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Abstract. The aim of this paper is to consider a company engaged in designing and creating a new product and, later on,
delivering the latter in large quantities to the market. The product is composed of several sub-products, each of them, in
turn, being a subject of several possible versions. The product’s utility comprises both the utility of designing and creating
the product’s pattern example as well as the competitive utility to gain the future commercial success.

The problem is to determine the income versions of designing sub-products in order to maximize the product’s competitive

utility subject to restrictions related to the design process.

A two-level search algorithm for the problem’s solution is suggested. The internal level is faced with optimizing the product’s
competitive utility by means of experts’ information, while the external level centers on obtaining a routine feasible solution

from the point of designing process.

Keywords: Multi-attribute utility; Competitive utility; Basic project’s attributes and competitive attributes; Harmonization

model on the basis of expert team’s decision-making.

1. Introduction

It can be well-recognized (see, e.g. [1-3, 4, 5]) that
existing quality techniques in various organization
systems (OS) are restricted to market competitive
problems only. Those techniques usually center on
analysing the competitive quality of organization
systems’ outcome products in order to gain future
commercial success. But in that capacity they ignore
the quality of the OS functioning, e.g. the quality of
designing and creating a new unique product. In our
recent publications [6, 7] we developed several new
utility models to estimate the project’s quality in the
course of its realization. However, if the company is
engaged in designing and creating a new product and,
later on, delivering the latter in large quantities to the
market, the product’s life cycle continues far beyond
terminating the design process. Thus, developing
quality models of organization systems in their entirety
centers on developing new utility models comprising
design and production phases as well as the system
of divestment phase. Nowadays engineering projects
where a new system or product are being designed,

developed, manufactured and continuously quality
tested, may span years, as applicable for the case of anew
automobile, or over a decade for a nuclear power plant
[5]. New product development takes anywhere from
several months to several years. In lengthy processes
of this type, decisions made at the outset may have
substantial, long-term effects that are usually difficult to
forecast. The trade-off between current objectives and
long-term consequences of each decision is a strategic
aspect 5] of project management. Thus, the research
to be considered refers to strategic management and
deals with the most important aspects of that area.
Moreover, special attention is drawn in literature to life
cycle costing (see, e.g. [8, 9]) in case a decision having
long-term effects deals with selection of components
and parts for a new system or a new product at the
advanced development and detailed design phase.

Thus, an evident conclusion can be drawn that the
newly developed utility harmonization models must
deal not only with the quality of OS functioning, but
with the quality of outcome products as well, especially
when subject to severe market competition. In the paper
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under consideration an attempt will be made to enhance
utility models [1-3] in order to cover the whole life
cycle of the regarded product. We suggest to develop
a more generalized utility harmonization model by
implementing in the latter the most essential aspects
of the MAUT theory [1-3, 4, 5]. The generalized
harmonization model should, thus, be applied to all
stages of the product life cycle, namely:

1. MAUT multi-attribute models have to undergo cer-
tain modifications to be used at the stage of design-
ing the outcome product, on the basis of experts’
decision-making in combination with proper rank-
ing and scaling.

2. Analytical and simulation models which have been
already incorporated in partial harmonization algo-
rithms (PHM) in Safety Engineering and Project
Management [6, 7], should be applied at the stages
of designing and creating the new device.

3. We suggest to link the outlined above MAUT and
PHM together in order to optimize the process of
designing and creating a new product within its
entire life cycle. The suggested optimization algo-
rithm should be of mixed type, i.e., to comprise both
analytical calculations and man-computer dialogs
at the stage of decision-making on the basis of ex-
perts’ interviews. The backbone of the optimization
algorithm is that all its elements (including analyti-
cal calculations and dialogs with experts) are parts
of a generalized search procedure to determine the
optimal version of the product to be designed and
created.

It is assumed that the product to be manufactured is
composed of several sub-products, e.g. a new automo-
bile comprises an engine, a bonnet, a brake system,
etc. Each sub-product, in turn, is a subject of several
possible versions. The problem is to determine for each
sub-product their optimal versions in order to maximize
the product’s competitive utility subject to restrictions
related to the design process. A two-level optimization
algorithm based on the cyclic coordinate search method
(CCSM) [6, 10], is suggested. The internal level is
faced with optimizing the product’s competitive utility
by means of experts’ information, while the external
level centers on obtaining a routine feasible solution
from the point of designing process.

