
aj (a’v bv Kva KSI’a th7 KIH Cozf7 Car)
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(b) Alternative partition with suspension-spring sub-

systems

Figure 5.6: Two partitions for the chassis design example.




comp Tire =
[ extvar a,b, Ky, Ky, P, Py

resfunc (tha Ktl’) = asg (Pif7 Pira a, b)
I

comp Corner=
[ extvar a,b, Cof, Car, B, Pr

resfunc (Cut, Car) = a4 (P, Pr, a,b)
Il

comp Suspensior
|[ extvar KS, K., Kg, Lo
intvar Zg
Confunc gl(Z87 KL7 KBa LO)
resfunc Ks = ay(Zs, K1, Kg, Lo)
Il

comp Spring=
|[ extvar K, Kg, Lo
intvar D, d,p
confunc go(D, d, p)
resfunc (K|, Kg) = a5(D, d, p, Lo)

|

syst Chassis=

|[[ sub V: Vehicle T Tire, C: Corner
, St, Sr: Suspensiarsp,Sp: Spring

link V.a -- {T.a,C.a}, T.Ps -- C.Pg

,Vib--{T.b,C.b}, T.Py - C. Py
, V.Ky -- T. Ky, V.Cyut - C.Cyxt
V.Ky ~T.Ky, V.Cor—C.Cor
, V.Kst-- S¢.Ks, V.Kg--5r.Ks
' Sf.KL == Spf.KL, Sf.L() -- Spf.LO
, St K| -- Spr. K, Sr.Lo - Spr.Lg

’ Sf.KB == Spf.KB
, Sr.Kp -- Spr. Kp
Il
topsyst Chassis

Instead of including th&uspensioandSpringcomponents directly in the system, an alternative
is to define a subsyste®uspSpringhat includes &Suspensiorand aSpring component. To
complete the partition, two instantiations of this subsystem are included in a Sgbt@ssis that
also includes th&ehicle Tire, andCornercomponents of the above definition. The specification
of this alternative partition is given below.

syst SuspSpring

[[ sub S: SuspensiorSp Spring
link S.K| -- SpK\, S.Lg -- SpLg, S.Kg -- SpKp
alias Ks = S. K

Il

syst Chassis =
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|[ sub V: Vehicle T Tire, C: Corner

, St, Sr: SuspSpring
link Via -- {T.a,C.a}, T.Ps -- C. Py

,Vib--{T.b,Cb}, T.Py - C. Py
, V.Ky -- T. Ky, V.Cut - C.Cut
JV.Ky T Ky, V.Cq-—-C.Cy
,ViKg - Si.Ks, V.Kg - Sr.Ks

I

topsyst Chassis

The couplings between the variablesafspensioandSpringare included in the syste®usp-
Spring in which an aliad{ is introduced to make this variable of compon8uospensioacces-

sible by systenChassis. Two system$uspSprin@re instantiated in syste@hassig, and links
between the different sub-components are defined appropriately. With this alternative partition,
the coordination of th&uspSpringubsystems can be performed nested within the coordination
of the top-level systerthassis.

Supersonic business jet

The fifth example considers the range maximization for a supersonic business jet while consid-
ering the disciplines Propulsion, Aerodynamics, Structures, and Range. Figure 5.7 depicts the
data exchange between these disciplines (see, e.g. [1, 17] for a more detailed description of the
example). The reader is referred to Table 5.2 for a brief description of the optimization variables.

The integrated problem formulation is given by

find  ysa Xa, Xs, Xp;
h, M, R, ESF, We,SFC,L
min  fr(R)
subjectto gy(xp, h,M,D) <0
ga(Ysa Xa, h, M,ESE W4, 0) < 0
gs(YsaXs, We, L) <0
R = a;(h, M,SFC £, Wi, W;)
(ESE We, SFC) = ap(xp, h, M, D)
(L, %, D) = aa(ysa Xa, h, M, ESF, W4, 0)
(VVt, VVfa 9) = as(}’say Xs, We, L)
where Ysa= [ , ARy, Awwgref, Sht, ARﬂ]
Xa = [Ahb Ly, Lht]
= [[1], [ts], A]
Xp = [T]

Here, the response variabl& ESFE W, SFC L
variables.

D, Wi, Wy, 0

s D>

(5.5)

, D,D, Wh, Wk, 8 are included as optimization

A possible partition for this problem simply defines one component for each discipline, and
defines the links according to the functional dependencies (see Figure 5.8(a)):

comp Range=
[ extvar h, M, £ SFC, Wi, Wt

'y Do
intvar R
objfunc f;(R)
Introduction
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range L/D aerodynamics
- — X,
Jr, A 8o A,
L ESF \
w, 6
sFc| W Wi v
L
_ D  J
- propulsion structures
X, — P X
gp: ap I/Ve gs: aS

Figure 5.7: Functional dependencies for the business jet example. Boxes represent functions, and
arrow directions are associated with variable dependencies. Coupling variables have two-headed

arrows.

Table 5.2: Description of the optimization variables for the supersonic business jet problem.

Design variables

Response variables

h  cruise altitude

M cru

£ thickness/chord

ise speed

ARy, wing aspect ratio
Aw wing sweep angle
Sret  Wing surface area

Skt tail surface area
ARy tail aspect ratio

T throttle
Ane  tail sweep
Ly wing lift
L tail lift

ESF
We
SFC

:g%§§bb\hh

t  wing box thicknesses
ts  wing box thicknesses
A taper ratio

engine scaling factor
engine weight

specific fuel consumption
total lift

lift/drag ratio

total drag

total weight

fuel weight

wing twist

range
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Yo Wi L, 0

Jet,
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Y
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Ysa» Xs, Xa, L, 0
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Prop
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(b) Aero-elasticity component

Jet;

Aero

Xa, L/D, ga, by
ESF,D, h, M
Ysa Wb L, 6
v

Prop -t » Struc

Xps SFC, Zps hp We Xs, Wfa Ss» hs

(d) Range coupling function

Figure 5.8: Four alternative partitions for the business jet example.

Jet
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hM| src| ESF,D
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h M| spc| ESF,D Yoo Ws
L6
A A
Prop |4 » Struc
Xp, Zp, Ap We Xs; 85> As
(c) Aero-elasticity subsystem
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resfunc R = a,(h, M, &, SFC, Wi, Wy)
Jl

comp Struc=
|[ extvar ysa Wi, We, L, Wt, 0

intvar xg

confunc gs(ysa xs, We, L)

resfunc (Wi, W, 0) = as(ysa Xs, We, L)
Il

comp Aero=
[ extvarysah, M, %, ESF, D, L, W, 0
intvar x,

confunc ga(ysa Xa, h, M,ESE W}, 0)

resfunc (L, &, D) = aa(ysa Xa, h, M, ESF W, 0)
Jl

comp Prop=
|[ extvar h, M,SFC, ESF,D,W,

intvar xp

confunc gp(xp, h, M, D)

resfunc (ESF, We, SFQ) = ap(xp, h, M, D)
Il

syst Jet=
|[ sub R: Range.S: Strug A: Aerg, P: Prop
link R.% -- A.5, R.h--{A.h,P.h}

, RW; -- SWi, RM -- {A.M,P.M}
, RWy-- SWi, R.SFC -- P.SFC
yVAD--PD, AESF--PESF
, A~ySa“ S.ysa, AL--S.L
AWy -- SWy, AG-- 5.6
, PWe - S.We

|

topsyst Jet

Each component includes the variables relevant to its objective or constraint functions. Vari-
ables that couple two or more components are defined as external, while variables that are local
to a single component are defined as internal. The system definition first instantiates the four
components, after which the external variables are coupled appropriately.

In aircraft design, the Structures and Aerodynamics components are often strongly coupled. An
alternative partition could therefore merge these disciplines into an aero-elasticity component
StrucAero(see Figure 5.8(b)) that is defined as

comp StrucAerc=
[ extvar h, M,ESF, We, 5, D, W;, Wi
intvar ysa Xs, Xa, L, 0
confunc gs(ysa xs, We, L)
» a(Ysa Xa, h, M, ESE W4, 0)
resfunc (Wi, Wh, 6) = as(ysa Xs, We, L)
’ (La %’ D) = aa(}’saa Xa, ha M; ESF; VVtv 0)
Il
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Observe that the response functions of this component are coupled. The arguments of function
ag include the lift L, which is computed by the functiax,. In turn, the arguments ef; include
the total weight?; and wing twistd that are computed bys.

The system definitiodet, completes the specification for this second partition.

syst Jet, =
|[ sub R: RangeSA: StrucAerq P: Prop
link R.% -- SA.L, R.h-- {SA.h, P.h}
, RWs - SA.Wt, R.M - {SA.M, P.M}
, RWi-- SAW;, R.SFC -- P.SFC
,PD--SA.D, P.ESF--SA.ESF
, PWe-- SA W,

|

topsyst Jet,

Another alternative is to define a subsystem that includes Structures and Aerodynamics as com-
ponents (see Figure 5.8(c)). Componetitand A are then equal to the first definition, and the
above system definition falet, can be used if the componeBtrucAeras replaced with subsys-

tem StrucAerg defined as

syst StrucAerg =
|[ sub S: Strug A: Aero
link Aysa-- S.ysa A.L--S.L
VAW - SW, AB--S.0
alias Ws = SWs, ESF = A.ESF
, We = S. W, % = A.%
Wi=8SWy, D=A.D
yh=Ah, M=AM

The systentStrucAerg defines the links between componestsind A, and defines aliases for
those variables that need to be externally accessible. Observe that the sameJggstean

be used. The system definition remains correct, even though the definition of one of its sub-
component has changed. This feature allows the designer to separate the different levels in a
system’s hierarchy.

The final partition of the business jet example defines the range objgctnel range analysis
as coupling functions instead of a separate component (see Figure 5.8(d)). Comongmaisd
P of the first partition can be used, when systési is defined to includg; anda, as coupling
functions andr as an internal response variable.

syst Jet; =
|[ intvar R
sub S: Strug A: Aerg, P: Prop
objfunc f;(R)
resfunc R = a;(A.h, A.M,A. 5, P.SFC,S.W;, SW)
link A.ESF -- PESF, A.D--P.D
,A.h-- P.h, AM - PM

v Aysa-- S.ysa AL-S.L
, AW - S.TWA, Af-- 5.0
y PWe - SWe

Introduction



(a) Scanning electron microscope image of
suspended proof mass.

U-spring anchor
I U-spring
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(b) Schematic illustration of the sensing mechanism (top
view).

Figure 5.9: Layout of micro-accelerometer by Analog Devices [16, 2]. The suspended proof with
comb fingers takes up an area of about G8®x 700 m = 0.42 mm.

Il
topsyst Jet;

where the dependence of the range function on variables from the different subsystems can be

observed.

6 Micro-accelerometer

Our final example is the micro-accelerometer problem taken from [21]. The design objective
for this example is to minimize the footprint areawhile meeting a number of performance
constraints on sensitivity, noise floor, and measuring range. Additional functional constraints are
imposed to assure proper functioning of the accelerometer. A description of the design variables
is given in Table 5.3, and the reader is referred to [21] for a detailed description of the problem.
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Table 5.3: Description of the optimization variables for the micro-accelerometer design problem.

Design variables Response variables

lp length of proof mass m  effective mass

wp Width of proof mass J  moment of inertia

lp1 length of U-spring beam 1 b damping coefficient

lp2 length of U-spring beam 2 kxm  spring stiffness i

wp width of U-spring beams 1,3 ky  spring stiffness iry
wpz Width of U-spring beam 2 k¢  spring stiffness in}

s length of rotor fingers A required wafer area

lov length of finger overlap Sq  diff. capacitance sensitivity

gs gap sense rotor/stator fingers  kxe spring softening contribution
gsu Qap sense units amax,pi Max. detectable acc. pull-in

gr  gap feedback rotor/stator fingersmax,;s max. detectable acc. limit stop
g gap feedback units amax,st Max. self test acc.

gx x-gap of limit stop zpur  pull-in displacement

wy  width of rotor fingers Cp  parasitic capacitance proof mass/substrate
ws Wwidth of stator finger wx  resonance frequency in

Vso source voltage amplitude wy  resonance frequency in

Vu differential drive voltage wg  resonance frequency in

Ca charge amplifier capacitance  w.3ss mechanical bandwidth
Ghi  non-inverting amplifier gain Sm  mechanical sensitivity

anm NoOiSe equiv. acceleration
Sc  circuit sensitivity

S total sensitivity

an  total noise equiv. acc.

ais  full-scale range

l total length of device
wspr  Width of device at springs
wrn  width of device at fingers
lin  length span of fingers

The problem is given by:

find

min
subject to

Zpa Wp, lblv lb27 Wh, Wh2, lf» lOVa 9s; 9sus 9f, Gfu, 9x, Wt, Ws, ‘/SOa ‘/da Ca, Gni;
Aa m, J,b, kx,ma kx,e7 kya ko, S, kx,e; Gmax,pi» @max,ls; Amax,st Lpull s Cpa
Sm7 Qan,m; Wx, wy7 wo, W-3dB, SC) S; Qn, Gfs, l) wSph Wrin, lfiﬂ
f(A)
gdevice(sa Qn, afs) <0
gmasﬁ(lpa wpa lf7 lOVa Js; gsus 9ty Gfu, 9x, W, wS) S 0
gspr(lm Wp, lbl) lb27 Wp, wa) <0
garea(QXa lb2, 1, Wspr, lfin, Win, A) <0
gelec(gs:a 9x; Tpulls kx,e; kx,ma Gmax,pis Amax,ls, amax,st) <0 (5 6)
Zayn(wx, wy, wp,w-3ge) < 0 '
gcirc(cm Cp) <0
(57 Qn, afs) = adevice(Sm7 Sda Sm Gn,m;, VSO)
(A» m, J, b, Win, lfin) = amass{lm Wp, I, lov, gs» Gsus 9%, Gfu, Gx, Wi, ws)
(kx,ma kyv k97 wspﬁ l) = aspr(lp7 wp» lbl7 lbz; Wp, wbz)
(Sm7 an,m, Wx, Wy, Wg, W-BdB) = adyn(mv J,b, k'x,ma kX,Ea k’y7 ka)
Se = acirc(VsOa Ca7 Gni)
(Sd, kx,e, Gmax,piy @max,ls;, max,sb Lpull s Cp)
= aelec(m7 kx,ma lp7 Wp, lfa lOV7 Js, gf, gx, Wf, Ws, V'So, ‘/d)

In [21], four partitions of the above problem are presented. All four partitions are illustrated in
Figure 5.10. The first partition is has three subprobl&irsuit, Sensoy and Geometry Sub-

40 Introduction



41

Accelerometer Accelerometer,
jrcui g ircui .
C. G Cfg‘afgl'ta p Sy Gnm Dynamics C. G Clsag‘ta P Soms Gnm Dynamics
> Gy D¢, O, an, Afs Oy, Oy, Do, D3ap a> Gis Ocs O, Un, Afs | o O, Oy, Vo, O3gn
Ldevices Seirc gdyna adyn Ldevices eire gdyn, adyn
Adevices Acirc L Adevices Acirc y
m, J, b, kxm fee m, J, b
Vo t T S G xer Ky ko Vs ¢ de’ G e Ky, Ko
Geometry Electrostatics [« """ K Mechanics
A, L, wy, b1, o, Wo, Wea, I Lovs 6 85w 86 St 8 Wh Vi, Gmaxpis Gmax,ls [ 1 A, o1, b, Wo, W2, Gsw St
Ws, Vd, Gmax.pis Gmaxlss Gmax.sts Xpulls s Wsprs Wein, Lfin @max,st> Xpull Iy, Wy, It , Wspr> Wrins Ufin
J Emasss Eoprs area Belees Amasss Asprs Aclee Zetcer Aciee | 0w 89 &1 | f Brnassr Buprs Bareas Amasss Aepr
P! P! P! P!
8x Wr, W
(a) First partition (b) Second partition
Accelerometers
Circuit

Cy, Gui, S, S, an, ags

Sma Anm
-
-

Dynamics

Ldevice Beirc

QAgevices Acirc

Wx, Dy, Wy, D348

Ldyn> Adyn

Vo ¢ ?Sd, G,

Mass

m, J, b, ke

\kx,mv ky, ko

Amax,pis @max,ls @max,sts Xpulls Wrins lin
J 8mass> Gelees Amass> Aelec

A, Ig, Loy, g 86 8o Wi Ws, Gsur Sty Vas

lbls lbz,

Spring

W2, [, Wepr

Wb,

Esprs> Aspr
prs sp

(c) Third partiti

Accelerometer,

on

Circuit,
C67 Gni7 Sc

Acirc >

A R

Dynamics

Stns Anm, Wx, Wy, Wy, D-3dB

gdyna adyn

Vs(]

! i S, an, an
| eire
A&
Mass

',” Agevices Bdevice, m, J, b, kX 3

kxm Ky

ys

ko

A, Ig, lovs 85 86 8x Wi W, Zsur &tus Vs Sa

Kx.m

Spring

Cp, @max.pi> Amax.Is dmaxst> Xpulls Weins [fin

S Bmasss Amasss Gelecs Aelec

-

Ivt, T2, Wo,
W2, 1, Wepr

Ssprs Aspr

(d) Fourth partition

Figure 5.10: Four alternative partitions for the micro-accelerometer example.
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problemGeometryincludes variables and functions associated with the dimensioning of the sen-
sor area,Sensorincludes dynamical variables and functions, &ictuit entails the electronic
design. The specification for this first partition is given below.

comp Circuit =
|[ extvar Sm, anm, Sd, Cp, Vso
intvar Ca, Gni, S¢, S, an, ass
confunc ggevice .S, an, ars)
) gcirc(c& Cp)
resfunc (S, Qn, afs) = adevice(sm Sd, Sc, @n,m, VSO)
H , Se = acirc(VsO; Ca, Gni)

comp Dynamics=
H ?Xtvar Sm, anm, M, J, b, kxm, x.e, kya ko
Intvar wy, wy, Wy, W-3ds
confunc gayn(wx, wy, we, W-3de)
resfunc (Sm, an,m, wx, Wy, we, w-ads) = adyn(m, J, b, kxm, kxe, ky, ko)

I

comp Geometry=
|[ extvarm,J,b, kxm, kxe, ky, ko, Sd, Cp, Vso
intvar Aa lp7 Wp, lbla lea Wh, Whp2, lf7 lOVa s, gsu, 9t gfu, gx, Wt, Ws, ‘/d
» @max,pis @max,lsy @max,st Lpull s L Wspr, Wiin, ltin
objfunc f(A)
ConfUnC gmasilpa wp7 lf; lOV7 Js, gSl.h gf7 nga 9x, W, wS)
’ gspr(lpa Wp, lbla lea Wp, wa)
) garea(QX7 Ib2, L, Wspr, lfin, Win, A)
) gelec(957 9x; Tpull kx,e7 kx,m» Gmax,piy @max,ls CLmax,st)
resfunc (A, m, J, b, wiin, lin) = amass(lp; Wp, It, lov, s, Gsu, Gf, Gtu, x> Wi, ws)
) (kx,m7 ky; ko, Wspr, l) = aspr(lpa Wp, Ib1, lb2, wp, wb2)
) (Sd7 kx,e, Gmax,piy Amax,lsy max,st Tpull, Cp)
= aelec(ma kX,m7 lp7 Wp, lf7 lOV7 9s, 9t x, Wi, Ws, ‘/307 ‘/}J)

I

syst Accelerometer
|[ sub C: Circuit, D: Dynamics G: Geometry
link C.Sm -- D.Sm, C.anm-- D.anm

,C.8q--G.Sq, CVg--G.Vy
, C.Cp-- G.Cp, D.kym-G.kym
,D.m —-G.m, D.kge--G.kye
,D.J--G.J, D.ky-G.k
,D.b--G.b, D.kyg - G.kg

I

topsyst Accelerometer

The second partition splits ti@eometrysubproblem in two subproblemblechanicsassociated
with structural analysis of the proof mass and U-springs, Biedtrostaticsis concerned with
the electrostatic analysis of the comb drives. Subproblgirtiit andDynamicsof the previous
partition can be used. The specificationdchanicsandElectrostaticds given below, together
with the specification for syste#ccelerometerthat integrates the four subproblems.

comp Mechanics=
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|[ extvar m, J7 bv kX,mv kya k97 lpa wpa lf7 lOVa 9x, Wr, Ws, Js, gf
intvar Aa lbla lea Wh, Wh2, Jsu, Gfu, l7 Wspr, Wiin lfin
objfunc f(A)
confunc gmass{lpa Wp, lfv lOV? Gs; 9su, 9f s Gfu,s 9x, Wi, wS)
) gspr(lp7 Wp, lbl; lea Wp, wa)
) garea(gm Iba, I, Wspr, lfin, Whin, A)
reSfunC (Aa m, J7 ba Wrin, lfin) = amas{lpa 'U)p, lfa lOV7 Js; gsu, 9t Gfus x> Wt, wS)
” ) (kx,m7 kya ko, Wspr, l) = aspr(lpa Wp, Ib1, lb2, wp, wa)

comp Electrostatics=

|[ extvar m, k)(,ma kx,e; Sd7 Cp7 ‘/307 lp7 wpa lf7 lOVa Js, gt Gx, Wi, Ws
intvar Vg, dmax,pi @max,ls @max,st Tpull
confunc gelec(QSa x> Lpulls kX,Ea kx,m7 Gmax,piy @max,ls amax,st)
resfunc (Sda k’x,e7 Gmax,piy Amax,lsy Admax,st Lpull, Cp)

]| = aelec(m7 k’x,ma lp7 Wp, lf7 lOV7 9s, gf, gx, Wr, Ws, VYSO; ‘/E])

syst Accelerometer =
|[ sub C: Circuit, D: Dynamics M: Mechanics E: Electrostatics
||nk M.m - {D.m, E.m}, M.kxym - {.D.k)(’m7 E.kxym}

, C.Sm -- D.Sn, C.anm- D.anm
, C.5q -- E.S4, D.kye-- E.kxe
, C.Cp - E.Cp, CVeo—- E. Vg
M.l - E.lp, D.ky - M.ky

, M.ls -- E.ls, D.kg -- M.kg

, M.gs - E.gs, M.loy - E.loy

, M.g;i -- E.g5, M .wp - E.wp

y M.gx - E.gx, M . ws - E.ws

, D.b--M.Db, M. ws -- E ws
yD.J--M.J

I

topsyst Accelerometer

The third partition split§<Seometryin two alternative partsSpringassociated with the design of
the U-spring, andMassthat entails the design of the proof mass and comb fingers. Again, the
specifications ofCircuit and Dynamicsof the first partition are used. The specification of the
SpringandMasscomponents, and systefitcelerometey are given below.

comp Spring=
[ extvar kxm, ky, ko, loz, lp, wp, I, wspr
intvar Iy, wy, wp2
confunc gspr(lp, Wp, lb1, lp2, Wp, wbz)
resfunc (kxm, ky, kg, wspr, 1) = aspr(lp, wp, lo1, lb2, W, wr2)

I

comp Mass=
|[ extvar A? m, Ja b7 kx,ma kx,(—h Sda Cpa ‘/SOa lpa Wp, Gx, Wiin, lfin
intvar I, loy, Js» Gsu, Gt Ju, W, Ws, V4, Gmax,pis Amax,ls, dmax,st Lpull
objfunc f(A)
confunc gmass(lm Wp, I, lov, 9s» Gsu, 9%, tu, x> Wi, ws)
) gelec(QSv 9x; Tpull, kx,ea kx,m7 Amax,piy @max,ls amax,st)
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resfunc (Av m, Ja bv Wrin, Zfin) == amass(lp; wpa lf7 lOVa Js, gsu, 9f, Gtu, 9x, Wi, wS)
) (Sd7 kx,ey Gmax,piy @max,ls; Amax,ss Lpull s Cp)
= aelec(m7 k’x,ma lp7 wpa lfa lOV» Js, gf, x, Wi, Ws, ‘/:SOa VZ:I)

I

syst Accelerometey =

|[ sub C: Circuit, D: Dynamics.S: Spring M: Mass
confunc gareé(M.gx7 S.lbz7 S.l, S.wspr, M lsin, M wsin, MA)
link S.kxm - {D.kxm, M.kxm}, C.Vso-- M.V

,C.Sm-- D.Sn, C.anm-- D.anm
,C.S8q-- M.Sy, D.kxe-- M.kye
, C.Cp - M.Cy, D kg -- S.kg

y S.wp == M .wp, D.ky -- S.ky

y Slp - M.y, D.J--M.J
,D.m--M.m, D.b--M.b

I

topsyst Accelerometey

The fourth and final partition is similar to the third, but treats the functigfs, gdevice and
agevice @S coupling functions, rather than as local functions. The specificatiorByimamics
Spring andMassof the previous partition can be used, and the altern&iveuit, component
andAccelerometey system are given below.

comp Circuity =
[ extvar S, Ca, Vso
intvar G
resfunc S = acire(Vso, Ca, Gni)

I

syst Accelerometey =
|[ intvar S, an, ats
sub C': Circuity, D: Dynamics S: Spring M: Mass
confunc gared M.gx, S.lb2, S.1, S.wspr, M lin, M .wsin, M.A)
) gdevice(S» Qan, afs)
) gcirc<C-Ca7 M-Cp)
resfunc (5, an, ass) = adevicd D-Sm, M.Sq, C.S¢, D.anm, C.Vso)
link S.kxm = {D.kxm, M.kxm}, D.kxe-- M.kxe

y S.wp == M.wp, D.kg == S.kg
, S.lp == M.lp, D.ky - S.ky
, D.m -- M.m, D.J-M.J
,D.b-- M.b, C.Veo-- M. Vo

I

topsyst Accelerometer
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Appendix A
Grammar

The grammar of the partition specification languaes described as a nhumber of rail road
diagrams. A diagram is read starting from the left, following the lines like a train (that is, no
sharp turns), until the right of the diagram is reached. Along the way, rounded boxes with text
denote fixed literals that should match with the input text literally. Rectangular boxes with italic
text denote non-fixed literals. In the language there are two such boxes, nderelfierwhich

should be replaced by a name (a letter or underscore character, followed by zero or more letters,
digits, or underscore characters), aubsystenidentifier which should be replaced by a name,

a literal dot character, and another name. Other rectangular boxes (with text in roman font) refer
to other rail road diagrams that should be inserted at that point in the original diagram. Between
boxes white space may be added.

To obtain a syntactically valid specification, start with the ‘Specification’ rail road diagram below.

