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Abstract

As manufacturing systems become more sophisticated and complicated, effective managers know how they play a
crucial role in managing an enterprise and managers know how to deal with their dynamics and uncertainty. In this
article, a formalism based on the computer-integrated manufacturing open-system architecture (CIMOSA) reference
model is presented to specify the business processes and enterprise activities at the knowledge level. The formalism
uses an integration of multiple types of knowledge, including precise, muddy, and random symbolic and numerical
knowledge to systematically represent enterprise behavior and functionality. To support the modelling process, a pro-
totype is developed and an example for a maintenance activity is presented to demonstrate the effectiveness of the
proposed method.
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1. INTRODUCTION necessary to integrate manufacturing systems. The Purdue

. . . Consortium has developed an engineering-oriented archi-
The design and improvement of modern manufacturing en: ; . .

) ? . tecture and associated implementation methodology. The
terprises is an extremely complex process. It involves a non-

trivial combination of technological, human, machine, andarchnecture was published as the Purdue Enterprise Refer-

organizational issues. To cope with such a challenging probc. |oc Architecture (PERA) (Williams, 1994; Rathwell &
9 ' b ging p illiams, 1995). The Graphés a Résultatats et Activités In-

lem, there requires a model of the e_nterprlse not pnly at ShoPerreliés (GRAL) laboratory of the University of Bordeaux
floor level but also at an organizational and business Ievelhas also developed a framework and modelling tools to
Manipulating the model (such as a simulation) to produceSu PeC : : g

o g . ; pport enterprise integration (Doumeingts et al., 1987).
guidelines, decisions, suggestions, or knowledge is adva

. 4 . rESPRIT projects have also developed modelling reference
tageous to the design and improvement of the enterprise. . . . L .
architectures and industrial applications. The most impor-

There s a vast body of well-developed enterprise mOdeI?ant results have been the computer-integrated manufactur-

n the context of computer-mteg_rated_manufactl_Jrlng (qM)’ing open system architecture (CIMOSA). In the CIMOSA
which are ready to be used either in the design or in the . . o
Scenario, the business process is distinguished from enter-

implementation phases of enterprise integration. For in-_ . i AR
rise activities. An enterprise is viewed as a large collec-

stance, the International Standard Organization (ISO) Tectfe .
) . . : ion of concurrent business processes executed by a set of
nical Committee TC 184 on enterprise modelling and

intearation has pronosed a reference model for sho ﬂOOfrunctional entities that contribute to business objectives or
9 prop P oals (Vernadat, 1995, 1996). The Architecture for inte-

production standards (ISO, 1990). This model provides grated Information System (ARIS) has been developed at

conceptual framework for understanding discrete parts ma he University of Saarbriichen in Germany (Scheer & Kruse,

ufacturing; and can be used to identify areas of standardf994) Its overall structure is similar to CIMOSA, but it
deals with more traditional business-oriented issues of en-
Reprint requests to: Robert de Souza, Centre for Engi_neering_and Tedterprises such as order processing, inventory control, etc.
nology Management, School of Mechanical & Production Engmeermg,_l_0 combine the various methodoloaies and modelling tech-
Nanyang Technological University, Nanyang Avenue, Singapore 639798. g g

E-mail: mrdesouza@ntu.edu.sg niques, Bernus and Nemes (1995) proposed a hew Generic
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Enterprise Reference Architecture and Methodology (GERédata and information representational schemes. Finally, the
AM), which defines a toolbox of concepts for designing andmodel should remain live and be validated interactively.
maintaining enterprises during their entire life cycle. Modelling at the knowledge level thus paves the way to con-
GERAM attempts to predict system behavior and gain in-duct intelligent modelling by a variety of available learning
sight into interaction between the three primary functionaltechniques.
components of an enterprise: manufacturing, marketing, and Within this context, the enterprise functionality and the busi-
R&D, and the interaction of the enterprise with other enter-ness process will be precisely specified, analyzed, and mod-
prises, Mujataba (1994) constructed a model to capture theled atthe knowledge level. Asystematic formalism to define
most important activities in the enterprise. Based on simuactivities and business processes s presented, as well as clear
lation execution, he presented some insight far more visiblenathematical formulation and template representations.
than mental models. Moreover, an integration of multiple types of knowledge is

All these aforementioned architectures have produce@xplored. In conclusion, an application that summarizes the
many fine results, however, most of them are focused omost obvious results of the research are presented.
formulating the data and information aspects of an enter-
prise. The knowledge_ is mlxe_d vvﬁh the |nf9rmat|on allr.1d2. KNOWLEDGE CLASSIFICATION
treated as part of the information in processing and utility.

