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Abstract

Model integration is an important section of the modahagement research area, which can
be divided into two parts: one is the integration basednodel definition, the other is the
model manipulation based integration. The primary foundaifdhe model integration based
on model manipulation is the relationship of input and dusptween models. The paper puts
forward a formalization representation of model, andsgmées some concepts, such as the
combination model relation, the composite model and s@dditionally, the existence of the
model integration is also analyzed in detail and segeiféitient conditions are proved.

1 Introduction

Model management research has been going on for marsf@z8,4]. A large number of
research works mainly focus on the model representatial brings forward some classic
model representations, such as structural modeling, togaeling as well as the model rep-
resentation based on graph, and so on. The researedef representation is the jumping-off
point for model management research. But it is noticseifit to solve combination model
computation in model integration just by means of studyioglehrepresentation. For this
purpose the model integration based on model manipulat®hdw@me an exciting direction.

There is no unified concept for model integration atgmd5], and intuitive comprehension
Is to construct a composite model by the combinationafynmodels in order to finish some
tasks. The model integration can primarily be divided tato parts: one is the model inte-
gration based on model definition, the other is the mmtiegration based on model manipu-
lation. The model integration based on model definiti@ans that the integration is accom-
plished when the model is defined, and in this case tbgration has close relationship with
model representation. The model integration based orelnmanipulation realizes the inte-
gration by transferring parameters between models.ifEinature[6] descries a comprehensive
method based on structural modeling in model definition, thedliterature[7] defines the
model integration based on model manipulation, wherealdehature[8,9] realize the model
integration based on object-oriented model management.



Because different model is of different representatio® model integration based on model
definition is closely related with actual model repréaBon, so it does not bear universality.
The study of the model integration based on model manipaldbes not yet come into being
rigorous theory up to now. Model management method basgrthph[10] analyzes the input
and output between models, and gives the significant thdoghtodel integration based on
model manipulation, but it does not make elaborate thaajyysis for whether model inte-
gration can be done and how to integrate.

The paper argues that input and output of general-purpose aredbk key point for model
combination. It makes three main contributions. Firdgrinalizes the model representation,
and proposes the concepts about the combination modebmedand the composite model.
Second, the existence of the composite model is amhlyzdetails, and several sufficient
conditions are proved. Under satisfying sufficient caodg the constructing method of the
composite model is also be given. At the end of the rpdq@eoptimal strategy and the low-
est-value strategy for the selection of the compasddels are simply discussed.

2 Model Integration

Many problems encountered when building applications of databystems involve the
manipulation of models. A model means a complex stru¢chaterepresents a design artifact,
such as a relational schema, object-oriented interfdlb®, model, semantic network, com-
plex document, or software configuration. Many usesadels involve managing changes in
models and transformations of data from one modelantther. These uses require an ex-
plicit integration representation between models. Wask endeavors to make database sys-
tems easier to use for these applications by making namdeinodel integration as first-class
citizens with special operations that simplify their.08& call this capability model integra-
tion.

A complete model management must assist in the tggledinking, and execution of
models. That needs a general framework for formatinatif models. By input and output
standardization and model rules, it may be done to lifierdnt models together to solve a
complicated problem. This makes heterogeneous model integpaissible, and supports the
advanced model integration.

We presented an outline of model, which has two maimadigins. One is the model, which
captures the structure of engineered information artjfaatsh as database schemas, interface
definitions, semantic networks, complex documents, aftdvare configurations. The other is



model integration, which captures relationships between Isedeh as transformations and
matchings.

2.1 Mod€

A model also can be thought as an entity, which cashfisome tasks. When some data are
inputted then it will output some results according tinisrior function. The general-purpose
model is a worthwhile and achievable goal. At an absteaell the following gives formal
model definition.

Definition 1. A model m is defined as m=(IN, OUT)

(1) IN denotes a set of input parameters, and represented as

M(IN)={in1, Jinpe }, or m(IN)={m(in4), I m(ine) },
P is the number of input parameters, P=|m(IN)]|.