Specification

o [ T D
K@yst}identifier e ‘D 0

KQopsyst H identifier } %
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BaseStatement

Lm o
@) o
ResponseFunctiok}j/
‘N
>

d

Function

identifier

identifier Q/
subsystenidentifier

ResponseFunction

identifier
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SystStatement

BaseStatement

e subsystenidentifier W

k@nk

LinkElement

‘ LinkElement

LinkElement

identifier
subsystenidentifier J

identifier }

subsystenidentifier

‘N
>/
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Appendix B
Requirements

This section defines the static semantic requirements for specifications, components, systems,
and the topsyst statement. Each requirement has a unique identification stated in bold before the
text of the requirement. These identifications are also reported by the error checker tool.

1 Specification

f1 Every component and system must be (instantiated) in the specification.

2 Components

The static semantics requirements for components are listed below. The requirements are split in
several topics that cover the different areas of the component specification.

Component name

pl Component name must be unique in the specification.

External variables

el External variable names must be unique within the component.

e2 At least one external variable must exist in the definition.
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Internal variables

i1 Internal variable names must be unique within the component.

i2 Each internal variable must be used as an argument of a function.

Obijective functions

0l The names of objective functions may be chosen arbitrarily.
02 Each objective function should have at least one actual parameter.

03 Each actual parameter of an objective function is either an internal or an external variable of
the component.

Constraint functions

¢l The names of constraint functions may be chosen arbitrarily.
c2 Each constraint function should have at least one actual parameter.

c3 Each actual parameter of a constraint function is either an internal or an external variable of
the component.

Response functions

rl The names of response functions may be chosen arbitrarily.
r2 Each response function should have at least one actual parameter.

r3 Each actual parameter of a response function is either an internal or an external variable of
the component.

r4 Variables used as output of the response function may not be used as actual parameter of the
response function.

r5 A variable may be used as (part of the) output of a response function once.

3 Systems

The static semantics requirements for systems are listed below. The requirements are split in
several topics that cover the different areas of the system specification.

System name

P1 System name must be unique in the specification.

External variables

E1l External variable names must be unique within the component.

E2 Each external variable should be used as an output of a response function.
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Internal variables
I1 Internal variable names must be unique within the component.

I2 Each internal variable should be used as an output of a response function.

Sub-components

S1 Only component or system definitions defined elsewhere in the specification may be used as
sub-components.

S2 At least two sub-components should be instantiated.
S3 A system cannot instantiate itself directly or indirectly.

S4 Names of instantiated sub-components must be unique within the definition.

For sub-components that are components:

X1 Each external variable of the sub-component must be used in an objective, constraint, or
response function, in an alias, or in a link.

For sub-components that are systems:

X2 The sub-component must have at least one alias or external variable.

X3 Each alias or external variable of the sub-component must be used in an objective, constraint,
or response function, in an alias, or in a link.

Obijective functions
01 The names of objective functions may be chosen arbitrarily.

02 The actual parameters of each objective function must be from at least two different sub-
components, or must contain at least one local variable.

03 Each actual parameter of an objective function must be an external variable from a sub-
component, an alias from a sub-component, or a local variable.

Constraint functions
C1 The names of constraint functions may be chosen arbitrarily.

C2 The actual parameters of each constraint function must be from at least two different sub-
components, or must contain at least one local variable.

C3 Each actual parameter of a constraint function must be an external variable from a sub-
component, an alias from a sub-component, or a local variable.
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Response functions

R1 The names of response functions may be chosen arbitrarily.

R2 Variables used as output of the response function may not be used as actual parameter of the
response function.

R3 The actual parameters of each response function must be from at least two different sub-
components, or must contain at least one local variable.

R4 Each actual parameter of a response function must be an external variable from a sub-
component, an alias from a sub-component, or a local variable.

R5 A variable may be used as (part of the) output of a response function once.

Aliases

Al Names of aliases must be unique within the system.

A2 An alias must be coupled to an external variable or alias of a sub-component.

Sub-component identifiers

D1 The module part of each sub-component identifier must exist as name of an instantiated sub-
component.

D2 The name part of each sub-component identifier must exist as name of an external variable
or alias of the sub-component that the module part (of the same sub-component identifier)
refers to.

Links

L1 Couplings should not form a cycle.
L2 Both sides of a link must refer to variables or aliases, and exist within the definition.

L3 Coupling may only take place between variables or aliases of two different sub-components,
or between a local variable and a variable or alias of a sub-component.

4 Topsyst
The static semantics requirements of ttupSyst ' statement are

T1 There must be exactly ontopsyst ' statement in the specification.
T2 It must identify a system as top-level element.
T3 The system it identifies as top-level element must be defined in the file.

T4 The system it identifies as top-level element may not have aliases or external variables.

54 Requirements



Appendix C

Specification and
generated outputs for
examples

This appendix includes the actual input files and generated outputs for the examples presented in
the user manual.

1 Example (3.1)

Partition specification inv:

comp First =

[ extvar x2,y,r
intvar x1
objfunc f1(x1,x2,y)
confunc gl(x1,y)
resfunc r = al(x2,y)

Il

comp Second =

[ extvar x3,y,r
intvar x4,u
objfunc f2(x3,x4,y)
confunc g2(x3,x4,y,u)
resfunc u = a2(x3,x4,r)

Il

syst Problem =

[ sub A: First, B: Second
link Aly -- By, Ar - Bur
objfunc fO(A.x2,B.x3)
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|

topsyst Problem

Generated normalized partition:

[topsyst] name = gl path = Problem.A
system = syst_1 defined_in = First name = x1
defined_in = First

[func_5] [var_9]
path = Problem.B path = Problem.B [syst_1]
argvars = var_7, var_5, var_8, var_6 name = r subs = comp_1, comp_2
name = g2 defined_in = Second links = link_1, link_2
defined_in = Second objfuncs = func_7

[var_8] path = Problem
[func_4] path = Problem.B type = Problem
path = Problem.B name =y name = Problem
argvars = var_7, var_5, var_8 defined_in = Second
name = f2 [comp_2]
defined_in = Second [var_7] resfuncs = func_6

path = Problem.B name = B
[func_7] name = x3 local_resvars = var_6
path = Problem defined_in = Second objfuncs = func_4
argvars = var_2, var_7 local_vars = var_7, var_5
name = f0O [var_6] coupling_vars = var_9, var_8
defined_in = Problem path = Problem.B confuncs = func_5

name = u path = Problem.B
[func_6] defined_in = Second type = Second
path = Problem.B
resvars = var_6 [var_5] [comp_1]
argvars = var_7, var_5, var_9 path = Problem.B resfuncs = func_3
name = a2 name = x4 name = A
defined_in = Second defined_in = Second objfuncs = func_1

coupling_resvars = var_4

[func_1] [var_4] local_vars = var_2, var_1
path = Problem.A path = Problem.A coupling_vars = var_3
argvars = var_1, var_2, var_3 name = r confuncs = func_2
name = f1 defined_in = First path = Problem.A
defined_in = First type = First

[var_3]
[func_3] path = Problem.A [link_2]
path = Problem.A name =y defined_in = syst 1
resvars = var_4 defined_in = First coupling = var_4, var_9
argvars = var_2, var_3 path = Problem
name = al [var_2]
defined_in = First path = Problem.A [link_1]

name = x2 defined_in = syst_1
[func_2] defined_in = First coupling = var_3, var_8
path = Problem.A path = Problem
argvars = var_1, var_3 [var_1]

Functional dependence table:

Columns:

: Problem.A.x2
2: Problem.B.x3
3: Problem.Ay
4: Problem.B.y
5: Problem.A.r
6
7
8
9

-

: Problem.B.r
: Problem.A.x1
: Problem.B.x4
. Problem.B.u

Rows:

1: Problem.f0

: Problem.Aly -- Problem.B.y
: Problem.Ar -- Problem.B.r
: Problem.Af1

: Problem.A.gl

: Problem.A.al

: Problem.B.f2

: Problem.B.g2

: Problem.B.a2

roORrOORT
coococord
PRPROPRO
ocoooro
rooroo

orproOoO
ocooocoo
cocoococoo

oocoroo
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Geometric programming

First partition

problem

Partition specification ir:

comp First =
[ extvar z3, z6
intvar z1, z2, z4, z5, z7
objfunc f(z1)
, f(z2)
confunc g1(z3,z4,z5)
, 92(25,26,27)
, h1(z1,z3,z4,z5)
, h2(z2,25,26,27)
Il

comp Second =
[ extvar z3, z6
intvar z8, z9, z10, z11, z12, z13, z14
confunc g3(z8,z9,z11)
, g4(z8,210,z11)
, 05(z11,212,213)
, 96(z11,z12,z14)
, h3(z3,28,29,210,z11)
, h4(z6,211,212,z13,z14)
|

syst Geo2a =
[ sub A: First, B: Second

link A.z3 -- B.z3, A.z6 -- B.z6
|

topsyst Geo2a

Generated normalized partition:

[topsyst]
system = syst 1

[func_9]

path = Geo2a.B

argvars = var_11, var_12, var_13
name = g5

Geometric programming problem

defined_in = Second

[func_8]

path = Geo2a.B

argvars = var_8, var_10, var_11
name = g4

defined_in = Second
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[func_5]

path = Geo2a.A

argvars = var_1, var_6, var_3, var_4
name = hl

defined_in = First

[func_4]

path = Geo2a.A

argvars = var_4, var_7, var_5
name = g2

defined_in = First

[func_7]

path = Geo2a.B

argvars = var_8, var_9, var_11
name = g3

defined_in = Second

[func_6]

path = Geo2a.A

argvars = var_2, var_4, var_7, var_5
name = h2

defined_in = First

[func_1]
path = Geo2a.A
argvars = var_1
name = f
defined_in = First

[func_3]

path = Geo2a.A

argvars = var_6, var_3, var_4
name = gl

defined_in = First

argvars = var_2
name = f
defined_in = First

[func_11]

path = Geo2a.B

argvars = var_15, var_8, var_9, var_10, var_11
name = h3

defined_in = Second

[func_10]

path = Geo2a.B

argvars = var_11, var_12, var_14
name = g6

defined_in = Second

[func_12]

path = Geo2a.B

argvars = var_16, var_11, var_12, var_13, var_14
name = h4

defined_in = Second

[var_9]
path = Geo2a.B
name = z9

defined_in = Second

[var_8]
path = Geo2a.B
name = z8

defined_in = Second

[var_7]
path = Geo2a.A
name = z6

defined_in = First

[var_6]
path = Geo2a.A
name = z3

defined_in = First

[var_5]
path = Geo2a.A
name = z7

defined_in = First

[var_4]
path = Geo2a.A

name = z5
defined_in = First

[var_3]
path = Geo2a.A
name = z4

defined_in = First

[var_2]
path = Geo2a.A
name = z2

defined_in = First

[var_1]
path = Geo2a.A
name = z1

defined_in = First

[var_16]
path = Geo2a.B
name = z6

defined_in = Second

[var_15]
path = Geo2a.B
name = z3

defined_in = Second

[var_14]

path = Geo2a.B
name = z14
defined_in = Second

[var_13]
path = Geo2a.B
name = z13

defined_in = Second

[var_12]

path = Geo2a.B
name = z12
defined_in = Second

[var_11]

path = Geo2a.B
name = z11
defined_in = Second

[var_10]

path = Geo2a.B
name = z10
defined_in = Second

[comp_2]
name = B
coupling_vars = var_16, var_15

local_vars = var_14, var_13, var_12, var_11, var_10, var_9, var_8

path = Geo2a.B

confuncs = func_7, func_8, func_9, func_10, func_11, func_12

type = Second

[syst_1]
path = Geo2a
type = Geo2a

name = Geo2a
links = link_1, link_2
subs = comp_1, comp_2

[comp_1]

name = A

coupling_vars = var_7, var_6

objfuncs = func_1, func_2

local_vars = var_5, var_4, var_3, var_2, var_1
confuncs = func_3, func_4, func_5, func_6
path = Geo2a.A

type = First

[link_2]
defined_in = syst_1
coupling = var_7, var_16
path = Geo2a

[link_1]
defined_in = syst_1
coupling = var_6, var_15
path = Geo2a

Functional dependence table:

Columns:
1. Geo2a.A.z3
2: Geo2a.B.z3
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3: Geo2a.A.z6
4. Geo2a.B.z6
5. Geo2a.A.zl
6: Geo2a.A.z2
7. Geo2a.A.z4
8. Geo2a.A.z5
9. Geo2a.A.z7
10: Geo2a.B.z8
11: Geo2a.B.z9
12: Geo2a.B.z11
13: Geo2a.B.z10
14: Geo2a.B.z12
15: Geo2a.B.z13
16: Geo2a.B.z14

Rows:

1. Geo2a.A.z3 -- Geo2a.B.z3
2. Geo2a.A.z6 -- Geo2a.B.z6
3: Geoza.A.f
4: Geoza.A.f
5: Geo2a.A.gl
6: Geo2a.A.g2
7. Geo2a.Ahl
8: Geo2a.A.h2
9: Geo2a.B.g3
10: Geo2a.B.g4
11: Geo2a.B.g5
12: Geo2a.B.g6
13: Geo2a.B.h3
14: Geo2a.B.h4

LCoLePopeororooorm
orocooocoeooooor
LooLLoororooore
rPOOOCOOOCOOCOORrO
Sooooorooorooe
LCoLeLoororooooo
oroorroooooooo
LCroooroooooeee
PRPPRPPPPOOOOOOOS
orPrOoOorOOLOLCOOLo
POPPOOCOOOOOOCOR
POoOrooOoLoOo0ooeee
PrOrROOOOOOOOOOO

OoPooLLoroooroo
OoLooLoLororoooo
oooooorrRrrLROooOOo

Second patrtition

Partition specification ir:

comp First =
[ extvar z3, z6
intvar z1, z2, z4, z5, z7
objfunc f(z1,z2)
confunc g1(z3,z4,z5)
, 92(25,26,27)
, h1(z1,z3,z4,z5)
, h2(z2,25,26,27)
|

comp Secondl =
[ extvar z3, z11
intvar z8, z9, z10
confunc g3(z8,z9,z11)
, 04(z8,210,z11)
, h3(z3,28,29,210,z11)
Il

comp Second2 =
[ extvar z6, z11

Geometric programming problem



intvar z12, z13, z14
confunc g5(z11,z12,z13)
, 06(z11,2z12,z14)
, h4(z6,211,212,2z13,z14)
1l

syst Geo2b =
[ sub A: First, B1: Secondl, B2: Second2
link A.z3 -- B1.z3, A.z6 -- B2.z6, B1.z11 - B2.z11

1

topsyst Geoz2b

Generated normalized partition:

[topsyst]
system = syst_1

[func_9]

path = Geo2b.B2

argvars = var_17, var_13, var_14
name = g5

defined_in = Second2

[func_8]
path = Geo2b.B1

argvars = var_11, var_8, var_9, var_10, var_12
name = h3

defined_in = Secondl

[func_5]

path = Geo2b.A

argvars = var_2, var_4, var_7, var_5
name = h2

defined_in = First

[func_4]

path = Geo2b.A

argvars = var_1, var_6, var_3, var_4
name = hl

defined_in = First

[func_7]

path = Geo2b.B1

argvars = var_8, var_10, var_12
name = g4

defined_in = Secondl

[func_6]

path = Geo2b.B1

argvars = var_8, var_9, var_12
name = g3

defined_in = Secondl

[func_1]

path = Geo2b.A
argvars = var_1, var_2
name = f

defined_in = First

[func_3]

path = Geo2b.A

argvars = var_4, var_7, var_5
name = g2

defined_in = First

[func_2]
path = Geo2b.A

argvars = var_6, var_3, var_4
name = gl

defined_in = First

[func_11]

path = Geo2b.B2

argvars = var_16, var_17, var_13, var_14, var_15
name = h4

defined_in = Second2

[func_10]

path = Geo2b.B2

argvars = var_17, var_13, var_15
name = g6

defined_in = Second2

[var_9]

60 Requirements

path = Geo2b.B1
name = z9
defined_in = Secondl

[var_8]
path = Geo2b.B1
name = z8

defined_in = Secondl

[var_7]
path = Geo2b.A
name = z6

defined_in = First

[var_6]
path = Geo2b.A
name = z3

defined_in = First

[var_5]
path = Geo2b.A
name = z7
defined_in = First
[var_4]

path = Geo2b.A
name = z5

defined_in = First

[var_3]
path = Geo2b.A
name = z4

defined_in = First

[var_2]
path = Geo2b.A
name = z2

defined_in = First

[var_1]
path = Geo2b.A
name = z1

defined_in = First

[var_17]

path = Geo2b.B2
name = z11
defined_in = Second2

[var_16]
path = Geo2b.B2
name = z6

defined_in = Second2

[var_15]

path = Geo2b.B2
name = z14
defined_in = Second2

[var_14]

path = Geo2b.B2
name = z13
defined_in = Second2

[var_13]

path = Geo2b.B2
name = z12
defined_in = Second2

[var_12]
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path = Geo2b.B1
name = z11
defined_in = Secondl

[var_11]
path = Geo2b.B1
name = z3

defined_in = Secondl

[var_10]

path = Geo2b.B1
name = z10
defined_in = Secondl

[comp_2]

name = Bl

coupling_vars = var_12, var_11
local_vars = var_10, var_9, var_8
path = Geo2b.B1

confuncs = func_6, func_7, func_8
type = Secondl

[comp_3]

name = B2

coupling_vars = var_17, var_16
local_vars = var_15, var_14, var_13
path = Geo2b.B2

confuncs = func_9, func_10, func_11
type = Second2

[syst_1]

path = Geo2b

type = Geo2b

name = Geo2b

links = link_1, link_2, link_3

subs = comp_1, comp_2, comp_3

[comp_1]

name = A

coupling_vars = var_7, var_6

objfuncs = func_1

local_vars = var_5, var_4, var_3, var_2, var_1
confuncs = func_2, func_3, func_4, func_5
path = Geo2b.A

type = First

[link_3]

defined_in = syst_1
coupling = var_12, var_17
path = Geo2b

[link_2]

defined_in = syst 1
coupling = var_7, var_16
path = Geo2b

[link_1]

defined_in = syst_1
coupling = var_6, var_11
path = Geo2b

Functional dependence table:

Columns:

1: Geo2b.A.z3
2: Geo2b.B1.z3
3: Geo2b.A.z6
4: Geo2b.B2.z6
5. Geo2b.B1.z11
6: Geo2b.B2.z11
7. Geo2b.A.z1
8: Geo2b.A.z2
9: Geo2b.A.z4
10: Geo2b.A.z5
11: Geo2b.A.z7
12: Geo2b.B1.z8
13: Geo2b.B1.z9
14: Geo2b.B1.z10
15: Geo2b.B2.z12
16: Geo2b.B2.z13
17: Geo2b.B2.z14

Rows:

: Geo2b.A.z3 -- Geo2b.B1.z3
: Geo2b.A.z6 -- Geo2b.B2.26
: Geo2b.B1.z11 -- Geo2b.B2.z11
1 Geo2b.Af

Geo2b.A.gl

: Geo2b.A.g2

: Geo2b.A.hl

. Geo2b.A.h2

: Geo2b.B1.g3

. Geo2b.Bl.g4

: Geo2b.B1.h3

: Geo2b.B2.g5

: Geo2b.B2.96

: Geo2b.B2.h4
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Third partition

Partition specification inv:

comp Firstl =
[ extvar z3, z5
intvar z1, z4
objfunc f(z1)
confunc g1(z3,z4,z5)
, h1(z1,z3,24,z5)

1l
comp First2 =
[ extvar z5, z6

intvar z2, z7

objfunc (z2)

confunc g2(z5,z6,27)

, h2(z2,25,26,z7)

1l

comp Secondl =
[ extvar z3, z11
intvar z8, z9, z10
confunc g3(z8,z9,z11)
, 04(z8,210,z11)
, h3(z3,28,29,210,z11)
|

comp Second2 =
[ extvar z6, z11
intvar z12, z13, z14
confunc g5(z11,z12,z13)
, 06(z11,z12,z14)
, h4(z6,211,212,2z13,z14)
Il

syst Geo2c =
[ sub Al: Firstl, A2: First2, B1: Secondl, B2: Second2
link Al1.z3 -- B1.z3, A2.z6 -- B2.z6, B1.z11 -- B2.z11, Al.z5 -- A2.z5

I

topsyst Geo2c

Generated normalized partition:

[topsyst] [func_8]
system = syst_1 path = Geo2c.B1
argvars = var_9, var_11, var_13
[func_9] name = g4
path = Geo2c.B1 defined_in = Secondl
argvars = var_12, var_9, var_10, var_11, var_13
name = h3 [func_5]
defined_in = Secondl path = Geo2c.A2

argvars = var_7, var_8, var_6
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name = g2 path = Geo2c.B2
defined_in = First2 name = z6
defined_in = Second2

[func_4]
path = Geo2c.A2 [var_16]
argvars = var_5 path = Geo2c.B2
name = f name = z14
defined_in = First2 defined_in = Second2
[func_7] [var_15]
path = Geo2c.B1 path = Geo2c.B2
argvars = var_9, var_10, var_13 name = z13
name = g3 defined_in = Second2
defined_in = Secondl
[var_14]
[func_6] path = Geo2c.B2
path = Geo2c.A2 name = z12
argvars = var_5, var_7, var_8, var_6 defined_in = Second2
name = h2
defined_in = First2 [var_13]
path = Geo2c.B1
[func_1] name = z11
path = Geo2c.Al defined_in = Secondl
argvars = var_1
name = f [var_12]
defined_in = Firstl path = Geo2c.B1
name = z3
[func_3] defined_in = Secondl
path = Geo2c.Al
argvars = var_1, var_3, var_2, var_4 [var_11]
name = hl path = Geo2c.B1
defined_in = Firstl name = z10
defined_in = Secondl
[func_2]
path = Geo2c.Al [var_10]
argvars = var_3, var_2, var_4 path = Geo2c.B1
name = gl name = z9
defined_in = Firstl defined_in = Secondl
[func_11] [var_18]
path = Geo2c.B2 path = Geo2c.B2
argvars = var_18, var_14, var_16 name = z11
name = g6 defined_in = Second2
defined_in = Second2
[comp_4]
[func_10] name = B2
path = Geo2c.B2 coupling_vars = var_17, var_18
argvars = var_18, var_14, var_15 local_vars = var_16, var_15, var_14
name = g5 path = Geo2c.B2
defined_in = Second2 confuncs = func_10, func_11, func_12
type = Second2
[func_12]
path = Geo2c.B2 [comp_2]
argvars = var_17, var_18, var_14, var_15, var_16 name = A2
name = h4 coupling_vars = var_7, var_8
defined_in = Second2 objfuncs = func_4
local_vars = var_6, var_5
[var_9] confuncs = func_5, func_6
path = Geo2c.B1 path = Geo2c.A2
name = z8 type = First2
defined_in = Secondl
[comp_3]
[var_8] name = Bl
path = Geo2c.A2 coupling_vars = var_13, var_12
name = z6 local_vars = var_11, var_9, var_10
defined_in = First2 path = Geo2c.B1
confuncs = func_7, func_8, func_9
[var_7] type = Secondl
path = Geo2c.A2
name = z5 [syst_1]
defined_in = First2 path = Geo2c
type = Geo2c
[var_6] name = Geo2c
path = Geo2c.A2 links = link_1, link_2, link_3, link_4
name = z7 subs = comp_1, comp_2, comp_3, comp_4
defined_in = First2
[comp_1]
[var_5] name = Al
path = Geo2c.A2 coupling_vars = var_4, var_3
name = z2 objfuncs = func_1
defined_in = First2 local_vars = var_2, var_1
confuncs = func_2, func_3
[var_4] path = Geo2c.Al
path = Geo2c.Al type = Firstl
name = z5
defined_in = Firstl [link_3]
defined_in = syst 1
[var_3] coupling = var_13, var_18
path = Geo2c.Al path = Geo2c
name = z3
defined_in = Firstl [link_2]
defined_in = syst_1
[var_2] coupling = var_8, var_17
path = Geo2c.Al path = Geo2c
name = z4
defined_in = Firstl [link_1]
defined_in = syst 1
[var_1] coupling = var_3, var_12
path = Geo2c.Al path = Geo2c
name = z1
defined_in = Firstl [link_4]
defined_in = syst_1
[var_17] coupling = var_4, var_7
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path = Geo2c

Functional dependence table:

Columns:

: Geo2c.Al.z3
: Geo2c.B1.z3
: Geo2c.A2.26
Geo2c.B2.26
Geo2c.B1.z11
Geo2c.B2.z11
Geo2c.Al.z5
. Geo2c.A2.z5
. Geo2c.Al.z1
10: Geo2c.Al.z4
11: Geo2c.A2.z2
12: Geo2c.A2.z7
13: Geo2c.B1.z8
14: Geo2c.B1.29
15: Geo2c.B1.z10
16: Geo2c.B2.z12
17: Geo2c.B2.z13
18: Geo2c.B2.z14

CENITRWNE

Rows:

1: Geo2c.Al.z3 -- Geo2c.B1.z3
: Geo2c.A2.z6 - Geo2c.B2.z6
: Geo2c.B1.z11 -- Geo2c.B2.z11
Geo2c.A1.z5 - Geo2c.A2.z5
. Geo2c.ALf
: Geo2c.Al.gl
: Geo2c.Al.hl
: Geo2c.A2.f
. Geo2c.A2.92
10: Geo2c.A2.h2
11: Geo2c.B1.g3
12: Geo2c.Bl.g4
13: Geo2c.B1.h3
14: Geo2c.B2.g5
15: Geo2c.B2.g6
16: Geo2c.B2.h4

CONDT A WN

FDT:

14,100000000000000HO0,
0,01100000 00000000,
0,00011000000000,00,
0,0 0000110000000 00,
0,000000010000000H0,
1,000,100 100 10000000,
1,000,010 10110000000,
0,000000000100000, 0
0,0 1000010001000 00,
0,0100001001100000,
0,0 0010000000 11,000,
0,0001000000010100,
0,100 1000000011100,
0,0000 100000000011,
0,0000 100000000010,
0,0,010100000000,0 1,1
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Speed reducer

First partition

Partition specification ir:

comp Gear =
[ extvar x1, x2, x3
objfunc F1(x1,x2,x3)

Requirements



confunc g5(x1,x2,x3)