) . IN AN ENTERPRISE

The modelling language used by the above schemes is also
suitable for representing data and information but not forModelling an enterprise requires sufficient understanding
expressing the knowledge (De Souza & Zhao, E)9Vhese  to represent its behavior and functionality effectively. If the
modelling schemes focus on precise and complete knowlenterprise behavior and functionality are completely known,
edge, or complete unknown random factors in the modelnamely, the knowledge of the enterprise is precise knowl-
Little attention is paid to the imprecise and incompleteedge, then conventional precise knowledge representa-
knowledge that persists in the enterprise (Asai, 1995; Ddional methods such as deterministic mathematical equations,
Souza & Zhao, 1999). Furthermore, these modelling tech- rules, facts, frames, logic, and the like can be used to ex-
niques need to be improved in the consideration of simulaplicitly form activities and processes, no matter whether they
tion as it is an effective way to utilize the model. are in linguistic form or defined numerically. However, if

Actually, the enterprise paradigm has shifted with ad-enterprise functionality and behavior are completely un-
vances in technology, from an original labor and physicalknown, namely, the knowledge of the enterprise is random
facility orientation, through data and information, and cur-knowledge, one feasible modelling approach for activities
rently onto the present knowledge intensive format. Theand processes is random representation on the basis of prob-
knowledge embodied in an enterprise (common sense, exability theory or stochastic theory. In reality, the understand-
perience, rules etc.) plays a significant role and often being of enterprise functionality and behavior usually falls
comes the most important resource for the success of theetween these two polar states. The enterprise behavior and
modern enterprise (Gosset & Massotte, 1994; Zhao & Ddunctionality are either partially known or undergo change.
Souza, 1997). The functionality and the behavior of the enin other words, the knowledge of the enterprise is muddy
terprise are increasingly governed by the knowledge of thesknowledge, that is, neither precise nor random. Activities
so-called “intelligent” enterprises. Therefore, to model theand processes cannot be precisely formulated by conven-
dominant and representative features of these enterprisestibnal precise knowledge representational methods, and
can be argued that more emphasis ought to be placed on titenversely, a random representational approach will omit
knowledge instead of on the detailed data and informatiorthe known aspects and introduce extra uncertainty in the
representations during modelling. Meanwhile, modelling atmodel. Therefore, vague, imprecise, ambiguous knowledge
the knowledge level can yield many benefits: First, the entepresentational methods such as fuzzy logic, Bayesian prob-
terprise of today are full of dynamic and uncertain compo-ability, certainty factor models, etc. can be adopted. Con-
nents; the governing law of these components is heavilywentional modelling methods in the CIM scenario reveal
dependent on the vast body of knowledge, but not necedittle, if anything, about this imprecise, vague ambiguous
sarily on the information and data. Modelling at the knowl- knowledge. In effect, the understanding and representa-
edge level can encompass the dynamic and uncertain aspetitsnal language of enterprise behavior and functionality con-
relatively easily. Second, modelling at this level can enablestitute a continuous spectrum.
simple organization of information and data because the For a particular enterprise, the functionality and behav-
knowledge acts directions for further information and data.ior usually contain the combination of much precise, muddy,
Representing the knowledge in the model is equivalent t@nd random knowledge. Further, this knowledge may man-
capturing the kernel component of the information and dataifest itself in two broad forms, either as numerical knowl-
Third, modelling at the knowledge level can utilize many edge or symbolic knowledge. The numerical knowledge may
well-developed powerful knowledge representationalappear in mathematical equations, regression models, sto-
schemes to describe features and characteristics of an echastic models, as a Markov process, or as a data set. A
terprise that cannot be easily represented, by convention&lained neural network can also be used to represent input—
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Domain
Knowledge

output numerical relationships whose transformation pro-
cess cannot be easily described by obvious mathematical
formulae. On the contrary, the symbolic knowledge can be  Precise
presented in linguistic, symbolic form such as facts, frames, ~ Knowled
semantics, production rules, logic, natural language, and so
on. The above-mentioned precise, muddy, or random knowl-
edge that appear in either symbolic or numerical form can
crystallize into six categories of knowledge: precise numer-
ical knowledge (such as mathematical function), precise sym-
bolic knowledge (such as rules, facts), muddy numerical Numerical
knowledge (such as Bayesian probability, certain factor Knewledge
theory), muddy symbolic knowledge (such as fuzzy knowl-
edge), random numerical knowledge (such as stochastic or
chaotic process), or random symbolic knowledge (such as
random symbolic generation).

Normally, enterprise behavior and functionality contain Fig. 1. The integration using meta system as a kernel.
varying degrees of these six types of knowledge and hence,
the modelling needs an integration of these six categories
of knowledge as shown in Eq. (1).

