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Abstract. In this paper, a recurrent neural network (RNN) for finding the solution of
linear programming problems is presented with better, spontaneous and fast converg-
ing. To achieve optimality in accuracy and also in computational effort, an algorithm is
also presented. This paper covers the MATLAB Simulink modeling and simulative con-
firmation of such a recurrent neural network. Modeling and simulative results validate
the theoretical analysis and efficiency of the recurrent neural network for finding the
solution for linear programming problem. An application RNN in medicine has been
presented to show the performance of the recurrent neural network.
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1. Introduction

Linear programming (LP) techniques are commonly used to find the solution
of economic, military, industrial, and social problems. In the last 50 years,
researchers have proposed various dynamic tools for solving LP problems. Pyne
[1] proposed the dynamic systems approach to solve constrained optimization
problems. The recent developments in this field have redefined the application
of neural network by dynamic solvers [2, 3, 4].

In recent studies, many researches have been done in relation to the ap-
plication of the technology to knowledge engineering such as Artificial Neural
Network (ANN) to the engineering field. LP is a very traditional discipline
of Operations Research. It continues to be the most active branch. LP has
been widely applied practically in many sectors such as production, financial,
human resources, governing and planning. In the present day scenario, it is
possible to construct and solve linear programs with high-speed computers and
multi-processors which was not feasible a couple of years ago.

In 1947 Dantzig [5] developed a method for finding the solution to linear
programming problems which is the Simplex method. Brown and Koopmans [6]
portrayed the first series of interior point method to solve linear programming
problems. Karmakar [7] built an algorithm which appears to be more proficient
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than the Simplex Method on some intricate real-world problems of scheduling,
routing and planning. Conn [7] developed a substitute for solving LP problems
by using unconstrained optimization procedure combined with penalty function
methods. The first neural approach applied to LP problems was proposed and
developed by Tank and Hopfield [2].

The simulation models are designed as a stand alone application using MAT-
LAB Simulink [8]. Matlab Simulation Models have been widely used [9, 10]. The
primary aim of this paper is to present a recurrent neural network for finding the
solution of linear programming problems. Here I describe circuit implementa-
tion of proposed neural network using MATLAB Simulink. The vital advantage
of the neural networks is their massive parallel processing ability and rapid
convergence properties.

2. Linear programming

Linear Programming is the term used for defining a wide range of optimization
problems in which the objective function to be minimized or maximized is lin-
ear in the unknown variables and the constraints are a combinations of linear
equalities and inequalities. LP is one of the most widely applied techniques of
operations research in business, industry and numerous other fields. The objec-
tive function may be profit, cost, production capacity or any other measure of
effectiveness, which is to be obtained in the best possible or optimal manner.
The constraints may be imposed by different resources such as market demand,
production process and equipment, storege capacity, raw material availibilty,
etc. First, the given problem must be presented in linear programming form.
This requires defining the variables of the problem, establising inter-relationship
between them and formulating the objective function and constraints. A model,
which approximates as closely as possible to the given problem, is then to be
developed. If some constraints happen to be non-linear, they are approximated
to appropiate linear functions to fit the linear programming format.

3. Problem statement

Consider a standard form of Linear Programming Problems described as

(1) Minimize CT X
(2) Subject to AX =B
(3) X >0,

where X € R™ is a column vector of decision variables, C' € R™ and B € R™ are
column vector of cost coefficient and right hand side parameters, respectively,
A € R™™ is a constraint coefficient matrix, and the subscript denotes the
transpose operator.
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4. Solution to the LP Problem

In general, the LP problem can have four possible solution types:

1. Unique Solution: There is only one solution that satisfies all constraints,
and the objective function reaches a minimum within the feasible region.

2. Nonunique Solution: There are several feasible solution where the objec-
tive function reaches a minimum.

3. An unbounded Solution: The objective function is not bounded in the
feasible region and it approaches —oo.

4. No feasible Solution: Constraint provided in (2) and (3) are too restrictive,
and the set of feasible solution is empty.

Although theatrically valid, cases 3 and 4 appear rarely in engineering and
scientific applications. Furthermore, they can be easily detected, and in further
consideration of the LP problem we will assume that it is formulated in such a
way that there exists at least one feasible solution

5. The neural network

An artificial Neural Network (ANN) is a dynamic system, consisting of highly in-
terconnected and parallel non-linear processing elements, that is highly efficient
in computation. In this paper, a recurrent neural network [7] with equilibrium
points representing a solution of the constrained optimization problem has been
developed. As introduced in Hopfield [2] these network are composed with feed
back connection between nodes. In the standard case, the nodes are fully con-
nected i.e., every node is connected to all other nodes, including itself.

