
ification of A for 

Jae Kyu Lee 

Graduate School of Management, 
Korea Advanced Institute of Science and Technology, 

207-43, Cheongryang, Seoul, 130-0 12, Korea 
Fax:82-2-958-3604, e-mail:jklee@msd. kaist.ac.kr 

Abstract 

This paper reviews the UNIK project which unifies the 
Artificial Intelligence (AI) with Optimization models for 
decision support. Our goal is to unifj, the specifcation of 
problems to encompass as many hybrid type of problems as 
possible from both AI and Optimization. Currently, the type 
oi  problems selected from the AI side are the rules, 
compatibility constraints, and neural network, while linear 
programming and integer programming models from the 
optimization side. A key issue to be resolved for the 
una9cation is the unified representation of optimization 
model and rules so that they can understand each other. 
Next issue is designing the unified architecture and 
devising the solution method. This paper reviews the above 
issues one by one with illustrative applications. 

1. Introduction 

Artificial Intelligence(AI) and optimization seem two most 
popular paradigms for decision aid. Since a large group of 
problems requires to adopt both paradigms in a unified 
manner, we need to develop methods of formulating and 
solving such problems, which might be named Unified 
Programming. Basic components of Unified Programming 
might be Linear Programming, Integer Programming, and 
Nonlinear Programming from optimization side, while 
Rule-based Reasoning, Neural Network, Constraint 
Satisfaction Problems, Case-Based Reasoning, Search 
techniques from AI side. To achieve the framework of 
Unified Programming, an essential foundation is the mutually 
interpretable representation of problems. 

In section 2, we have represented linear programming 
models in objects at semantic level, which is understandable 
not only by optimization solver, but also by rules. UNIK-OFT 
is a knowledge-assisted optimization modeling system which 
can easily produce such a semantic optimization formulation. 
The purpose of UNIK-OPT is two folds: easy formulation and 
production of semantic optimization model. Since the initial 

scope of UNIK-OPT is Linear Programming (LP), the system 
for LP is named UNIK-LP. 

In section 3, the independently prepared rule-based 
systems and optimization models are integrated via the shared 
decision variables. The tradeoffs among the goals in the 
rule-based system and the optimization model are supported 
by using the Post-Model Analysis approach. This approach 
makes the integrated modeling possible for a class of 
Multiple Criteria Decision Making problems which include 
both quantitative and qualitative factors. Several illustrative 
cases are discussed along with a tool UTJIK-PMA. This 
approach can be extended to the group decision aid. 

In section 4, UNIK-LP has initially started with linear 
programming, but is extended to cover the high level 
representation of integer programming models (UNIK-IP) and 
Lagrangian relaxation (UNIK-RELAX). 

In section 5, neural network is applied to the adaptive 
control on the optimization model and a tool UNIK-LP/" is 
developed for this purpose. An application is demonstrated 
with refinery. 

In section 6, a hybrid representation and reasoning of both 
constraints and rules satisfaction is attempted. The 
framework can be applied to many planning and design 
problems because it allows the tradeoffs among conflicting 
goals. We illustrate the system UNIK-CRSP with examples 
for planning and configuration. 

tion of Linear Progra 
odels: UNE-LP 

2.1 Object Oriented Reprsentation of Linear 
Programming Models 

A specific Linear Programming (LP) model should be 
represented in a way to be understood by the rule based 
systems. To fulfill this, the LP model is represented in 
objects. The object oriented LP model (named a semantic 
form) can be transformed to the notational form, modeling 
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language form, and tabular form as depicted in Figure 1. A 
specific semantic model is composed of constraints, blocks of 
terms (BOT), attributes and indices as depicted in Figure 2. 
This idea is implemented in UNIK-LP [lo]. 

Semantle-level 

Aggregate Notatbnd 
ln64vMull Eqa1bn.l 
L/ Notational eoefflelent 
'Numeric coaffieiants 

Transformuion 

Tabular 

Figure 1. Four modeling views 

LP-MODEL Q 

Figure 2. Structure of specific linear programming model 

2.2 Knowledge Assisted Model Formulation 

Since the formulation of object oriented LP model is not 
an easy task to novice model builders, the function of 
knowledge assisted LP model formulation is developed for 
UNIK-LP. For this purpose, the knowledge base needs to 
keep the LP model structure knowledge and domain specific 
knowledge like products and facilities. Using the knowledge, 
the LP model can be generated simply by identifying the 

relevant indices, decision variables, and constraints from the 
menu in a guided manner. 

3. Unification of LP model with Rule Based 
System: UNIK-PMA 
To unify an LP model with a rule based system, these two 

should share some of the decision variables each other. The 
Post-Model Analysis procedure depicted in Figure 3 is 
adopted for the unification [7][16][17]. 