Symbolic
Knowledge

Random
Knowledge

tion flow and the material flow and makes for explicit
Model = { ®|Kps; Kpn; Kus; Kus; Krs; Krn} (1) resource input and output. However, the input and output
) . have no precise semantics, and the model fails, in the au-
where K-sdenotes precise symbolic Knowledge;¥ pre-  thors’ opinion, to describe the triggering condition as well
cise numerical Knowledge; jfs, muddy symbolic knowl- a5 the ending status of activities. Furthermore, the represen-
edge; Ky, muddy numerical knowledge; &g, random  tatjon is deemed too complex. Another simpler representa-
symbolic knowledge; Ky, random numerical knowledge; tjon is the IDEFO ICOM box depicted by Figure 2(b) based
and @®" represents the integration of these six categorieg), actigrams of SADT (Vallespir et al., 1991). It is often
of knowledge. _ used in practice to represent either processes or activities.
The integration " should notbe simply the lump sumto  However, it may be considered too simple. Another candi-
make an accumulated whole, but be carried outin a hybridyate for activity representation is the CIMOSA enterprise
ization and coupling fashion to form a synergistic whole. O”eactivity box. It has a graphical representation compliant to
promisingwaytoaccomplishthisactionistointegratethe Multhe 1ISO GAM representation and has semantically well-
tiple types of knowledge at the knowledge level. In othergefined inputs and outputs [Fig. 2(c)] (Vernadat, 1995, 1996).
words, using knowledge about the domain knowledge to acyjowever, it does not clearly represent the triggering condi-
comp|'|sh “deep” Ievgl integration. The knowledge about theyjon and control input. Further, the knowledge characteris-
domain knowledge is meta knowledge (MK), namely, thejjcs and function in the activity is not explicitly specified.
knowledge concerning the propriety, characteristic, and Ut"Hence, the authors have proposed a revised activity box as
ity of the domain knowledge. The integrated structure is showg ,own in Figure 2(d), which is a modification based on
in Figure 1. The function of meta knowledge is to use, conthe CIMOSA representation. The difference between the

trol, manage, and coordinate the domain knowledge. proposed activity and that of CIMOSA lies in the fact that
the control output in Figure 2(c) is modified to express the

3. ACTIVITY FORMALISM triggering condition of the activity as well as facilitate the
recording of the termination status and subsequent postpro-

3.1. Definition and graphic representation cessing. The function input and output also contains knowl-

In essence, an activity is defined as a transformation frorﬁEdge views beyond the physical and information views.
’ y In Figure 2(d), the function input (FI) refers to a set of

input to output subject to some condition. It can also be de- | . ) S
noted as a function that related the input state into an outpuﬁbject views to be transformed by the activity; while the

state under some conditions. It can be written as Eq. (2), (lajgﬁg(r)gll?/uiﬂit E)T)%)clts\tihe?/vosniff‘zng(i)ryg:?l\?égs ngvr'z'

Output state= f(Input stat¢ subject to guaréif) = C ~ (2)  ferred to as the physical and the information views. The
knowledge is mixed with the information and data in this
Several formalisms for graphical representations of an acinformation view (Vernadat, 1996). To emphasize the func-
tivity have been proposed as shown in Figure 2. A generition of the knowledge, a knowledge view is added to sepa-
activity model (GAM) has been proposed by ISO TC 184rate the knowledge from the information in the object view.
(1SO, 1990). It makes use of a box with 10 legs as illus-The function input and output are modified as the Physical
trated in Figure 2(a). It differentiates between the informa-View (PV), Information View (1V) and Knowledge (or de-
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Information  Resources Control(C)

1 ¢ |

Material - Material
DRSS [ ovow
Information TF=Transp}orm Information BE— Actlv1ty —
Resource VE = Verify Resource
— ST = Store —
Mechanism(M)
Information Resource

Decision
Control Input Control Output I
‘L T Function Input L. Function Output
Function Input . Function Output Activity _f
—p  Activity —vh (PV,IV,DV) (PV,IV,DV)
(PV,IV) (PV,1V) Y l
Resource Input Resource Output
Resource Input Re}ource Output p P
Control Input

Fig. 2. The graphic representation of activity.

cision) View (KV). The Resource Input (RI) refers to a set whereQ, € R?*3 is the output vector of the activit®, =
of object views used as the resource to support the execiFg,Rp,)". 1, € R¥3 is an input vector of the activity
tion of the activity; it will not affect the transformation of 1, = (F,,R,,C,)";t € Ristime;f € R¥3*X R"X R =
the FI, FO; while the resource output (RO) is a set of objecR?*® is a mapping field of the activity$(-) is delta func-
views used as resources to be transformed after executidion in term of triggering condition in decision,

of the activity. The resource object view encompasses the

physical and information views. Control input (CI) refers _ _ { 1if D. Triggering_port is True (10)
to a set of information views used to support or constrain D-Triggerport = | 0 if D. Triggering_port is False
the execution but is not modified by the activity. The deci-
sion (D) contains the triggering condition for execution of D is decision and
the activity and is postprocessed after the activity runs. It _ )
D = {Triggering_port; Post_processor}; (4)

will not be affected by execution of the activity. It is mainly
concerned with conditions, constraints to perform the activ