2. The problem description and definitions

In order to formalize the harmonization problem we
will require some new definitions.
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Definitions

Call a quantitative parameter entering the project of
designing and creating a new product, the basic project
attribute (BPA) together with its corresponding restric-
tion value. The latter serves as the worst permissible
value that may be implemented into the design project.
Several basic project attributes may be independent as
well as dependent parameters. BPA restrictive values
are already pre-given by the OS management. Howev-
er, in the course of carrying out the design project, they
may be subject to alterations, e.g. owing to changes of
the product’s demand on the market.

Call a quantitative parameter entering the outcome
product, i.e., the designed product to be delivered to
market, the basic competitive attribute (BCA). BCA
values actually form the product’s competitive utility
in order to gain future commercial success. Those val-
ues are usually calculated by means of expert informa-
tion.

As outlined above, the system under consideration
comprises:

o the phase of the product’s designing and creating
the pattern example, and

o later on, the second phase related to delivering
the product in large quantities to the market.

It can be well-recognized that both BPA and BCA val-
ues depend on the set of versions assigned to each sub-
product. Note that BPA values are fully determined by
the set of versions, i.e., those values can be calculated
analytically or by means of simulation. BCA values are
calculated through expert information taking into ac-
count the set of versions as well. Assume, further, that
when benefiting from commercial success, the profit
obtained from delivering the product to the market at
the second phase, usually exceeds essentially the proj-
ect’s expenses to design the product at the first phase.
Thus, we suggest to develop a multi-attribute utility
value on the basis of only BCA values. This general-
ized value has to be maximized in the course of the
suggested CCSM algorithm by means of information
obtained from experts. As to BPA values, they have to be
incorporated in the search procedure in order to satisfy
the pre-given restrictions.

Referring to MAUT models [1-3, 4, 5], we will assume
that for each BCA value two opposite estimates have to
be pre-given before carrying out the design process:

e the least preferred value having practically very
poor chances to win the market competition,
and
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o the most preferred value which enables the at-
tribute to win the competition.

Note that both opposite estimates for each competitive
attribute can be obtained from the expert team on the
basis of interview questions. Those estimates play the
leading part in the process of questioning experts to
obtain the multi-attribute utility values [1-3, 4, 5].

In the model under consideration we will develop a
modification of the classical MAUT procedure of both
questioning experts and obtaining utility values. This
is because the existing MAUT expert models cannot be
incorporated in a search harmonization procedure.

3. The suggested expert interview procedure to
calculate multi-attribute values

As outlined above, the suggested general idea to maxi-
mize the multi-attribute utility value centers on under-
taking a search procedure in the multi-dimensional state
of possible combinations — possible versions assigned
to sub-products. The suggested search procedure is car-
ried out by implementing the cyclic coordinate descent
method where each i-th coordinate varies from 1 to r;,
r; being the number of possible versions which can be
assigned to the i-th sub-product.

Let the number of sub-products be ¢g. Thus a routine
search point is actually a g-dimensional vector D= d,,
d,, ... , d;) with integer numbers. In the course of un-
dertaklng the search procedure vector D has to satisfy
all pre-given BPA restrictions (let them be m), other-
wise the routine search point is not considered. If all
BPA restrictions are honored, search point D has to be
passed and later on examined by a team of experts, by
means of the following interview procedure. Let the
expert team comprise f experts faced with the problem
of decision-making on » competitive attributes. It is as-
sumed that (before examining any routine point D) for
each basic competitive attribute BCA two opposite es-
timates: the least competitive and the most competitive
ones — BCA* and BCA** — are already determined.

Each expert Eg, 1 <g < f, after receiving the interview
questions, examines and analyzes carefully the input
information D and for each k -th recurrent competitive
attribute BCA, gives his personal subjective judgment
on:

1. The expert’s expected value of BCA,, which will be

henceforth designated as BCA,,; note that

o estimating BCA,, is carried out always for a con-
crete set of versions assigned to the sub- products,
i.e., for the routine search point D;

o value BCAy has to be always placed between
the corresponding pre-given opposite estimates
BCA,* and BCA**.