I I  

PMA 
COMPONENT 

Figure 3.  Procedure of post-model analysis using rule base 

3.1 Post-Model Analysis Procedure 

This procedure starts with the optimal solution of an LP 
model. The optimal solution is inputted to the fact base of the 
rule based system for evaluation. If the goals in the rule base 
are satisfied with the current optimal solution, the current 
solution can be selected as a satisfactory nondominated 
solution both for the optimization and rule based system. 
However, if the current solution is not satisfactory, the 
adjusted goal in the rule base should be interpreted as the 
additional constraints to the LP model. Then the LP model 
can be re-solved with the additional constraints to assure the 
adjusted goals [ 161. 
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3.2 Tradeoffs between Goals in the Optimization 
Model and Rule Based System 

The major advantage of PMA procedure is that it can 
support the tradeoffs between the goals regardless whether 
they are associated with the optimization model or rule base. 
When one department uses a rule based model, while the 
other department uses an optimization model, the PIvfA 
procedure can be used for the negotiation support procedure 
between different departments [SI. 

The PMA approach is adopted for the negotiation of short 
term LP model (profit maximization) and long term rule 
based system (strategic merits) [9]. The approach is also used 
for the tradeoff between the profit maximizing LP model and 
rule based qualitative goals such as customer's goodwill and 
employee morale [17]. Auditor's schedule that needs the 
balance between the firm's profit and auditors preference is 
also adopted [SI. 

4. Representation of Integer Programming: 
UNIK-IP 

Next step of UNIK-LP is the extention to integer 
programming (IP). The IF model can be easily represented on 
the linear programming model . simply by additionally 
identifying whether the variables are integer, 0 or 1. This 
level of representation is called a base level. However, it is 
much easier if the models can be represented using the high 
level logical operators such as IF-THEN and EITHER-OR So 
UNIK-IP is designed to allow such logical operators, 
automatically transforming the high level representation to 

the base level representation. The logical operators adopted 
for the UNIK-IP model formulation are AND, k-fold, at-least, 
at-most, NOT, Binary, XOR, OR, EITHER-OR, IF-THEN, 
FLYED-CH4RGE [20]. 

4.1 IP Model Application for Optimal Savings 
Plan 

UNIK-IP is applied to the formulation of optimal savings 
plan. The constraints for the models are : 
1 ) Cash level consistency between consecutive terms. 
2) Addition of four types of interests for each applicable day 
computed either by a simple or compound method. 
3) Minimum or maximum balance restrictions due to the 
investor's preference on liquidity, products and institutions, 
and the inherent nature of products. 
4) Identification of mutually exclusive products. 
5) FFO or By-Designation withdrawal strategy restriction. 
6) Limitation on the proportion of products with volatile 
interest rates. 

Among the constraints, the minimum balance restriction of 
products requires the balance EITHER to meet or exceed the 
minimum amount if the amount is to be non-zero OR to be 
zero. The mutually exclusive relationship between the 
products can be represented by such an expression that IF the 
balance of product which has mutually exclusive products is 
non-zero THEN the balance of mutually exclusive products 
should be zero [12]. So UNIK-IP could effectively support the 
formulation of the above IP model. 

4.2 Knowledge Based Relaxation 

Usually the large scale IP model is not easy to solve. So 
finding a series of solution algorithm is an important issue to 
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solve the problem. UNIK-RELAX identifies the problem to 
determine which constraints should be relaxed from the 
formulation of semantic model to generate the Lagrangian 
relaxation model. 

For the identification of problem, the relationship among 
the embedded structures, constraints, and blocks of terms are 
identified as depicted in Figure 4 [4]. 

5. Neural Network Based Adaptive 
Optimal Control: UNIK-LP/" 

5.1 Neural Network Model 

When the future information for an optimization is not 
compiete, the model tends to incorporate such uncertainties 
as some assumptions on the coefficients. As time passes and 
more precise information is accumulated, the initial optimal 
solution may no longer be optimal, or even feasible. At this 
point, model builders want to modify the assumed and 
controllable coefficients to obtain the desired values of 
designated decision variables. To aid this process, a neural 
network can be effectively applied. So we develop a tool 
UNIK-OPT/" which can support the construction and recall 
of the neural network model on top of of the knowledge 
assisted optimization model formulator UNIK-OPT and the 
semantic neural network building aid UNIK-NEURO. By 
adopting a commonly interpretable semantic representation of 
optimization and neural network models, UNIK-OPT/" can 
effectively automate most of the neural network construction 
and recall procedure for optimal control [ 131. 