) L , te is a user-defined feature set to represent features in
ity, and termination status of the execution.

the activity. It is intermediate variablée € R" =
(featurs,...,featurg),

3.2. Mathematical description fe = g(Int) 5)

Although graphical notations are useful to be understood; . 3 - . .
the mathematical expression can give more precise and deéE)Wh'Ch g€ R. X R— R%is a mapping from function
insight about the nature of the activities. Moreover, it cannPutto the defined feaiure set.

offer many tools to model the process with the aid of many

— T.

fine mathematical results. F = (Fev, Fiv, Fi) 5 (6)
Essentially, an activity can be expressed as follows: R = (Rev,Ry,Rey)T: )
Qa = 8(D.triggering_port) (14, fe, t) ®3) C=(Cv.,Cxv)"; (8)
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whereFp,,, F\, , andFy,, denote the functional physical view, ecution of the activity. The Post_processor is a set of opera-

information view and the knowledge view, respectiv@ly,,,  tions that need to be conducted after the activity. A typical

Ry andRy,, is resource physical, information and knowl- triggering rule and postprocessor is given in Figure 3.

edge view, respectively. The mapping cannot be concisely The body declares the behavior of the activity, it is com-

expressed as a numerical equation further, instead, a corprised of the input, output, and mapping field as in Eq. (13).

posite form containing multiple types of knowledge should

be used. In other words, the mapping should be conducted Body := {Input; Output; Mapping_field}, (13)

by the integration of a large amount of knowledge with in-

tegrated structure as shown in Eq. (1), namely, where input contains Fl, RI, and CI of an activity. Output
contains FO, RO, and features (Fe) of the activity. The Map-

f:={Kps® Kpn @ Kus @ Krs @ Krn} (9)  ping_field specifies various functions which transform the

Input (FI, RI, CI) to the Output (FO, RO, CO).

If f(-) can well be constructed in either symbolic or numer-  1pe mapping field is an integration of six types of

ical way, then the activity is callestructured activityother- knowledge as previously mentioned in Eq. (8). The pre-

Wise,' the activity isonconstructed activityf the mapping. cise symbolic mapping knowledge uses frames, facts, rules,

functionf (-) can be constructed as a set of mathematicahgcedures, and operations as representation mechanisms.

equation, then the activity is defined amamerical activ-  The representational template and its explanation is in Fig-

ity, otherwise, it is namedomposite activityUsually, the ;e 4.

constructed activity is solvable and the numerical one can The precise numerical mapping knowledge contains a

obtain an optimal solution. The nonconstructed activity iSmathematical function or a subnumerical computing rou-
usually hard to be solved and in solution multiple tools, in-tine |t can generically be expressed as

cluding mathematical computation and symbolic reasoning

need to be used. o . . (output],... output h = (FUN) {(inputl,....input m or
In the case that the mapping field-) is an unit map- _ . )
ping field, namely,f (-) = I, the resource will never be output:= CALL (name (inputl,...input n},

changed and the function input equals the function output. This _ o _ _ _
means the activity is just a delay. If an Eq. (2) can be transwhereoutputis a string;inputis a string, real or integer;
formed as FUN may be a mathematical functié(), it may also be a

trained neural networlN(O), or auto regression model
I o = 8(D.yigger conditiod T ~(Oa,t). (11) AR@O), ARMADO) from the known datalNameis a string.

The muddy numerical mapping knowledge is the stan-
This implies that the activity is inevitable. As an example, dard Baysian probability or certain factor model referred to
consider an activity that conducts order evaluation. The achy Krause and Clark (1993). The muddy symbolic mapping
tivity function input is the order and the output is the re- knowledge consists of fuzzy facts, fuzzy rules, and fuzzy
quired production capability. Hence, the activity taking procedures. They are often in the form shown in Figure 5.
production capability as input and the kind of order that can
be satisfied as the output is thus the inverse of the former.