, 96(x1,x2,x3)
, 99(x2,x3)
, 910(x1,x2)
, 911(x1,x2)
Il
comp ShaftA =
[ extvar x1, x2, x3
intvar x4, x6
objfunc F2(x1,x6)
, F4(x6)
, F6(x4,x6)
confunc g1(x2,x3,x4,x6)
, 93(x4,x6)

, 97(x2,x3,x4,x6)
1l

comp ShaftB =
[ extvar x1, x2, x3
intvar x5, x7
objfunc F3(x1,x7)
, F5(x7)
, F7(x5,x7)
confunc g2(x2,x3,x5,x7)
, g4(x5,x7)
, 98(x2,x3,x5,x7)
1l

syst SpeedReducer =
[ sub G: Gear, S1: ShaftA, S2: ShaftB
link G.x1 -- {S1.x1, S2.x1}
, G.x2 - {S1.x2, S2.x2}
, G.x3 -- {S1.x3, S2.x3}
|

topsyst SpeedReducer

Generated normalized partition:

[topsyst] name = g9

system = syst_1 defined_in = Gear

[func_9] [func_7]

path = SpeedReducer.S1 path = SpeedReducer.S1
argvars = var_4, var_5 argvars = var_6, var_5

name = F6 name = F2

defined_in = ShaftA defined_in = ShaftA

[func_8] [func_6]

path = SpeedReducer.S1 path = SpeedReducer.G
argvars = var_5 argvars = var_1, var_2

name = F4 name = gl1

defined_in = ShaftA defined_in = Gear

[func_5] [func_1]

path = SpeedReducer.G path = SpeedReducer.G
argvars = var_1, var_2 argvars = var_1, var_2, var_3
name = g10 name = F1

defined_in = Gear defined_in = Gear

[func_4] [func_3]

path = SpeedReducer.G path = SpeedReducer.G
argvars = var_2, var_3 argvars = var_1, var_2, var_3

Speed reducer



name = g6 defined_in = Gear
defined_in = Gear

[var_2]
[func_2] path = SpeedReducer.G
path = SpeedReducer.G name = x2
argvars = var_1, var_2, var_3 defined_in = Gear
name = g5
defined_in = Gear [var_1]
path = SpeedReducer.G
[func_18] name = x1
path = SpeedReducer.S2 defined_in = Gear
argvars = var_12, var_13, var_9, var_10
name = g8 [var_13]
defined_in = ShaftB path = SpeedReducer.S2
name = x3
[func_11] defined_in = ShaftB
path = SpeedReducer.S1
argvars = var_4, var_5 [var_12]
name = g3 path = SpeedReducer.S2
defined_in = ShaftA name = x2
defined_in = ShaftB
[func_10]
path = SpeedReducer.S1 [var_11]
argvars = var_7, var_8, var_4, var_5 path = SpeedReducer.S2
name = gl name = x1
defined_in = ShaftA defined_in = ShaftB
[func_13] [var_10]
path = SpeedReducer.S2 path = SpeedReducer.S2
argvars = var_11, var_10 name = X7
name = F3 defined_in = ShaftB
defined_in = ShaftB
[comp_2]
[func_12] name = S1
path = SpeedReducer.S1 coupling_vars = var_7, var_6, var_8
argvars = var_7, var_8, var_4, var_5 objfuncs = func_7, func_8, func_9
name = g7 local_vars = var_5, var_4
defined_in = ShaftA confuncs = func_10, func_11, func_12
path = SpeedReducer.S1
[func_15] type = ShaftA
path = SpeedReducer.S2
argvars = var_9, var_10 [comp_3]
name = F7 name = S2
defined_in = ShaftB coupling_vars = var_13, var_12, var_11
objfuncs = func_13, func_14, func_15
[func_14] local_vars = var_9, var_10
path = SpeedReducer.S2 confuncs = func_16, func_17, func_18
argvars = var_10 path = SpeedReducer.S2
name = F5 type = ShaftB
defined_in = ShaftB
[syst_1]
[func_17] path = SpeedReducer
path = SpeedReducer.S2 type = SpeedReducer
argvars = var_9, var_10 name = SpeedReducer
name = g4 links = link_1, link_2, link_3, link_4, link_5, link_6
defined_in = ShaftB subs = comp_1, comp_2, comp_3
[func_16] [comp_1]
path = SpeedReducer.S2 name = G
argvars = var_12, var_13, var_9, var_10 coupling_vars = var_3, var_2, var_1
name = g2 objfuncs = func_1
defined_in = ShaftB path = SpeedReducer.G
confuncs = func_2, func_3, func_4, func_5, func_6
[var_9] type = Gear
path = SpeedReducer.S2
name = x5 [link_3]
defined_in = ShaftB defined_in = syst_1
coupling = var_2, var_7
[var_8] path = SpeedReducer
path = SpeedReducer.S1
name = x3 [link_2]
defined_in = ShaftA defined_in = syst 1
coupling = var_1, var_11
[var_7] path = SpeedReducer
path = SpeedReducer.S1
name = x2 [link_1]
defined_in = ShaftA defined_in = syst_1
coupling = var_1, var_6
[var_6] path = SpeedReducer
path = SpeedReducer.S1
name = x1 [link_6]
defined_in = ShaftA defined_in = syst_1
coupling = var_3, var_8
[var_5] path = SpeedReducer
path = SpeedReducer.S1
name = X6 [link_5]
defined_in = ShaftA defined_in = syst_1
coupling = var_3, var_13
[var_4] path = SpeedReducer
path = SpeedReducer.S1
name = x4 [link_4]
defined_in = ShaftA defined_in = syst_1
coupling = var_2, var_12
[var_3] path = SpeedReducer
path = SpeedReducer.G
name = x3
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Functional dependence table:

Columns:

: SpeedReducer.G.x1
: SpeedReducer.S1.x1
: SpeedReducer.S2.x1
: SpeedReducer.G.x2
. SpeedReducer.S1.x2
: SpeedReducer.S2.x2
SpeedReducer.G.x3
: SpeedReducer.S2.x3
. SpeedReducer.S1.x3
: SpeedReducer.S1.x6
11: SpeedReducer.S1.x4
12: SpeedReducer.S2.x7
13: SpeedReducer.S2.x5

COXNDUHRWN L

i

Rows:
SpeedReducer.G.x1 --
SpeedReducer.G.x1 --
SpeedReducer.G.x2 --
SpeedReducer.G.x2 --
SpeedReducer.G.x3 --
SpeedReducer.G.x3 --
SpeedReducer.G.F1
SpeedReducer.G.g5
SpeedReducer.G.g6
10: SpeedReducer.G.g9
11: SpeedReducer.G.g10
12: SpeedReducer.G.g11
13: SpeedReducer.S1.F2
14: SpeedReducer.S1.F4
15: SpeedReducer.S1.F6
16: SpeedReducer.S1.g1
17: SpeedReducer.S1.g3
18: SpeedReducer.S1.g7
19: SpeedReducer.S2.F3
20: SpeedReducer.S2.F5
21: SpeedReducer.S2.F7
22: SpeedReducer.S2.g2
23: SpeedReducer.S2.g4
24: SpeedReducer.S2.98
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Second partition

Partition specification ir:

comp Gear =

[ extvar x1, x2, x3
objfunc F1(x1,x2,x3)
confunc g5(x1,x2,x3)

, 96(x1,x2,x3)
, 99(x2,x3)
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, 910(x1,x2)
, 911(x1,x2)
|

comp ShaftA2 =
[ extvar x2, x3, x6
intvar x4
objfunc F4(x6)
, F6(x4,x6)
confunc g1(x2,x3,x4,x6)
, 03(x4,x6)
, 97(x2,x3,x4,x6)
1l

comp ShaftB2 =
[ extvar x2, x3, X7
intvar x5
objfunc F5(x7)
, F7(x5,x7)
confunc g2(x2,x3,x5,x7)
, 94(x5,x7)
, 08(x2,x3,x5,X7)
1l

syst SpeedReducer2 =
[ sub G: Gear, S1: ShaftA2, S2: ShaftB2
objfunc F2(G.x1,S1.x6)
, F3(G.x1,S2.x7)
link G.x2 -- {S1.x2, S2.x2}
, G.x3 -- {S1.x3, S2.x3}

|

topsyst SpeedReducer2

Generated normalized partition:

[topsyst] defined_in = ShaftA2
system = syst_1

[func_6]
[func_9] path = SpeedReducer2.G
path = SpeedReducer2.S1 argvars = var_1, var_2
argvars = var_5, var_6, var_4, var_7 name = gl1
name = gl defined_in = Gear
defined_in = ShaftA2

[func_1]
[func_8] path = SpeedReducer2.G
path = SpeedReducer2.S1 argvars = var_1, var_2, var_3
argvars = var_4, var_7 name = F1
name = F6 defined_in = Gear
defined_in = ShaftA2

[func_3]
[func_5] path = SpeedReducer2.G
path = SpeedReducer2.G argvars = var_1, var_2, var_3
argvars = var_1, var_2 name = g6
name = g10 defined_in = Gear
defined_in = Gear

[func_2]
[func_4] path = SpeedReducer2.G
path = SpeedReducer2.G argvars = var_1, var_2, var_3
argvars = var_2, var_3 name = g5
name = g9 defined_in = Gear
defined_in = Gear

[func_18]
[func_7] path = SpeedReducer2
path = SpeedReducer2.S1 argvars = var_1, var_11
argvars = var_7 name = F3
name = F4 defined_in = SpeedReducer2
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[func_11]

path = SpeedReducer2.S1

argvars = var_5, var_6, var_4, var_7
name = g7

defined_in = ShaftA2

[func_10]

path = SpeedReducer2.S1
argvars = var_4, var_7
name = g3

defined_in = ShaftA2

[func_13]

path = SpeedReducer2.S2
argvars = var_8, var_11
name = F7

defined_in = ShaftB2

[func_12]

path = SpeedReducer2.S2
argvars = var_11

name = F5

defined_in = ShaftB2

[func_15]
path = SpeedReducer2.52
argvars = var_8, var_11
name = g4

defined_in = ShaftB2

[func_14]

path = SpeedReducer2.S2

argvars = var_9, var_10, var_8, var_11
name = g2

defined_in = ShaftB2

[func_17]

path = SpeedReducer2
argvars = var_1, var_7
name = F2

defined_in = SpeedReducer2

[func_16]

path = SpeedReducer2.S2

argvars = var_9, var_10, var_8, var_11
name = g8

defined_in = ShaftB2

[var_9]
path = SpeedReducer2.52
name = x2

defined_in = ShaftB2

[var_8]
path = SpeedReducer2.S2
name = x5

defined_in = ShaftB2

[var_7]
path = SpeedReducer2.S1
name = x6

defined_in = ShaftA2

[var_6]
path = SpeedReducer2.S1
name = x3

defined_in = ShaftA2

[var_5]
path = SpeedReducer2.S1
name = x2

defined_in = ShaftA2

[var_4]
path = SpeedReducer2.S1
name = x4

defined_in = ShaftA2

[var_3]

path = SpeedReducer2.G
name = x3
defined_in = Gear

[var_2]
path = SpeedReducer2.G
name = x2

defined_in = Gear

[var_1]
path = SpeedReducer2.G
name = x1

defined_in = Gear

[var_11]
path = SpeedReducer2.52
name = x7

defined_in = ShaftB2

[var_10]
path = SpeedReducer2.S2
name = x3

defined_in = ShaftB2

[comp_2]
name = S1

coupling_vars = var_6, var_5
objfuncs = func_7, func_8

local_vars = var_7, var_4

confuncs = func_9, func_10, func_11
path = SpeedReducer2.S1

type = ShaftA2

[comp_3]

name = S2

coupling_vars = var_9, var_10
objfuncs = func_12, func_13
local_vars = var_11, var_8

confuncs = func_14, func_15, func_16

path = SpeedReducer2.52
type = ShaftB2
[syst_1]

subs = comp_1, comp_2, comp_3
links = link_1, link_2, link_3, link_4
objfuncs = func_17, func_18

path = SpeedReducer2

type = SpeedReducer2

name = SpeedReducer2

[comp_1]

name = G

coupling_vars = var_3, var_2
objfuncs = func_1

local_vars = var_1

confuncs = func_2, func_3, func_4, func_5, func_6

path = SpeedReducer2.G
type = Gear

link_3]

defined_in = syst_1
coupling = var_3, var_10
path = SpeedReducer2

[link_2]
defined_in = syst_1

coupling = var_2, var_9
path = SpeedReducer2

[link_1]

defined_in = syst_1
coupling = var_2, var_5
path = SpeedReducer2

[link_4]
defined_in = syst 1

coupling = var_3, var_6
path = SpeedReducer2

Functional dependence table:

Columns:

: SpeedReducer2.G.x1
: SpeedReducer2.S1.x6
: SpeedReducer2.S2.x7
: SpeedReducer2.G.x2
SpeedReducer2.S1.x2
: SpeedReducer2.52.x2
SpeedReducer2.G.x3
: SpeedReducer2.52.x3
. SpeedReducer2.51.x3
. SpeedReducer2.S1.x4

COXNDUHRWNE

i

Speed reducer



70

11: SpeedReducer2.S2.x5

Rows:

1: SpeedReducer2.F2

2: SpeedReducer2.F3

3: SpeedReducer2.G.x2 -- SpeedReducer2.S1.x2
4: SpeedReducer2.G.x2 -- SpeedReducer2.52.x2
5: SpeedReducer2.G.x3 -- SpeedReducer2.52.x3
6: SpeedReducer2.G.x3 -- SpeedReducer2.S1.x3
7: SpeedReducer2.G.F1

8: SpeedReducer2.G.g5

9: SpeedReducer2.G.g6

10: SpeedReducer2.G.g9

11: SpeedReducer2.G.g10

12: SpeedReducer2.G.g11

13: SpeedReducer2.S1.F4

14: SpeedReducer2.S1.F6

15: SpeedReducer2.S1.g1

16: SpeedReducer2.51.93

17: SpeedReducer2.S1.g7

18: SpeedReducer2.S2.F5

19: SpeedReducer2.S2.F7

20: SpeedReducer2.52.g2

21: SpeedReducer2.S2.g4

22: SpeedReducer2.52.g8
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Portal frame

First partition

Partition specification ir:

comp Frame =
[ extvar Al, A2, A3, I1, 12, I3, F1, F2, F3
intvar u

objfunc m(Al, A2, A3)

confunc gd(u)

resfunc (F1, F2, F3, u) = af(Al, A2, A3, I1, 12, I3)
1l

comp Beam =

[ extvar A, I, F
intvar z, s
confunc gb(z, s)

. 9c(2)

Requirements



resfunc s = ab(F, 2)
 (Al) = ac(2)
I

syst Portal =
[ sub F: Frame, B1,B2,B3: Beam
link F.A1 -- B1.A, F.I1 -- Bll, F.F1 -- B1.F
, F.A2 - B2.A, F.I2 -- B2l, F.F2 -- B2.F
, F.A3 -- B3A, F.I3 -- B3.l, F.F3 -- B3.F

Il

topsyst Portal

Generated normalized patrtition:

[topsyst] [var_22]
system = syst_1 path = Portal.B3

name = s
[func_9] defined_in = Beam
path = Portal.B2
argvars = var_16 [var_23]
name = gc path = Portal.B3
defined_in = Beam name = A

defined_in = Beam
[func_8]
path = Portal.B2 [var_20]
argvars = var_16, var_17 path = Portal.B2
name = gb name = F
defined_in = Beam defined_in = Beam
[func_5] [var_21]
path = Portal.B1 path = Portal.B3
argvars = var_11 name = z
name = gc defined_in = Beam
defined_in = Beam

[func_11]
[func_4] path = Portal.B2
path = Portal.B1 resvars = var_18, var_19
argvars = var_11, var_12 argvars = var_16
name = gb name = ac
defined_in = Beam defined_in = Beam
[func_7] [func_10]
path = Portal.B1 path = Portal.B2
resvars = var_13, var_14 resvars = var_17
argvars = var_11 argvars = var_20, var_16
name = ac name = ab
defined_in = Beam defined_in = Beam
[func_6] [func_13]
path = Portal.B1 path = Portal.B3
resvars = var_12 argvars = var_21
argvars = var_15, var_11 name = gc
name = ab defined_in = Beam
defined_in = Beam

[func_12]
[func_1] path = Portal.B3
path = Portal.F argvars = var_21, var_22
argvars = var_2, var_3, var_4 name = gb
name = m defined_in = Beam
defined_in = Frame

[func_15]
[func_3] path = Portal.B3
path = Portal.F resvars = var_23, var_24
resvars = var_8, var_9, var_10, var_1 argvars = var_21
argvars = var_2, var_3, var_4, var_5, var_6, var_7 name = ac
name = af defined_in = Beam
defined_in = Frame

[func_14]
[func_2] path = Portal.B3
path = Portal.F resvars = var_22
argvars = var_1 argvars = var_25, var_21
name = gd name = ab
defined_in = Frame defined_in = Beam
[var_24] [var_9]
path = Portal.B3 path = Portal.F
name = | name = F2
defined_in = Beam defined_in = Frame
[var_25] [var_8]
path = Portal.B3 path = Portal.F
name = F name = F1
defined_in = Beam defined_in = Frame

Portal frame



[var_7] coupling_vars = var_25

path = Portal.F confuncs = func_12, func_13
name = I3 path = Portal.B3
defined_in = Frame type = Beam
[var_6] [comp_2]
path = Portal.F resfuncs = func_6, func_7
name = 12 name = Bl
defined_in = Frame local_resvars = var_12
coupling_resvars = var_14, var_13
[var_5] local_vars = var_11
path = Portal.F coupling_vars = var_15
name = I1 confuncs = func_4, func_5
defined_in = Frame path = Portal.B1
type = Beam
[var_4]
path = Portal.F [comp_3]
name = A3 resfuncs = func_10, func_11
defined_in = Frame name = B2
local_resvars = var_17
[var_3] coupling_resvars = var_19, var_18
path = Portal.F local_vars = var_16
name = A2 coupling_vars = var_20
defined_in = Frame confuncs = func_8, func_9
path = Portal.B2
[var_2] type = Beam
path = Portal.F
name = Al [syst_1]
defined_in = Frame path = Portal
type = Portal
[var_1] name = Portal
path = Portal.F links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9
name = u subs = comp_1, comp_2, comp_3, comp_4
defined_in = Frame
[link_9]
[var_17] defined_in = syst_1
path = Portal.B2 coupling = var_10, var_25
name = s path = Portal
defined_in = Beam
[link_8]
[var_16] defined_in = syst_1
path = Portal.B2 coupling = var_7, var_24
name = z path = Portal
defined_in = Beam
[comp_1]
[var_15] resfuncs = func_3
path = Portal.B1 name = F
name = F local_resvars = var_1
defined_in = Beam objfuncs = func_1
coupling_resvars = var_8, var_9, var_10
[var_14] coupling_vars = var_7, var_6, var_5, var_4, var_3, var_2
path = Portal.B1 confuncs = func_2
name = | path = Portal.F
defined_in = Beam type = Frame
[var_13] [link_3]
path = Portal.B1 defined_in = syst_1
name = A coupling = var_8, var_15
defined_in = Beam path = Portal
[var_12] [link_2]
path = Portal.B1 defined_in = syst_1
name = s coupling = var_5, var_14
defined_in = Beam path = Portal
[var_11] [link_1]
path = Portal.B1 defined_in = syst_1
name = z coupling = var_2, var_13
defined_in = Beam path = Portal
[var_10] [link_7]
path = Portal.F defined_in = syst 1
name = F3 coupling = var_4, var_23
defined_in = Frame path = Portal
[var_19] [link_6]
path = Portal.B2 defined_in = syst_1
name = | coupling = var_9, var_20
defined_in = Beam path = Portal
[var_18] [link_5]
path = Portal.B2 defined_in = syst_1
name = A coupling = var_6, var_19
defined_in = Beam path = Portal
[comp_4] [link_4]
resfuncs = func_14, func_15 defined_in = syst_1
name = B3 coupling = var_3, var_18
local_resvars = var_22 path = Portal

coupling_resvars = var_24, var_23
local_vars = var_21

Functional dependence table:

Requirements



Columns:

.F.AL

1: Portal

LF.I1
.BL.I

3: Portal
4: Portal

.B1.F
.F.A2
.B2.A

6. Portal
7: Portal
8: Portal
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Rows:

.F.A1 -- Portal.B1.A
.F.I1 -- Portal.B1.1

.F.F1 -- Portal.B1.F
.F.A2 -- Portal.B2.A
.F.I2 -- Portal.B2.I

.F.F2 -- Portal.B2.F
.F.A3 -- Portal.B3.A

1. Portal
2: Portal
3: Portal
4: Portal
5: Portal
6: Portal
7. Portal

.F.F3 -- Portal.B3.F

.F.m

9: Portal
10: Portal

.F.af

.B1.gb
.B1.gc

.Bl.ab

.Bl.ac

.B2.gb

.B2.ab

.B3.gc

.B3.ab

.B3.ac

12: Portal
13: Portal
14: Portal
15: Portal
16: Portal
17: Portal

19: Portal
20: Portal

22: Portal
23: Portal
24: Portal
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Second patrtition

Partition specification in:

comp Beam

73 Portal frame



[ extvar A, I, F
intvar z, s
confunc gb(z, s)
, 9c(2)
resfunc s = ab(F, 2)
.+ (A) = ac(z)
|

syst Portal2 =
[ intvar F1, F2, F3, u
sub B1,B2,B3: Beam
objfunc m(B1.A, B2.A, B3.A)
confunc gd(u)
resfunc (F1, F2, F3, u) = af(B1.A, B2.A, B3.A, B1.l, B2.l, B3.l)
link F1 -- B1.F, F2 -- B2.F, F3 -- B3.F

1

topsyst Portal2

Generated normalized partition:

[topsyst] defined_in = Beam
system = syst_1

[func_11]
[func_9] path = Portal2.B3
path = Portal2.B3 resvars = var_16
argvars = var_15, var_16 argvars = var_19, var_15
name = gb name = ab
defined_in = Beam defined_in = Beam
[func_8] [func_10]
path = Portal2.B2 path = Portal2.B3
resvars = var_12, var_13 argvars = var_15
argvars = var_10 name = gc
name = ac defined_in = Beam
defined_in = Beam

[func_13]
[func_5] path = Portal2
path = Portal2.B2 argvars = var_7, var_12, var_17
argvars = var_10, var_11 name = m
name = gb defined_in = Portal2
defined_in = Beam

[func_12]
[func_4] path = Portal2.B3
path = Portal2.B1 resvars = var_17, var_18
resvars = var_7, var_8 argvars = var_15
argvars = var_5 name = ac
name = ac defined_in = Beam
defined_in = Beam

[func_15]
[func_7] path = Portal2
path = Portal2.B2 resvars = var_1, var_2, var_3, var_4
resvars = var_11 argvars = var_7, var_12, var_17, var_8, var_13, var_18
argvars = var_14, var_10 name = af
name = ab defined_in = Portal2
defined_in = Beam

[func_14]
[func_6] path = Portal2
path = Portal2.B2 argvars = var_4
argvars = var_10 name = gd
name = gc defined_in = Portal2
defined_in = Beam

[var_9]
[func_1] path = Portal2.B1
path = Portal2.B1 name = F
argvars = var_5, var_6 defined_in = Beam
name = gb
defined_in = Beam [var_8]

path = Portal2.B1
[func_3] name = |
path = Portal2.B1 defined_in = Beam
resvars = var_6
argvars = var_9, var_5 [var_7]
name = ab path = Portal2.B1
defined_in = Beam name = A

defined_in = Beam
[func_2]
path = Portal2.B1 [var_6]
argvars = var_5 path = Portal2.B1
name = gc name = s
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defined_in = Beam

[var_5]

path = Portal2.B1
name = z
defined_in = Beam
[var_4]

path = Portal2
name = u

defined_in = Portal2

[var_3]
path = Portal2
name = F3

defined_in = Portal2

[var_2]
path = Portal2
name = F2

defined_in = Portal2

[var_1]
path = Portal2
name = F1

defined_in = Portal2

[var_17]
path = Portal2.B3
name = A

defined_in = Beam

[var_16]
path = Portal2.B3
name = s

defined_in = Beam

[var_15]
path = Portal2.B3
name = z

defined_in = Beam

[var_14]
path = Portal2.B2
name = F

defined_in = Beam

[var_13]

path = Portal2.B2
name =
defined_in = Beam

[var_12]
path = Portal2.B2
name = A

defined_in = Beam

[var_11]
path = Portal2.B2
name = s

defined_in = Beam

[var_10]
path = Portal2.B2
name = z

defined_in = Beam

[var_19]
path = Portal2.B3
name = F

defined_in = Beam

[var_18]

path = Portal2.B3
name = |
defined_in = Beam

[comp_2]

resfuncs = func_7, func_8

name = B2

local_resvars = var_13, var_12, var_11
local_vars = var_10

coupling_vars = var_14

confuncs = func_5, func_6

path = Portal2.B2

type = Beam

[comp_3]

resfuncs = func_11, func_12

name = B3

local_resvars = var_17, var_16, var_18
local_vars = var_15

coupling_vars = var_19

confuncs = func_9, func_10

path = Portal2.B3

type = Beam

[syst_1]

resfuncs = func_15

name = Portal2

links = link_1, link_2, link_3
local_resvars = var_4

objfuncs = func_13
coupling_resvars = var_3, var_2, var_1
confuncs = func_14

path = Portal2

type = Portal2

subs = comp_1, comp_2, comp_3

[comp_1]

resfuncs = func_3, func_4

name = Bl

local_resvars = var_7, var_6, var_8
local_vars = var_5

coupling_vars = var_9

confuncs = func_1, func_2

path = Portal2.B1
type = Beam
[link_3]

defined_in = syst 1
coupling = var_3, var_19
path = Portal2

[link_2]
defined_in = syst_1
coupling = var_2, var_14
path = Portal2

[link_1]
defined_in = syst 1
coupling = var_1, var_9
path = Portal2

Functional dependence table:

Columns:
1: Portal2.B1.A
2: Portal2.B2.A
3: Portal2.B3.A
4: Portal2.u

5. Portal2.B1.l
6. Portal2.B2.|
7. Portal2.B3.!
8: Portal2.F1

9: Portal2.F2

10: Portal2.F3

11: Portal2.B1.F
12: Portal2.B2.F
13: Portal2.B3.F
14: Portal2.B1.z
15: Portal2.Bl.s
16: Portal2.B2.z
17: Portal2.B2.s
18: Portal2.B3.z
19: Portal2.B3.s