(2) OUT denotes a set of output parameters with onlyootyeut variable, and represented

as: m(OUT)={out}, or m(OUT)={m(out)}

For example, a model m=(IN, OUT), m(OUT)={out}, m(Bn 4, iny, ing}. It means that
the model m has one output parameter in output set aeel ittput parameters in input set.
Generally inputting data come from external source. &etlata from database can be rep-

resented as a special model, and the input set IN wfiekind of model is an empty sét

2.2 Combination model relation

Definition 2. Let M={my, [Im,} be a set of models, for any two modelgiM, mCIM, and
iZ], the <m(out), m(in)> means that output parameter(out) of modepravides only one
input parameter(in) for the input set of the modglthe <m(out), m(in)> is named as model
ordered-pair; all of the possible model ordered-pairs coempaset R, and MR=(M, R) is de-
fined as Combination Model Relation about model set M.

As above definition 2, for any model m in set M, the benof input parameter of a model is
denoted as |[m(IN)|, [m(IN)| input parameters must cometfierautput parameters of [m(IN)|
different model. A model m provides only one parameterafither model, but the output
parameter of a model can provide possible input for manyreliffenodels.

Because of the uniqueness of the model output parameterdéred-pair <rfout), m(in)>
may be simplified as <inm/(in)>. When we do not care about which parameter of ingtutfs
model m corresponds to jfn), we can just simply use the expression,<np.



Note that the combination model relation comprises abjde transforming relation of
input and output parameters among model set M, and whebhee@ed-pair <pjout), m(in)>
belongs to R depends on characteristics of the prollatwte are discussing.

Definition 3. Let M={my, I m,} be a set of models, MR=(M, R) a combination model re-
lation, and

[OmOIMOdinOmy(IN)] - Omi[m; M Doutdmy(OUT)Ckmyi, m(in)>UR]

we say that MR is complete.

The completeness of MR means that for any input pasamgin) of model min model set
M, there is at least one modeji, the output parameter;fout) makes <mout), m(in)>
come into existence. The completeness can be \kehfigudging whether every input of all
models in M can be provided by the output of another m8eekuse of limitation of inputs of

all models, therefore the judgment of completenefidevminate in finite steps.

2.3 Modd integration

The model integration consists of formal structuresrémresenting models and mappings
between models. According to the relationship between madehave the following model
integration definition.

Definition 4. Let MM=(M, R) be a combination model r&dan and OUTPUT be an expected
output set. The model integration is to constitute aVddt=(MI, RI), which is defined as
follows:

(1) MIOM, RIOR

Ml is the final model set of model integration, and &the model input and output relation
among the set MI.

(2) OmtOMI JOUTPUT=mt(OUT)[] ItmOMI = <mt, m>0RI]

The output of model mt in MI is the unique expected ougftgr integration, and mt is
named as the terminal model.

(3) [OmOMI Omizmt] - [CmOMI O<my, m>0RI]

The output of a non-terminal model in the set MI mesthe input of other models among
M.

(4) OmOMI - [OmOMI C<my, m>0RI]

One of the input of any model in Ml is provided by only omedel among M.

(5) Does not exist ordered-set {nill m_} (OMI, satisfying:

<my, m>URI, [ <my, me>0RI TP<mea, m>0ORI, <m, m>0RI



This means that the ordered-set;{iffiJl m } whose input and output parameters between
models are transferred circularly does not exist.

MM=(MI, RI) that satisfies the conditions (1)-(4) alled Composite Model; moreover
MM=(MI, RI) which satisfies the conditions (1)-(4) and (S)called Loopless Composite
Model.

Once MR and expected output set OUTPUT are given, g#entimg all kinds of models to
compose a composite model in the dynamic state isdcai@alel integration based on model
manipulation. This means that only those models in gnedel set M can be selected for the
model integration, and the integration result or thigatuof the composite model is the ex-
pected output.

Given a set of models M, then MR may be counted omdégns of the characteristics of M.
If M and expected output set OUTPUT are given, thenpossible to constitute MI. As stated
above, for any two models in MI, according to transfigrnielationship of input and output
parameters when integrating, input and output between dwelative models may form an
ordered-pair, and all of the ordered-pairs consist ofcés®snl model set RI, at this point model
integration is finished. Whereas depending on MI and RIcan know all parameter trans-
ferring correlations between input and output of all medelong the composite model. Hence
it is possible to assemble different models to do mami@puitation.

Under given MR and expected output set, model integrasiolm find MI and RI. If
MM=(MI, RI) that satisfies the conditions (1)-(5) infahtion 4 can be found, then the com-
posite model exists, otherwise it does not exist. Whetieecomposite model exists, how to

construct and realize the composite model are basicgonslih model integration.

3 Composite M odel

Once given combination model relation and expected ougputhe leading point of model
integration is whether it may be finished. This is thestexice of the composite model. The
following theorems give out some necessary and seifficconditions about the composite
model.