The process of adaptive optimal control on a Linear 
Programming (LP) model is diagrammatically shown in 

Obtain Optimized Pairs 
I 1 

I 1  I 

I I Train a Neural Network Model 
I I 

I 

tha Adaptive SensiUvity Analysis 
I 

Nelwork Model 

L I I 

Evaluate Performance of the Neural Nehvork 

Figure 5 .  Concept of the adaptive optimal control 

Figure 5 .  The validity of neural network approach is tested 
with a real world problem found in a refinery plant. 

5.2 Architecture of UNIK-LP/NN 

To systematically support the neural network approach for 
the adaptive optimal control, we developed a tool 
UNIK-LP/" which integrates the neural network modeler 
UNIK-NEURO [5] with the semantically represented linear 
programming models that are generated by the 
knowledge-assisted optimization modeler UNIK-LP [ 131. 

UNIK-LP/" has two major parts: adaptive optimal 
control model constructor and adaptive optimal controller. 
The constructor supports users to choose a target optimization 
model and to define a specific neural network model for 
adaptive optimal control. From the adaptive optimal control 
model definition, the constructor automatically develops a 
neural network model via the interaction with UNIK-LP and 
UNIK- " 0 .  The adaptive optimal controller computes 
the values of adjusted controllable coefficients along with the 
corresponding feasible decision variables 

r UNiKLP v 

Control 
Model 
Builder Control Model 

Defintwn Base 

Control 
Model 
User 

r UNIK-NEURO -, 

Figure 6. Architecture of UNIK-LP/" environment 

6. Integration of Rules with Constraint 
Satisfaction Problem: UNIK-CRSP 

Constraint and Rule Satisfaction Problem (CRSP) is a 
hybrid representation and reasoning method encompassing 
both Constraint Satisfaction Problems (CSP) and rule-based 
systems. CSP is a kind of problem in Artificial Intelligence 
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(AI) which requires the assignment of values to variables 
which are subject to a set of constraints [6][18]. Several 
researches have improved applicability of CSP methodology 
to practical field problems [1][2][3][19]. To enhance the 
representational power of CSP, the integration of constraints 
and rules in a unified Gamework is attempted [ 1 I]. 

To understand CRSP, let's contrast the differences between 
CSP and the rule-based model. Typical constraints in CSP 
represent compatibility between variables, thus they have no 
directionality, and all relationships between constraints are 
conjunctive. The disjunctive relationship can be implicitly 
represented within a constraint by arranging disjuctive values 
to a variable. The rule, on the other hand, can effectively 
represent causality and subsumption relationships, so rules 
have directionality. A rule may have multiple conjunctive 
conditional variables, while the relationship between rules 
which direct the same consequent variables is disjunctive. 
Considering the contrast between CSP and rule-based 
systems, CRSP can be formally defined as Constraint and 
Rule Satisfaction Problems. 

For the given variables associated with a set of constraints 
and rules, CRSP assigns values to variables so as to satisfy 
the concerned goals without violating the set of constrants 
and rules. 

6.2 Unified Reasoning for CRSP 

Unified reasoning is a process of assigning consistent 
values to each variable so as to satisfy the concerned goals 
without violating constraints and rules. Unified reasoning 
involves the following three features : 
1) The decision maker should be able to interactively input 
hidher intension about the problem situation and control the 
negotiation process among multiple conflicting objectives, 
2) CRSP should be able to be decomposed into multiple 
subproblems so that concurrent reasoning would be possible, 
starting from the multiple most critical variables. The 
possible conflicts at the boundary of subproblems become the 
point of negotiation between conflicting associated objectives; 
3) The forward and backward reasoning methods usually used 
in rule-based systems are integrated with constraint 
propagation methods developed for CSP. 

6.3 ~ l ~ u s t r a t ~ o ~ s  

The CRSP approach is applied to configuration and 
planning. For the configuration of personal computers, 69 
decision variables (like processor, main memory, and price) 
are associated with 34 constraints categorized in four types 
(value compatibility, algebraic inequality, identity, and 
functional assignment) and 21 rules [ 151. For the planning of 
expert system development, 55 variables (like user hardware, 
software tool, budget, and target problems) are associated 
with 38 constraints and 13 rules [l l] .  These applications 

show the validity of UNIK-CRSP for interactive configuration 
and planning with conflicting goals. 

7. conclusion 

We have shown that the linear programming and integer 
programming can be integrated with rule based system and 
neural network; solution method can be identified based on 
the structure of problem; rules can be integrated with 
constraint satisfaction problems. These integrations are 
implemented in the tool named UNIK ( W i e d  Knowledge) 
and a series of application for each type of integration has 
shown the validity of integrations. 

Currently, the concept of expert system is extended to 
agent for the eletronic commerce including the capability of 
problem solving method selector and communication 
controller [14]. 
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