Rows:
1: Portal2.m

Portal frame
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: Portal2.gd

. Portal2.af

. Portal2.F1 -- Portal2.B1.F
: Portal2.F2 -- Portal2.B2.F
: Portal2.F3 -- Portal2.B3.F
: Portal2.B1.gb

: Portal2.B1.gc

: Portal2.B1l.ab

10: Portal2.Bl.ac

11: Portal2.B2.gb

12: Portal2.B2.gc

13: Portal2.B2.ab

14: Portal2.B2.ac

15: Portal2.B3.gb

16: Portal2.B3.gc

17: Portal2.B3.ab

18: Portal2.B3.ac
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Chassis design

First partition

Partition specification ir:

comp Vehicle =
[ extvar a, b, Ksf, Ksr, Ktf, Ktr, Caf, Car

intvar wsf, wsr, wtf, wtr, kus

objfunc f(wsf, wsr, wtf, wtr, kus)

resfunc (wsf, wsr, wtf, wtr, kus) = al(a, b, Ksf, Ksr, Ktf, Ktr, Caf, Car)
1l

comp Tire =
[ extvar a, b, Ktf, Ktr, Pif, Pir

resfunc (Ktf, Ktr) = a3(Pif, Pir, a, b)
1l

comp Corner =
|[ extvar a, b, Caf, Car, Pif, Pir

resfunc (Caf, Car) = a4(Pif, Pir, a, b)
|

comp Suspension =
[ extvar Ks, KL, KB, LO

Requirements



77

intvar Zs

confunc gl(Zs, KL, KB, LO)
resfunc Ks = a2(Zs, KL, KB, LO)

Il

comp Spring =

[ extvar KL, KB, LO

intvar D, d, p

confunc g2(D, d, p)

resfunc (KL, KB) = a5(D, d, p, LO)

|

syst Chassis =

[ sub V: Vehicle, T: Tire, C: Corner

, Sf, Sr: Suspension, Spf, Spr: Spring

link V.a
, Vb
, V.Ktf
, V.Ktr

, V.Ksf

, Sf.LO

, Sf.KL
, Sf.KB

Il

topsyst Chassis

-- {T.a, C.a}, T.Pif -- C.Pif
- {T.b, C.b}, T.Pir -- C.Pir
, V.Caf -- C.Caf
, V.Car -- C.Car
, V.Ksr -- Sr.Ks
, Sr.LO -- Spr.LO
, Sr.KL -- Spr.KL
, Sr.KB -- Spr.KB

T.Ktf
T.Ktr
Sf.Ks
Spf.LO
Spf.KL
Spf.KB

Generated normalized partition:

[var_44]
path = Chassis.Spr
name = p

defined_in = Spring

[var_45]
path = Chassis.Spr
name = KL

defined_in = Spring

[var_46]
path = Chassis.Spr
name = KB

defined_in = Spring

[var_47]
path = Chassis.Spr
name = LO

defined_in = Spring

[var_40]
path = Chassis.Spf
name = KB

defined_in = Spring

[var_41]

path = Chassis.Spf
name = LO
defined_in = Spring

[var_42]
path = Chassis.Spr
name = D

defined_in = Spring

[var_43]
path = Chassis.Spr
name = d

defined_in = Spring

[func_11]
path = Chassis.Spr

Chassis design

argvars = var_42, var_43,

name = g2
defined_in = Spring

[func_10]
path = Chassis.Spf
resvars = var_39, var_40

argvars = var_36, var_37,

name = a5
defined_in = Spring

[func_12]
path = Chassis.Spr
resvars = var_45, var_46

argvars = var_42, var_43,

name = a5
defined_in = Spring

[var_9]
path = Chassis.V
name = Ksr

defined_in = Vehicle

[var_8]
path = Chassis.V
name = Ksf

defined_in = Vehicle

[var_7]
path = Chassis.V
name = b

defined_in = Vehicle

[var_6]
path = Chassis.V
name = a

defined_in = Vehicle

[var_5]

path = Chassis.V
name = kus
defined_in = Vehicle

var_44

var_38, var_41

var_44, var_47



[var_4]
path = Chassis.V
name = wtr

defined_in = Vehicle

[var_3]
path = Chassis.V
name = wif

defined_in = Vehicle

[var_2]

path = Chassis.V
name = wsr
defined_in = Vehicle

[var_1]
path = Chassis.V
name = wsf

defined_in = Vehicle

[func_9]

path = Chassis.Spf

argvars = var_36, var_37, var_38
name = g2

defined_in = Spring

[func_8]

path = Chassis.Sr

resvars = var_32

argvars = var_31, var_33, var_34, var_35
name = a2

defined_in = Suspension

[func_5]

path = Chassis.Sf

argvars = var_26, var_28, var_29, var_30
name = g1

defined_in = Suspension

[func_4]

path = Chassis.C

resvars = var_22, var_23

argvars = var_24, var_25, var_20, var_21
name = a4

defined_in = Corner

[func_7]

path = Chassis.Sr

argvars = var_31, var_33, var_34, var_35
name = gl

defined_in = Suspension

[func_6]

path = Chassis.Sf

resvars = var_27

argvars = var_26, var_28, var_29, var_30
name = a2

defined_in = Suspension

[func_1]

path = Chassis.V

argvars = var_1, var_2, var_3, var_4, var_5
name = f

defined_in = Vehicle

[func_3]

path = Chassis.T

resvars = var_16, var_17

argvars = var_18, var_19, var_14, var_15
name = a3

defined_in = Tire

[func_2]

path = Chassis.V

resvars = var_1, var_2, var_3, var_4, var_5

argvars = var_6, var_7, var_8, var_9, var_10, var_11, var_12, var_13
name = al

defined_in = Vehicle

[var_28]
path = Chassis.Sf
name = KL

defined_in = Suspension

[var_29]
path = Chassis.Sf
name = KB

defined_in = Suspension

[var_26]
path = Chassis.Sf
name = Zs

defined_in = Suspension

[var_27]
path = Chassis.Sf
name = Ks

defined_in = Suspension

[var_24]
path = Chassis.C
name = Pif
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defined_in = Corner

[var_25]

path = Chassis.C
name = Pir
defined_in = Corner

[var_22]

path = Chassis.C
name = Caf
defined_in = Corner

[var_23]
path = Chassis.C
name = Car

defined_in = Corner

[var_20]
path = Chassis.C
name = a

defined_in = Corner

[var_21]
path = Chassis.C
name = b

defined_in = Corner

[var_39]
path = Chassis.Spf
name = KL

defined_in = Spring

[var_38]
path = Chassis.Spf
name = p

defined_in = Spring

[var_35]
path = Chassis.Sr
name = LO

defined_in = Suspension

[var_34]
path = Chassis.Sr
name = KB

defined_in = Suspension

[var_37]
path = Chassis.Spf
name = d

defined_in = Spring

[var_36]
path = Chassis.Spf
name = D

defined_in = Spring

[var_31]
path = Chassis.Sr
name = Zs

defined_in = Suspension

[var_30]
path = Chassis.Sf
name = LO

defined_in = Suspension

[var_33]
path = Chassis.Sr
name = KL

defined_in = Suspension

[var_32]
path = Chassis.Sr
name = Ks

defined_in = Suspension

[link_9]
defined_in = syst_1
coupling = var_11, var_17
path = Chassis

[link_8]

defined_in = syst_1
coupling = var_12, var_22
path = Chassis

[link_3]
defined_in = syst_1
coupling = var_18, var_24
path = Chassis

link_2]
defined_in = syst 1
coupling = var_6, var_14
path = Chassis

[link_1]
defined_in = syst_1
coupling = var_6, var_20
path = Chassis

link_7]
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defined_in = syst 1
coupling = var_10, var_16
path = Chassis

[link_6]
defined_in = syst_1
coupling = var_19, var_25
path = Chassis

[link_5]
defined_in = syst 1
coupling = var_7, var_15
path = Chassis

[link_4]
defined_in = syst_1
coupling = var_7, var_21
path = Chassis

[topsyst]
system = syst 1

[var_17]
path = Chassis.T
name = Kitr

defined_in = Tire

[var_16]

path = Chassis.T
name = Ktf
defined_in = Tire
[var_15]

path = Chassis.T
name = b

defined_in = Tire

[var_14]
path = Chassis.T
name = a

defined_in = Tire

[var_13]

path = Chassis.V
name = Car
defined_in = Vehicle

[var_12]

path = Chassis.V
name = Caf
defined_in = Vehicle
[var_11]

path = Chassis.V
name = Ktr

defined_in = Vehicle

[var_10]
path = Chassis.V
name = Ktf
defined_in = Vehicle
[var_19]

path = Chassis.T
name = Pir

defined_in = Tire

[var_18]
path = Chassis.T
name = Pif

defined_in = Tire

[syst_1]
path = Chassis
type = Chassis

name = Chassis
links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10,
subs = comp_1, comp_2, comp_3, comp_4, comp_5, comp_6, comp_7

[link_13]
defined_in = syst_1
coupling = var_30, var_41
path = Chassis

[link_12]
defined_in = syst 1
coupling = var_9, var_32
path = Chassis

[link_11]
defined_in = syst_1
coupling = var_8, var_27
path = Chassis

link_10]

defined_in = syst 1

coupling = var_13, var_23

path = Chassis

[link_17]
defined_in = syst_1

coupling = var_29, var_40

path = Chassis

[link_16]
defined_in = syst 1

coupling = var_33, var_45

path = Chassis

[link_15]
defined_in = syst_1

coupling = var_28, var_39

path = Chassis

[link_14]
defined_in = syst 1

coupling = var_35, var_47

path = Chassis

[link_18]
defined_in = syst 1

coupling = var_34, var_46

path = Chassis

[comp_6]
resfuncs = func_10
name = Spf

coupling_resvars = var_39, var_40
local_vars = var_37, var_36, var_38

coupling_vars = var_41
confuncs = func_9
path = Chassis.Spf
type = Spring

[comp_7]
resfuncs = func_12
name = Spr

coupling_resvars = var_45, var_46
local_vars = var_44, var_42, var_43

coupling_vars = var_47
confuncs = func_11
path = Chassis.Spr
type = Spring

[comp_4]
resfuncs = func_6
name = Sf

coupling_resvars = var_27

local_vars = var_26

coupling_vars = var_30, var_28, var_29

confuncs = func_5
path = Chassis.Sf
type = Suspension

[comp_5]
resfuncs = func_8
name = Sr

coupling_resvars = var_32

local_vars = var_31

coupling_vars = var_35, var_34, var_33

confuncs = func_7
path = Chassis.Sr
type = Suspension

[comp_2]
resfuncs = func_3
name = T

coupling_resvars = var_17, var_16
coupling_vars = var_15, var_14, var_19, var_18

path = Chassis.T
type = Tire

link_11, link_12, link_13, link_14, link_15, link_16, link_17, link_18

[comp_3]
resfuncs = func_4
name = C

coupling_resvars = var_22, var_23
coupling_vars = var_24, var_25, var_20, var_21

Chassis.C
Corner

path =
type =
[comp_1]

resfuncs = func_2
name = V

local_resvars = var_5, var_4, var_3, var_2, var_1

objfuncs = func_1

coupling_vars = var_13, var_12, var_11, var_10, var_9, var_8, var_7, var_6

path = Chassis.V
type = Vehicle
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Functional dependence table

Columns:

1: Chassis.V.a
2: Chassis.C.a

4. Chassis.T.Pif

5: Chassis.C.Pif
6: Chassis.V.b
7: Chassis.C.b
8: Chassis.T.b

9: Chassis.T.Pir
10: Chassis.C.Pir
11: Chassis.V.Ktf
12: Chassis.T.Ktf

13: Chassis.V.Caf
14: Chassis.C.Caf
15: Chassis.V.Kir
16: Chassis.T.Ktr

17: Chassis.V.Car
18: Chassis.C.Car

20: Chassis.Sf.Ks

21: Chassis.V.Ksr

22: Chassis.Sr.Ks
23: Chassis.Sf.LO

24: Chassis.Spf.LO
25: Chassis.Sr.LO

27: Chassis.Sf.KL

28: Chassis.Spf.KL
29: Chassis.Sr.KL

30: Chassis.Spr.KL
31: Chassis.Sf.KB

32: Chassis.Spf.KB
33: Chassis.Sr.KB

34: Chassis.Spr.KB
35: Chassis.V.wsf

36: Chassis.V.wsr
37: Chassis.V.wtf

38: Chassis.V.wtr

40: Chassis.Sf.Zs

41: Chassis.Sr.Zs

42: Chassis.Spf.D
43: Chassis.Spf.d
44: Chassis.Spf.p

45: Chassis.Spr.D
46: Chassis.Spr.d

47: Chassis.Spr.p

Rows:

1: Chassis.V.a -- Chassis.C.a

2: Chassis.V.a -- Chassis.T.a

3: Chassis.T.Pif -- Chassis.C.Pif
4. Chassis.V.b -- Chassis.C.b

5: Chassis.V.b -- Chassis.T.b

6: Chassis.T.Pir -- Chassis.C.Pir

8: Chassis.V.Caf -- Chassis.C.Caf

9: Chassis.V.Ktr -- Chassis.T.Ktr

11: Chassis.V.Ksf -- Chassis.Sf.Ks

12: Chassis.V.Ksr -- Chassis.Sr.Ks

14: Chassis.Sr.LO -- Chassis.Spr.LO

15: Chassis.Sf.KL -- Chassis.Spf.KL

16: Chassis.Sr.KL -- Chassis.Spr.KL

17: Chassis.Sf.KB -- Chassis.Spf.KB

18: Chassis.Sr.KB -- Chassis.Spr.KB

19: Chassis.V.f

20: Chassis.V.al
21: Chassis.T.a3
22: Chassis.C.a4

23: Chassis.Sf.g1
24: Chassis.Sf.a2

25: Chassis.Sr.gl
26: Chassis.Sr.a2

27: Chassis.Spf.g2
28: Chassis.Spf.a5
29: Chassis.Spr.g2
30: Chassis.Spr.a5

o
o
o

Coooo0o0O0OO0O0OO0OOOOOOO
S80S ddc ST
0000000000
SRRy SRR NCNC NN NN RSNy
08000800
Cdd0 S8 ST
000 dd0 S0
SRR N kAR RCRC RN NN NSNS
0800080
00008 ddc ST
OSSO0 Sddc ST
[SRCNCNC NN RS ReNCNC NN NN RSNy
0800 ddc ST
0800 ddc 0T
00 ddc ST
00000000000
Coddcddcocdcc ST
08000 dc g0 HD
Cdd0SdddcddccS T HD
000 C 000000 cS oo aTa
0000000000000 =TT
CddodcdoddcoddocodcSad
Cddo0dddocddccSoHdTaaT
000080 dooHoS T
0000000000 oHoT ST
080 ddc g0 -HodSa T
Cddo0dddc S0 -HodTS T
OSSO0 SddcddHc ST T
SRR NN kA RCRCR NN NN RNy
CddodcdddcodocddcS T
Cddo0cdddccdo0c ST
S0 Sdddoc "0 T
000 CC0d0-HO00CS o0 T T
Cdddc g
080 cdoddHodc ST
S80S d0ddc ST
Cd00CS0+d0000 S0
0000000000 0SS ST
080 Hddc S0
Cddo0-Hddcddc ST
00+ 000 0000
Cddddddcddcc oSS
Coddcdddcddoc ST
Cdd0dddcddoc ST
000 dcddo ST
0000000000 oSS ST
dTHdd0dcdddcddoc ST
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Second patrtition

Partition specification ir:

comp Vehicle =

extvar a, b, Ksf, Ksr, Ktf, Ktr, Caf, Car

Il

intvar wsf, wsr, wtf, wtr, kus

objfunc f(wsf, wsr, wtf, wtr, kus)

resfunc (wsf, wsr, wtf, wtr, kus) = al(a, b, Ksf, Ksr, Ktf, Ktr, Caf, Car)

comp Tire

extvar a, b, Ktf, Ktr, Pif, Pir

Il

= a3(Pif, Pir, a, b)

resfunc (Ktf, Kitr)

comp Corner

extvar a, b, Caf, Car, Pif, Pir

Il

resfunc (Caf, Car) = a4(Pif, Pir, a, b)

comp Suspension

Il

extvar Ks, KL, KB, LO

intvar Zs
confunc gl(Zs, KL, KB, LO)

a2(zs, KL, KB, LO)

resfunc Ks

comp Spring

Il

extvar KL, KB, LO

intvar D, d, p
confunc g2(D, d, p)

resfunc (KL, KB) = a5(D, d, p, LO)

syst SuspSpring =

Il

sub S: Suspension, Sp: Spring

link S.LO -- Sp.LO, S.KL -- Sp.KL, S.KB -- Sp.KB

alias Ks = S.Ks
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syst Chassis2 =
[ sub V: Vehicle, T: Tire, C: Corner
, Sf, Sr: SuspSpring
-- {T.a, C.a}, T.Pif -- C.Pif
-- {T.b, C.b}, T.Pir -- C.Pir
, V.Caf -- C.Caf

link V.a
, Vb
, V.Ktf

, V.Ktr V.Car -- C.Car
, V.Ksf -- SfKs , V.Ksr -- Sr.Ks
1l
topsyst Chassis2
Generated normalized partition:
[var_44] [var_7]
path = Chassis2.Sr.Sp path = Chassis2.V
name = p name = b

defined_in = Spring

[var_45]
path = Chassis2.Sr.Sp
name = KL

defined_in = Spring

[var_46]
path = Chassis2.Sr.Sp
name = KB

defined_in = Spring

[var_47]
path = Chassis2.Sr.Sp
name = LO

defined_in = Spring

[var_40]
path = Chassis2.Sr.S
name = KB

defined_in = Suspension

[var_41]
path = Chassis2.Sr.S
name = LO

defined_in = Suspension

[var_42]
path = Chassis2.Sr.Sp
name = D

defined_in = Spring

[var_43]

path = Chassis2.Sr.Sp
name = d

defined_in = Spring

[func_11]
path = Chassis2.Sr.Sp

argvars = var_42, var_43, var_44

name = g2
defined_in = Spring

[func_10]
path = Chassis2.Sr.S
resvars = var_38

argvars = var_37, var_39, var_40, var_41

name = a2
defined_in = Suspension

[func_12]
path = Chassis2.Sr.Sp
resvars = var_45, var_46

argvars = var_42, var_43, var_44, var_47

name = a5
defined_in = Spring

[var_9]
path = Chassis2.V
name = Ksr

defined_in = Vehicle

[var_8]
path = Chassis2.V
name = Ksf

defined_in = Vehicle
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defined_in = Vehicle

[var_6]
path = Chassis2.V
name = a

defined_in = Vehicle

[var_5]
path = Chassis2.vV
name = kus

defined_in = Vehicle

[var_4]
path = Chassis2.V
name = wtr

defined_in = Vehicle

[var_3]
path = Chassis2.V
name = wif

defined_in = Vehicle

[var_2]

path = Chassis2.V
name = wsr
defined_in = Vehicle

[var_1]
path = Chassis2.V
name = wsf

defined_in = Vehicle

[func_9]

path = Chassis2.Sr.S
argvars = var_37, var_39,
name = gl

defined_in = Suspension

[func_8]

path = Chassis2.5f.Sp
resvars = var_34, var_35
argvars = var_31, var_32,
name = a5

defined_in = Spring

[func_5]

path = Chassis2.Sf.S
argvars = var_26, var_28,
name = gl

defined_in = Suspension

[func_4]

path = Chassis2.C
resvars = var_22, var_23
argvars = var_24, var_25,
name = a4

defined_in = Corner

[func_7]

path = Chassis2.Sf.Sp
argvars = var_31, var_32,
name = g2

defined_in = Spring

[func_6]
path = Chassis2.Sf.S
resvars = var_27

var_40,

var_33,

var_29,

var_20,

var_33

var_41

var_36

var_30

var_21
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argvars = var_26, var_28, var_29, var_30
name = a2
defined_in = Suspension

[func_1]

path = Chassis2.V

argvars = var_1, var_2, var_3, var_4, var_5
name = f

defined_in = Vehicle

[func_3]

path = Chassis2.T

resvars = var_16, var_17

argvars = var_18, var_19, var_14, var_15
name = a3

defined_in = Tire

[func_2]

path = Chassis2.V

resvars = var_1, var_2, var_3, var_4, var_5

argvars = var_6, var_7, var_8, var_9, var_10, var_11, var_12, var_13
name = al

defined_in = Vehicle

[var_28]
path = Chassis2.Sf.S
name = KL

defined_in = Suspension

[var_29]
path = Chassis2.Sf.S
name = KB

defined_in = Suspension

[var_26]
path = Chassis2.Sf.S
name = Zs

defined_in = Suspension

[var_27]
path = Chassis2.Sf.S
name = Ks

defined_in = Suspension

[var_24]
path = Chassis2.C
name = Pif

defined_in = Corner

[var_25]
path = Chassis2.C
name = Pir

defined_in = Corner

[var_22]
path = Chassis2.C
name = Caf

defined_in = Corner

[var_23]
path = Chassis2.C
name = Car

defined_in = Corner

[var_20]
path = Chassis2.C
name = a

defined_in = Corner

[var_21]
path = Chassis2.C
name = b

defined_in = Corner

[var_39]
path = Chassis2.Sr.S
name = KL

defined_in = Suspension

[var_38]
path = Chassis2.Sr.S
name = Ks

defined_in = Suspension

[var_35]
path = Chassis2.Sf.Sp
name = KB

defined_in = Spring

[var_34]
path = Chassis2.Sf.Sp
name = KL

defined_in = Spring

[var_37]
path = Chassis2.Sr.S
name = Zs

defined_in = Suspension

[var_36]
path = Chassis2.Sf.Sp
name = LO

defined_in = Spring
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[var_31]

path = Chassis2.Sf.Sp
name = D

defined_in = Spring

[var_30]
path = Chassis2.Sf.S
name = LO

defined_in = Suspension

[var_33]
path = Chassis2.Sf.Sp
name = p

defined_in = Spring

[var_32]

path = Chassis2.Sf.Sp
name = d

defined_in = Spring

[link_9]
defined_in = syst 1
coupling = var_18, var_24
path = Chassis2

link_8]
defined_in = syst_1
coupling = var_6, var_14
path = Chassis2

[link_3]
defined_in = syst 2
coupling = var_29, var_35
path = Chassis2.Sf

link_2]
defined_in = syst_2
coupling = var_28, var_34
path = Chassis2.Sf

[link_1]
defined_in = syst 2
coupling = var_30, var_36
path = Chassis2.Sf

[link_7]
defined_in = syst_1
coupling = var_6, var_20
path = Chassis2

[link_6]
defined_in = syst 3
coupling = var_40, var_46
path = Chassis2.Sr

[link_5]
defined_in = syst 3
coupling = var_39, var_45
path = Chassis2.Sr

[link_4]
defined_in = syst 3
coupling = var_41, var_47
path = Chassis2.Sr

[topsyst]
system = syst_1

[var_17]

path = Chassis2.T
name = Kitr
defined_in = Tire

[var_16]
path = Chassis2.T
name = Ktf

defined_in = Tire

[var_15]
path = Chassis2.T
name = b

defined_in = Tire

[var_14]
path = Chassis2.T
name = a

defined_in = Tire

[var_13]
path = Chassis2.V
name = Car

defined_in = Vehicle

[var_12]

path = Chassis2.V
name = Caf
defined_in = Vehicle

[var_11]
path = Chassis2.V
name = Kir

defined_in = Vehicle
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coupling = var_12, var_22

[var_10] path = Chassis2
path = Chassis2.V
name = Kif [link_18]
defined_in = Vehicle defined_in = syst_1
coupling = var_9, var_38
[var_19] path = Chassis2
path = Chassis2.T
name = Pir [comp_6]
defined_in = Tire resfuncs = func_10
name = S
[var_18] coupling_resvars = var_38
path = Chassis2.T local_vars = var_37
name = Pif coupling_vars = var_39, var_40, var_41
defined_in = Tire confuncs = func_9
path = Chassis2.Sr.S
[syst_2] type = Suspension
path = Chassis2.Sf
type = SuspSpring [comp_7]
name = Sf resfuncs = func_12
links = link_1, link_2, link_3 name = Sp
subs = comp_4, comp_5 coupling_resvars = var_45, var_46
local_vars = var_44, var_42, var_43
[syst_3] coupling_vars = var_47
path = Chassis2.Sr confuncs = func_11
type = SuspSpring path = Chassis2.Sr.Sp
name = Sr type = Spring
links = link_4, link_5, link_6
subs = comp_6, comp_7 [comp_4]
resfuncs = func_6
[syst_1] name = S
path = Chassis2 coupling_resvars = var_27
type = Chassis2 local_vars = var_26
name = Chassis2 coupling_vars = var_30, var_28, var_29
links = link_7, link_8, link_9, link_10, link_11, link_12, link_13, link_14, link_15, linkoh@yntisk=17unk

18
.S

subs = comp_1, comp_2, comp_3, syst 2, syst 3 path = Chassis2.
type = Suspension
[link_13]
defined_in = syst_1 [comp_5]
coupling = var_10, var_16 resfuncs = func_8
path = Chassis2 name = Sp
coupling_resvars = var_35, var_34
[link_12] local_vars = var_31, var_33, var_32
defined_in = syst_1 coupling_vars = var_36
coupling = var_19, var_25 confuncs = func_7
path = Chassis2 path = Chassis2.Sf.Sp
type = Spring
[link_11]
defined_in = syst_1 [comp_2]
coupling = var_7, var_15 resfuncs = func_3
path = Chassis2 name = T
coupling_resvars = var_17, var_16
[link_10] coupling_vars = var_15, var_14, var_19, var_18
defined_in = syst_1 path = Chassis2.T
coupling = var_7, var_21 type = Tire
path = Chassis2
[comp_3]
[link_17] resfuncs = func_4
defined_in = syst_1 name = C
coupling = var_8, var_27 coupling_resvars = var_22, var_23
path = Chassis2 coupling_vars = var_24, var_25, var_20, var_21
path = Chassis2.C
[link_16] type = Corner
defined_in = syst 1
coupling = var_13, var_23 [comp_1]
path = Chassis2 resfuncs = func_2
name = V
[link_15] local_resvars = var_5, var_4, var_3, var_2, var_1
defined_in = syst_1 objfuncs = func_1
coupling = var_11, var_17 coupling_vars = var_13, var_12, var_11, var_10, var_9, var_8, var_7, var_6
path = Chassis2 path = Chassis2.V
type = Vehicle
[link_14]

defined_in = syst 1

Functional dependence table:

Columns:

: Chassis2.V.a

: Chassis2.C.a

: Chassis2.T.a

: Chassis2.T.Pif
: Chassis2.C.Pif
: Chassis2.V.b

: Chassis2.C.b

: Chassis2.T.b

. Chassis2.T.Pir
10: Chassis2.C.Pir
11: Chassis2.V.Ktf
12: Chassis2.T .Ktf
13: Chassis2.V.Caf
14: Chassis2.C.Caf
15: Chassis2.V.Kitr
16: Chassis2.T.Ktr
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8: Chassis2.V.Caf -- Chassis2.C.Caf

9: Chassis2.V.Ktr -- Chassis2.T.Ktr
26: Chassis2.Sr.S.KB -- Chassis2.Sr.Sp.KB

27: Chassis2.Sr.S.g1

25: Chassis2.Sr.S.KL -- Chassis2.Sr.Sp.KL
28: Chassis2.Sr.S.a2

19: Chassis2.Sf.S.KB -- Chassis2.5f.Sp.KB
24: Chassis2.Sr.S.LO -- Chassis2.Sr.Sp.LO

20: Chassis2.5f.S.g1

18: Chassis2.Sf.S.KL -- Chassis2.Sf.Sp.KL
21: Chassis2.5f.S.a2

1: Chassis2.V.a -- Chassis2.C.a

2: Chassis2.V.a -- Chassis2.T.a

3: Chassis2.T.Pif -- Chassis2.C.Pif

5. Chassis2.V.b -- Chassis2.T.b

6. Chassis2.T.Pir -- Chassis2.C.Pir

7: Chassis2.V.Ktf -- Chassis2.T.Ktf

10: Chassis2.V.Car -- Chassis2.C.Car
11: Chassis2.V.Ksf -- Chassis2.Sf.S.Ks
12: Chassis2.V.Ksr -- Chassis2.Sr.S.Ks
17: Chassis2.Sf.S.L0 -- Chassis2.Sf.Sp.LO

17: Chassis2.V.Car
18: Chassis2.C.Car
19: Chassis2.V.Ksf
20: Chassis2.Sf.S.Ks
21: Chassis2.V.Ksr
22: Chassis2.Sr.S.Ks
23: Chassis2.V.wsf
24: Chassis2.V.wsr
25: Chassis2.V.wtf
27: Chassis2.V.kus
28: Chassis2.Sf.S.L0O
29: Chassis2.Sf.Sp.LO
30: Chassis2.Sf.S.KL
31: Chassis2.Sf.Sp.KL
32: Chassis2.Sf.S.KB
33: Chassis2.5f.Sp.KB
34: Chassis2.5f.S.Zs
35: Chassis2.5f.Sp.D
36: Chassis2.Sf.Sp.d
37: Chassis2.5f.Sp.p
38: Chassis2.Sr.S.LO
39: Chassis2.Sr.Sp.LO
40: Chassis2.Sr.S.KL
41: Chassis2.Sr.Sp.KL
43: Chassis2.Sr.Sp.KB
44: Chassis2.Sr.S.Zs
45: Chassis2.Sr.Sp.D
46: Chassis2.Sr.Sp.d
47: Chassis2.Sr.Sp.p
14: Chassis2.V.al
15: Chassis2.T.a3
16: Chassis2.C.a4
22: Chassis2.Sf.Sp.g2
23: Chassis2.Sf.Sp.a5
29: Chassis2.Sr.Sp.g2
30: Chassis2.Sr.Sp.a5

Rows:

Cocooooooooooo
[SRCNCNC NN X E=R-RR)
SRR N N RSN NC NN
cddocodgddcodc o
Sddoccdddc ST
[SECNCNC NN X=R=R-RCNo)
SRR NN kA RSNCRCN )
cddocodgddcodc o
Sddoccdoddc oo
CSddoccdddcS s
[SECNCNC e N X A=R-RCNCN)
cddoccdgddcddc o
Scddocdoddc s
oo ddS IS
[SECNCNC NN X A=R-RCNCRo)
codococddc s
codoccdddocddc o
oo ddS s
SRR CNC NN N k=R RCRCR)
SRR N N kGRS RSRCNC NN
codocdgddcddc o
Sddoccdddc ST
SRR CNC NN N ECE=RCRCR)
SRR NN kA RENCRCNe)
cddocodgddcodc o
oo ddc ST
OO0 0 S dd T TH
[SRCNCNC N kAR RCR o)
codocodgddcSaHa
ScddocodogdocoHda o
SdodoccdddcadHT o
SRR NC N N X A= RCRCR)
codocodddcHIT o
cddocodgdgdHodTc o
SdodoccdoddHddc o
oo cSoHoSSdT o
OodococooHooST o
codocodgdocddoc o
SddoccHdodoSddc o
[SECRCNCR NN XCR=RCNCNo)
oo Hdooocc oSS T o
coddHdodcodc o
Scododddcsdc o
Sododdodcddc o

0o dooc oSO

[ E=R-E-R-N-N-N-N-R-N-N-)
Ldidoodocododocadadao

OC0oo0oO0O0OO0OOOO0OOOOOOOOHH
0000000000000 H
0000000000000 T o e
000008 ddc oS HdT T
000 ddcddcoSoHdTSTda
OO0 dddddcdcdcHdddd
00000000000 HoS ST
Cododcdddcddc o doddTd o
000 dddcddc "o ST
C0ddoddddddcdSdHdEdT
00000000 HHi000S ST
CddodcdddcdddoScddd T
oo ddddddodo ST
00 dddHdd0 o0 ST
000 CS0H000H000S ST
Cododcddddddc oSS
oo ddcddHoooddTd T
oo -dddddc S
000 +H000CSdHo00S ST
oo +ddddd00 0SS 3T
00 cdddcddccoo ST
00 dddcdddccoo ST
000000 ddoc o o0 ST
000000000000 o
00 cdddcddcocooSTSI T
000008 ddc ST HI T
C+Hi00dddSdddc oS3
000000000000 TST T
Cid0cdddc ST
Cddddddcddc ST
CHid0dddcdddc oS3
C0i0000C0 0000003 T
000580 ddc ST
Cd0ddddc g
CHid0dddcdddc oS3
000000 S0 0 00T
CHi00C0C0C00C000000TTSS o
Cddddddcddc oS
Cdd0dddcddc ST
OO0 00dd0 o0
000000000000 To
CHid0dddcddc oSS
S0 ddddc g ST
C0+di0dddcdddc oS
000000000000 T
Cddddddc ST

CHid0dddcdddc oS
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6 Business jet

First partition

Partition specification in:

comp Range =
[ extvar h, M, LD, SFC, Wt, Wf
intvar R
objfunc fr(R)
resfunc R= ar(h, M, LD, SFC, Wt, W)

|

comp Struc =
[ extvar ysa, Wf, We, L, Wt, tw

intvar xs

confunc gs(ysa, xs, We, L)

resfunc (Wt, Wf, tw) = as(ysa, xs, We, L)
1l

comp Aero =
[ extvar ysa, h, M, LD, ESF, D, L, Wt, tw

intvar xa

confunc ga(ysa, xa, h, M, ESF, Wt, tw)

resfunc (L, LD, D) = aa(ysa, xa, h, M, ESF, Wt, tw)
|

comp Prop =
[ extvar h, M, SFC, ESF, D, We

intvar xp

confunc gp(xp, h, M, D)

resfunc (ESF, We, SFC) = ap(xp, h, M, D)
Il

syst Jet =
[ sub R: Range, S: Struc, A: Aero, P: Prop
link RLD -- ALD , Rh - {Ah, P.h}
, RWf -- swf |, RM - {AM, P.M}
, RwWt -- SwWt , RSFC -- P.SFC
,AD - PD , AESF -- P.ESF
, Aysa -- Siysa , AL - S.L

, AWt - SWt , Atw -- Sitw
, PWe -- SWe

1

topsyst Jet

Generated normalized partition:
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[link_13]
defined_in = syst 1
coupling = var_23, var_13
path = Jet

[topsyst]
system = syst_1

[func_8]

path = Jet.P

resvars = var_29, var_31, var_28
argvars = var_25, var_26, var_27, var_30
name = ap

defined_in = Prop

[link_12]
defined_in = syst_1
coupling = var_22, var_12
path = Jet

path = JetA

argvars = var_16, var_15, var_17, var_18, var_20, var_23, var_24
name = ga

defined_in = Aero

[func_4]

path = Jet.S

resvars = var_13, var_10, var_14
argvars = var_9, var_8, var_11, var_12
name = as

defined_in = Struc

[func_7]

path = Jet.P

argvars = var_25, var_26, var_27, var_30
name = gp

defined_in = Prop

[func_6]

path = JetA

resvars = var_22, var_19, var_21

argvars = var_16, var_15, var_17, var_18, var_20, var_23, var_24
name = aa

defined_in = Aero

[func_1]
path = Jet.R
argvars = var_1
name = fr
defined_in = Range

[link_11]
defined_in = syst 1
coupling = var_16, var_9
path = Jet

[func_3]
path = Jet.S

argvars = var_9, var_8, var_11, var_12
name = gs

defined_in = Struc

[func_2]

path = Jet.R

resvars = var_1

argvars = var_2, var_3, var_4, var_5, var_6, var_7
name = ar

defined_in = Range

[link_10]
defined_in = syst_1
coupling = var_20, var_29

path = Jet
[var_28]

path = Jet.P
name = SFC
defined_in = Prop
[var_29]

path = Jet.P
name = ESF

defined_in = Prop

[var_26]
path = Jet.P
name = h

defined_in = Prop

[var_27]
path = Jet.P
name = M

defined_in = Prop

[var_24]
path = JetA
name = tw

defined_in = Aero

[var_25]
path = Jet.P
name = xp
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defined_in = Prop

[var_22]
path = JetA
name = L

defined_in = Aero

[var_23]
path = JetA
name = Wt

defined_in = Aero

[var_20]
path = JetA
name = ESF

defined_in = Aero

[var_21]
path = Jet.A
name = D

defined_in = Aero

[link_15]
defined_in = syst_1
coupling = var_31, var_11
path = Jet

[comp_2]

resfuncs = func_4

name = S

coupling_resvars = var_14, var_13, var_10
local_vars = var_8

coupling_vars = var_9, var_12, var_11
confuncs = func_3

path = Jet.S
type = Struc
[link_14]

defined_in = syst_1
coupling = var_24, var_14
path = Jet

[comp_3]

resfuncs = func_6

name = A

coupling_resvars = var_22, var_19, var_21

local_vars = var_15

coupling_vars = var_17, var_16, var_18, var_24, var_23, var_20
confuncs = func_5

path = Jet.A
type = Aero
[var_9]

path = Jet.S

name = ysa
defined_in = Struc

[var_8]
path = Jet.S
name = Xxs

defined_in = Struc

[var_7]
path = Jet.R
name = Wf

defined_in = Range

[var_6]
path = Jet.R
name = Wt

defined_in = Range

[var_5]
path = Jet.R
name = SFC

defined_in = Range

[var_4]
path = JetR
name = LD

defined_in = Range

[var_3]
path = Jet.R
name = M

defined_in = Range

[var_2]
path = Jet.R
name = h

defined_in = Range

[var_1]
path = Jet.R
name = R

defined_in = Range

[var_17]
path = JetA
name = h

defined_in = Aero

[var_16]
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path = JetA
name = ysa
defined_in = Aero

[var_15]
path = Jet.A
name = xa

defined_in = Aero

[var_14]
path = Jet.S
name = tw

defined_in = Struc

[var_13]
path = Jet.S
name = Wt

defined_in = Struc

[var_12]
path = Jet.S
name = L

defined_in = Struc

[var_11]
path = Jet.S
name = We

defined_in = Struc

[var_10]
path = Jet.S
name = Wf

defined_in = Struc

[var_19]
path = JetA
name = LD

defined_in = Aero

[var_18]
path = Jet.A
name = M

defined_in = Aero

[comp_4]

resfuncs = func_8

name = P

coupling_resvars = var_31, var_28, var_29
local_vars = var_25

coupling_vars = var_26, var_27, var_30
confuncs = func_7

path = Jet.P

type = Prop

[var_31]

path = Jet.P
name = We
defined_in = Prop

[var_30]
path = Jet.P
name = D

defined_in = Prop

[syst_1]

path = Jet

type = Jet

name = Jet

links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10, link_11, link_12, link_13, link_14, link_15
subs = comp_1, comp_2, comp_3, comp_4

[link_9]

defined_in = syst_ 1
coupling = var_21, var_30
path = Jet

[link_8]

defined_in = syst_1
coupling = var_5, var_28
path = Jet

[comp_1]

resfuncs = func_2

name = R

local_resvars = var_1

objfuncs = func_1

coupling_vars = var_7, var_6, var_5, var_4, var_3, var_2

path = JetR
type = Range
link_3]

defined_in = syst_1
coupling = var_2, var_26
path = Jet

[link_2]
defined_in = syst_1
coupling = var_2, var_17
path = Jet

[link_1]

defined_in = syst_1
coupling = var_4, var_19
path = Jet

[link_7]
defined_in = syst_1
coupling = var_6, var_13
path = Jet

link_6]
defined_in = syst_1
coupling = var_3, var_18
path = Jet

[link_5]
defined_in = syst_1
coupling = var_3, var_27
path = Jet

[link_4]
defined_in = syst_1
coupling = var_7, var_10
path = Jet

Functional dependence table:

Columns:

: JetR.LD
2: JetALD
3: JetR.h

4: JetAh

5: Jet.P.h
6
7
8

-

: Jet R.WF

: Jet.S.Wf

. JetR.M
9: Jet.P.M
10: JetAM
11: JetR.Wt
12: Jet.S.Wt
13: Jet.R.SFC
14: JetP.SFC
15: JetA.D
16: JetP.D
17: Jet AESF
18: Jet.P.ESF
19: JetAysa
20: Jet.S.ysa
21: JetA.L
22: JetS.L
23: Jet AWt
24: JetAtw
25: Jet.S.tw
26: Jet.P.We
27: Jet.S.We

Requirements



1: JetR.LD -- JetA.LD
2: JetR.h -- JetAh

3: JetR.h -- JetP.h

4: JetR.Wf -- Jet.S.Wf
5: JetR.M -- JetP.M

6: JetR.M -- JetAM

7: JetR.Wt -- Jet.S.Wt
8: Jet.R.SFC -- Jet.P.SFC
9: JetAD -- JetP.D

10: JetA.ESF -- Jet.P.ESF
11: JetAysa - Jet.S.ysa
12: JetA.L -- JetS.L

15: Jet.P.We -- Jet.S.We

16: Jet.R.fr

14: JetAtw -- Jet.S.tw
17: JetR.ar

13: JetAWt -- Jet.S.Wt

28: JetR.R
29: Jet.S.xs
30: JetAxa
31: Jet.P.xp
18: Jet.S.gs
19: Jet.S.as
20: JetAga
21: JetA.aa
22: Jet.P.gp
23: Jet.P.ap

Rows:

C0O00O000O000O000O000O0O00O0OH

1

o
L4000 000000000000-H000000

aa(ysa, xa, h, M, ESF, Wt, tw)

as(ysa, xs, We, L)

ar(h, M, LD, SFC, Wt, Wf)

, ga(ysa, xa, h, M, ESF, Wt, tw)

resfunc (Wt, Wf, tw)
, (L, LD, D)

objfunc fr(R)
intvar ysa, xs, xa, L, tw
confunc gs(ysa, xs, We, L)

resfunc R

intvar R
extvar h, M, ESF, We, LD, D, Wt, Wf

extvar h, M, LD, SFC, Wt, Wf

Partition specification in:

Second partition
comp Range
comp StrucAero

Il
Il
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comp Prop =
[ extvar h, M, SFC, ESF, D, We

intvar xp

confunc gp(xp, h, M, D)

resfunc (ESF, We, SFC) = ap(xp, h, M, D)
Il

syst Jet2 =
[ sub R: Range, SA: StrucAero, P: Prop
link R.LD -- SA.LD , R.h -- {SA.h, P.h}

, RWf -- SAWf , RM - {SAM, P.M}
, RWt -- SAWt , RSFC -- P.SFC

, SAD - P.D , SAESF -- P.ESF

, P.We - SAWe

|

topsyst Jet2

Generated normalized partition:

[topsyst] name = ar
system = syst_1 defined_in = Range
[func_8] [link_10]
path = Jet2.P defined_in = syst_1
resvars = var_25, var_27, var_24 coupling = var_15, var_25
argvars = var_21, var_22, var_23, var_26 path = Jet2
name = ap
defined_in = Prop [var_26]
path = Jet2.P
[func_5] name = D
path = Jet2.SA defined_in = Prop
resvars = var_19, var_20, var_12
argvars = var_8, var_9, var_16, var_11 [var_27]
name = as path = Jet2.P
defined_in = StrucAero name = We
defined_in = Prop
[func_4]
path = Jet2.SA [var_24]
argvars = var_8, var_10, var_13, var_14, var_15, var_19, var_12 path = Jet2.P
name = ga name = SFC
defined_in = StrucAero defined_in = Prop
[func_7] [var_25]
path = Jet2.P path = Jet2.P
argvars = var_21, var_22, var_23, var_26 name = ESF
name = gp defined_in = Prop
defined_in = Prop
[var_22]
[func_6] path = Jet2.P
path = Jet2.SA name = h
resvars = var_11, var_17, var_18 defined_in = Prop
argvars = var_8, var_10, var_13, var_14, var_15, var_19, var_12
name = aa [var_23]
defined_in = StrucAero path = Jet2.P
name = M
[func_1] defined_in = Prop
path = Jet2.R
argvars = var_1 [var_20]
name = fr path = Jet2.SA
defined_in = Range name = Wf
defined_in = StrucAero
[link_11]
defined_in = syst 1 [var_21]
coupling = var_27, var_16 path = Jet2.P
path = Jet2 name = xp
defined_in = Prop
[func_3]
path = Jet2.SA [var_9]
argvars = var_8, var_9, var_16, var_11 path = Jet2.SA
name = gs name = xs
defined_in = StrucAero defined_in = StrucAero
[func_2] [var_8]
path = Jet2.R path = Jet2.SA
resvars = var_1 name = ysa
argvars = var_2, var_3, var_4, var_5, var_6, var_7 defined_in = StrucAero
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[var_7]
path = Jet2.R
name = Wf

defined_in = Range

[var_6]
path = Jet2.R
name = Wt

defined_in = Range

[var_5]

path = Jet2.R
name = SFC
defined_in = Range
[var_4]

path = Jet2.R
name = LD

defined_in = Range

[var_3]
path = Jet2.R
name = M

defined_in = Range

[var_2]
path = Jet2.R
name = h

defined_in = Range

[var_1]
path = Jet2.R
name = R

defined_in = Range

[var_17]
path = Jet2.SA
name = LD

defined_in = StrucAero

[var_16]
path = Jet2.SA
name = We

defined_in = StrucAero

[var_15]
path = Jet2.SA
name = ESF

defined_in = StrucAero

[var_14]
path = Jet2.SA
name = M

defined_in = StrucAero

[var_13]
path = Jet2.SA
name = h

defined_in = StrucAero

[var_12]
path = Jet2.SA
name = tw

defined_in = StrucAero

[var_11]
path = Jet2.SA
name = L

defined_in = StrucAero

[var_10]
path = Jet2.SA
name = xa

defined_in = StrucAero

[var_19]

path = Jet2.SA

name = Wt

defined_in = StrucAero
[var_18]

path = Jet2.SA

name = D

defined_in = StrucAero

[comp_2]

resfuncs = func_5, func_6

name = SA

local_resvars = var_12, var_11

coupling_resvars = var_17, var_20, var_19, var_18
local_vars = var_10, var_9, var_8

coupling_vars = var_16, var_15, var_14, var_13
confuncs = func_3, func_4

path = Jet2.SA

type = StrucAero

[comp_3]

resfuncs = func_8

name = P

coupling_resvars = var_27, var_24, var_25
local_vars = var_21

coupling_vars = var_26, var_22, var_23
confuncs = func_7

path = Jet2.P

type = Prop

[syst_1]

path = Jet2

type = Jet2

name = Jet2

links =

subs = comp_1, comp_2, comp_3
[link_9]

defined_in = syst 1
coupling = var_18, var_26
path = Jet2

[link_8]
defined_in = syst_1
coupling = var_5, var_24
path = Jet2

[comp_1]

resfuncs = func_2
name = R
local_resvars = var_1
objfuncs = func_1

coupling_vars = var_7, var_6, var_5, var_4, var_3, var_2

path = Jet2.R
type = Range
[link_3]

defined_in = syst_1
coupling = var_2, var_13
path = Jet2

[link_2]
defined_in = syst_1
coupling = var_2, var_22
path = Jet2

flink_1]
defined_in = syst_1
coupling = var_4, var_17
path = Jet2

[link_7]
defined_in = syst_1
coupling = var_6, var_19
path = Jet2

link_6]
defined_in = syst_1
coupling = var_3, var_14
path = Jet2

[link_5]
defined_in = syst 1
coupling = var_3, var_23
path = Jet2

[link_4]

defined_in = syst_1
coupling = var_7, var_20
path = Jet2

Functional dependence table:

Columns:

1. Jet2.R.LD
2: Jet2.SA.LD
3: Jet2.R.h
4: Jet2.P.h
5: Jet2.SA.h

Business jet

link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10, link_11



1: Jet2.R.LD -- Jet2.SA.LD
3: Jet2.R.h -- Jet2.SA.h
4: Jet2. RWf - Jet2. SA.Wf
5. Jet2R.M -- Jet2.P.M
6: Jet2.R.M -- Jet2.SAM
7: Jet2.R.Wt -- Jet2.SA.Wt

8: Jet2.R.SFC -- Jet2.P.SFC

10: Jet2.SA.ESF -- Jet2.P.ESF
11: Jet2.P.We -- Jet2.SA.We

6: Jet2.R.Wf
7: Jet2. SA.Wf
9: Jet2.P.M
10: Jet2.SAM
12: Jet2.SA.Wt
13: Jet2.R.SFC
15: Jet2.SAD
17: Jet2. SAESF
18: Jet2.P.ESF
19: Jet2.P.We
20: Jet2.SA.We
22: Jet2.SAysa
23: Jet2.SA.xs
25: Jet2.SA.xa
26: Jet2.SA.tw
27: Jet2.P.xp
13: Jet2.R.ar
14: Jet2.SA.gs
16: Jet2.SA.as
17: Jet2.SA.aa
18: Jet2.P.gp
19: Jet2.P.ap

Rows:

O0O0O0O0O0O0O00O000O0O00O0O -
Cddocdddcoddoc oo dddo o
Cdd0dddcddoc oo Hadc o
0000 ddddc 8T HTddI T
000000000000 HTHST S
Cddodcdddcoddocooddddo o
CddoddddcddcHdd0S TS
0000 ddddcHdocdddd I
000000000000 S TSSO
08088 dd0 00T H
000080 d 8o HaH3 T
000000033 e
000 CC000 00000 HT T
0008800 H
CddodddHdoddcocdoSddc o
00033 THddd I
0008000000 H0SdT T
0000 dd0ddodoc oo HddHdd T
00008000000
08 dddddc 3T
00+ 000 000000 HTT T
0000000000 H0SSST o
cododddocoddococooHado o
S008I =
Cddddddddcdd-dddTII T
F100C0O000000000S0T-HaTa
rDrLQQQQQQQQD,D,QLQQQQQQ

ar(h, M, LD, SFC, Wt, Wf)

objfunc fr(R)
resfunc R

extvar h, M, LD, SFC, Wt, Wf
intvar R

Third partition

Partition specification inv:

comp Range

comp Struc

[ extvar ysa, Wf, We, L, Wt, tw

Il
I
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intvar xs
confunc gs(ysa, xs, We, L)
resfunc (Wt, Wf, tw) = as(ysa, xs, We, L)

Il
comp Aero =
[ extvar ysa, h, M, LD, ESF, D, L, Wt, tw
intvar xa
confunc ga(ysa, xa, h, M, ESF, Wt, tw)
resfunc (L, LD, D) = aa(ysa, xa, h, M, ESF, Wt, tw)
Il
comp Prop =
[ extvar h, M, SFC, ESF, D, We
intvar xp
confunc gp(xp, h, M, D)
resfunc (ESF, We, SFC) = ap(xp, h, M, D)
|

syst StrucAero2 =
[ sub S: Struc, A: Aero
link Alysa -- Siysa , AL -- S.L
, AWt - SWt , Atw - Siw
alias Wf = SWf , ESF = AESF
, We = SWe , LD = ALD

, Wt = SWt , D = AD
, h = Ah , M =AM
syst Jet2 =
[ sub R: Range, SA: StrucAero2, P: Prop
link RLD -- SALD , R.h -~ {SAh, P.n}

, RWf - SAWf , RM -~ {SAM, P.M}

, Rwt -- SAWt , RSFC -- P.SFC

, SAD --PD , SA.ESF -- P.ESF

, PWe - SAWe
topsyst Jet2
Generated normalized partition:
[link_13] path = Jet2
defined_in = syst 1
coupling = var_21, var_30 [func_5]
path = Jet2 path = Jet2.SA.A

argvars = var_16, var_15, var_17, var_18, var_20, var_23, var_24

[topsyst] name = ga
system = syst_1 defined_in = Aero
[func_8] [func_4]
path = Jet2.P path = Jet2.SA.S
resvars = var_29, var_31, var_28 resvars = var_13, var_10, var_14
argvars = var_25, var_26, var_27, var_30 argvars = var_9, var_8, var_11, var_12
name = ap name = as
defined_in = Prop defined_in = Struc
[link_12] [func_7]
defined_in = syst_1 path = Jet2.P
coupling = var_5, var_28 argvars = var_25, var_26, var_27, var_30
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name = gp

defined_in = Prop [link_14]
defined_in = syst_1

[func_6] coupling = var_20, var_29

path = Jet2.SA.A path = Jet2

resvars = var_22, var_19, var_21

argvars = var_16, var_15, var_17, var_18, var_20, var_23, var_24 [comp_3]

name = aa resfuncs = func_6

defined_in = Aero name = A
coupling_resvars = var_22, var_19, var_21

[func_1] local_vars = var_15

path = Jet2.R coupling_vars = var_17, var_16, var_18, var_24, var_23, var_20

argvars = var_1 confuncs = func_5

name = fr path = Jet2.SA.A

defined_in = Range type = Aero

[link_11] [var_9]

defined_in = syst_1 path = Jet2.SA.S

coupling = var_6, var_13 name = ysa

path = Jet2 defined_in = Struc

[func_3] [var_8]

path = Jet2.SA.S path = Jet2.SA.S

argvars = var_9, var_8, var_11, var_12 name = xs

name = gs defined_in = Struc

defined_in = Struc
[var_7]