Theorem 1. Let MR=(M, R) be a combination model refaiod OUTPUT be an expected
output set, terminal model MM, and OUTPUT=mt(OUT). The completeness of MR is the
necessary and sufficient condition for model integratir constituting a composite model.

Proof: If the model integration can be finished, the debtepess of MR follows immediately

from definition 3, that is to say MR must be complete.



In other words, if MR is not complete, there mustroe that at least one of the input of a
model can not be provided when we are going to constitabenposite model, then it is im-
possible to work out a complete composite model.

Contrarily, if the MR is complete, the following prevéhat there must exist a composite
model MM=(MI, RI). By constructing MM=(MI, RI) we caknow MM satisfies the conditions
(2), (2), (3), (4) of definition 4.

In the combination model relation MR we must find om@del whose output is expected
output firstly. If the input set of this model is not egpphen continue to search other models in
the combination model relation MR, and their outputs pndvide parameters for necessary
inputs. For every model which is called, if the inputis@bt empty, then it is necessary to call
other models to provide input parameters further. This procedilirbe going on until all
input parameters are provided. At the end the expected owigoptbe worked out by the
composite model which is just now constituted.

Constructing steps are as follows:

Step A):

Let MI=®, RI=®
In order to be convenient for the expression, supposedbelsin set Ml will be ordered
by joining order, and CurrentMI represents the model ghaking processed at present in

ordered-set MI.

Step B):

Finding out mEIM, mt(OUT)=OUTPUT
Let MI={mt}, RI={<mt, NIL>}, CurrentMI=mt
Step C):
REPEAT
IF CurrentMI(IN}®
Because of the completeness of MR
Finding out m, mp, I me in model set M, P=|CurrentMI(IN)|
Satisfying <m, CurrentMI>IR, [l<mp, CurrentMI>IR
LET RI=RIO<my, CurrentMI=I<mp, CurrentMI>I MM <mp, CurrentM|>
FORI=E1TOP
IF mOMI THEN
MI=MI O{m;}
ENDIF



ENDFOR
ENDIF
CurrentMIl moves to next model in ordered-set Mi
UNTIL CurrentMI=NIL

Step D):

The final composite model MM=(MI, RI) is constituted t@onow.m

The completeness of MR ensures the rationality @f&)e By |IMIK|M|, and M is a finite set,
then step C) will terminate in finite steps.

Obviously, for MM=(MI, RI), the condition (1) in defindin 4 is correctness, that is MM,
RIOR. The condition (2) among definition 4 can be verifimdstep B). According to con-
structing method, the conditions (3), (4) in definit®bnome into existence by step C).

By mtIM, OUTPUT=mt(OUT) and the completeness of MR, the posite model MM can
be constructed. According to the constructing method, Midfses the conditions (1), (2), (3),
(4) among definition 4. If the condition (5) can alsdiogher satisfied, then it is proved for the
existence of loopless composite model. Actually only lesg composite model can be real-
ized in model computation.

Theorem 2. Let MR=(M, R) be a combination model refaiod OUTPUT be an expected
output set. and MMOOUTPUT=mt(OUT). Assume MR is complete, there doeseadt
ordered-set {m) [IJlm_} (OM, which satisfies:

<mg, mw+1>0R, when k=L, let k+1 be 1.

Then the loopless composite model MM=(MI, RI) satisfyihg conditions (1)-(5) among
definition 4 must exist.

Proof: Because of completeness of MR, by the thedrémvi=(MI, RI) can be constituted
such that satisfy the conditions (1)-(4) among definiion

By the characteristic of MR, and MM is constituteahir MR, MICM, RICIR, it is impossible
to exist an ordered-set {niJ m_} OMI which will satisfy:

<my, m>0RI, I<my, Mq>0ORI, @<me.g, m>0RI, <m, m>0RI

Then MM=(MI, RI) satisfies the condition (5) in deifion 4, so MM=(MI, RI) is a loopless
composite mode

Theorem 2 means if the combination model relation MR=RJl is loopless, then the
composite model which is constructed from it exists, anuust be a loopless composite

model.



