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DECISION IN BEGINNING OF PRODUCT DESIGN

Summary. The contribution deals with the modeling of two situa-
tions in ensuring the reliability of systems. In the first case
the achievement of desired reliability of a system concerns, with
the aim to minimize the costs for its assurance and in the second
case the system reliability is maximized at the limited costs for

its assurance.

1. Introduction

The one of basic problems in beginning of product design is
a problem of optimization of the relationship between the relia-

bility and costs for its assurance.lmproving of product reliabi-
lity, mainly of the complex systems, 1is usually accompanied with
an increase in the production costs, what unfavourably affects
mainly the competitive abilities. Ve will present two possible

approaches to solution of this problem.

2. Assurance of the desired reliability of a system with minimum

costs

Let® s suppose that a system consists of N subsystems, con-
nected reliably in a series. There is necessary to determine the
value of reliability index of each subsystem so that the desired
level of the system reliability index would be attained at mini-
mum costs.

IT the system and subsystems reliability is expressed by the
probability of survival, then the solution of this task depends
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on determination of such a combination of probability of survival
of the subsystems which would on one hand meet the requirement
laid on the value of reliability of survival of the system, and,
on the other hand the cost connected with its realization would

be minimum.
In order we would be able to formulate this task mathemati-

cally the following symbols will be introduced:

Rg - probability of survival of the systenm,

Rsd - desired value of probability of survival of the systenm,

Rjj# - basic value of probability of survival of the i-th subsys-
tem that will be attained without spending any additional
costs,

R~ - value of probability of survival of the i-th subsystem

which varies in dependence on the additionally spent costs

aimed at the improvement of reliability of the i-th sub-

system, whereas it is valid that 0 < s RN s 1,
for i = 1,2 N,

RAN(°)_ optimum value of probability of survival of the i-th sub-
system,

Ni(Rbi*™i) “ cosl; function which value represents the additional

cost that must be expended if we want to increase the pro-
bability of survival of the i-th subsystem from the value
of Rbi to Rzx.

The probability of survival of the system can be expressed

by the formula

=

rs = (1)

On the basis of the above-mentioned the supposed task can be
formulated as follows:

Minimum of the following function
N
X Fi(Rbi"RI) (@)
i=1

must be found, under the condition that

=

r K * Rsd 0)
i
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0 < Rbi £ £ 1, i = 1,2 N. (4)

So formulated broblem is the task of mathematical program-
ming. The R-~,R2 ,._.me Rfj values which meet the conditions (3) and
(4) are acceptable problem solutions. Those R (i=1,2,.._.,N) si-
multaneously meet the conditions (3) and (4) and also minimalize
the function (2) are the optimum problem solution.

If the given task is understood as an multi-stage decision
-making process it can be solved as a task of dynamic programming
by the method of functional equations. Principle of this method
consists in the fact that the extreme of function (2) is searched
after stages, whereas the number of stages equals the number of
subsystemsin a system, thus a N-stage decision making process is
concerned. At each stage adecision is made whereas the sequence
of performed decisions in the individual stages represents the
decision-making strategy. The strategy that-with respect to a gi-
ven optimality criterion-leads to the achievement of an optimum
results is the optimum strategy (optimum solution).

If the probability of survival in the k-th stage is designa-
ted by the r~ symbol thenit is valid that:

1 =rNa rN-i ~ ... * * rQ * Rsd,
the recurrent relationships, by which we express mathematically
the fact that the given task is understood as a N-stage decision
-making process, can be written as follows:

fi(ri> = [FI(RbI-RI) + fO(r0>]” R1 a Rsd/rl
(R}
f2(r2) = min [F2(Rb2,R2) + F1(rl)], R2 a Rsd/r2RI
<R2> (5)
FN = mLn tFN(RbN’Rn) + FN-1(rN-1)"’ rN a Rsd/rNRN-
{Rn}
where fgirg) =0, r~ =1 and = r"R~, for k=1,2,...,N.

