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Abstract  --  Model integration is one the most important research topics in model management of decision support systems. Recently, model integration based-on structured modeling has attracted a lot of attention. Existing researches on model integration focus on static models and few researches address the dynamic model integration. Based on an extended structured modeling framework, this paper  presents an approach to the integration of dynamic models in decision support systems.

I. INTRODUCTION

     The importance of adopting models in decision-making is widely accepted. And how to use decision models effectively to improve decision-making has always been an active research topic. Decision support systems (DSS), which support decision-making by computer technologies, aim at providing efficient, flexible, and economic decision support tools for decision-makers. Among others, model management systems is one the most important components in DSS. Its purpose is to provide convenient ways to manage model-related affairs such as creation, storage, retrieval, execution, and explanation. The functions in model management can be categorized into model definition, representation, manipulation, and integration.

    The definition, representation, manipulation, and integration of models are closely related to each other. For example, good definition and representation paradigms can usually bring powerful manipulation and integration functions. The past two decades have witnessed a lot of attempts to achieve a powerful definition and representation paradigm for decision model management. Structured modeling [6], relational model [2], logical modeling [9], graph- grammars [8], and object-oriented framework [10,13,14,16] are among the popular modeling paradigms.  Based on these model representation paradigms, methods and frameworks for model integration have also been proposed.  Among them, model integration based on the structured modeling received great attention [1, 4, 5, 9, 11]

    Structured modeling is one of the most important modeling paradigms in the field of DSS [6,7]. Although its primary purpose is to define and represent decision models, the paradigm has very high generality and shares basic features with object-oriented modeling in software engineering. The similarity between structured modeling and object-oriented programming at the static level has been investigated [10,16]. Their findings revealed that “Structured modeling formalizes the notion of a definitional system as a way of describing models. This is precisely what the object-oriented concept of a class and the calss-composition graphs formalize.”[16]. Structured modeling provides tools to define and represent the static aspect of a system of objects (the structure of objects and their relationships in a system). However, static aspect is just one of the aspects of a complete description of a system. To enhance the modeling ability, structured modeling has been extended to capture the dynamic aspect of systems (the description of a system that changes over time) [15]. Within the extended structured modeling paradigm, static model and dynamic model are together used to model a system. The static model identifies the objects in the systems and describes the static relationships such as inheritances and references. As a result of applying the extended structured modeling, the dynamic model characterizes the behaviors of objects and the interactions among them. 

    By the extended structured modeling paradigm, corresponding to the static model and dynamic model of a system, model integration should also carry out at the both levels respectively. This is to say, to integrate two structured models, we should integrate the static models into a new static model, and the dynamic models into a new dynamic models. Although model integration based-on structured modeling has been approached by several people and some theories and techniques are quite formal and elaborated [4,11], all these researches only discuss the integration of static models.

    Within the extended structured modeling paradigm, this paper approaches the integration of dynamic models. Section 2 reviews how dynamic models are represented. Section 3 uses examples to illustrate how to capture the dynamic aspects of systems with dynamic models. Section 4 discusses the integration of dynamic models. 

II. DYNAMIC MODELS AND ITS REPRESENTATION

   This section introduces a logic framework and reviews how dynamic models are represented in it.  The logic L , originating from AI [12], is a many-sorted first-order logic, with sort s for states, sort a for actions and all other sorts for objects (here we assume the only sort for objects is o). L generally consists of a constant S0 of sort s, a binary relation symbol < of type <s, s>, a binary relation symbol Poss of type <a, s>, a binary function symbol Do of type <a, s; s>, and a finite set of other symbols, which are classified into: constants, state independent relation symbols, state independent function symbols and fluents. A relation symbol is said to be state independent if all its parameters are of sort o. A function symbol is said to be state independent if all its parameters and its function value are of sort o. A relation symbol is said to be a fluent if there is only one of its parameters is of sort s and all others are of sort o. For a term st of sort s, Lst denotes all first-order formulas in which the only individual of sort s is st. 

    A dynamic model D is represented as a set of sentences in L which describes how objects in a system would change under actions. Formally, it is defined as follows

D = ((Dss(Dap(Duna(Ds0
    Where

(1) ( is a set of sentences about the domain of sort s. Specifically, it contains:  S0 ( Do(a,s); Do(a1,s1)= Do(a2,s2) ( (s1=s2  ( a1 = a2);  ((s<S0); s < Do (a,s() (  (Poss(a,s) ( s (s(), where s (s ( is defined as (s <s( ( s =s(); and (P[(P(S0) ( (a,s((Poss(a,s) ( P(s)) (  P(Do(a,s)))) ( (sP(s)] .

(2)   Dss is a set of sentences expressing the effect of actions. Its elements have the following form: Poss(a,s) ( (F(x(,Do(a,s)) ( (F(x(,a,s)),  where F is a fluent and (F(x(,a,s) ( Ls.