2. The expert’s estimated value (order) of importance
of attribute BCA, to win the competition for the
product on the market. Denote henceforth this order
of importance by 1.

After obtaining the answers from all experts we suggest
to modify values BCAy, 1 <g < f,1 <k < n, to their
relative equivalents v, as follows:

BCAy, - BCA4;

Z ek TR (1)
BCA" — BCA;

ng =

Note that relation (1) does not undergo any changes,
both in case relation BCA,** > BCA,* holds, or oth-
erwise. Value vy, represents, in essence, the relatlve
competitive ablhty of the routine set of versions D due
to attribute BCA, only. Thus, relation

n

Z (ng‘ngk) =W, 2)

k=1

denotes the subjective judgment of the g -th expert
about the total value of the product’s competitiveness.
We suggest to calculate the more generalized estimate,
which we will henceforth call the product’s competi-
tive utility

f n

Z (Yot Mt ®)

g: k=1

Value U, calculated by (3) is just the parameter which
has to be maximized in the course of implementing
the search algorithm. Note that while using the CCSM
algorithm, the number of feasible search points to be
examined is less than by implementing other methods.
Thus, the number of interview questions to the expert
team will be diminished as much as possible.

Note, in conclusion, that according to the MAUT mod-
els, pairwise comparisons have to be undertaken by
experts, in cases, when dependencies between two or
more competitive attributes take place [1-3]. Those
techniques may also be used by experts in our mod-
els, in the course of determining competitive attributes
BCA,. However, other techniques involving subjective
judgments, can be implemented as well [4].
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Let us introduce the following terms:

V
Vi
q

v,

N
S

{dy,dy, ...,d}=D

> g

BPAq = PHM {D/ BPA:,
1<h<m }

UC

Up

P
€

the product to be designed and manufactured;

the 7 -th sub-product entering the product, 1 <i < g;

the number of sub-products;

the j -th possible version of the i -th sub-product, 1 < j < r;;

the number of possible versions of sub-product V;

a routine search point (a routine set of versions) for the CCSM algorithm,
1<d<r,1<i<g;

the b-th basic project attribute value, 1 <b < m;

the k-th basic competitive attribute value, 1 <k < n;

the b-th basic project attribute value calculated analytically or by means of

the worst permissible value for the b-th basic project attribute (pre-given);

the best possible value for the b-th basic project attribute, 1 <b < m (pre-given);
the worst competitive estimate of the k-th competitive attribute (pre-given by

the best competitive estimate of the k-th competitive attribute (pre-given by

priority level (level of importance) of the &-th competitive attribute given by the

the personal subjective judgment of the g -th expert on the expected value of the

basic independent project attributes (pre-given);
number of independent basic project attributes (pre-given);
basic dependent project attributes (pre-given);

BPA,
m number of BPA values;
BC4,
n number of BCA values;
BPA, (D) )
simulation at the routine search point D;
Zy
Y,
BCA,*
experts);
BCA**
experts);
T'lgk
g-thexpert, 1 <g<f;
f the number of experts entering the team;
BCAy
k-th competitive attribute;
BPA £ &t by
my<m
BPAg,, 0y 0, | .
m—m, number of dependent project attributes;

— the estimate of basic project dependent parameters, 1 < v < m — m, obtained by

means of implerzlenting partial harmonization models or simulation models on the
basis of vector D;

the product’s multi-attribute competitive utility (to be maximized);

the project’s utility obtained by means of BPA values;

partial utility value for the h-th BPA (pre-given);

the relative accuracy of the harmonization problem’s objective (value U,).

5. The problem formulation

Referring to Sections 2-3, the strategic harmonization
problem is as follows: to determine optimal versions
assigned to all sub-products (), diP), ..., d’"), to
maximize the multi-attribute competitive utility value

Max U, “4)
{D}
S.t.
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min (Y, Z,) < BPA, (D) <max(Y,, Z,), 1< b< m, (5)
where U, satisfies (3).

Restriction (5) means that only feasible solutions D,
i.e., sets of versions which honor pre-given worst per-

missible constraints Z,, can participate in the optimiza-
tion procedure.

We suggest to solve the strategic harmonization prob-
lem (3—5) by means of a two-stage algorithm. At the
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first stage feasible solutions 5, 1.e., combinations of
versions assigned to the sub-products, are determined.
Those vectors present input information for the second
stage, to maximize the multi-attribute competitive util-
ity parameter U obtained by means of experts subjec-
tive judgments.