3.3. Activity specification TR i: WHEN <condition I> and/or ... and/or <condition n>

Enterprise activities are used to describe functionalitywithan — sTaRT ACTIVITY /* ith triggering rule to invoke the activity when
allocation of resource and decision support. In CIMOSA, the

template representation uses Pascal-like activity behavior. This the condition / to condition 7 are satisfied */
representation is complex and systematically incomplete

(Nageretal., 1995). Hence, the template representation of ac-

tivities is enhanced. Its specification is characterized by thre®PS j: <operator>(name) ~ /* jth post processor

components as shown in Eg. (12). where the operator := {DELETE , /* delete a results */

Activity := {Header; Decision; Body}. (12) SAVE, /* store a results */

The Header comprises the description of the activity includ- SET,  /* set or change a results */
ing activity name, activity type, design authority, and expla-
nation to the activity. The Decisionis the lever to control and
regulate the activity, it contains a Triggering_port to invoke )

the activity and a Post_processor that postprocesses after ex-

ecution of the activity. The Triggering_portis a set of filters

expressed by triggering rules to decide and restrict the ex- Fig. 3. The representational language of decision of an activity.

MODIFY, /* modify a results */
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Frame i: string /* ith frame */
Superclass: string /* the father frame */
Subclass: string /* the child frame */

{

slot i: string /* one slot of the frame */
facet: string /* type of the slot */

value: <real, integer, string, rule set, operation, method> /* the value of the slot */

RuleSet j: { /* one rule set */

/* production rules: map if-part to then-part */
IF <expression 1> <connective> <value 1> and/or;...;
<expression n> <connective> <value n>
THEN <expression 1> <connective> <value 1> <Dos> and/or;...;

<expression m> <connective><value m> <Dos>.

/* sequential rules: a series of actions will be executed when condition is true */

WHEN <condition> SEQDO {<action I>, ..., <action n>},

/* selective rules: perform two different actions */
IF <condition> DO {<actiorn>}

ELSE DO {<action> };

/* repeatative rules: perform actions repetitively until condition is satisfied*/

WHILE <condition> DO { <action>};

} /* end of the rule set i */
Operation j: <operator><name>
where operator := {SAVE,  /*save a results */
DO, [*run a procedure */
DELETE, /* delete a result */
CREATE, /*create a results */
CALL  /* call a sub-procedure */}

/* where condition i:= {string}, connective := {is,do,=,!1=,><,>= <=}, value := {string,

:=or; Dos := {real, integer} is degree of support. action is a

integer, real}; &:=and;
operation such as SAVE, DO, DELETE, CREATE,....*/

Fig. 4. The representation of precise symbolic mapping.
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Fframe i: string /* fuzzy frame i */
Superfclass: string /* the father frame */
Subfclass: string /* the child frame */

{

fslot j: string /* the jth slot of this frame */
ffacet: connective /* the type of the slot */

fvalue: <fuzzy facts, fuzzy rule set, fuzzy evaluation> /* the value of the slot */

/* fuzzy evaluation: evaluate the fuzzy value from n inputs fuzzy variables */

FE j: <fuzzy variable> = <FFUN>(Fuzzy_input], ..., Fuzzy_inputy);
/* where FFUN is fuzzy operations such as fuzzy sum (FSUM), fuzzy minus (FMINUS),
Sfuzzy multiplity (FMULTPILITY), integral (FINTEGRAL), etc.*/

/* fuzzy rules: map if-part to then part */
FRULE k:
Fuzzification := {triangular | bell-shape | trop } /* the fuzzification method */
DeFuzzification := {centroid | height | maxmin} /* defuzzification method */
IF <fuzzy variable 1> <connective> <fuzzy value 1> and(or);...;
<fuzzy_variable n> <connective> <fuzzy value n>
THEN <fuzzy variable 1> <connective> <fuzzy value 1> and(or) ;...;

<fuzzy variable n> <connective><fuzzy value n>.

IF <operator> <parameters> <fuzzy value> and(or)
<operator> <parameters> <fuzzy value>
THEN <operator><parameters> <fuzzy value> and(or);...

ELSE <operator><parameters><fuzzy value>}

/* fuzzy procedure represents a series of executions */
FP1:
<Action> = <Action1> (Fuziness) Before <Action j> (Fuziness)
/* where fuzzy variable i: is string, connective is, “ is, do, =,!=>, <, >=, <=", fuzzy value
i:= {string} is the fuzzy level description. & := and; | := or;. Dos := {real, integer} is degree
of support. */

Fig. 5. The representation of muddy symbolic mapping.

https://doi.org/10.1017/50890060498121108 Published online by Cambridge University Press


https://doi.org/10.1017/S0890060498121108

36 R. de Souza et al.

The random mapping knowledge contains random maeise fuzzy relationship instead of as definitive complete
nipulation and random variable generation. The random maknowledge. Furthermore, some connections of the activi-
nipulation is used to compute the randomness of variableBes may be on the basis of stochastic relations. In short, it is
where the random symbolic mapping knowledge producestrongly dependent on multiple types of knowledge. There-
random symbolic variables and the random numerical knowlfore, its representational formalism should adopt a similar
edge produces numerical variables. The template for rarstructure as shown in Figure 1 from the knowledge perspec-
dom knowledge is represented as in Figure 6. tive. In other words, although the meta system and domain