(3)  Dap is a set of sentences describing the precondition of actions. Every member has the following form: Poss(A(x(,s)) ( (F(x(,s), where A is an action and  (A(x(,s) ( Ls. 

(4)  Duna is a set of sentences expressing that two actions do not have the same effect on two groups of objects unless the two action symbols and the two groups of objects are same, respectively. Formally, they have forms: A(x(,s) = A((x(,s), or  A(x1,…,xn,s1) = A(y1,…,yn,s2) ( (x1=y1 ( … (xn = yn ( s1=s2).

(5)  Ds0 is a finite set of sentences in Ls0, which describes the initial state of the system.

    Among these groups, the most important are Dss, Dap and Ds0. ( and Duna can be generated by systems automatically. So, in the rest of this paper, we only given Dss, Dap, and Ds0 when talking about a dynamic model. See [15] for further explanations to dynamic models.

III. EXAMPLES

     This section shows examples of how to capture the dynamic aspect of systems by dynamic models. They include how to choose actions, constants, fluents and functions, and then to create the dynamic models. Both the two examples are related to stock management. The first one is the transportation model, and the second one is a stock level forecast model. Usually, in these models, cash management is also involved [3,6]. For simplicity, we focus on the stock management.

     Example 1 (A Simplified Transportation Model) There are plants which produce a product for shipment to retailers. Every plant has a maximum supply capacity, and every retailer has an exact demand requirement. Detailed description on static aspect can be found in [6], and the dynamic aspect can be described as the following dynamic model.

    We introduce one action:

Trans(A,B,m): transporting  m units product from plant A to retailer B.

    Two fluents are introduced:

Demand(A,m,s): in state s, retailer A needs amount of m units of the product;

Stock(A,m,s): in state s, plant A can provide m units of the product at most ;

    In addition, we introduce the following constants: P1,P2: names of plants; and R1,R2,R3: names of retailers. The dynamic model can be described as follows.

(1) Dss is the following set of sentences: 

Poss(a,s) ( Demand(A,m,Do(a,s)) (
   (BC (m1 (Demand(A,m,s) ( a = Trans(B,C,m1) (
                      C ( A) ((D (m1 (Demand(A,m+m1,s) (
                                                           a = Trans(D,A,m1));

Poss(a,s) ( Stock(A,m,Do(a,s)) (
   (BC (m1 (Stock(A,m,s) ( a = Trans(B,C,m1,s) ( 

                          B (  A) ((D (m1 (Stock(A,m+m1,s) (
                                                            a = Trans(A,D,m1)).

(2) Dap is the following sentence:

Poss(Trans(A,B,m),s) ( (m1m2(m1( 0 ( m2 ( 0 (
                         Stock(A,m+m1,s) ( Demand(B,m+m2,s)).

(3) Ds0 describes the initial state of each plant's supply capability, and each customer's demand. The following is a possible initial state: 

Demand(R1,200,S0) ( Demand(R2,180,S0) 

                                                       (  Demand(R3,210,S0);    

Stock(P1,350,S0) (  Stock(P2,250,S0).

     Example 2. (A Stock Level Forecast Model) The objective is to keep balance of maintaining low stock level and meeting customers’ demands. Thus, plants need to predict an appropriate stock level by current order information and some past data. By models such as economic order quantity, we can compute the optimal stock level and minimal total stock cost by current order size and some cost data [3]. Assume that, for an order of size m units, the optimal stock level is f(m). Then the dynamic model can be described as follows.

     We introduce two actions:

Order(A,B,m): retailer A orders m units product from plant B.

Add(A,m): plant A increases its stocks to m units.

    Three fluents are chosen: 

Demand(A,m,s): in state s, retailer A’s demand for the product is m units;

Stock(A,m,s): in state s, the stock level of plant A is m units;

ExpectStock(A,m,s): in state s, plant A predicts that  the stock level for future is m units.

     The constants, the names of plants and retailers, are the same as in the previous example. The dynamic model can be described as follows.

(1) Dss is the following set of sentences: 

Poss(a,s) ( Demand(A,m,Do(a,s)) ( 

   (BC (m1 (Demand(A,m,s) ( a =Order(B,C,m1) ( B ( A)

        ( (B (m1 (Demand(A,m,s) ( a =Add(B,m1))

  ((D ( m1 (Demand(A,m+m1,s) ( a = Order(A,D,m1));

Poss(a,s) ( Stock(A,m,Do(a,s)) (
 (BC ( m1 (Stock(A,m,s) ( a = Order(B,C,m1,s) (C(A)

                       (( m1 (Stock(A,m-m1,s) ( a = Add(A,m1));

Poss(a,s) ( ExpectStock(A,m,Do(a,s)) ( 

          ( m1(ExpectStock(A,m,s) ( a = Add(A,m1,s))

 ( ( m1m2 ( B (ExpectStock(A,m2,s) ( a = Order(B,A,m1) 

                                                                         (m=f(m1) ).