The equations (5) represent a system of functional equations
for N-stage decision-making process. The result of solution of
this system is the optimum strategy, consisting of the values

Rj~°),R2(°),---,R*(°). The procedure for calculation of the opti-
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mum

a)

b)

©

2.

ted

strategy can be briefly summarized as follows:
On the basis of relationship = r"R™ the values of r~_7,
rN-2" > r0O &re calculated, while the condition that r” is
followed.

Based on the equations (6) the values of f~ir?), for k = 1,2,
..-,N are calculated. The calculation will start from the va-
lue fi(ri) which will be used for calculation of f2 (rz) valu-

es, etc. until the value of f*ir?) is calculated on the basis

of fA-i(rN-1) values.

The optimum strategy is determined. At first the value is
determined.This is that value from the R™ values which corres-
ponds to the value fACr”), i.e. RNA/°A= RAr/N) o

Other components of the optimum strategy are determined on the

basis of relationship:
RN-1(0)= RN-I(rN-1) = RN-1(RN (0))
rN -2~ = RN-2~rN-2~ = RN-2(RN™°)rN-1

RA6) "= RI(rl) = RI(RN(6)RN'i i:6) me.R2(6)>  ( }

The given relationship express the R" as the function r~n,
for i = 1,2,...,N-1.

Maximization of system reliability at limited costs for its

assurance

Letls suppose that a system cosists of N subsystems, connec-

in series.In order to improve the system raliability there is

available H volume of the financial means, which are supposed for

the

management of the spare subsystems. The price of a spare sub-

system is designates ¢ (i = 1,2,...,N).It is necessary to deter-

min

red

e the numbers of the spare subsystems mj (G = 1,2,... ,N) for
undancy of the individual subsystems, so that at meeting the

inequality

maximum possible system safety would be attained.
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IT the reliability of system and subsystems is expressed by
the index of probability of survival, then the probability of the

survival of system can be expressed by the formula

rs = n«i(-i) <8 >
1

where RE(m|) 1is the probability of survival of i-th subsystem,if
is it reserved by the m"™ of spare subsystems.

Based on the above-mentioned, the set task can be solved as
follows: Such values of m™~ (G = 1,2,...,N) from the {0,1,2,...}%}
set must be found for which the relationship (8) will attain the
maximum value and which will also comply with the inequality (7).

Its again the task of mathematical progamming. The task can
be considered also as a multi-stage decision-making process and
solved by the method of functional equations. Determination of
the number of the spare subsystems for a N-th subsystem can be
considered for the first stage, determination of the number of
the spare subsystems for the (N-1)-th subsystem etc. and the de-
termination of the numbers of the spare subsystems for the first
subsystem can be considered for the N-th stage.The recurrent re-
lationship, by which the fact that the given task is an N-stage
decision-making process is expressed mathematically, can be writ-

ten as follows:

f1(H) = Ri(mi), 0 s mils [H/C}]
f2(H) = max [R2(M2)F~A(H-c2m2)], 0 £ m2s [H/c2]
m

................................................... (©)
N H) = max [RN(MN)FN_i(H-cNmN)], O £ mNE [H/cN]
m
where [H/c™] is the integer share of fraction H/c/.

The equations (9) are a system of functional equations for a
N-stage decision-making process. The system is solved in such a
way that we will start with calculation of f*(H) value. On the
basis of f~(H) the f2 (H) is calculated etc. until the value
M(H) is calculated on the basis of ffj_~(N). On the basis of
fjsiH) is calculated the m~(°), i.e. the optimum decision for the

first stage is determined, whereas the m”~°) 1is the last member
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of the optimum strategy (m”~0”~,m2"0”_... m~0)). The other com-
ponents of optimum strategy, 1i.e.the optimum numbers of the spare
subsystems for the individual subsystems are determined on the

basis of relationships:

N-1(0) = mN-1<H-cNnN (0))

N-2(@) = mN-2(H-cNmN (0)-cN-InN-1(0))
(10)

m-j~°)= m~M(H- X
i=2

The mentioned relationships express m ~ a s the function

of difference

N
H - X cqAmpb0k, for i = 1,2 N-1.
=i+l
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