The meta knowledge contains the functional descriptionknowledge are different in the business process and enter-
constraint, and control rules. Functional descriptions are usegrise activity, the integrated structure is the same.
to describe the function or the work that can be performed In a general mathematical form, the process can be ex-
for each type of domain knowledge. Constraints are used tpressed as
describe the requirement of accomplishing the above func-
tion for each system. Control rules are used to control the P = §(D.condition)f (EA, t), (14)
utility of a wide range of knowledge to obtain the output
from the input. It contains rules and procedures. The metavhere D denotes the decision that is shown in Eq. (4). The

knowledge is as shown in Figure 7. Triggering condition is event driven, and the End_proces-
sor performs the post operations after the business process
4. THE BUSINESS PROCESS such as storing results and recording termination status.

EA € R" is the enterprise activity vector atA = (EA,,
The business process is used to describe the enterprise be:, EA,)". EAi represents theth enterprise activity.
havior. It is aggregated by a series of activities and onlyf (-) € R" X R — R is the mapping field which is con-
triggered by events such as order arrival, machine breakstructed by an integration of the multiple categories of map-
down etc. In theory, it has been illustrated that activities campings as shown in Eq. (1). TR¥-) is defined by Eq. (10).
be combined into processes by using a parallel operator de- In a more detailed form, a business process also consists
noted as {” to describe any flow of control assuming that of three components as shown in Eq. (13). The header de-
this operator is not commutative (Curtis et al., 1992). Infines the name, type, and illustration of the process. The
CIMOSA, a process is aggregated by a control structure rulélecision contains the triggering condition for execution of
set (procedural rule set) such as sequence, parallelism, retite business process and post processes sequences. Its struc-
dezvous, choice, or loop to connect activities in a networkure is the same with Eq. (4) except that it is for a process.
fashion (Vernadat, 1995). However, many business proThe body specifies the behavior of the business process and
cesses in manufacturing enterprises go hand-in-hand withia constructed of multiple types of mappings. The process is
vast body of incomplete and vague knowledge. The conat a high level and operates on the activities. Correspond-
nection and interaction of activities is reached in an impre-ingly, the knowledge is also different. For precise symbolic

/* randomness manipulation function */
RF i: <output> = <PFUN><inputl, ..., input n>
/* where output := {string}, input := {string, real, integer}, PFUN is

random function. */

/* random variables generator */

<Random_variable> IS <name>< random value>;

Fig. 6. The representation of random mapping.
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/* The function of each type of knowledge */

KpN : <variablel, variable 2, ..., variable n>

/* constraint states that proposition j needs the propositions 1 to propostition n*/

CST i: <proposition> REQUIRE <proposition 1> |; ...; <proposition n>

/* conflict resolver : resolve the conflict of n variables */
CR j: <variable> = <RESOLVER><variablel,...,variable n>

/* where RESOLVER is COMBINE, REPLACEMENT, PRIORITY, DELETE, AND,

or OR, etc.. */

/*conditional rules: perform action if a condition is satisfied */

Rule i: IF <premise> DO <action>

/* requirement rules: the premier needs the operation perform until the condition is

satisfied */

Rule j: {<premise>} NEEDS{ DO { <operation>} WHILE {<condition>}}

/* finish the process when the condition is satisfied */
WHEN <condition> FINISH

/* where premise := {string}; proposition := {string}; &: = and; | := or.}*/

Fig. 7. The representation of meta knowledge.

knowledge, it usually contains various rules such as pro- The modelling platform consists of an operational-level
duction, sequential, conditional or spawning rule, loop, ter-modelling tool and an organizational level modelling tool. The
mination rule or constraint. The representation of the aboveperational level modelling tool is realized by using Ex-
mentioned rules can be expressed as in Figure 8. tend™ (1995) simulation software, which provides a C-type
The fuzzy knowledge contains fuzzy connections of acdanguage to develop more sophisticated knowledge-based
tivities as shown in Figure 9. Other types of knowledge argunctions and activities. The organizational level modelling
similar with that in the activity. tool is developed with visual basic. The modelling library
consists of neural network, fuzzy logic, genetic algorithm,
mathematical analysis, and other available software. Some
components in the modelling library, such as the neural net-
work, the fuzzy logic and genetic algorithm, are written with
Based on the aforementioned knowledge intensive modelisual basic, and some available software are directly inte-
ling technique, a modelling platform prototype is devel- grated into the modelling platform through dynamic-link li-
oped. The structural diagram of the modelling platform canbrary (DDL), open data base connectivity (ODBC), dynamic
be illustrated as in Figure 10. data exchange (DDE), or object linking and embedding

