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Abstract: The ranging analysis of transport logistics problems and decision-making methods were held in the paper.
The problems, which are represented as subsystems of DSS (Decision Support System) module type, were considered.
One of which, in particular, evaluation of the quality of transport services to select cargo shipping company, was

considered in details.
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1. INTRODUCTION

Formation and organization of cargo shipping
chains work is associated with intense and rapid
exchange of information between participants of
transport process [1]. Transport companies need to
select kind and type of vehicles and organize
transportations providing the required level of
shipping quality, which determines the profit of
company, its image, and competitiveness [2]. To
increase the efficiency of cargo transportation the
significant role is assigned to informational
technologies and software tools that allow
accompanying the stages of transport logistics on the
new intellectual level [2].

2. PROBLEM STATEMENT

Customers of transport services often are not
satisfied with the quality of services, as there take
place violations of delivery terms, spoiling and
loosing cargo [1]. This is due to the complexity of
cooperation process of large number of forwarders,
carriers and logistic companies. This raises a
difficulty of constructing rational routes of cargo
transportation, absence of universal program
systems that accompany processes of cargo
transportation in real time [2]. The important aspect
of modern transport logistics is to ensure continuity
of controlled processes in transport nodes, where
while cargo passing nets of different transport
agencies are crossing, an exchange of information
between different nets takes place. It concerns, for

example, transshipment points (ports, railway
stations, etc.), and organization of uninterrupted
mixed transportations [3, 4].

Development of decision-making support system
(DSS) will allow resolving problem issues of
coordination of interaction between different
objects-participants of cargo transportation process,
selecting optimal routes and others [5, 6].

Solving complex of problems associated with the
organization of cargos movement implies a previous
classification of transport logistics problems [5]. It is
necessary to increase efficiency of decision making.
Herein it is reasonable to define methods that are the
most effective to use in the process of solving
determined tasks.

The analysis and research of transport logistics
tasks [5, 6, 7] allows to outline the main ones that
are presented in the form of DSS subsystems module
type in Fig.1
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organization of DSS modules to solve transport
logistics tasks, in particular, to estimate the quality
of transport services.

3. MODULES’ CHARACTERISCTICS OF
DSS “MULTI CHOICFE”

DSS module (Fig. 1) to select type of vehicle and
type of transportation.

The task of selecting the type of vehicle is solved
in conjunction with other logistics tasks, in
particular, creating and maintaining optimal stocks
level, choosing type of packing and others. The basis
of transport selection, optimal for a specific
transportation, is information about features of
different types of vehicles. Currently there is a
problem of a large number of advantages and
disadvantages for each type of vehicle [1].

Transport logistics identifies five types of
transport (railway, road, air, marine and pipeline) [1,
2, 3]. Herein selection of optimal transport depends
on conditions of transportation of a particular
company.

When selecting railway transport the main
advantages are transportation of large consignment
of goods under any climatic conditions, their
regularity, low cost of cargo delivery. While low
speed and impossibility of delivery to remote
locations refer to serious disadvantages [2].

The main advantages of road transport are high
mobility of vehicle, delivery directly to the place of
destination, sending cargos over short distances.
Herein the urgency of loading off cargo, high cost of
cargo transportation and relatively low cargo
capacity of road vehicles imposes similar restrictions
on the process of transportation [2].

When choosing a type of marine and air transport
should be noted dependence on navigation and
weather conditions, and also the low frequency [4].

The analysis [1-4] of pro and cons of each type of
transport means allows to identify the main criteria
of selecting the optimal type of transport. These
include (Fig. 2): the possibility of cargo delivering to
any point in the territory (K1), timeliness of delivery
(K2), security of cargo (K3), frequency of cargo
transportation (K4), transport expenses (K5), cargo
capacity (K6), ability to transport different types of
cargo (K7), independence from climatic conditions
(K8), overcoming large distances (K9), urgency of
loading off (K10). As alternative variants there are
main types of transport (Fig. 2): road (Al), railway
(A2), marine (A3), air (A4) and pipeline (A5).

| Selecting type of transport |

Fig. 2 — The structure of DSS module

The task of selecting the optimal type of transport
is reduced to solution of the decision tree (Fig. 2)
using method of Analytic Hierarchy Process. For a
specific DM the priority of criteria with respect to
main goal may vary. It depends on conditions of
uncertainty in the transportation process (time and
distance constraints, weather conditions) and
strategies of transport companies [8].

The process of cargo delivery using one type of
transport is typical for wunimodal type of
transportation [9]. However, to increase the
efficiency of shipping transport companies combine
advantages of different types of transport, while
avoiding disadvantages. Such type of transportation
is called mixed or multimodal. The problem of
corresponding  cargo transportation lies in
complexity of actions coordination of different
participants of the cargo transportation process.
Herein the cost and time of transportation increase.
Selection of cargo transportation type in each
individual case is determined by cost of delivery,
speed of order execution and other factors. The
analysis of literature and scientific researches shows
that usage of the critical path method allows to
determine optimal combination of several transport
types [9, 10]. Thus at the final stage is planning to
get optimal combination of logistics intermediaries,
which take part in the cargo transportation process.

