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SYNOPSIS 

Several attempts have been made in the past. to construct analog 

models to represent optimisation problems in Operations Research, in the 

areas of Linear Programming and Transportation. Of these, a mechanical 
analog model, originally proposed by Thomson for solving sets of linear 

equations, has been adapted by various researchers to represent optimisation 
problems, involving linear constraints. The physical models, constructed on 

these lines, suffer from several practicaljimit,tions, resulting in non. 

idealistic behaviour. 

However, these mechanical models have the merit that they are 

particularly simple to visualise, providing an insight into the process of 
optimisation. The Kuhn-Tucker conditions which have to be satisfied by all 

optimal solutions, do not .have to be artificially enforced. Instead, they 
follow from the requirement of equilibrium of forces on the system. The 

process by which the analog model proceeds towards equilibrium, suggests an 

algorithm based on the idealised behaviour of the system. This thesis 

examines mechanical analog node's representing (a) Linear Programing 

(b) Transportation (c) Quadratic Programming problems. The approach, 

however, is general and can be extended to other optimisation problems as well. 

The mechanical analog model, for the three types of problems considered, 

are only different versions of the basic Thomson. model. The constructional 

features may have to be modified to suit the particular case, but the general 

procedure by which the models are brought to equilibrium, remains the same. 

Essentially, the model consists of an inter-connected system of levers and 

strings, such that the displacements of the levers are subject to certain 

restrictions (constraints). Weights of varying magnitude are suspended from 

the lovers, so that the total energy dissipated by the system, corresponds to 

the objective function to be optimised. As all free systems, tend to minimise 

their energy (nalrimise the energy dissipated), the displacements of the levers, 

under equilibrium conditions provide the optihal solution. 

Chapter (1) of this thesis describes the simulation procedure. The 

same basic procedure is followed in every case. Initially all the levers in 

the analog model are.inagined to be at zero displacement, and are imagined to 

be subjected to certain unbalanced moments, which require external restrictions 
to keep the system in equilibrium. In the einulation procedure, these external 



restrictions are relaxed one by One, in such a way as to nazimise the energy 
dissipated Each time one of these external restrictions is relaxed, the new 

displacements  the levers, and the new unbalanced moments have to be computed. 

In chapter (2), the different versions of the Thomson model are descri-

bed. The---modificaiaens,are required in order to make the model applicable to 

..te different types of 4timisation problems considered. 

In tae'third chapter, the simulation procedure is applied to the analog 

model for Linear lrogrons. It is shown that the simulation procedure provides 

a mechanical interpretation of the Simplei technique. 
The fourth chapter deals with the simulation of the qnklog model fof 

generalised Transportation problems.  . 

In the fifth chapter the Quadratic Pragrannaing_case,isdisartsded. In 
this chapter, attention is .:orb fined to a model, which bears a resemblance to 

the Beale's algorithm. 
,  - 

Chapter (6) deals with the second formof the analog model for 

Quadratic Programming problems. The points of hmilarity with the Wolfe's 

algorithm are described. 

In the concluding chapter, the process by which the simulation 

procedure can be extended to other optimisation problems, is discussed. Parti-

cular attention has been paid to optimising a logarithnic function subject to 

linear constraints. This might prove tc be of use in GOometric Programming. 



CONTENTS  

CaAPTER ONE Page No. 

1.1 Introduction 1 

1.2 The basic Thomson model 3 

1.3 The Kuhn-Tucker conditions in the analog model 4 

1.4 Modification of the analog model to implement (.GE.) constraints 7 

1.5 The Simplex algorithm as interpreted by the analog model 8 

1.6 Interpretation of the first phase of the Simplex algorithm 12 

1.7 Treatment for Degeneracy 14 

1.8 The Simplex program (SPLX), and some statistical results 15 

CHAPTER TWO 

2.1 The modified mechanical analog for Linear Program 31 

2.2 Another modification of the mechanical L.P. analog 32 

2.3 An analog model for the generalised transportation problem 34 

2.4 A Quadratic Programming analog for the Beale's algorithm 36 

2.5 Another version of the Quadratic Programming analog (Wolfe's algorithm) 38 

2.6 Generalisation to non-linear programs 39 

2.7 Correction effects in the string/lever mechanism 40 

2.8 Mechanical modifications to the mechanism 41 

2.9 A hydraulic equivalent of the mechanical model 42 

),07. 
;CHAPTER THREE 

3.1 An alternative criterion for the leaving variable in the first phase 45 

3.2 TAR Revised Simplex algorithm 49 

3.3 A combination of the Simplex and,Revised Simplex methods 53 

3.4 Summary 57 

CHAPTER FOUR 

4.1 Simplex solution of generalised transportation problem 77 

4.2 Simulation of the generalised transportation analog 77 

4.3 The first chain of connected levers (step b) 83 	• 

4.4 To identify if the leaving variable iS on the first or second chain. (g) 84 

4.5 The procedure to shiftthe labels and displaCements (step i) 85 

4.6 The procedure to compute the tension take-ups (step h) 85 

4.7 Treatment of (.GE.) constraints. 	Solution it two phases 	. 86 

4.8 The generalised transportation program (KITE) 86 

4.9 	 Sunnary 87 



CHAPTER FIVE  Page No. 

5.1 Contribution of the quadratic terms  108 

5.2 Computation of the unbalanced moments at the end of the first phase  112 

5.3 Virtual constraints  113 
5.4 The Supplementary rule in the Beale's algorithm  115 

5.5 A mathematical description of the Beale's method  116 
5.6 Summary and statistical results  121 

CHAPTER SIX 

6.1 Generation of the auxiliary moments  140 

6.2 Analogy with the Beale's mechanism  140 

6.3 Simulation of the Wolfe's mechanism  141 

6.4 Discreteness in the Wolfe's mechanism  146 

6.5 Behaviour of the Wolfe's mechanism in the Lenke's algorithm  148 

6.6 The program to simulate the Wolfe's mechanism (F0X1)  149 

6.7 Comparison of the simulation procedure with the Wolfe's algorithm  150 

6.8 The Lemke's algorithm  158 

6.9 Summary and statistical results  159 

CHAPTER SEVEN 

7.1 A Geometric Programing problem  179 

7.2 Procedure td'compute the resultant moments in the second phase  180 

7.3 Selection of the entering variable  182 

7.4 Selection of the leaving variable  183 

7.5 Interpretation of an 'open-ended' situation  184 

7.6 Procedure to bring a lever to equilibrium •t  185 

7.7 Creation of virtual constraints  186 

7.8 Procedure to obtain the solution  191 

7.9 Treatment of loose constraints and, the objective Erection terns  192 

7.10 Some computational details  193 

7.11 Description-o? the program (HUNT) ,  194 

7.12 Comparison with the existing code:  194 

CONCLUSIONS  211 

REFERENCES  213 

APPENDIX (A1)  215 

APPENDIX (A2)  221 

APPENDIX (A3)  228 

APPENDIX (A4)  237 



APPDNIDIX (A5) 

APPMIX (A6) 
1.1--PaDix (U17) 	• 
APPENDIX (A8) 

Page No. 
245 

255 
265 

272 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