5. IMPLEMENTATION OF A MODELLING
PLATFORM
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Production rule: IF <condition 1>&()), ..., <condition n>
THEN <result]> &(|), ..., <result n>
Conditional rule: WHEN (condition) DO EA;
Sequential rule: WHEN (condition) SEQDO {EAf1; ...;EAp;}
Spawning rule:  WHEN (condition) DO { EA| &...& EAp }
WHEN (condition) DO {EA1 |... | EAp}
Loop: DO { EA; } WHILE (condition)
Termination rule: WHEN (condition) DO FINISH
CONSTRAINT := { EA; <connective> EAj}
/* where connective := { BEFORE; AFTER; DURING;,}. & represents that the
activity needs to start simultaneously and | is the operation selected from the

alternatives. */

Fig. 8. The representation of precise symbolic mapping of a business process.

(OLE). The meta system shell is written in visual basic andé. EXAMPLE
used to manage and control the organizational, operational
tools and the modelling library. Let us consider an activity that represents machine mainte-
The modelling platform relies on a graphic icon library nance depicted by Figure 12. The machine maintenance ac-
of predefined enterprise objects to represent business praivity is performed by a team of workers and consists of
cesses and enterprise activities. The user draws the procetssee basic steps. The Fl consists of the faulty machine and
icon or activity icon from the library and inputs the related the associated information and knowledge about the faulty
knowledge into the process or activity. The user interface omachine such as the machine fault times, composition of
the modelling platform is shown in Figure 11. After the the machine etc. The FO contains the repaired machine and
model is built, it can be used for simulation to analyze andhe corresponding knowledge and information about the ma-
optimize the designed enterprise. chine. This activity needs a support resource such as la-

Fuzzification := {triangular | bell-shape | trop } /* fuzzification method */
DeFuzzifMethod := {centroid | height | maxmin} /*Defuzzification method*/
WHEN( <fuzzy variable> <connective> <fuzzy value>) DO EAj;

<EAj><connective><EAj> <fuzzy calue>}

/* where connective := {BEFORE, AFTER, DURING} */

Fig. 9. The representation of muddy symbolic mapping of a business process.
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User

Fig. 10. Structural diagram of the modelling platform.

borer, fault analysis equipment, software, and maintenancstarts, and the postprocessor is activated for such tasks as
tools. The Cl is necessary for activity execution but will not recording the termination status, storing of the results, and
be changed by the activity. For example, the machine deso on. The mapping field consists of fuzzy knowledge such
signed life, the function of the machine in the productionas maintenance time, which has a fuzzy relationship with
line, machine worked time are the Cls. The Decision in-the worker skill, repair results, and testing; the stochastic
cludes the triggering rules, such as when the machine is dénowledge includes the processing time that exists ran-
tected at fault and needs to be repaired, when the activitdomly to some degree; the deterministic numerical knowl-

% Enterprise Modelling Tool

On-line Show Window

M

Fig. 11. The user interface of the modelling platform.
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Machine fault
Ending status

!

Design life
position
worker skill

—

Fault | — L
i Test
Detect Repair
Fault . | [Repaired
machine L - | machine }
Activity e
Labor & Labor &
Tools Machine

Fig. 12. Machine maintenance process.
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SAVE (results);

—

}
[* Body: inputs and outputs of this activity

Function Input: FI.PV, FLIV, FL.LKV

[* PV, IV and KV of function input such as fault machine,
machine fault times, eté/

Function Output: FO.PV, FO.IV, FO.KV

[* PV, IV and KV of function output such as repaired ma-
chine, machine fault times, ett.

Resource Input: RI.PV, RIL.IV
[* PV, IV of resource input such as labour, tools, soft-

edge includes the signal processing and fault tree reasoning; ware, recording, etc*/
the symbolic knowledge includes fault position reasoningresource Output: RO.PV, RO.IV

based on the fault tree, and the maintenance results ana-
lyzed by reasoning. The machine maintenance function is

represented as an icon as shown in Figure 13.