The first step in a neural network implementation for solving the LP prob-
lem is to define an energy function that can be optimized in an unconstrained
fashion. Therefore, the method of Lagrange multiplier is applied in the net-
work. To accomplish this, the linear constraints and non negativity constraints
are appended to the objective function in some convenient way. Commonly the
constraints are incorporated as penalty terms that, when ever violated, increase
the value of the energy function. One energy function that can be derived using
the Lagrange multiplier method are defined as

(4) EX,Y)=CTX +YT(AX — B) —aYTY

with a > 0,Y € R™*! and X > 0.
Applying the method steepest descent in discrete time, I compute the gra-
dient of the energy function in (4) with respect to X and obtain

oE 0

= 2T T _ o T
7% = ax | X TYT(AX —B) —aYTY
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and
oF
— = Ay,
(5) X C+
In a similar manner we have
(6) gngX—B—aY

Based on (5) and (6), the node equation for the discrete-time network with
n-neurons is given by
(k) = nlei + L agiy; ()] if @ik +1) >0

(7) w1 1) = § 5 8) = mle+ XaguR)] i aih + 1) >
0 ifx;(k+1)<0

and
yj(k +1) = y;(k) +nlz (k) — ay;(k)],

where zj(k) = AX — B, o > 0, and p,n > 0 are learning rate parameters.

Note that the update equations for the independent-variable vector in (7)
guarantee that all the components remain nonnegative. A neural network ar-
chitecture realization of this process is presented in Figure 1.

6. MATLAB Simulink

The Simulink toolbox is a useful software package to develop simulation mod-
els for recurrent neural network applications in the MATLAB Simulink envi-
ronment. With its graphical user interface and extensive library, it provides
researchers with a modern and interactive design tool build simulation models
rapidly and easily. Simulink is an input/output device GUI block diagram sim-
ulator. It opens with the library browser and library browser is used to build
simulation models. The library browser contains continuous system model el-
ements, discontinuous system models elements, and list of math operation ele-
ments. In the library browser, Sink elements are used for displaying and Source
elements are used for model source functions. Model elements are added by
selecting the appropriate elements from the library browser and dragging them
into model window to create the required model.

7. Application of RNN in Medicine

First, we give numerical example to demonstrate the solution of linear program-
ming problem through the proposed recurrent neural network.

A patient in a hospital is required to have at least 84 units of drug A and
120 units of drug B each day. Each gram of substance M contains 10 units of
drug A and 8 units of drug B, and each gram of substance N contains 2 units
of drug A and 4 units of drug B. Now suppose that both M and N contain an
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Table 1: Comparison of the simulation result with the exact solution
Variables Neural Network Result Exact Solution
1 3.85 4
o 22.24 22

undesirable drug C, 3 units per gram in M and 1 unit per gram in N. How
many grams of substance M and N should be mixed to meet the minimum daily
requirements at the same time minimize the intake of drug C? How many units
of the undesirable drug C will be this mixture?

To form the mathematical model, we start by identifying the decision vari-
ables. Let x1 be the number of grams of substance and o be the number of
substance N used. The objective is to minimize the intake of drug C. In terms
of the decision variables, the objective function is C' = 3x; + z2 which gives
the amount of the undesirable drug C' in z; grams of M and x5 grams of N.
Considering the above constraint inequalities in terms of the decision variables
x1 and z9 and including the objective function we obtain the following linear
programming model.

Minimize C = 3z1 + 22
Subject to
10x1 + 229 < 84
8r1 + 4xo <120

x1,22 2 0.

From the problem statement it can be seen that the linear programming
problem is not in the standard form. By adding surplus variables z3 and x4
, the linear programming problem can be transferred in the standard form as
follows:

Minimize C = 3z + x5 + 0x3 + 0x4
Subject to
10z + 229 — 23 < 84
8x1 +4x9 — x4 <120

T1, 22,73, 24 > 0.

To solve this linear programming problem, the MATLAB Simulink model
for recurrent neural network in Figure.l is simulated. The parameters of the
network were chosen as 1 = 0.01, 7 = 0.01. Zero initial conditions were assumed
both for X and Y. The network converges in approximately 4,000 iterations.
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Figure 1: Recurrent Neural Network
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Figure 2: Recurrent Neural Network



APPLICATION OF RECURRENT NEURAL NETWORK USING MATLAB SIMULINK... 29

8. Conclusion

We investigated in this paper the MATLAB Simulink modeling and simulative
verification of such a recurrent neural network. Finding solution of linear pro-
gramming problems through recurrent neural network approach is an interesting
area of research. The energy function of the linear programming is defined in
this paper. A circuit has been designed for the purpose. By using click-and-
drag mouse operations in MATLAB Simulink environment, we could quickly
model and simulate complicated dynamic systems. It has been concluded that
recurrent neural network can be used for determining the solution of medicine
problem. It converges to the exact solutions of the medicine Problem. Modeling
and simulative results substantiate the theoretical analysis and efficacy of the
recurrent neural network for solving the linear programming problem.
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