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Chernov S.K., Titov S.D., Chernova L.S., Zhuravel I.A.
Admiral Makarov National University of Shipbuilding, Mykolaiv

GENERAL LINEARISATION ALGORITHM
FOR A NONLINEAR OPTIMISATION PROBLEM

A large number of real IT projects include complex interdependencies and
constraints that can be described by nonlinear models complicated with their
optimization process. The use of a general linearization algorithm for nonlinear
optimization problems offers an innovative complex of planning approaches to
simplify and solve problems. Linearization makes it possible to transform non-linear
models into linear forms that are more convenient for calculation and facilitates the
application of linear programming methods. This is especially important in the
conditions of strict limited resources, time and budget of the IT project. The article
presentes effective methods of applying the general linearization algorithm to

improve the project management.

Mathematical models of mixed project management optimisation problems
often use nonlinear objective functions of the form:

Pl X5 XD 5000y X n n

Ql(x19x2"‘°7xn) j=1

J=1
where
X; >0, i=12,....om, j=12,...,n,

¢j,dj—const, i djx;#0.
j=l1
Similar nonlinear objective functions are also used for mathematical models
in the economic field:
e The objective function of the model for optimising the profitability

n n
WIZZC]'X]' d]x] —> max,
J=1 J=1

where x; — quantity of products planned for release,

of production costs:

¢; — profit, from sales of a unit of production x;,
d ; — cost of production per unit x;; .

e Target function of the product sales profitability optimisation model:
21



n n
WI:ZCJ'XJ' Zd]xj —> max,
J=1 J=1
where x; — quantity of products planned for sale,

¢; —profit from sales of a unit of production x;,

d ; — cost of a unit of production x; .

e Target function of the cost optimisation model per monetary unit of
commercial output:

n n
Wi=2 ¢;x; / 2 djx; |- min,
J=1 J=1
where x i— quantity of products planned for sale,

¢; — cost of production per unit x;,

d I price per unit of production x Iz

e The objective function of the production cost optimisation model:

n n
WI:Zdj ZX] —>min,
j=1 j=1
where x; —number of products manufactured,

d ; — unit price of the product x ;.

In view of this, an important task is to linearise the objective functions of the
models. It is known that a fractional-linear optimisation problem is an optimisation
problem in which the objective function is a fractional-linear function and the system
of constraints meets the conditions of linearity, i.e. linear equations or inequalities.

A general fractional-linear optimisation problem has the following form:

B(xi,x9,....x n n .
Wi = 1( 142 n) _ Z Cjx; Z djxj — opt(max, min),
Q]('xl’x29""xl’l) ]'=1 j:l
ay1x) +appxy +-+ap,x, :b19
Ap|X| +apXy + ot dgyXy =by,
Qe ()

A1 X + Qo Xp + 0+ Ay X, = by,
X; >0, i=12,....m, j=12,...,n,

n
Cj’dj bi Cll'j—COI’lSt, Zld]x] #0.
]:
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The fractional-linear optimisation problem (1) can be reduced to solving the
linear optimisation problem.

n
Let’s define zp =1/ > d ;x
j=1
Problem (1) takes the form:

Iz and enter new variables: zj=2z0X; |= L,2,...,n.

n
Wi, = 2. ¢;z; — opt(max, min),
J=1

a1191 + a122zp +°'°+aann _bIZO = 0,
an121 + arnzy +---+ aruzn _bZZO = 0,
e 2)

121 + Ayzy o+ aypz, —byzo =0,

d121+d222+"'+dn2n 21,
2720,20>0,i=1,2,0.,m, j=12,...,n.

Additional problem (2) is a combination of two problems. The first problem
1s a linear optimisation problem, so it is solved by the simplex method, and
then the solution of the original fractional linear optimisation problem is found.
jxj to simplify the

The second problem is related to the notation z :/i d
j=1
solution of the problem as a whole.
This scenario illustrates the use of a general linearisation algorithm to simplify
and solve complex nonlinear problems in project management. This improves
planning efficiency, allowing for optimal resource allocation and cost reduction,

ensuring successful project completion.
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