Theorem 3. Let MR=(M, R) be a combination model refaiod OUTPUT be an expected
output set mtlIM, and OUTPUT=mt(OUT),
If R is complete, andCML={m 1, I m } OM, satisfying:
(1) Om Oy [mi DML COmyOML C(inOmy(IN) Doutdmy(OUT) — <my, m>UR)]
(2) OmCmy[mi DML OmyOML H{outmy(OUT)UinOmy(IN) — <my, m>LR)]
Then the loopless composite model which satisfiesdhditons (1)-(5) among definition 4
will exist.
Proof: Supposes that the set ML={ril]lm_} [IM exists,
and <m, m>UR, [M<m,, Me1>UR, MI<m.q, m>0R, <m, m>0R
then, it will be:
(1) OmOML, O OML, inOmy(IN) DoutTImy.1(OUT),
There will be <m;, m>0OR, when k=1, let k-1 be L
(2) OmOML, Om10ML, outOm (OUT)UinOmy+1(IN),
There will be <m, mw1>0R, when k=L, let k+1 be 1
It is inconsistency with what is given in the condiBoof the theorem, then the hypothesis
does not come to existence. Further more it can be ¢himveneans of the theoremm.
Theorem 4. Let MR=(M, R) be a combination model refaiod OUTPUT be an expected
output set, MIMOOUTPUT=mt(OUT). Assume MR is complete, and MM=(MIl) & con-
stituted according to theorem 1.
If OML={m 1, Im } OM,
<my, m>0R, I<my, Me>0R, [MI<m ., m>0R, <m, m>0R, and MhML=®
Then MM=(MI, RI) is a loopless composite model.
Proof: Because MM=(MI, RI) can be constructed from MR{H®/constructing method we
know MM satisfies the conditions (1), (2), (3), (4) amgalefinition 4.
If it does not satisfy the condition (5) among definitébn
then there is a setd#{m., [MIm_} OMI, and
<my, m>0RI, I <my, me>0ORI, T<me., m>0RI1, <m, m>0RI
By hypothesis in the theorem ML is the unique subset ihd¥lpossesses given properties,
and that MOMIOM, RIOR, then it can be inferred $4ML, so it is inconsistency with what is
given MInML=® in the theorem. Therefore MM satisfies the condit{5) among definition
4. m



Actually there may be a number of subsets which hawsdlme characteristics with model
ML. As long as MI does not intersect with all of thesubsets, then the composite model
MM=(MI, RI) which is constructed according to theorens hiloopless composite model.

Theorem 4 means that if existing circular transforaraimong combination model relation
MR, then takes out all loops among MR, and the compasitgel MM=(MI, RI) still exists,
consequently MM must be a loopless composite model. Th@ides a special state.

4 M odel Evaluation

According the combination model relation MR, for a giveput m(inJm(IN) of some
model m, maybe there are many model outpu{sub), my(out), [ m,(out), all of them satisfy
<my, m(in)>0R, <my, m(in)>0R, [ <m, m(in)>0R. In the step C) of theorem 1, the
strategy is to select any one of them which satisfiegiiven conditions. Therefore a number of
composite models may be constructed just for one expectpdtset OUTPUT.

There are different application range, precision, ovahef time and space for different
models, so it naturally leads to different characdtiesgor every composite model. In order to
serve the actual need it is always necessary tot seestable composite model. There are two
selective strategies: the optimal strategy anddivedt-value strategy.

The two kinds of selective strategy all may be used/atuate the composite model. The
optimal strategy will evaluate all of the compositedeis that can be constituted, then the
optimal evaluating value will be gotten, so the corredpanmodel is an optimal model. But
the overhead of this method is too much to evaluate ailposite models. The lowest-value
strategy sets an accepted lowest value at the beginnihgn \Wvaluating some composite
model, if the evaluation value satisfies the lowesie/athen the evaluating procedure termi-
nates. Otherwise the evaluating procedure will go on tnailowest value is satisfied.

5 Conclusions

This paper has investigated some issues for model integragopresented an outline of a
model for model integration. Given combination model retaMR=(M, R) and expected
output set OUTPUT, Theorem 1 shows that bylktf OUTPUT=mt(OUT) and the com-
pleteness of MR, the composite model MM may be canst. From the constructing method
it is clear that MM satisfies the conditions (1), (), (4) among definition 4. Theorem 2, 3, 4
indicates that in addition to the conditions which isvited among theorem 1, MM will sat-



isfy the condition (5) in definition 4 once some adxitl conditions are provided. In that case
MM is a loopless composite model.

Applications that manipulate models are complicatedhard to build. By implementing
generic model integration functionality presented inplaiger, the database field stands a good
chance of improving programmer productivity for these appdinatby an order of magnitude.

It is an exciting prospect.
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