Note that in some cases it might be not easy to develop
the initial feasible search point D at the first stage. We
suggest to implement in the algorithm the correspond-
ing subsidiary Problem Al which can be formulated
as follows:

Determine at least one combination D = {d,, d,, ..., dq}
satisfying restriction (5).

6. Subsidiary problem Al

The suggested step-wise algorithm to solve Problem
Al is as follows:

Step 1. By means of the Monte-Carlo method simu-
late for each sub-product the index of its ver-
sion, i.e., simulate integer values

di=la;-r]+1,1<i<gq, (6)
where o, = U (0,1) is a random value uniform-

ly distributed in (0,1), and [x] is the whole
number of x.

Step 2. By means of Monte-Carlo simulate for each
i-th sub-product the values of m; independent
basic project attributes

{max (Yéh’ Zéh) - mzn(th, Zéh)},
1< h<s my, @)
where a;, = U(0,1).

Step 3. Using partial harmonization models [10-11],
determine values of m — m, dependent basic
project attributes BPAg = PHM {5/ BPA, ,
1 < h < m}. In case m =3 there are usualllgf
two independent basic attributes (time to ac-
complish the project and budget assigned to
the project) as well as one dependent attribute
- reliability for the project to be accomplished
on time. In such a case the problem together
with the corresponding algorithm is outlined
in [1-2]. If m exceeds 3, the problem becomes
more complicated.

Step 4. If all values BPA o = PHM {5/3})4 e )1 <
v < m — my, satisty (5), search point D ob-
tained at Step 1 is a feasible one, thus provid-
ing solution to the problem. Otherwise apply
the next step.

Step 5. Repeat Steps 2-3 N, times, in order to check
possible combinations in different m — dimen-
sional subspaces. If for a significantly large ,
a feasible solution has still not been obtained,
apply the next step.

Step 6. Repeat Steps 1-5 N, times, where N, is a sig-
nificantly large number. If no feasible solu-
tion has been obtained, the initial search point
cannot be determined. We have either to alter
values (Y, Z,), 1 < b < m, or to select other
possible versions of the sub-products.

We have deliberately chosen the so-called undirected
Monte-Carlo search method [11] because of its sim-
plicity. If m is not large, using the method for solving
Problem Al does not cause any particular difficulties.

7. Cyclic coordinate search method for the
problem solution

To obtain the problem solution, we suggest to imple-
ment the CCSM in the two-level optimization algo-
rithm. The step-wise algorithm is as follows:

Step 1. Solve subsidiary Problem Al to obtain a fea-
sible problem solution, i.e., determine vector
D which will be used henceforth as the initial
search point.

Assign to all sub-products’ versions entering
D (obtained at Step 1), the minimal index /,
1e., D= (1, 1,...,1). For each sub-product i,
1 <i <gq, all other versions can be enumer-
ated in an arbitrary order from 2 to ;.

Step 2.

Transfer the information about the initial
search point, i.e., the set of sub-products’ ver-
sions, to the expert team. After carrying out
questioning interviews and receiving the ex-
perts’ subjective judgments, calculate value
U¢ by (3). Coordinates of vector D together
with value U are placed in a special array W.
In the course of the optimization process, this
array will contain the monotonously increas-
ing utility value U, together with the corre-
sponding vector of optimized variables D.
Denote henceforth the stored information by
Uc* and D*, correspondingly.

Step 3.

Start using CCSM with respect to the co-
ordinate variables d,, d,,..., d,, beginning
from the initial search point D = (1, 1,...,1).

Step 4.
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The general idea is to increase the first coor-
dinate d, by a constant step equal /, i.e., d; ;=
d, ;. +1, while all other coordinates d,, ..., d,
are fixed and remain unchanged in the course
of the coordinate optimization. After the first
coordinate d, is optimized, we fix the index
of the latter, and proceed by increasing the
second coordinate d, by a step equal 1 (co-
ordinates ds, ..., d, being fixed). Afterwards,
when completing optimization of the second
coordinate, the latter is fixed as well, and we
proceed with the third coordinate d;, and so
forth, until all coordinates are looked through
by the partial coordinate increasing procedure.
Go to Step 5.