[func_2] path = Jet2.R

path = Jet2.R name = Wf

resvars = var_1 defined_in = Range

argvars = var_2, var_3, var_4, var_5, var_6, var_7

name = ar [var_6]

defined_in = Range path = Jet2.R
name = Wt

[link_10] defined_in = Range

defined_in = syst_1

coupling = var_3, var_18 [var_5]

path = Jet2 path = Jet2.R
name = SFC

[var_28] defined_in = Range

path = Jet2.P

name = SFC [var_4]

defined_in = Prop path = Jet2.R
name = LD

[var_29] defined_in = Range

path = Jet2.P

name = ESF [var_3]

defined_in = Prop path = Jet2.R
name = M

[var_26] defined_in = Range

path = Jet2.P

name = h [var_2]

defined_in = Prop path = Jet2.R
name = h

[var_27] defined_in = Range

path = Jet2.P

name = M [var_1]

defined_in = Prop path = Jet2R
name = R

[var_24] defined_in = Range

path = Jet2.SA.A

name = tw [var_17]

defined_in = Aero path = Jet2.SA.A
name = h

[var_25] defined_in = Aero

path = Jet2.P

name = xp [var_16]

defined_in = Prop path = Jet2.SA.A
name = ysa

[var_22] defined_in = Aero

path = Jet2.SA.A

name = L [var_15]

defined_in = Aero path = Jet2.SA.A
name = xa

[var_23] defined_in = Aero

path = Jet2.SA.A

name = Wt [var_14]

defined_in = Aero path = Jet2.SA.S
name = tw

[var_20] defined_in = Struc

path = Jet2.SA.A

name = ESF [var_13]

defined_in = Aero path = Jet2.SA.S
name = Wt

[var_21] defined_in = Struc

path = Jet2.SA.A

name = D [var_12]

defined_in = Aero path = Jet2.SA.S
name = L

[link_15] defined_in = Struc

defined_in = syst_1

coupling = var_31, var_11 [var_11]

path = Jet2 path = Jet2.SA.S
name = We

[comp_2] defined_in = Struc

resfuncs = func_4

name = S [var_10]

coupling_resvars = var_14, var_13, var_10 path = Jet2.SA.S

local_vars = var_8 name = Wf

coupling_vars = var_9, var_12, var_11 defined_in = Struc

confuncs = func_3

path = Jet2.SA.S [syst_2]

type = Struc path = Jet2.SA
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type = StrucAero2 path = Jet2.R

name = SA type = Range
links = link_1, link_2, link_3, link_4
subs = comp_2, comp_3 [link_9]
defined_in = syst_1
[var_19] coupling = var_3, var_27
path = Jet2.SA.A path = Jet2
name = LD
defined_in = Aero [link_8]
defined_in = syst 1
[var_18] coupling = var_7, var_10
path = Jet2.SA.A path = Jet2
name = M
defined_in = Aero [link_3]
defined_in = syst 2
[syst_1] coupling = var_23, var_13
path = Jet2 path = Jet2.SA
type = Jet2
name = Jet2 [link_2]
links = link_5, link_6, link_7, link_8, link_9, link_10, link_11, link_12, link_13, link_téfidietk it6= syst_2
subs = comp_1, comp_4, syst 2 coupling = var_22, var_12
path = Jet2.SA
[comp_4]
resfuncs = func_8 [link_1]
name = P defined_in = syst_2
coupling_resvars = var_31, var_28, var_29 coupling = var_16, var_9
local_vars = var_25 path = Jet2.SA
coupling_vars = var_26, var_27, var_30
confuncs = func_7 [link_7]
path = Jet2.P defined_in = syst_1
type = Prop coupling = var_2, var_17
path = Jet2
[var_31]
path = Jet2.P [link_6]
name = We defined_in = syst 1
defined_in = Prop coupling = var_2, var_26
path = Jet2
[var_30]
path = Jet2.P [link_5]
name = D defined_in = syst_1
defined_in = Prop coupling = var_4, var_19
path = Jet2
[comp_1]
resfuncs = func_2 [link_4]
name = R defined_in = syst 2
local_resvars = var_1 coupling = var_24, var_14
objfuncs = func_1 path = Jet2.SA

coupling_vars = var_7, var_6, var_5, var_4, var_3, var_2

Functional dependence table:

Columns:

1: Jet2.R.LD
2: Jet2.SA.AALD
3: Jet2.R.h
4: Jet2.P.h
5: Jet2.SA.Ah
6: Jet2.R.Wf
7: Jet2.SA.S.Wf
8. Jet2.R.M

9: Jet2.P.M

10: Jet2.SAAM
11: Jet2.R.Wt

12: Jet2.SA.S.Wt
13: Jet2.R.SFC
14: Jet2.P.SFC
15: Jet2.SAA.D
16: Jet2.P.D

17: Jet2.SA.A.ESF
18: Jet2.P.ESF
19: Jet2.P.We
20: Jet2.SA.S.We
21: Jet2.R.R

22: Jet2.P.xp

23: Jet2.SA.Aysa
24: Jet2.SA.S.ysa
25: Jet2.SAAALL
26: Jet2.SAS.L
27: Jet2. SA. AWt
28: Jet2.SA.A.tw
29: Jet2.SA.S.tw
30: Jet2.SA.S.xs
31: Jet2.SA.Axa

Rows:

1: Jet2.R.LD -- Jet2.SA.AA.LD
2: Jet2.R.h -- Jet2.P.h

3: Jet2.R.h -- Jet2.SAAh
4: Jet2. RWf -- Jet2.SA.S.Wf
5: Jet2.R.M -- Jet2.P.M

6: Jet2.R.M -- Jet2.SAAM
7: Jet2. RWt -- Jet2.SA.S.Wt
8: Jet2.R.SFC -- Jet2.P.SFC
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1

11: Jet2.P.We -- Jet2.SA.S.We

12: Jet2.R.fr
13: Jet2.R.ar
14: Jet2.P.gp

15: Jet2.P.ap
16: Jet2.SA.Aysa -- Jet2.SA.S.ysa

17: Jet2.SAAALL -- Jet2.SAS.L
19: Jet2.SAAtw - Jet2.SA.S.tw

20: Jet2.SA.S.gs
21: Jet2.SA.S.as
22: Jet2.SAA.ga

18: Jet2.SA. AWt -- Jet2.SA.S.Wt
23: Jet2.SA.Aaa

9: Jet2.SAAD -- Jet2.P.D
10: Jet2.SA.A.ESF -- Jet2.P.ESF

Ldoccoccococococoood

0,
0,
0,
0,
0,
0,
0,
0,
0,
0,

ap(xp, h, M, D)

as(ysa, xs, We, L)
aa(ysa, xa, h, M, ESF, Wt, tw)

confunc ga(ysa, xa, h, M, ESF, Wt, tw)

resfunc (L, LD, D)
resfunc (ESF, We, SFC)

confunc gs(ysa, xs, We, L)
confunc gp(xp, h, M, D)

resfunc (Wt, WF, tw)

intvar xa
intvar xp

intvar xs
extvar ysa, h, M, LD, ESF, D, L, Wt, tw

extvar h, M, SFC, ESF, D, We

extvar ysa, Wf, We, L, Wt, tw

intvar R

Partition specification in:

Fourth partition
comp Struc =

Il

1l

comp Aero
Il

|

comp Prop
Il

1l

syst Jet3
Il
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sub S: Struc, A: Aero, P: Prop
objfunc fr(R)
resfunc R= ar(A.h, AM, A.LD, P.SFC, S.Wt, S.Wf)
link A.h -- P.h , AM - P.M
, AD -- PD , A.ESF -- P.ESF
, Aysa -- Siysa , AL -- S.L
, AWtL - SWt |, Atw - Sitw
, PWe -- SWe

Il

topsyst Jet3

Generated normalized patrtition:

[topsyst] [var_23]
system = syst_1 path = Jet3.P
name = ESF
[func_8] defined_in = Prop
path = Jet3
resvars = var_1 [var_20]
argvars = var_11, var_12, var_13, var_22, var_7, var_4 path = Jet3.P
name = ar name = h
defined_in = Jet3 defined_in = Prop
[func_5] [var_21]
path = Jet3.P path = Jet3.P
argvars = var_19, var_20, var_21, var_24 name = M
name = gp defined_in = Prop
defined_in = Prop
[var_9]
[func_4] path = Jet3.A
path = Jet3.A name = xa
resvars = var_16, var_13, var_15 defined_in = Aero
argvars = var_10, var_9, var_11, var_12, var_14, var_17, var_18
name = aa [var_8]
defined_in = Aero path = Jet3.S
name = tw
[func_7] defined_in = Struc
path = Jet3
argvars = var_1 [var_7]
name = fr path = Jet3.S
defined_in = Jet3 name = Wt
defined_in = Struc
[func_6]
path = Jet3.P [var_6]
resvars = var_23, var_25, var_22 path = Jet3.S
argvars = var_19, var_20, var_21, var_24 name = L
name = ap defined_in = Struc
defined_in = Prop
[var_5]
[func_1] path = Jet3.S
path = Jet3.S name = We
argvars = var_3, var_2, var_5, var_6 defined_in = Struc
name = gs
defined_in = Struc [var_4]
path = Jet3.S
[func_3] name = Wf
path = Jet3.A defined_in = Struc
argvars = var_10, var_9, var_11, var_12, var_14, var_17, var_18
name = ga [var_3]
defined_in = Aero path = Jet3.S
name = ysa
[func_2] defined_in = Struc
path = Jet3.S
resvars = var_7, var_4, var_8 [var_2]
argvars = var_3, var_2, var_5, var_6 path = Jet3.S
name = as name = xs
defined_in = Struc defined_in = Struc
[var_24] [var_1]
path = Jet3.P path = Jet3
name = D name = R
defined_in = Prop defined_in = Jet3
[var_25] [var_17]
path = Jet3.P path = Jet3.A
name = We name = Wt
defined_in = Prop defined_in = Aero
[var_22] [var_16]
path = Jet3.P path = Jet3.A
name = SFC name = L
defined_in = Prop defined_in = Aero
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[var_15] name = Jet3

path = Jet3.A links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9
name = D local_resvars = var_1
defined_in = Aero objfuncs = func_7
path = Jet3
[var_14] type = Jet3
path = Jet3.A subs = comp_1, comp_2, comp_3
name = ESF
defined_in = Aero [link_9]
defined_in = syst_ 1
[var_13] coupling = var_25, var_5
path = Jet3.A path = Jet3
name = LD
defined_in = Aero [link_8]
defined_in = syst_1
[var_12] coupling = var_18, var_8
path = Jet3.A path = Jet3
name = M
defined_in = Aero [comp_1]
resfuncs = func_2
[var_11] name = S
path = Jet3.A local_resvars = var_4
name = h coupling_resvars = var_7, var_8
defined_in = Aero local_vars = var_2
coupling_vars = var_6, var_5, var_3
[var_10] confuncs = func_1
path = Jet3.A path = Jet3.S
name = ysa type = Struc
defined_in = Aero
[link_3]
[var_19] defined_in = syst 1
path = Jet3.P coupling = var_15, var_24
name = Xxp path = Jet3
defined_in = Prop
[link_2]
[var_18] defined_in = syst_1
path = Jet3.A coupling = var_12, var_21
name = tw path = Jet3
defined_in = Aero
[link_1]
[comp_2] defined_in = syst_1
resfuncs = func_4 coupling = var_11, var_20
name = A path = Jet3
local_resvars = var_13
coupling_resvars = var_16, var_15 [link_7]
local_vars = var_9 defined_in = syst_1
coupling_vars = var_17, var_14, var_12, var_11, var_10, var_18 coupling = var_17, var_7
confuncs = func_3 path = Jet3
path = Jet3.A
type = Aero [link_6]
defined_in = syst 1
[comp_3] coupling = var_16, var_6
resfuncs = func_6 path = Jet3
name = P
local_resvars = var_22 [link_5]
coupling_resvars = var_25, var_23 defined_in = syst_1
local_vars = var_19 coupling = var_10, var_3
coupling_vars = var_24, var_20, var_21 path = Jet3
confuncs = func_5
path = Jet3.P [link_4]
type = Prop defined_in = syst_1
coupling = var_14, var_23
[syst_1] path = Jet3

resfuncs = func_8

Functional dependence table:

Columns:

1: Jet3.R
2: Jet3.Ah
3: Jet3.AM
4: Jet3. ALD
5: Jet3.P.SFC
6: Jet3.S.Wt
7: Jet3.S.Wf
8: Jet3.P.h
9: Jet3.P.M
10: Jet3.AD
11: Jet3.P.D
12: Jet3.A.ESF
13: Jet3.P.ESF
14: Jet3.A.ysa
15: Jet3.S.ysa
16: Jet3. AL
17: Jet3.S.L
18: Jet3.A.Wt
19: Jet3.Atw
20: Jet3.S.tw
21: Jet3.P.We
22: Jet3.S.We
23: Jet3.S.xs
24: Jet3.Axa
25: Jet3.P.xp
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Rows:

1: Jet3.fr

2: Jet3.ar

3: Jet3. Ah -- Jet3.P.h

4: Jet3.AM -- Jet3.P.M

5. Jet3.AD -- Jet3.P.D

6: Jet3.A[ESF -- Jet3.P.ESF
7: Jet3.Aysa -- Jet3.S.ysa
8: Jet3. AL -- Jet3.S.L

9: Jet3 AWt -- Jet3.S.Wt

10: Jet3.Atw -- Jet3.S.tw
11: Jet3.P.We -- Jet3.S.We
12: Jet3.S.gs

13: Jet3.S.as

14: Jet3.A.ga

15: Jet3.A.aa

16: Jet3.P.gp

17: Jet3.P.ap

v}
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Micro-accelerometer

First partition

Partition specification in:

comp Circuit =
[ extvar Sm, anm, Sd, Cp, VsO
intvar Ca, Gni, Sc, S, an, afs
confunc gdevice(S, an, afs)
, gcirc(Ca, Cp)
resfunc (S, an, afs) = adevice(Sm, Sd, Sc, anm, Vs0)
, Sc = acirc(Vs0, Ca, Gni)
Il

comp Dynamics =
[ extvar Sm, anm, m, J, b, kxm, kxe, ky, kth

intvar wx, wy, wth, w3dB

confunc gdyn(wx, wy, wth, w3dB)

resfunc (Sm, anm, wx, wy, wth, w3dB) = adyn(m, J, b, kxm, kxe, ky, kth)
1l

comp Geometry =
[ extvar m, J, b, kxm, kxe, ky, kth, Sd, Cp, VsO
intvar A, Ip, wp, Ibl, b2, wb, wb2, If, lov, gs, gsu, g¢f, gfu, gx, wf, ws, Vd
, amaxpi, amaxls, amaxst, xpull, I, wspr, wfin, Ifin

Micro-accelerometer



objfunc f(A)
confunc gmass(lp, wp, If, lov, gs, gsu, gf, gfu, gx, wf, ws)
, gspr(lp, wp, Ibl, b2, wb, wb2)
, garea(gx, Ib2, I, wspr, wfin, Ifin, A)
, gelec(gs, gx, xpull, kxe, kxm, amaxpi, amaxls, amaxst)
resfunc (A, m, J, b, wfin, Ifin) = amass(lp, wp, If, lov, gs, gsu, gdf, gfu, gx, wf, ws)
, (kxm, ky, kth, wspr, 1) = aspr(lp, wp, Ibl, b2, wb, wb2)
, (Sd, kxe, amaxpi, amaxls, amaxst, xpull, Cp)
= aelec(m, kxm, Ip, wp, If, lov, gs, gf, gx, wf, ws, VsO, Vd)

1

syst Accelerometer =
[ sub C: Circuit, D: Dynamics, G: Geometry

link C.Sm -- D.Sm , C.anm -- D.anm
, C.Sd -- G.8&d , C.VsO -- G.VsO
, C.Cp -- G.Cp , D.kxm -- G.kxm
, Dm -- Gm , Dkxe -- G.kxe
,DJ - GJ , Dky -- Gky
, Db --Gb D.kth -- G.kth

|

topsyst Accelerometer

Generated normalized partition:

[var_48] path = Accelerometer.G
path = Accelerometer.G argvars = var_34, var_38, var_45, var_54, var_53, var_42, var_43, var_44
name = wfin name = gelec
defined_in = Geometry defined_in = Geometry
[var_49] [func_10]
path = Accelerometer.G path = Accelerometer.G
name = Ifin argvars = var_38, var_29, var_46, var_47, var_48, var_49, var_25
defined_in = Geometry name = garea
defined_in = Geometry
[var_44]
path = Accelerometer.G [func_13]
name = amaxst path = Accelerometer.G
defined_in = Geometry resvars = var_53, var_55, var_56, var_47, var_46
argvars = var_26, var_27, var_28, var_29, var_30, var_31
[var_45] name = aspr
path = Accelerometer.G defined_in = Geometry
name = xpull
defined_in = Geometry [func_12]
path = Accelerometer.G
[var_46] resvars = var_25, var_50, var_51, var_52, var_48, var_49
path = Accelerometer.G argvars = var_26, var_27, var_32, var_33, var_34, var_35, var_36, var_37, var_38, var_39, var_40
name = | name = amass
defined_in = Geometry defined_in = Geometry
[var_47] [func_14]
path = Accelerometer.G path = Accelerometer.G
name = wspr resvars = var_57, var_54, var_42, var_43, var_44, var_45, var_58
defined_in = Geometry argvars = var_50, var_53, var_26, var_27, var_32, var_33, var_34, var_36, var_38, var_39, var_40, var_59, var_41

[var_40]

path = Accelerometer.G
name = ws

defined_in = Geometry

[var_41]

path = Accelerometer.G
name = Vd

defined_in = Geometry

name = aelec
defined_in = Geometry

[var_9]

path = Accelerometer.C
name = Sd

defined_in = Circuit

[var_8]
path = Accelerometer.C
name = anm

[var_42] defined_in = Circuit

path = Accelerometer.G

name = amaxpi [var_7]

defined_in = Geometry path = Accelerometer.C
name = Sm

[var_43]

path = Accelerometer.G
name = amaxls
defined_in = Geometry

[func_11]
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defined_in = Circuit

[var_6]
path = Accelerometer.C
name = afs

defined_in = Circuit



[var_5]

path = Accelerometer.C
name = an

defined_in = Circuit

[var_4]

path = Accelerometer.C
name = S

defined_in = Circuit

[var_3]

path = Accelerometer.C
name = Sc

defined_in = Circuit

[var_2]

path = Accelerometer.C
name = Gni

defined_in = Circuit

[var_1]

path = Accelerometer.C
name = Ca

defined_in = Circuit

[var_59]
path = Accelerometer.G
name = Vs0

defined_in = Geometry

[var_58]
path = Accelerometer.G
name = Cp

defined_in = Geometry

[var_53]

path = Accelerometer.G
name = kxm
defined_in = Geometry

[var_52]

path = Accelerometer.G
name = b

defined_in = Geometry

[var_51]
path = Accelerometer.G
name = J

defined_in = Geometry

[var_50]

path = Accelerometer.G
name = m

defined_in = Geometry

[var_57]

path = Accelerometer.G
name = Sd

defined_in = Geometry

[var_56]

path = Accelerometer.G
name = kth

defined_in = Geometry

[var_55]
path = Accelerometer.G
name = ky

defined_in = Geometry

[var_54]
path = Accelerometer.G
name = kxe

defined_in = Geometry

[func_9]
path = Accelerometer.G

argvars = var_26, var_27, var_28, var_29, var_30, var_31

name = gspr
defined_in = Geometry

[func_8]
path = Accelerometer.G

argvars = var_25
name = f
defined_in = Geometry

[func_6]
path = Accelerometer.D

resvars = var_16, var_17, var_12, var_13, var_14, var_15
= var_18, var_19, var_20, var_21, var_22, var_23, var_24

argvars
name = adyn
defined_in = Dynamics

[func_1]
path = Accelerometer.C

argvars = var_4, var_5, var_6

name = gdevice
defined_in = Circuit

[func_3]
path = Accelerometer.C

resvars = var_4, var_5, var_6
argvars = var_7, var_9, var_3, var_8, var_11

name = adevice
defined_in = Circuit

[func_2]
path = Accelerometer.C
argvars = var_1, var_10
name = gcirc
defined_in = Circuit

[var_28]

path = Accelerometer.G
name = Ibl

defined_in = Geometry

[var_29]
path = Accelerometer.G
name = b2

defined_in = Geometry

[var_26]
path = Accelerometer.G
name = Ip

defined_in = Geometry

[var_27]
path = Accelerometer.G
name = wp

defined_in = Geometry

[var_24]

path = Accelerometer.D
name = kth

defined_in = Dynamics

[var_25]

path = Accelerometer.G
name = A

defined_in = Geometry

[var_22]
path = Accelerometer.D
name = kxe

defined_in = Dynamics

[var_23]
path = Accelerometer.D
name = ky

defined_in = Dynamics

[var_20]

path = Accelerometer.D
name = b

defined_in = Dynamics

[var_21]

path = Accelerometer.D
name = kxm
defined_in = Dynamics

[var_39]

path = Accelerometer.G
name = wf

defined_in = Geometry

argvars = var_26, var_27, var_32, var_33, var_34, var_35, var_36, var_37, var_38, var_39, var_40

name = gmass
defined_in = Geometry

[func_5]
path = Accelerometer.D

argvars = var_12, var_13, var_14, var_15

name = gdyn
defined_in = Dynamics

[func_4]
path = Accelerometer.C
resvars = var_3

argvars = var_11, var_1, var_2

name = acirc
defined_in = Circuit

[func_7]
path = Accelerometer.G
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[var_38]
path = Accelerometer.G
name = gx

defined_in = Geometry

[var_35]

path = Accelerometer.G
name = gsu

defined_in = Geometry

[var_34]
path = Accelerometer.G
name = gs

defined_in = Geometry

[var_37]
path = Accelerometer.G
name = gfu



defined_in = Geometry [var_14]

path = Accelerometer.D
[var_36] name = wth
path = Accelerometer.G defined_in = Dynamics
name = gf
defined_in = Geometry [var_13]

path = Accelerometer.D
[var_31] name = wy

path = Accelerometer.G
name = wb2
defined_in = Geometry

[var_30]
path = Accelerometer.G
name = wb

defined_in = Dynamics

[var_12]

path = Accelerometer.D
name = wx

defined_in = Dynamics

defined_in = Geometry [var_11]
path = Accelerometer.C
[var_33] name = VsO

path = Accelerometer.G
name = lov

defined_in = Circuit

defined_in = Geometry [var_10]
path = Accelerometer.C
[var_32] name = Cp

path = Accelerometer.G
name = If
defined_in = Geometry

[link_9]

defined_in = syst_1
coupling = var_19, var_51
path = Accelerometer

[link_8]
defined_in = syst_1
coupling = var_22, var_54
path = Accelerometer

[link_3]

defined_in = syst_1
coupling = var_9, var_57
path = Accelerometer

[link_2]
defined_in = syst_1
coupling = var_8, var_17
path = Accelerometer

[link_1]

defined_in = syst_1
coupling = var_7, var_16
path = Accelerometer

[link_7]
defined_in = syst_1
coupling = var_18, var_50
path = Accelerometer

defined_in = Circuit

[var_19]
path = Accelerometer.D
name = J

defined_in = Dynamics

[var_18]

path = Accelerometer.D
name = m

defined_in = Dynamics

[syst_1]

path = Accelerometer
type = Accelerometer
name = Accelerometer
links

[link_12]
defined_in = syst_1
coupling = var_24, var_56
path = Accelerometer

[link_11]
defined_in = syst_1
coupling = var_20, var_52
path = Accelerometer

[link_10]
defined_in = syst_1
coupling = var_23, var_55
path = Accelerometer

link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10, link_11, link_12
subs = comp_1, comp_2, comp_3

[link_6] [comp_2]

defined_in = syst_1 resfuncs = func_6

coupling = var_21, var_53 name = D

path = Accelerometer local_resvars = var_15, var_14, var_13, var_12
coupling_resvars = var_17, var_16

[link_5] coupling_vars = var_19, var_18, var_24, var_22, var_23, var_20, var_21

defined_in = syst 1 confuncs = func_5

coupling = var_10, var_58 path = Accelerometer.D

path = Accelerometer type = Dynamics

[link_4] [comp_3]

defined_in = syst_1 resfuncs = func_12, func_13, func_14

coupling = var_11, var_59 name = G

path = Accelerometer local_resvars = var_48, var_49, var_44, var_45, var_46, var_47, var_42, var_43, var_25
objfuncs = func_7

[topsyst] coupling_resvars = var_58, var_53, var_52, var_51, var_50, var_57, var_56, var_55, var_54

system = syst 1 local_vars = var_34, var_40, var_41, var_35, var_39, var_38, var_28, var_29, var_26, var_27, var_37, var_36, var_31, var_30, \
coupling_vars = var_59

[var_17] confuncs = func_8, func_9, func_10, func_11

path = Accelerometer.D path = Accelerometer.G

name = anm type = Geometry

defined_in = Dynamics
[comp_1]

[var_16] resfuncs = func_3, func_4

path = Accelerometer.D name = C

name = Sm local_resvars = var_6, var_5, var_4, var_3

defined_in = Dynamics local_vars = var_2, var_1
coupling_vars = var_7, var_8, var_9, var_11, var_10

[var_15] confuncs = func_1, func_2

path = Accelerometer.D path = Accelerometer.C

name = w3dB type = Circuit

defined_in = Dynamics

Functional dependence table:
Columns:

102 Requirements



103

[

11
12:
13
14:
15
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31
32
33:
34:
35:
36:
37:
38:
39:
40:
41
42:
43:
44:
45:
46:
a7:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:

COXNOIUARWNE

Accelerometer.C.Sm
Accelerometer.D.Sm
Accelerometer.C.anm
Accelerometer.D.anm
Accelerometer.C.Sd
Accelerometer.G.Sd
Accelerometer.C.VsO
Accelerometer.G.Vs0
Accelerometer.C.Cp
Accelerometer.G.Cp
Accelerometer.D.kxm
Accelerometer.G.kxm
Accelerometer.D.m
Accelerometer.G.m
Accelerometer.D.kxe
Accelerometer.G.kxe
Accelerometer.D.J
Accelerometer.G.J
Accelerometer.D.ky
Accelerometer.G .ky
Accelerometer.D.b
Accelerometer.G.b
Accelerometer.D.kth
Accelerometer.G.kth
Accelerometer.C.S
Accelerometer.C.an
Accelerometer.C.afs
Accelerometer.C.Ca
Accelerometer.C.Sc
Accelerometer.C.Gni
Accelerometer.D.wx
Accelerometer.D.wy
Accelerometer.D.wth
Accelerometer.D.w3dB
Accelerometer.G.A
Accelerometer.G.Ip
Accelerometer.G.wp
Accelerometer.G.If
Accelerometer.G.lov
Accelerometer.G.gs
Accelerometer.G.gsu
Accelerometer.G.gf
Accelerometer.G.gfu
Accelerometer.G.gx
Accelerometer.G.wf
Accelerometer.G.ws
Accelerometer.G.Ib1
Accelerometer.G.Ib2
Accelerometer.G.wh
Accelerometer.G.wh2
Accelerometer.G.|
Accelerometer.G.wspr
Accelerometer.G.wfin
Accelerometer.G.Ifin
Accelerometer.G.xpull
Accelerometer.G.amaxpi
Accelerometer.G.amaxls
Accelerometer.G.amaxst
Accelerometer.G.vd

Rows:
Accelerometer.C.Sm -- Accelerometer.D.Sm
Accelerometer.C.anm -- Accelerometer.D.anm
Accelerometer.C.Sd -- Accelerometer.G.Sd
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Accelerometer.C.VsO -- Accelerometer.G.Vs0

Accelerometer.C.Cp -- Accelerometer.G.Cp
Accelerometer.D.kxm -- Accelerometer.G.kxm

Accelerometer.D.m -- Accelerometer.G.m
Accelerometer.D.kxe -- Accelerometer.G.kxe

Accelerometer.D.J -- Accelerometer.G.J
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: Accelerometer.D.ky -- Accelerometer.G.ky
: Accelerometer.D.b -- Accelerometer.G.b

: Accelerometer.D.kth -- Accelerometer.G.kth
: Accelerometer.C.gdevice
: Accelerometer.C.gcirc

: Accelerometer.C.adevice
. Accelerometer.C.acirc

: Accelerometer.D.gdyn

: Accelerometer.D.adyn

: Accelerometer.G.f

. Accelerometer.G.gmass
: Accelerometer.G.gspr

: Accelerometer.G.garea
: Accelerometer.G.gelec

: Accelerometer.G.amass
: Accelerometer.G.aspr

. Accelerometer.G.aelec
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Second partition

Partition specification ir:

comp Circuit =
[ extvar Sm, anm, Sd, Cp, VsO
intvar Ca, Gni, Sc, S, an, afs
confunc gdevice(S, an, afs)
, gcirc(Ca, Cp)
resfunc (S, an, afs) = adevice(Sm, Sd, Sc, anm, Vs0)
, Sc = acirc(Vs0, Ca, Gni)
Il

comp Dynamics =
[ extvar Sm, anm, m, J, b, kxm, kxe, ky, kth

intvar wx, wy, wth, w3dB

confunc gdyn(wx, wy, wth, w3dB)

resfunc (Sm, anm, wx, wy, wth, w3dB) = adyn(m, J, b, kxm, kxe, ky, kth)
1l

comp Mechanics =
[ extvar m, J, b, kxm, ky, kth, Ip, wp, If, lov, gx, wf, ws, gs, of
intvar A, Ibl, b2, wb, wb2, gsu, gfu, I, wspr, wfin, Ifin
objfunc f(A)
confunc gmass(lp, wp, If, lov, gs, gsu, of, gfu, gx, wf, ws)
, gspr(lp, wp, Ibl, b2, wb, wb2)
, garea(gx, Ib2, I, wspr, wfin, Ifin, A)
resfunc (A, m, J, b, wfin, Ifin) = amass(lp, wp, If, lov, gs, gsu, dof, gfu, gx, wf, ws)
, (kxm, ky, kth, wspr, 1) = aspr(lp, wp, Ibl, b2, wh, wb2)
1l

comp Electrostatics =
[ extvar m, kxm, kxe, Sd, Cp, VsO, Ip, wp, If, lov, gs, df, gx, wf, ws

intvar Vd, amaxpi, amaxls, amaxst, xpull

confunc gelec(gs, gx, xpull, kxe, kxm, amaxpi, amaxls, amaxst)

resfunc (Sd, kxe, amaxpi, amaxls, amaxst, xpull, Cp)

= aelec(m, kxm, Ip, wp, If, lov, gs, gf, gx, wf, ws, VsO, Vd)

|
syst Accelerometer2 =
[ sub C: Circuit, D: Dynamics, M: Mechanics, E: Electrostatics

link M.m -- {D.m, E.m} , M.kxm -- {D.kxm, E.kxm}

Requirements

1,0 1010 1000000000000000001110100000000000000000000000.00O0.0,
0,000001000000000000000000001110000000000000000000000.00o0,
0,0000000000000000000000000000011110000000000000000000D0o0,
0,10 10000001010 1010101010000000111100000000000000000000o0,
0,00000000000000000000000000000000010000000000000000O000DO0o0,
0,0000000000000000000000000000000000111111111110,0000000o0
0,0 000000000000 0000000000000000000001100000000011110000o0
0,0 000000000000 00000000000000000000100000000100,01001111o0,
0,000000000010001000000000000000000000001000100000000.00.1
0,000000000000100010001000000000000111111111111000000110,
0,000000000010000000100010000000000011000000000111111000,
0,000010101010101000000000000000000011111%010111000000001,

rPOoOProooooooo

rPOoOrOOOOOOOO

rPOOrOOOOOOOO

roOooOoOoOCOoOOOOO
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, C.Sm --
, C.Ssd -- E.Sd
, CCp -- ECp
, Mlp -- E.lp

, MIf -- EIf

D.Sm

, C.anm -- D.anm
, D.kxe -- E.kxe
, C.VsO -- E.VsO

, D.ky

M.ky

, D.kth -- M.kth

, M.gs -- E.gs , M.lov -- E.lov
, M.gf -- E.of , Mwp -- Ewp
, M.gx -- E.gx , Mwf - E.wf
, Db -- Mb , Mws -- E.ws
, DJ - MJ
1l
topsyst Accelerometer2
Generated normalized partition:
[var_48]
path = Accelerometer2.M [func_12]

name = ws
defined_in = Mechanics

[var_49]
path = Accelerometer2.M
name = gs
defined_in = Mechanics
[var_44]

path = Accelerometer2.M
name = If

defined_in = Mechanics

[var_45]

path = Accelerometer2.M
name = lov
defined_in = Mechanics
[var_46]

path = Accelerometer2.M
name = gx

defined_in = Mechanics

[var_47]

path = Accelerometer2.M
name = wf
defined_in = Mechanics
[var_40]

path = Accelerometer2.M
name = ky

defined_in = Mechanics

[var_41]

path = Accelerometer2.M
name = kth

defined_in = Mechanics

[var_42]
path = Accelerometer2.M
name = Ip

defined_in = Mechanics

[var_43]
path = Accelerometer2.M
name = wp

defined_in = Mechanics

[func_11]

path = Accelerometer2.M
resvars = var_25, var_36,
argvars var_42, var_43,
name = amass
defined_in = Mechanics

[func_10]

path = Accelerometer2.M
argvars = var_46, var_27,
name = garea

defined_in = Mechanics

[func_13]

path = Accelerometer2.E
argvars = var_66, var_68,
name = gelec

defined_in = Electrostatics

var_37,
var_44,

var_32,

var_55,

var_38, var_34,
var_45, var_49,

var_33, var_34,

var_58, var_57,

Micro-accelerometer

var_35

var_30, var_50, var_31,

var_35, var_25

var_52, var_53, var_54

path = Accelerometer2.M

resvars = var_39, var_40, var_41, var_33, var_32
argvars = var_42, var_43, var_26, var_27, var_28, var_29
name = aspr

defined_in = Mechanics

[func_14]

path = Accelerometer2.E

resvars = var_59, var_58, var_52, var_53, var_54, var_55, var_60

argvars var_56, var_57, var_62, var_63, var_64, var_65, var_66, var_67, var_68, var_69, var_70, var_61, var_51
name = aelec

defined_in = Electrostatics

[var_9]

path = Accelerometer2.C
name = Sd

defined_in = Circuit
[var_8]

path = Accelerometer2.C
name = anm
defined_in = Circuit

[var_7]

path = Accelerometer2.C
name = Sm

defined_in = Circuit
[var_6]

path = Accelerometer2.C
name = afs

defined_in = Circuit

[var_5]
path = Accelerometer2.C
name = an

defined_in = Circuit

[var_4]
path = Accelerometer2.C
name = S

defined_in = Circuit

[var_3]
path = Accelerometer2.C
name = Sc

defined_in = Circuit

[var_2]
path = Accelerometer2.C
name = Gni

var_46defared7in var Clguit

[var_1]
path = Accelerometer2.C
name = Ca

defined_in = Circuit

[var_59]
path = Accelerometer2.E
name = Sd

defined_in = Electrostatics

[var_58]
path = Accelerometer2.E
name = kxe
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defined_in = Electrostatics

[var_53]

path = Accelerometer2.E
name = amaxls
defined_in = Electrostatics

[var_52]

path = Accelerometer2.E
name = amaxpi
defined_in = Electrostatics

[var_51]

path = Accelerometer2.E
name = Vd

defined_in = Electrostatics

[var_50]
path = Accelerometer2.M
name = gf

defined_in = Mechanics

[var_57]
path = Accelerometer2.E
name = kxm

defined_in = Electrostatics

[var_56]

path = Accelerometer2.E
name = m

defined_in = Electrostatics

[var_55]

path = Accelerometer2.E
name = xpull

defined_in = Electrostatics

[var_54]

path = Accelerometer2.E
name = amaxst
defined_in = Electrostatics

[func_9]
path = Accelerometer2.M

argvars = var_42, var_43, var_26, var_27, var_28, var_29

name = gspr
defined_in = Mechanics

[func_8]
path = Accelerometer2.M

[var_28]

path = Accelerometer2.M
name = wb

defined_in = Mechanics

[var_29]

path = Accelerometer2.M
name = wb2

defined_in = Mechanics

[var_26]

path = Accelerometer2.M
name = Ibl

defined_in = Mechanics

[var_27]

path = Accelerometer2.M
name = b2

defined_in = Mechanics

[var_24]

path = Accelerometer2.D
name = kth

defined_in = Dynamics

[var_25]

path = Accelerometer2.M
name = A

defined_in = Mechanics

[var_22]

path = Accelerometer2.D
name = kxe

defined_in = Dynamics

[var_23]
path = Accelerometer2.D
name = ky

defined_in = Dynamics

[var_20]

path = Accelerometer2.D
name = b

defined_in = Dynamics

[var_21]
path = Accelerometer2.D
name = kxm

defined_in = Dynamics

argvars = var_42, var_43, var_44, var_45, var_49, var_30, var_50, var_31, var_46, var_47, var_48

name = gmass
defined_in = Mechanics

[link_12]
defined_in = syst_1
coupling = var_23, var_40
path = Accelerometer2

[func_5]
path = Accelerometer2.D

argvars = var_12, var_13, var_14, var_15

name = gdyn
defined_in = Dynamics

[func_4]
path = Accelerometer2.C
resvars = var_3

argvars = var_11, var_1, var_2

name = acirc
defined_in = Circuit

[func_7]

path = Accelerometer2.M
argvars = var_25

name = f

defined_in = Mechanics

[func_6]
path = Accelerometer2.D

resvars = var_16, var_17, var_12, var_13, var_14, var_15
argvars = var_18, var_19, var_20, var_21, var_22, var_23, var_24

name = adyn
defined_in = Dynamics

[func_1]
path = Accelerometer2.C

argvars = var_4, var_5, var_6

name = gdevice
defined_in = Circuit

[func_3]
path = Accelerometer2.C

resvars = var_4, var_5, var_6
argvars = var_7, var_9, var_3, var_8, var_11

name = adevice
defined_in = Circuit

[func_2]

path = Accelerometer2.C
argvars = var_1, var_10
name = gcirc

defined_in = Circuit

Requirements

[var_39]

path = Accelerometer2.M
name = kxm

defined_in = Mechanics

[var_38]

path = Accelerometer2.M
name = b

defined_in = Mechanics

[var_35]

path = Accelerometer2.M
name = Ifin

defined_in = Mechanics

[var_34]
path = Accelerometer2.M
name = wfin

defined_in = Mechanics

[var_37]

path = Accelerometer2.M
name = J

defined_in = Mechanics

[var_36]

path = Accelerometer2.M
name = m

defined_in = Mechanics

[var_31]
path = Accelerometer2.M
name = gfu

defined_in = Mechanics

[var_30]

path = Accelerometer2.M
name = gsu

defined_in = Mechanics

[var_33]

path = Accelerometer2.M
name = wspr

defined_in = Mechanics

[var_32]

path = Accelerometer2.M
name = |

defined_in = Mechanics

link_9]
defined_in = syst_1



coupling = var_10, var_60
path = Accelerometer2

[link_8]
defined_in = syst_1
coupling = var_22, var_58
path = Accelerometer2

[link_3]
defined_in = syst 1
coupling = var_39, var_57
path = Accelerometer2

[link_2]

defined_in = syst 1
coupling = var_36, var_56
path = Accelerometer2

[link_1]
defined_in = syst_1
coupling = var_36, var_18
path = Accelerometer2

[link_7]
defined_in = syst_ 1
coupling = var_9, var_59
path = Accelerometer2

[link_6]

defined_in = syst_1
coupling = var_8, var_17
path = Accelerometer2

[link_5]
defined_in = syst_1
coupling = var_7, var_16
path = Accelerometer2

[link_4]
defined_in = syst_1
coupling = var_39, var_21
path = Accelerometer2

[topsyst]
system = syst_1

[link_22]
defined_in = syst_1
coupling = var_48, var_70
path = Accelerometer2

[link_23]
defined_in = syst 1
coupling = var_19, var_37
path = Accelerometer2

[link_20]
defined_in = syst 1
coupling = var_47, var_69
path = Accelerometer2

[var_17]

path = Accelerometer2.D
name = anm

defined_in = Dynamics

[var_16]

path = Accelerometer2.D
name = Sm

defined_in = Dynamics

[var_15]

path = Accelerometer2.D
name = w3dB
defined_in = Dynamics

[var_14]

path = Accelerometer2.D
name = wth

defined_in = Dynamics

[var_13]

path = Accelerometer2.D
name = wy

defined_in = Dynamics

[var_12]

path = Accelerometer2.D
name = wx

defined_in = Dynamics

[var_11]
path = Accelerometer2.C
name = Vs0

defined_in = Circuit

[var_10]
path = Accelerometer2.C
name = Cp

defined_in = Circuit

[var_19]
path = Accelerometer2.D
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name = J
defined_in = Dynamics

[var_18]
path = Accelerometer2.D
name = m

defined_in = Dynamics

[syst_1]

path = Accelerometer2
type = Accelerometer2
name = Accelerometer2

links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10, link_11, link_12,

subs = comp_1, comp_2, comp_3, comp_4

[link_21]

defined_in = syst_1
coupling = var_20, var_38
path = Accelerometer2

[var_62]
path = Accelerometer2.E
name = Ip

defined_in = Electrostatics

[var_63]
path = Accelerometer2.E
name = wp

defined_in = Electrostatics

[var_60]
path = Accelerometer2.E
name = Cp

defined_in = Electrostatics

[var_61]
path = Accelerometer2.E
name = VsO

defined_in = Electrostatics

[var_66]
path = Accelerometer2.E
name = gs

defined_in = Electrostatics

[var_67]
path = Accelerometer2.E
name = gf

defined_in = Electrostatics

[var_64]
path = Accelerometer2.E
name = If

defined_in = Electrostatics

[var_65]
path = Accelerometer2.E
name = lov

defined_in = Electrostatics

[var_68]
path = Accelerometer2.E
name = gx

defined_in = Electrostatics

[var_69]
path = Accelerometer2.E
name = wf

defined_in = Electrostatics

[link_13]

defined_in = syst_1
coupling = var_44, var_64
path = Accelerometer2

[var_70]
path = Accelerometer2.E
name = ws

defined_in = Electrostatics

[link_11]

defined_in = syst_1
coupling = var_42, var_62
path = Accelerometer2

[link_10]
defined_in = syst 1
coupling = var_11, var_61
path = Accelerometer2

[link_17]

defined_in = syst_1
coupling = var_50, var_67
path = Accelerometer2

[link_16]
defined_in = syst 1
coupling = var_45, var_65
path = Accelerometer2

[link_15]
defined_in = syst_1
coupling = var_49, var_66

link_13, link_14, li



path = Accelerometer2 name = D
local_resvars = var_15, var_14, var_13, var_12

[link_14] coupling_resvars = var_17, var_16
defined_in = syst_1 coupling_vars = var_19, var_18, var_24, var_22, var_23, var_20, var_21
coupling = var_24, var_41 confuncs = func_5
path = Accelerometer2 path = Accelerometer2.D
type = Dynamics
[link_19]
defined_in = syst_1 [comp_3]
coupling = var_46, var_68 resfuncs = func_11, func_12
path = Accelerometer2 name = M
local_resvars = var_35, var_34, var_25, var_33, var_32
[link_18] objfuncs = func_7
defined_in = syst_1 coupling_resvars = var_40, var_41, var_39, var_38, var_37, var_36
coupling = var_43, var_63 local_vars = var_28, var_29, var_26, var_27, var_31, var_30
path = Accelerometer2 coupling_vars = var_50, var_48, var_49, var_44, var_45, var_46, var_47, var_42, var_43
confuncs = func_8, func_9, func_10
[comp_4] path = Accelerometer2.M
resfuncs = func_14 type = Mechanics
name = E
local_resvars = var_53, var_52, var_55, var_54 [comp_1]
coupling_resvars = var_59, var_58, var_60 resfuncs = func_3, func_4
local_vars = var_51 name = C
coupling_vars = var_62, var_63, var_70, var_61, var_66, var_67, var_64, var_65, Vacab8esxars6$; var_67 vamr5s6/ar_4, var_3
confuncs = func_13 local_vars = var_2, var_1
path = Accelerometer2.E coupling_vars = var_7, var_8, var_9, var_11, var_10
type = Electrostatics confuncs = func_1, func_2
path = Accelerometer2.C
[comp_2] type = Circuit

resfuncs = func_6

Functional dependence table:

Columns:
Accelerometer2.M.m
Accelerometer2.D.m
Accelerometer2.E.m
Accelerometer2.M.kxm
Accelerometer2.E.kxm
Accelerometer2.D.kxm
Accelerometer2.C.Sm
Accelerometer2.D.Sm
Accelerometer2.C.anm
10: Accelerometer2.D.anm
11: Accelerometer2.C.Sd
12: Accelerometer2.E.Sd
13: Accelerometer2.D.kxe
14: Accelerometer2.E.kxe
15: Accelerometer2.C.Cp
16: Accelerometer2.E.Cp
17: Accelerometer2.C.Vs0
18: Accelerometer2.E.VsO
19: Accelerometer2.M.Ip
20: Accelerometer2.E.Ip
21: Accelerometer2.D.ky
22: Accelerometer2.M.ky
23: Accelerometer2.M.If
24: Accelerometer2.E.If
25: Accelerometer2.D.kth
26: Accelerometer2.M.kth
27: Accelerometer2.M.gs
28: Accelerometer2.E.gs
29: Accelerometer2.M.lov
30: Accelerometer2.E.lov
31: Accelerometer2.M.gf
32: Accelerometer2.E.gf
33: Accelerometer2.M.wp
34: Accelerometer2.E.wp
35: Accelerometer2.M.gx
36: Accelerometer2.E.gx
37: Accelerometer2.M.wf
38: Accelerometer2.E.wf
39: Accelerometer2.D.b
40: Accelerometer2.M.b
41: Accelerometer2.M.ws
42: Accelerometer2.E.ws
43: Accelerometer2.D.J
44: Accelerometer2.M.J
45: Accelerometer2.C.S
46: Accelerometer2.C.an
47: Accelerometer2.C.afs
48: Accelerometer2.C.Ca
49: Accelerometer2.C.Sc
50: Accelerometer2.C.Gni
51: Accelerometer2.D.wx
52: Accelerometer2.D.wy
53: Accelerometer2.D.wth
54: Accelerometer2.D.w3dB
55: Accelerometer2.M.A
56: Accelerometer2.M.gsu
57: Accelerometer2.M.gfu
58: Accelerometer2.M.Ib1
59: Accelerometer2.M.Ib2
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erometer2.M.m -- Accelerometer2.D.m
erometer2.M.m -- Accelerometer2.E.m
erometer2.M.kxm -- Accelerometer2.E.kxm
erometer2.M.kxm -- Accelerometer2.D.kxm
lerometer2.C.Sm -- Accelerometer2.D.Sm
erometer2.C.anm -- Accelerometer2.D.anm
erometer2.C.Sd -- Accelerometer2.E.Sd
erometer2.D.kxe -- Accelerometer2.E. kxe
lerometer2.C.Cp -- Accelerometer2.E.Cp
lerometer2.C.Vs0 -- Accelerometer2.E.VsO
lerometer2.M.Ip -- Accelerometer2.E.Ip
lerometer2.D.ky -- Accelerometer2.M.ky
erometer2.D.kth -- Accelerometer2.M.kth
lerometer2.M.gs -- Accelerometer2.E.gs
lerometer2.M.lov -- Accelerometer2.E.lov
lerometer2.M.gf -- Accelerometer2.E.gf
lerometer2.M.wp -- Accelerometer2.E.wp
lerometer2.M.gx -- Accelerometer2.E.gx
lerometer2.M.wf -- Accelerometer2.E.wf
lerometer2.D.b -- Accelerometer2.M.b
lerometer2.M.ws -- Accelerometer2.E.ws
erometer2.D.J -- Accelerometer2.M.J
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lerometer2.E.Vd
lerometer2.C.gdevice
lerometer2.C.gcirc
erometer2.C.adevice
lerometer2.C.acirc
lerometer2.D.gdyn
lerometer2.D.adyn
lerometer2.M.f
lerometer2.M.gmass
lerometer2.M.gspr
erometer2.M.amass
lerometer2.M.aspr
lerometer2.E.gelec
lerometer2.E.aelec
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60: Accel
61: Accel
63: Accel
64: Accel
65: Accel
66: Accel
67: Accel
68: Accel
69: Accel
70: Accel
1: Accel
2: Accel
3: Accel
4: Accel
5: Accel
6: Accel
7. Accel
8: Accel
9: Accel
10: Accel
11: Accel
12: Accel
14: Accel
15: Accel
16: Accel
17: Accel
18: Accel
19: Accel
20: Accel
21: Accel
22: Accel
23: Accel
24: Accel
25: Accel
26: Accel
27: Accel
28: Accel
29: Accel
30: Accel
31: Accel
32: Accel
34: Accel
35: Accel
36: Accel
37: Accel

Rows:

Third partition
109 Micro-accelerometer



Partition specification ir:

comp Circuit =
[ extvar Sm, anm, Sd, Cp, VsO
intvar Ca, Gni, Sc, S, an, afs
confunc gdevice(S, an, afs)
, gcirc(Ca, Cp)
resfunc (S, an, afs) = adevice(Sm, Sd, Sc, anm, Vs0)
, Sc = acirc(Vs0, Ca, Gni)
Il

comp Dynamics =
[ extvar Sm, anm, m, J, b, kxm, kxe, ky, kth

intvar wx, wy, wth, w3dB

confunc gdyn(wx, wy, wth, w3dB)

resfunc (Sm, anm, wx, wy, wth, w3dB) = adyn(m, J, b, kxm, kxe, ky, kth)
1l

comp Spring =
[ extvar kxm, ky, kth, 1b2, Ip, wp, I, wspr

intvar Ib1l, wb, wb2

confunc gspr(lp, wp, Ibl, b2, wb, wb2)

resfunc (kxm, ky, kth, wspr, I) = aspr(lp, wp, Ibl, b2, wb, wb2)
1l

comp Mass =
[ extvar A, m, J, b, kxm, kxe, Sd, Cp, VsO, Ip, wp, gx, wfin, Ifin
intvar If, lov, gs, gsu, gf, gfu, wf, ws, Vd, amaxpi, amaxls, amaxst, xpull
objfunc f(A)
confunc gmass(lp, wp, If, lov, gs, gsu, df, gfu, gx, wf, ws)
, gelec(gs, gx, xpull, kxe, kxm, amaxpi, amaxls, amaxst)
resfunc (A, m, J, b, wfin, Ifin) = amass(lp, wp, If, lov, gs, gsu, df, gfu, gx, wf, ws)
, (Sd, kxe, amaxpi, amaxls, amaxst, xpull, Cp)
= aelec(m, kxm, Ip, wp, If, lov, gs, gf, gx, wf, ws, Vs0O, Vd)
1l

syst Accelerometer3 =

[ sub C: Circuit, D: Dynamics, S: Spring, M: Mass
confunc garea(M.gx, S.Ib2, S.I, S.wspr, M.wfin, M.Ifin, M.A)
link S.kxm -- {D.kxm, M.kxm} , C.VsO -- M.VsO

, C.Sm -- D.Sm , C.anm -- D.anm
, C.Sd -- M.Sd , D.kxe -- M.kxe

, C.Cp -- M.Cp , D.kth -- S.kth

, Swp - Mwp , Dky -- Sky

, Slp - M.p , D.J - MJ

, Dm - M.m , D.b -- Mb

I

topsyst Accelerometer3

Generated normalized partition:
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[var_48] path = Accelerometer3.C

path = Accelerometer3.M name = an
name = xpull defined_in = Circuit
defined_in = Mass

[var_4]
[var_49] path = Accelerometer3.C
path = Accelerometer3.M name = S
name = A defined_in = Circuit
defined_in = Mass

[var_3]
[var_44] path = Accelerometer3.C
path = Accelerometer3.M name = Sc
name = Vd defined_in = Circuit
defined_in = Mass

[var_2]
[var_45] path = Accelerometer3.C
path = Accelerometer3.M name = Gni
name = amaxpi defined_in = Circuit
defined_in = Mass

[var_1]
[var_46] path = Accelerometer3.C
path = Accelerometer3.M name = Ca
name = amaxls defined_in = Circuit
defined_in = Mass

