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Numerical Solution of Under-constrained Algebraic Systems
Based on Symbolic Computation

HIROYUKI SAWADAf

It is well known that a design problem or a layout problem can be formulated as an under-
constrained algebraic problem. An under-constrained algebraic problem is defined as a prob-
lem in which solutions cannot be uniquely obtained because there are not enough equality
constraints. Conventionally, an under-constrained algebraic problem is solved in the following
way. Firstly, by assigning some concrete values to some variables based on human worker’s
knowledge or intuition, a temporary solution is made. After that, it is checked and modified.
Then the solution to the given problem is finally obtained. Therefore, there are possibilities of
looking over existing solutions and wasting time to search a solution which does not actually
exist. In order to omit those possibilities, this paper proposes a new method of obtaining
numerical solutions to an under-constrained algebraic problem by making the given problem
result in a constrained minimization problem. This method can compute a numerical solution
if there exists a real solution to the given problem. Thus, if no numerical solution is obtained,
it can be concluded that there exists no real solution. This method is considered to be a tool
which gives useful information for solving a design or layout problem.
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Fig.1 Transformation to a minimization problem with constraints.
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Fig.2 Renewal of the objective function.
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Fig.3 Locus of stationary or singular points and boundary of sub-region.



Vol. 40 No. 5

B R

2321

ﬁ‘LFinite number of Solutions ?

yes

Computing stationary points
(Section 3.2.1)

Computing singular points
(Section 3.2.2)

Recursive Computation (Section 3.3)

A

Computation in
a Sub-Region A ;;
- (Section 3.1)
> i<,C;? Yok I<r ? [yes
Lno no no
j =J + 1 @
=1
ir=i+1 |e

a4

]l Computing numerical solutions

BEFIR

Fig.4 Computing procedure.
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