Proceed with the optimization process starting
again from the first coordinate d, with the in-
dex obtained in the course of carrying out Step
4. Check two opposite directions: d, — 1 = d,
and d, + 1 = d, and choose one of them which
results in obtaining a feasible solution as well
as in increasing utility value U. If such a di-
rection can be chosen, proceed changing d,
in that direction by a constant step equal /.
The same procedure has to be undertaken with
other coordinates. Note that, similar to Step 4,
only one coordinate undergoes optimization,
while all other coordinates remain fixed and
unchanged.

If in the course of carrying out Steps 4-5 a
routine feasible search point D coincides with
the previously obtained and stored in array W
feasible point D*, the corresponding utility
value U* is taken as the quasi-optimal solu-
tion of the harmonization problem. Thus, the
search process terminates. Go to Step 9.

Implementing the optimization search process
at Steps 4-5 centers on numerous applications
to a group of Steps 6—7, which actually ex-
amine the routine search point and carry out
decision-making as follows:

o either to accept the routine search point as
a successful one, i.e., to proceed with the
search procedure from that point on, or

e to reject the routine search point and
change the optimizing coordinate.

As outlined above, the coordinate optimiza-

tion centers on examining a routine search

point D in order to check:

o the search spoint’s feasibility, and

e the increase of the corresponding total
utility U relatively to the previously ob-
tained maximal value U *.

Step 6.

Step 7.

Step 8.

Step 9.

In order to check the feasibility,
next step.

apply the

To check the routine search point’s feasibil-
ity, one has to carry out Steps 2—5 of Problem
Al outlined in Section 6. Note that coordinate
Values% dy, d,, ..., dq enter the routine search
point D.

If in the course of carrying out Step 6 a feasi-
ble solution has been obtained, go to the next
step. Otherwise reject the routine search point
and go to Step §.

Undertake questioning interviews of experts
and, after obtaining their subjective judgments,
calculate value U by (3). If U exceeds U*
(stored in array W), examine the relative in-
crease of the utility value by calculating

1

Ve =— (Ue-Ug). ®)

*

c

If relation AU, < ¢ holds, the optimization
process terminates. Go to Step 9. Otherwise,
when AU > ¢ holds, accept the routine search
point as a successful one. Go to Step 4, to con-
tinue the search procedure.

If Uc does not exceed U-*, the routine search
point has to be rejected. Go to the next step.

Assume that in the course of the optimization
search process, the i-th coordinate, i.e., value
d;, has increased its index by /, while other
values d,, ..., d;_y, d;; ..., d, were fixed and
remained unchanged. If i # ¢, decrease value
d;by 1,d,—1 = d,, fix value d, and start opti-
mizing the next coordinate d;, ;. Go to Step 4.

Ifi=gq,i.e., all coordinates have been partially
optimized, the process is then repeated start-
ing with d, again. Go to Step 5.

The optimization search process terminates,
and the information stored in array W, i.e., D*
with objective U.*, is taken as the optimal
solution of the harmonization problem.

8. Case of compound utility

It can be well-recognized that in previous sections the
competitive utility value U has been favored over the
project utility value Up. However, under certain condi-
tions those different utility parameters may be regarded
as practically of equal importance. Thus, the problem of
maximizing the competitive utility value U has to be
substituted for maximizing the compound utility
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Bp- UptPBc-Uc=Ur, )
where Uy is the total utility value and B, and B are

properly chosen coefficients to present both utility pa-
rameters in similar ranking and scaling.

The problem is, thus, to determine the optimal set of
versions for each sub-product D in order to maximize
the total utility U,

{5} g
subject to (5), where U, is calculated by (3) and Up
satisfies [6, 7]

Up = bi(pb - BPA,). (11)

We suggest to optimize harmonization model (3, 5,
9-11) by using the same search algorithm as being
outlined in Section 7. Only minor modifications have
to be implemented, namely:

1. Step I has to be substituted by the algorithm of solv-
ing Problem AIl to maximize the project’s utility
value

MaxUp = Max p, - BPA 12
o {Z e ”)} "
subject to (5).

Problem (5, 12) together with the corresponding
algorithm, has been outlined in our recent publica-
tions [6, 7], especially for the three-attribute har-
monization model in project management.