[* PV, IV of resource output such as labour, tools, soft-
ware, recording, etc/

The following is a part description of the maintenanceControl Input: CL.IV

activity in the icon:

ENTERPRISE ACTIVITY i

/* Header: the name, type, identifier and explanation of

this activity*/
Name: machine-maintenance
Type: man-machine
Identifier: EAI

[* IV of control input such as machine design life, ma-
chine importance, etc¢/

Features: actual_processing_time, fault_rate;
[* the main features of this activity

[* Body: the integration of knowledge to map the inputs
to outputs*/

Activity Knowledge:{

Precise Symbolic Knowledge {/knowledge which can

Description: This activity is used to represent a mainte- pe precisely definet

nance process
/* Decision: the activity to decide the execution of this
activity */

Decision: {

IF machine is fault and worth repairing THEN START
ACTIVITY;

ELSE RETURN Activity cannot be executed; #xecu-
tion condition of the activity/

/* Decision: post processing after activity
WHEN repaired_resultss FINISH DO {
Termination_status- repaired_status;

Fig. 13. The modelling icon of machine maintenance activity.
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RO.PV.workers= RI.PV.workers; /* workers cannot
be changed */

FO.PV SEQDO {fault_identify; repair; test};

[* to repair the machine needs to perform fault identi-
fication, repair and test operatioty

Fault_identify NEED SEQDO {sampling,
signal_processing,
signal_identification,
fault_location_detect.}

/* fault identification needs signal processing, data
analysis and fault detec¢t

sampling REQUIRE {RI.PV.AD_card, RI.PV.Com-
puter}

IF test.status= OK THEN {/* check whether the repair
is successful or no¥

FO.PV.machine= repaired machine; /if success-
ful, machine become o

RO.IV.used_time= RI.IV.used_time+ proces-
sing_time;
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/* record the time information of the maintenance

equipment/
repaired_statuss OK;}
ELSE repaired_status FALSE;
/* unsuccessful repait/
..}
Precise Numerical Knowledge {

FO.KV.fault_times= FI.KV.fault_times+1; /* the fault
time of machine plus ¥/

FI.IV.Max_processing_time= 50.0; /*the max value for
maintenance process tinié
FLIV.Min_processing_time= 19.0; /* the min value for
maintenance process tinié

Fe.actual_processing_time FI.KV.processing_timet
pt_random;

/* actual maintenance time should be the process time

plus a random valuég/
signal= sampling; /*sampling to obtain the signaf

FO.IV.spectrum= FFT(signal); /*perform Fast Fourier
Transformatiorn®/

}
Muddy Symbolic Knowledge: {

FO.KV.Fuzzification= Fl.KV.triangular; /* select the
fuzzification method/

FO.KV.Defuzzification_methoer FI.KV.Centroid; /*se-
lect the de-fuzzification methdd

/* fuzzy rules: the maintenance process time with re

spect to the machine complexity

IF FI.PV.machine is very_complex THEN FO.KV.pro-
cessing_time is very_long;

IF FI.PV.machine is complex THEN FO.KV.process-

ing_time is long;
IF FI.PV.machine is normal THEN FO.KV.process-
ing_time is middle;

IF FI.PV.machine is simple THEN FO.KV.process-
ing_time is short;

IF FI.PV.machine is very_simple THEN FO.KV.process-

ing_time is very_short;

.}
Random Knowledge {

[* manipulate and generate random variable “pt_ran-
dom” */

normal_distribution= normal(FIl.IV.mean, Fl.IV.vari-
ant);
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FO.IV.pt_random= GENERATE (normal_distribution);

.}
Meta Knowledge { /*The function of each types of knowl-
edge*/
PK: {fault_identify, maintenance} /precise knowledge
*/
MK: {processing_time, fault_times, actual_process-
ing_time, ...} /* muddy knowledg®
RK: {pt_random} /* random knowledg®&/
CONSTRAINT: {/* some constraint for operation order
*/
Decision.repaired_status NEED {fault_detect & main-
tenance & test}
fault_detect AFTER signal_processing;

fault_detect USE (diagnosis_method|1diagno-
sis_method?2);

diagnosis_methodl NEED {single_processing &
power_spectrum &diagnosis}

}
Conflict_Resolver: {diagnosis_results

OR(diagnosis_results_from_method1, diagnosis_re-
sults_from_method?2};

/* In the case that conflict exist between diagnose results
form different method, the worst situation is considered
*/
WHEN activity = START {/* when the activity start, the
features are evaluatetl
Fe = MAPPING(RI, FI, CI);
(FO,RO)= MAPPING (FI,RI,CI,Fe);
/* the function output and resource output are evalu-
ated*/

}
}
END ACTIVITY

7. CONCLUSION

Business process and enterprise activity serve as a basis for
modelling enterprise behavior and functionality in the con-
text of CIM. As knowledge becomes the most important as-
set of today’s enterprises, modelling at the knowledge level
can be simplified. The modelling process, if made system-
atic and capable enough, can capture the dominant features
of enterprises within the model. In this paper, a formalism
to represent enterprise activities and business processes at
the knowledge level has been specified based on the
CIMOSA results. The representation involved the integra-
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