[var_59]
[var_47] path = Accelerometer3.M
path = Accelerometer3.M name = wp
name = amaxst defined_in = Mass
defined_in = Mass

[var_58]
[var_40] path = Accelerometer3.M
path = Accelerometer3.M name = Ip
name = gf defined_in = Mass
defined_in = Mass

[var_53]
[var_41] path = Accelerometer3.M
path = Accelerometer3.M name = kxm
name = gfu defined_in = Mass
defined_in = Mass

[var_52]
[var_42] path = Accelerometer3.M
path = Accelerometer3.M name = b
name = wf defined_in = Mass
defined_in = Mass

[var_51]
[var_43] path = Accelerometer3.M
path = Accelerometer3.M name = J
name = ws defined_in = Mass
defined_in = Mass

[var_50]
[func_11] path = Accelerometer3.M
path = Accelerometer3.M name = m
argvars = var_38, var_60, var_48, var_54, var_53, var_45, var_46, var_47 defined_in = Mass
name = gelec
defined_in = Mass [var_57]

path = Accelerometer3.M
[func_10] name = Vs0
path = Accelerometer3.M defined_in = Mass
argvars = var_58, var_59, var_36, var_37, var_38, var_39, var_40, var_41, var_60, var_42, var_43
name = gmass [var_56]
defined_in = Mass path = Accelerometer3.M

name = Cp
[func_13] defined_in = Mass
path = Accelerometer3.M
resvars = var_55, var_54, var_45, var_46, var_47, var_48, var_56 [var_55]
argvars = var_50, var_53, var_58, var_59, var_36, var_37, var_38, var_40, var_60pathr 4 Z\cuafertnetar3M, var_44
name = aelec name = Sd
defined_in = Mass defined_in = Mass
[func_12] [var_54]
path = Accelerometer3.M path = Accelerometer3.M
resvars = var_49, var_50, var_51, var_52, var_61, var_62 name = kxe

argvars = var_58, var_59, var_36, var_37, var_38, var_39, var_40, var_41, var_60defimred2n var Ma@ss
name = amass

defined_in = Mass [func_9]
path = Accelerometer3.M
[func_14] argvars = var_49
path = Accelerometer3 name = f
argvars = var_60, var_31, var_34, var_35, var_61, var_62, var_49 defined_in = Mass
name = garea
defined_in = Accelerometer3 [func_8]
path = Accelerometer3.S
[var_9] resvars = var_28, var_29, var_30, var_35, var_34
path = Accelerometer3.C argvars = var_32, var_33, var_25, var_31, var_26, var_27
name = Sd name = aspr
defined_in = Circuit defined_in = Spring
[var_8] [func_5]
path = Accelerometer3.C path = Accelerometer3.D
name = anm argvars = var_12, var_13, var_14, var_15
defined_in = Circuit name = gdyn
defined_in = Dynamics
[var_7]
path = Accelerometer3.C [func_4]
name = Sm path = Accelerometer3.C
defined_in = Circuit resvars = var_3
argvars = var_11, var_1, var_2
[var_6] name = acirc
path = Accelerometer3.C defined_in = Circuit
name = afs
defined_in = Circuit [func_7]
path = Accelerometer3.S
[var_5] argvars = var_32, var_33, var_25, var_31, var_26, var_27
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name = gspr
defined_in = Spring

[func_6]
path = Accelerometer3.D

resvars = var_16, var_17, var_12, var_13, var_14, var_15
argvars = var_18, var_19, var_20, var_21, var_22, var_23, var_24

name = adyn
defined_in = Dynamics

[func_1]
path = Accelerometer3.C

argvars = var_4, var_5, var_6

name = gdevice
defined_in = Circuit

[func_3]
path = Accelerometer3.C

resvars = var_4, var_5, var_6
argvars = var_7, var_9, var_3, var_8, var_11

name = adevice
defined_in = Circuit

[func_2]

path = Accelerometer3.C
argvars = var_1, var_10
name = gcirc

defined_in = Circuit

[var_28]

path = Accelerometer3.S
name = kxm

defined_in = Spring

[var_29]
path = Accelerometer3.S
name = ky

defined_in = Spring

[var_26]

path = Accelerometer3.S
name = wb

defined_in = Spring

[var_27]
path = Accelerometer3.S
name = wb2

defined_in = Spring

[var_24]

path = Accelerometer3.D
name = kth

defined_in = Dynamics

[var_25]

path = Accelerometer3.S
name = |bl

defined_in = Spring

[var_22]

path = Accelerometer3.D
name = kxe

defined_in = Dynamics

[var_23]
path = Accelerometer3.D
name = ky

defined_in = Dynamics

[var_20]

path = Accelerometer3.D
name = b

defined_in = Dynamics

[var_21]

path = Accelerometer3.D
name = kxm

defined_in = Dynamics

[var_39]

path = Accelerometer3.M
name = gsu

defined_in = Mass

[var_38]
path = Accelerometer3.M
name = gs

defined_in = Mass

[var_35]
path = Accelerometer3.S
name = wspr

defined_in = Spring

[var_34]

path = Accelerometer3.S
name = |

defined_in = Spring

[var_37]
path = Accelerometer3.M
name = lov

defined_in = Mass
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[var_36]

path = Accelerometer3.M
name = If

defined_in = Mass

[var_31]

path = Accelerometer3.S
name = b2

defined_in = Spring

[var_30]

path = Accelerometer3.S
name = kth

defined_in = Spring

[var_33]
path = Accelerometer3.S
name = wp

defined_in = Spring

[var_32]
path = Accelerometer3.S
name = Ip

defined_in = Spring

[link_9]

defined_in = syst_1
coupling = var_24, var_30
path = Accelerometer3

[link_8]
defined_in = syst_1
coupling = var_10, var_56
path = Accelerometer3

[link_3]

defined_in = syst_1
coupling = var_11, var_57
path = Accelerometer3

[link_2]

defined_in = syst 1
coupling = var_28, var_53
path = Accelerometer3

[link_1]
defined_in = syst_1
coupling = var_28, var_21
path = Accelerometer3

[link_7]

defined_in = syst_ 1
coupling = var_22, var_54
path = Accelerometer3

[link_6]
defined_in = syst_1
coupling = var_9, var_55
path = Accelerometer3

[link_5]

defined_in = syst 1
coupling = var_8, var_17
path = Accelerometer3

[link_4]
defined_in = syst_1
coupling = var_7, var_16
path = Accelerometer3

[topsyst]
system = syst_1

[var_17]

path = Accelerometer3.D
name = anm

defined_in = Dynamics

[var_16]

path = Accelerometer3.D
name = Sm

defined_in = Dynamics

[var_15]

path = Accelerometer3.D
name = w3dB
defined_in = Dynamics

[var_14]
path = Accelerometer3.D
name = wth

defined_in = Dynamics

[var_13]
path = Accelerometer3.D
name = wy

defined_in = Dynamics

[var_12]
path = Accelerometer3.D
name = wx

defined_in = Dynamics
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[var_11]
path = Accelerometer3.C
name = Vs0

defined_in = Circuit

[var_10]
path = Accelerometer3.C
name = Cp

defined_in = Circuit

[var_19]
path = Accelerometer3.D
name = J

defined_in = Dynamics

[var_18]
path = Accelerometer3.D
name = m

defined_in = Dynamics

[syst_1]
subs = comp_1, comp_2, comp_3, comp_4

[link_10]
defined_in = syst_1
coupling = var_33, var_59
path = Accelerometer3

[link_15]

defined_in = syst_1
coupling = var_20, var_52
path = Accelerometer3

[link_14]
defined_in = syst 1
coupling = var_18, var_50
path = Accelerometer3

[comp_4]

resfuncs = func_12, func_13

name = M

local_resvars = var_62, var_61, var_48, var_49, var_45, var_46, var_47

objfuncs = func_9

coupling_resvars = var_52, var_51, var_50, var_56, var_55, var_54

local_vars = var_60, var_44, var_40, var_41, var_42, var_43, var_39, var_38, var_37, var_36
coupling_vars = var_53, var_59, var_58, var_57

links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10, libnflrcdink_iinclial, MBndink114, link_15

confuncs = func_14

path = Accelerometer3
type = Accelerometer3
name = Accelerometer3

[var_62]
path = Accelerometer3.M
name = Ifin

defined_in = Mass

[var_60]
path = Accelerometer3.M
name = gx

defined_in = Mass

[var_61]

path = Accelerometer3.M
name = wfin

defined_in = Mass

[link_13]
defined_in = syst_1
coupling = var_19, var_51
path = Accelerometer3

[link_12]
defined_in = syst_1
coupling = var_32, var_58
path = Accelerometer3

[link_11]
defined_in = syst 1
coupling = var_23, var_29
path = Accelerometer3

path = Accelerometer3.M
type = Mass

[comp_2]

resfuncs = func_6

name = D

local_resvars = var_15, var_14, var_13, var_12

coupling_resvars = var_17, var_16

coupling_vars = var_19, var_18, var_24, var_22, var_23, var_20, var_21
confuncs = func_5

path = Accelerometer3.D

type = Dynamics

[comp_3]

resfuncs = func_8

name = S

local_resvars = var_35, var_34
coupling_resvars = var_30, var_28, var_29
local_vars = var_26, var_27, var_25, var_31
coupling_vars = var_33, var_32

confuncs = func_7

path = Accelerometer3.S

type = Spring

[comp_1]

resfuncs = func_3, func_4

name = C

local_resvars = var_6, var_5, var_4, var_3
local_vars = var_2, var_1

coupling_vars = var_7, var_8, var_11, var_9, var_10
confuncs = func_1, func_2

path = Accelerometer3.C

type = Circuit

Functional dependence table:

Columns:
Accelerometer3.M.gx
: Accelerometer3.S.Ib2
Accelerometer3.S.|
Accelerometer3.S.wspr
. Accelerometer3.M.wfin
. Accelerometer3.M.Ifin
Accelerometer3.M.A
Accelerometer3.S.kxm
Accelerometer3.D.kxm
Accelerometer3.M.kxm
: Accelerometer3.C.Vs0
. Accelerometer3.M.Vs0
. Accelerometer3.C.Sm
. Accelerometer3.D.Sm
. Accelerometer3.C.anm
. Accelerometer3.D.anm
: Accelerometer3.C.Sd
: Accelerometer3.M.Sd
. Accelerometer3.D.kxe
: Accelerometer3.M.kxe
: Accelerometer3.C.Cp
: Accelerometer3.M.Cp
Accelerometer3.D.kth
: Accelerometer3.S.kth
: Accelerometer3.S.wp
. Accelerometer3.M.wp
Accelerometer3.D.ky
Accelerometer3.S.ky

: Accelerometer3.S.Ip

. Accelerometer3.M.Ip

: Accelerometer3.D.J

1
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Fourth partition

Partition specification in:

comp Circuit2 =
[ extvar Sc, Ca, VsO
intvar Gni
resfunc Sc = acirc(VsO, Ca, Gni)

Il

comp Dynamics =
[ extvar Sm, anm, m, J, b, kxm, kxe, ky, kth

intvar wx, wy, wth, w3dB

confunc gdyn(wx, wy, wth, w3dB)

resfunc (Sm, anm, wx, wy, wth, w3dB) = adyn(m, J, b, kxm, kxe, ky, kth)
1l

comp Spring =
[ extvar kxm, ky, kth, 1b2, Ip, wp, I, wspr

intvar Ib1, wb, wb2

confunc gspr(lp, wp, Ibl, b2, wb, wb2)

resfunc (kxm, ky, kth, wspr, 1) = aspr(lp, wp, Ibl, b2, wb, wb2)
1l

comp Mass =
[ extvar A, m, J, b, kxm, kxe, Sd, Cp, VsO, Ip, wp, gx, wfin, Ifin
intvar If, lov, gs, gsu, gf, gfu, wf, ws, Vd, amaxpi, amaxls, amaxst, xpull
objfunc f(A)
confunc gmass(lp, wp, If, lov, gs, gsu, gf, gfu, gx, wf, ws)
, gelec(gs, gx, xpull, kxe, kxm, amaxpi, amaxls, amaxst)
resfunc (A, m, J, b, wfin, Ifin) = amass(lp, wp, If, lov, gs, gsu, df, gfu, gx, wf, ws)
, (Sd, kxe, amaxpi, amaxls, amaxst, xpull, Cp)
= aelec(m, kxm, Ip, wp, If, lov, gs, gf, gx, wf, ws, Vs0O, Vd)
Il

syst Accelerometer4d =
[ intvar S, an, afs
sub C: Circuit2, D: Dynamics, S: Spring, M: Mass
confunc garea(M.gx, S.Ib2, S., S.wspr, M.wfin, M.Ifin, M.A)
, gdevice(S, an, afs)
, gcirc(C.Ca, M.Cp)
resfunc (S, an, afs) = adevice(D.Sm, M.Sd, C.Sc, D.anm, C.Vs0)
link S.kxm -- {D.kxm, M.kxm} , D.kxe -- M.kxe

, Swp -- Mwp , D.kth -- S.kth
, Slp - Mlp , Dky -- Sky

, Dm - Mm ,DJ - MJ
, Db - Mb , C.VsO -- M.VsO

Il

topsyst Accelerometer4
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Generated normalized partition:

[var_48]

path = Accelerometer4.M
name = b

defined_in = Mass

[var_49]

path = Accelerometer4.M
name = kxm

defined_in = Mass

[var_44]

path = Accelerometer4.M
name = xpull

defined_in = Mass

[var_45]

path = Accelerometer4.M
name = A

defined_in = Mass

[var_46]

path = Accelerometer4.M
name = m

defined_in = Mass

[var_47]
path = Accelerometer4.M
name = J

defined_in = Mass

[var_40]

path = Accelerometer4.M
name = Vd

defined_in = Mass

[var_41]

path = Accelerometer4.M
name = amaxpi
defined_in = Mass

[var_42]

path = Accelerometer4.M
name = amaxls
defined_in = Mass

[var_43]

path = Accelerometer4.M
name = amaxst
defined_in = Mass

[func_11]
path = Accelerometer4

argvars = var_56, var_27, var_30, var_31, var_57, var_58, var_45

name = garea
defined_in = Accelerometer4

[func_10]
path = Accelerometer4.M

resvars = var_51, var_50, var_41, var_42, var_43, var_44, var_52
argvars = var_46, var_49, var_54, var_55, var_32, var_33, var_34, var_36, var_56patar =38\ceate@9netar438, var_40

name = aelec
defined_in = Mass

[func_13]

path = Accelerometer4
argvars = var_6, var_52
name = gcirc

defined_in = Accelerometer4

[func_12]

path = Accelerometer4
argvars = var_1, var_2, var_3
name = gdevice

defined_in = Accelerometer4

[func_14]
path = Accelerometer4
resvars = var_1, var_2, var_3

argvars = var_12, var_51, var_5, var_13, var_7

name = adevice
defined_in = Accelerometer4

[var_9]
path = Accelerometer4.D
name = wy

defined_in = Dynamics

[var_8]

path = Accelerometer4.D
name = wx

defined_in = Dynamics

[var_7]

path = Accelerometer4.C
name = Vs0

defined_in = Circuit2

[var_6]
path = Accelerometer4.C
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name = Ca
defined_in = Circuit2

[var_5]
path = Accelerometer4.C
name = Sc

defined_in = Circuit2

[var_4]

path = Accelerometer4.C
name = Gni

defined_in = Circuit2

[var_3]
path = Accelerometer4
name = afs

defined_in = Accelerometer4

[var_2]

path = Accelerometer4
name = an

defined_in = Accelerometer4

[var_1]

path = Accelerometer4
name = S

defined_in = Accelerometer4

[var_58]

path = Accelerometer4.M
name = Ifin

defined_in = Mass

[var_53]

path = Accelerometer4.M
name = VsO

defined_in = Mass

[var_52]
path = Accelerometer4.M
name = Cp

defined_in = Mass

[var_51]

path = Accelerometer4.M
name = Sd

defined_in = Mass

[var_50]

path = Accelerometer4.M
name = kxe

defined_in = Mass

[var_57]

path = Accelerometer4.M
name = wfin

defined_in = Mass

[var_56]

name = gx
defined_in = Mass

[var_55]
path = Accelerometer4.M
name = wp

defined_in = Mass

[var_54]
path = Accelerometer4.M
name = Ip

defined_in = Mass

[func_9]
path = Accelerometer4.M

resvars = var_45, var_46, var_47,
argvars = var_54, var_55, var_32,

name = amass
defined_in = Mass

[func_8]
path = Accelerometer4.M

argvars = var_34, var_56, var_44,

name = gelec
defined_in = Mass

[func_5]
path = Accelerometer4.S

resvars = var_24, var_25, var_26,
argvars = var_28, var_29, var_21,

name = aspr
defined_in = Spring

[func_4]

path = Accelerometer4.S

argvars = var_28, var_29, var_21,

name = gspr
defined_in = Spring

var_48, var_57,
var_33, var_34,

var_50, var_49,

var_31, var_30
var_27, var_22,

var_27, var_22,

var_58

var_35,

var_41,

var_23

var_23

var_36, var_37, var_56, var_38, var_39

var_42, var_43



[func_7]
path = Accelerometer4.M

path = Accelerometer4.M
name = gfu

argvars = var_54, var_55, var_32, var_33, var_34, var_35, var_36, var_37, var_56defamre@8n var \d&ss

name = gmass
defined_in = Mass

[func_6]

path = Accelerometer4.M
argvars = var_45

name = f

defined_in = Mass

[func_1]
path = Accelerometer4.C
resvars = var_5

argvars = var_7, var_6, var_4

name = acirc
defined_in = Circuit2

[func_3]
path = Accelerometer4.D

resvars = var_12, var_13, var_8, var_9, var_10, var_11
argvars = var_14, var_15, var_16, var_17, var_18, var_19, var_20

name = adyn
defined_in = Dynamics

[func_2]
path = Accelerometer4.D

argvars = var_8, var_9, var_10, var_11

name = gdyn
defined_in = Dynamics

[var_28]
path = Accelerometer4.S
name = Ip

defined_in = Spring

[var_29]
path = Accelerometer4.S
name = wp

defined_in = Spring

[var_26]

path = Accelerometer4.S
name = kth

defined_in = Spring

[var_27]

path = Accelerometer4.S
name = |b2

defined_in = Spring

[var_24]

path = Accelerometer4.S
name = kxm

defined_in = Spring

[var_25]
path = Accelerometer4.S
name = ky

defined_in = Spring

[var_22]

path = Accelerometer4.S
name = wb

defined_in = Spring

[var_23]
path = Accelerometer4.S
name = wh2

defined_in = Spring

[var_20]

path = Accelerometer4.D
name = kth

defined_in = Dynamics

[var_21]

path = Accelerometer4.S
name = Ibl

defined_in = Spring

[var_39]

path = Accelerometer4.M
name = ws

defined_in = Mass

[var_38]

path = Accelerometer4.M
name = wf

defined_in = Mass

[var_35]

path = Accelerometer4.M
name = gsu

defined_in = Mass

[var_34]
path = Accelerometer4.M
name = gs

defined_in = Mass

[var_37]
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[var_36]
path = Accelerometer4.M
name = df

defined_in = Mass

[var_31]

path = Accelerometer4.S
name = wspr

defined_in = Spring

[var_30]
path = Accelerometer4.S
name = |

defined_in = Spring

[var_33]

path = Accelerometer4.M
name = lov

defined_in = Mass

[var_32]
path = Accelerometer4.M
name = If

defined_in = Mass

[link_9]
defined_in = syst 1
coupling = var_15, var_47
path = Accelerometer4

[link_8]
defined_in = syst 1
coupling = var_14, var_46
path = Accelerometer4

link_3]

defined_in = syst_1
coupling = var_18, var_50
path = Accelerometer4

[link_2]
defined_in = syst_1
coupling = var_24, var_49
path = Accelerometer4

[link_1]
defined_in = syst_1
coupling = var_24, var_17
path = Accelerometer4

[link_7]
defined_in = syst_1
coupling = var_19, var_25
path = Accelerometer4

[link_6]

defined_in = syst_1
coupling = var_28, var_54
path = Accelerometer4

[link_5]
defined_in = syst_1
coupling = var_20, var_26
path = Accelerometer4

[link_4]

defined_in = syst_1
coupling = var_29, var_55
path = Accelerometer4

[topsyst]
system = syst_1

[var_17]

path = Accelerometer4.D
name = kxm

defined_in = Dynamics

[var_16]

path = Accelerometer4.D
name = b

defined_in = Dynamics

[var_15]

path = Accelerometer4.D
name = J

defined_in = Dynamics

[var_14]

path = Accelerometer4.D
name = m

defined_in = Dynamics

[var_13]
path = Accelerometer4.D
name = anm

defined_in = Dynamics

[var_12]



path = Accelerometer4.D

name = Sm [comp_4]
defined_in = Dynamics resfuncs = func_9, func_10
name = M
[var_11] local_resvars = var_58, var_44, var_45, var_51, var_57, var_41, var_42, var_43, var_52
path = Accelerometer4.D objfuncs = func_6
name = w3dB coupling_resvars = var_47, var_46, var_50, var_48
defined_in = Dynamics local_vars = var_40, var_56, var_39, var_38, var_35, var_34, var_37, var_36, var_33, var_32
coupling_vars = var_53, var_49, var_55, var_54
[var_10] confuncs = func_7, func_8
path = Accelerometer4.D path = Accelerometer4.M
name = wth type = Mass
defined_in = Dynamics
[comp_2]
[var_19] resfuncs = func_3
path = Accelerometer4.D name = D
name = ky local_resvars = var_13, var_12, var_11, var_10, var_9, var_8
defined_in = Dynamics coupling_vars = var_17, var_16, var_15, var_14, var_19, var_18, var_20
confuncs = func_2
[var_18] path = Accelerometer4.D
path = Accelerometer4.D type = Dynamics
name = kxe
defined_in = Dynamics [comp_3]
resfuncs = func_5
[syst_1] name = S
resfuncs = func_14 local_resvars = var_31, var_30
name = Accelerometer4 coupling_resvars = var_26, var_24, var_25
links = link_1, link_2, link_3, link_4, link_5, link_6, link_7, link_8, link_9, link_10, lieicallvars = var_27, var_22, var_23, var_21
local_resvars = var_3, var_2, var_1 coupling_vars = var_28, var_29
path = Accelerometer4 confuncs = func_4
confuncs = func_11, func_12, func_13 path = Accelerometer4.S
type = Accelerometer4 type = Spring
subs = comp_1, comp_2, comp_3, comp_4
[comp_1]
[link_11] resfuncs = func_1
defined_in = syst 1 name = C
coupling = var_7, var_53 local_resvars = var_5
path = Accelerometer4 local_vars = var_6, var_4

coupling_vars = var_7
[link_10] path = Accelerometer4.C
defined_in = syst_1 type = Circuit2
coupling = var_16, var_48
path = Accelerometer4

Functional dependence table:

Columns:

1: Accelerometer4.M.gx
2: Accelerometer4.S.1b2
3: Accelerometer4.S.|

4: Accelerometer4.S.wspr
5: Accelerometer4.M.wfin
6: Accelerometer4.M.Ifin
7: Accelerometer4.M.A
8: Accelerometer4.S

9: Accelerometer4.an
10: Accelerometer4.afs
11: Accelerometer4.C.Ca
12: Accelerometer4.M.Cp
13: Accelerometer4.D.Sm
14: Accelerometer4.M.Sd
15: Accelerometer4.C.Sc
16: Accelerometer4.D.anm
17: Accelerometer4.C.Vs0
18: Accelerometer4.S.kxm
19: Accelerometer4.D.kxm
20: Accelerometerd.M.kxm
21: Accelerometer4.D.kxe
22: Accelerometer4.M.kxe
23: Accelerometer4.S.wp
24: Accelerometer4.M.wp
25: Accelerometer4.D.kth
26: Accelerometer4.S kth
27: Accelerometer4.S.Ip
28: Accelerometer4.M.Ip
29: Accelerometer4.D.ky
30: Accelerometer4.S.ky
31: Accelerometer4.D.m
32: Accelerometer4.M.m
33: Accelerometer4.D.J
34: Accelerometer4.M.J
35: Accelerometer4.D.b
36: Accelerometer4.M.b
37: Accelerometer4.M.Vs0O
38: Accelerometer4.C.Gni
39: Accelerometer4.D.wx
40: Accelerometer4.D.wy
41: Accelerometer4.D.wth
42: Accelerometer4.D.w3dB
43: Accelerometer4.S.Ibl
44: Accelerometer4.S.wb
45: Accelerometer4.S.wb2
46: Accelerometer4.M.If
47: Accelerometer4.M.lov
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lerometer4.M.gs

lerometer4.M.gsu
lerometer4.M.gf

erometer4.M.gfu

erometer4.M.wf

lerometer4d.M.ws

lerometer4.M.xpull

lerometer4.M.amaxpi

lerometer4.M.amaxls

lerometer4.M.amaxst
erometer4.M.vVd

48: Accel
49: Accel
50: Accel
51: Accel
52: Accel
53: Accel
54: Accel
55: Accel
56: Accel
57: Accel
58: Accel

Rows:

lerometer4.garea

lerometer4.gdevice

erometer4.adevice

lerometer4.S.kxm -- Accelerometer4.D.kxm
erometer4.S.kxm -- Accelerometer4.M.kxm
erometer4.D.kxe -- Accelerometer4.M.kxe
lerometer4.S.wp -- Accelerometer4.M.wp
erometer4.D.kth -- Accelerometer4.S kth
lerometer4.S.Ip -- Accelerometer4.M.Ip
erometer4.D.ky -- Accelerometer4.S.ky
erometer4.D.m -- Accelerometer4.M.m

- Accelerometer4.M.J

erometer4.D.b -- Accelerometer4.M.b

lerometer4.C.VsO -- Accelerometer4.M.VsO

lerometer4.C.acirc

lerometer4.D.gdyn
lerometer4.D.adyn
lerometer4.S.gspr
lerometer4.S.aspr
erometer4.M.f

lerometer4.M.gmass

erometer4.M.amass
erometer4.M.aelec

1: Accel

2: Accel

4: Accel
5: Accel

6: Accel
7. Accel
8: Accel

9: Accel
10: Accel
11: Accel
12: Accel

14: Accel
15: Accel
16: Accel
17: Accel
18: Accel
19: Accel
20: Accel
21: Accel
22: Accel

24: Accel
25: Accel
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119 Micro-accelerometer