2. Step 6 has to be substituted by solving problem (5,
11) as well.

3. Competitive utility value U* in array W has to be
substituted by the total utility value U,*.

4. Relation (8) has to be substituted by another one,
honoring modification (9).

All other steps of the algorithm do not undergo any
changes.

9. Example on designing a new passenger
vehicle

An example on designing a new passenger vehicle
which is widely presented in the literature on project
management (see, e.g. [5]), can illustrate implementa-
tion of the outlined above harmonization model. The
example is subject to restrictions by competitive at-
tributes which have been used within a long period

by questioning experts and obtaining from the latter
all kinds of subjective decision-making. However, no
harmonization models have been suggested and no op-
timization problems have been solved.

Three basic attributes define usually the R&D project’s
utility:

BPA4, - budget assigned to the whole project;

BP4, - time to accomplish the project;

BPA, - reliability for the project to be accomplished
on time on condition of pre-given BP4, and
BPA,.

Thus, there are two independent attributes (BPA4; and
BPA,) and a dependent one (BPA;). For the case of a
PERT-COST project the harmonization model together
with the optimization algorithm obtained a detailed so-
lution in [7].

As to competitive attributes, nine of them have been
singled out [5] and are usually examined by experts in
case of designing a new vehicle:

BCA, - relative fuel economy;

BCA, - initial cost;

BCA; - life cycle cost per mile;

BCA, — maintainability (special scaling);

BCA5 — safety (special scaling);

BCA4,; — refuel time;

BCA; — unrefueled range;

BCAg — maximum startup time;

BCA4, — minimum speed-up time from 0 to 80 mph.

As to the worst and the best competitive attribute esti-
mates, they are as follows (for the last decade - based
on best experts’ opinion):

1. BCA* = 20 mpg equivalent;
BCA4,** = 80 mpg equivalent;

2. BC4,* = $25,000;
BCA,** = §5,000;

3. BCA5* = $1,00/mile;
BCA** = §0,20/mile;

4. BCA,* = 0 (special scaling);
BCA,** = 10 (special scaling);

5. BCAs* = 0 (special scaling);
BCAs** = 10 (special scaling);

6. BCAg* = 8 hours;
BCAg** = 0,17 hours;

7. BCA;* = 50 miles;
BCA,** = 250 miles;

8. BCAg* = 600 seconds;
BCAg** = 5 seconds;

9. BCAy* = 60 seconds;
BCAy** = 5 seconds.
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It can be well-recognized that an experienced decision-
maker is capable of undertaking subjective judgment
for any BCA,, 1 < k < 9, together with scaling the
attribute’s level of importance 1.

10. Conclusions and future research

The following conclusions can be drawn from the
study:

1. The problem of maximizing the product’s utility
by means of considering optimal components for
that product, is widely regarded in the literature as
an important strategic area in project management.
Thus, developing new harmonization models on
that subject refers to strategic harmonization mod-
els. Those models practically cover the entire life
cycle of any newly designed and developed prod-
uct.

2. The backbone of the models under consideration
is the generalized search procedure comprising
partially harmonization models on the basis of
heuristic approaches with decision-making on the
competitive ability of the designed product, to be
undertaken by a qualified expert team.

3. The suggested search algorithm is based on the cy-
clic coordinate search method. The latter may ei-
ther comprise:

e an optimization procedure in the area of basic
competitive attributes only, in order to maximize
the total competitive utility subject to restrictions
for basic parameters of the designing project, or

e a search procedure to maximize the total prod-
uct’s utility comprising as summants both the
competitive utility and the project’s utility val-
ues.

The two outlined above procedures are not of any

principal difference; one can be obtained from an-

other by implementing only minor modifications.

4. As far as we are concerned similar research has not
been undertaken as yet.

5. An emphasis has to be drawn that, in dependence
on the novelty of the designed product, the mar-
ket’s demands, etc., other variables to be optimized
may be introduced in the harmonization model.
However, the basic concepts linked to the necessity
of developing a mixed type optimization procedure
comprising a combination of heuristic methods and
interview dialogs with experts, have to remain un-
changed.

6. Future research to develop new strategic harmo-
nization models has to be undertaken not only in
project management, but in additional areas of stra-
tegic management as well.
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