(2)  Dap is the following set of sentences:

Poss(Order(A,B,m),s) (
                             (m1(m1( 0 ( Demand(A,m+m1,s));

Poss(Add(A,m),s) (TRUE.

(3)  Ds0 is assumed to be the following sentences: Stock(P1,350,S0) (Stock(P2,250,S0);

Demand(R1,200,S0)(Demand(R2,180,S0)

                                                       ( Demand(R3,210,S0); 

ExpectStock(P1,750,S​0) (  ExpectStock(P2,485,S0). 

IV. DYNAMIC MODEL INTEGRATION

    This section discusses the integration issues of dynamic models. Model integration is a way of creating decision models from existing ones rather than from the scratch. It builds models by way of reusing existing models and integrating them into required ones. It becomes an economic and efficient way of creating models. The principle of building models by integration is similar to that of  “software reuse” in software engineering. 

    Since the dynamic models are represented as five-group formulas with some kinds of normal forms, the integration of two models is to create new five-group formulas for the new model. The formulas generally consist of the original two five-group formulas with some other formulas reflecting the interaction of the two models. We show the integration process by integrating above mentioned transportation model and the stock level forecast model into a new model. 

     We first determine the actions involved in the new model. Here we put the actions in the two models together as the action of the new model. Then, in the new model, there are three actions:

Trans(A,B,m): transporting  m units product from plant A to retailer B;

  Order(A,B,m): plant A orders m units product from plant B;

  Add(A,m): plant A increases its stocks level to m units.

    The fluents in the two original models are collected as the fluents of the new model. Although both the original models have the fluents Demand(A,m,s) and Stock(A,m,s), we need only one such pair in the new model. So there are three fluents in the new model:

   Demand(A,m,s): in state s, retailer A needs m units product;

   Stock(A,m,s): in state s, plant A’s tock level is m units;

   ExpectStock(A,m,s): in state s, plant A predicts the stock level in future is m units.

    The relationships among actions and fluents of the three models can be illustrated in Fig 1.

    Now the new model can be described as follows. Notice how one action in one original model can affect the fluents in the another one. For example, Trans(A,m,s) in transportation model will affect the fluent Stock(A,m,s) which is in the stock level forecast model.

(1) Dss is the following set of sentences. 

Poss(a,s) ( Demand(A,m,Do(a,s)) (
  (BC (m1 (Demand(A,m,s) ( a =Order(B,C,m1) ( B ( A)    

            ( (BC (m1 (Demand(A,m,s) (a=Trans(B,C,m1)) 

    ((D ( m2 (Demand(A,m+m1,s) ( a = Order(A,D,m1));
Poss(a,s) ( Stock(A,m,Do(a,s)) (
 (BC (m1 (Stock(A,m,s) ( a = Trans(B,C,m1) ( B (  A)

       ((D(m1 (Stock(A,m+m1,s) ( a = Trans(A,D,m1))

         ((D(m1 (Stock(A,m-m1,s) ( a = Add(A,D,m1));
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  Fig.1 Relationships among actions and fluents of the three models

Poss(a,s) ( ExpectStock(A,m,Do(a,s)) (
        (B (m1m2 ( ExpectStock(A,m1,s) (
                                     a = Order(B,A,m2) (m=f(m2) ) 

     ( (m1 (ExpectStock(A,m,s) ( a = Add(A,m1,s))

  ( (BC (m1 ( ExpectStock(A,m,s) ( a = Trans(B,C,m1) ).

(2) Dap, which determines the preconditions of the three actions, is the following set of sentences

Poss(Trans(A,B,m),s) ( 

             (m1( s1 ( m1( 0 ( s=Do(Order(B,A,m),s1)

                                                       ( Stock(A,m+m1,s) );

Poss(Order(A,B,m),s) (
                               (m1(m1( 0 ( Demand(A,m+m1,s));

Poss(Add(A,m),s) ( TRUE.

(3) Ds0 is the following sentences: 

Stock(P1,350,S0) (  Stock(P2,250,S0);

Demand(R1,200,S0) ( Demand(R2,180,S0)

                                               ( Demand(R3,210,S0); 

ExpectStock(P1,750,S​0) ( ExpectStock(P2,485,S0). 

V. CONCLUSION

    The integration of dynamic models in DSS is an important research topic according to modern modeling paradigms. Based on the extended structured modeling, this paper approaches the integration of dynamic models. Examples are used to illustrate the process of integrating two dynamic models into a new one. 
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