DSS module (Fig. 1) to select optimal routes of
cargo transportation.

Selection of optimal transportation routes
depends on specifics of the cargo, its size and
purpose. Particular difficulty presents selection of
route for large size and dangerous cargos [1].

In the result of analysis and comparison of
possible alternative routes DM selects the optimal
variant for the specific criteria. Among them may
be: minimum transportation path length, time of
transportation, transport expenses, cargo residues
when implementing routes and others [5].

Investigation and analysis of problems of
selecting the optimal transportation routes allow to
outline main tasks of combinatorial optimization
(class NP-hard problems), solving of which leads to
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solution of corresponding problem. To such tasks
correspond: travelling salesman problem (TSP),
vehicle routing program (VRP) with restrictions on
cargo capacity (CVRP) and “time windows”
(WRPTW), problem of the pack (KP). Thus finding
the optimal route requires full search of all possible
alternative decisions. There is a problem of
increasing computational expenses by increase of
the vector of input information dimension [11].

Let’s consider the example of the deterministic
task of planning routes for 33 nodes (N =33),
when all initial information is known (coordinates of
diversified transport system nodes and volume of
orders in the form of distinct values).

Coordinates of nodes Xi,Yi,ie{l,Z,...,N},

where cargo consumers are, are presented in Table
1, cargo capacity of transportation unit

D_.. =5tons, order Qi€ {l, 2, N} in nodes
are presented in Table 2.

Table 1. Coordinates of diversified transport system
nodes

Ne e Y. Ne X |y Ne X. Y.

node ! ' | node ! ! node ! !
26 | 59 12 66 | 14 23 31 76
40 | 66 13 44 | 13 24 22 53
55 65 14 26 | 13 25 26 29
35 | 51 15 11 | 28 26 50 | 40
62 | 35 16 7 | 43 27 60 | 40
62 | 57 17 17 | 64 28 60 15
62 | 24 18 41 | 46 29 47 66
21 36 19 55| 34 30 30 60
33 | 44 20 35 | 16 31 30 50
9 56 21 52 | 26 32 12 17
11 62 | 48 22 43 | 26 33 15 14

X, =40,Y, =40 - coordinates of base node (#=0),where
warehouse complex and transportation company are situated

Slo|o|(~No|u|~|win|-

Table 2. Cargo ordering in each set of nodes

80

701

60 -

Fig. 3 — Routes of transportation

According to Hamiltonian cycles, formation of
which is based on saving-algorithm, there are

designated S =4 routes Ri,ie{l,Z,...,S} of

different length and structure (Fig. 3). It depends on
cargo capacity of vehicles and volume of orders in
nodes. For shipping of total orders 4 transportation
units are needed for 4 routes accordingly. In the
Table 3 there are presented length of each route

L,.r e{l, 2,...,R} , the amount of carried cargo
Q,.re {1,2,..., R} and residual amount of cargo
AD}, . Herein there are determined the total length of
all routes Ly =448,3 km, the volume of orders in

nodes Qy =16,91 tons and performance indicator
of vehicles workload E =0,85 by equation (1).

E=1§[1— ADy] (1)

Table 3. Routes characteristics

Using data (Table 1, 2) let’s form routes of

vehicles with cargo capacity D on the basis of

max

results of saving-algorithm for total orders (Fig. 3).

L
node# | Q node # Q node# | Q, R Route structure " Q AD,
1 0,8681 12 0,8791 23 0,3472
2 06997 | 13 | 04565 | 24 [0,1072 1 (3)-23632-16-16-10-17-23-2-29- 176.74 | 4.69 | 031
3 0,7929 14 0,1406 25 0,5455 =
4 0,8111 15 0,0981 26 0,7128 2 | 0-11-27-5-7-12-28-13-20-14-0 | 130,41 | 4,93 | 0,07
5 0,1842 16 0,5704 27 0,7950 3 | 0-25-8-24-1-30-31-4-9-18-0 91,48 | 490 | 0,10
6 0,2531 17 0,1034 28 0,6341 4 | 0-26-19-21-22-0 49,67 | 2,39 | 2,61
7 0,9053 18 0,2872 29 1,0205
8 0,4809 19 0,3286 30 0,3373 Depending on conditions of uncertainty (volume
9 0,8336 20 0,2594 81 0,6244 of orders in nodes) and cargo capacity of vehicles,
10 0,5102 21 0,5658 32 0,0400
11 0.6735 22 0.7832 33 0.2592 the amount and the structure of routes can vary.

The task of planning transportation routes
becomes more complicated if orders in nodes are
represented as fuzzy numbers, for example,
triangular shape of membership function [14]. Usage
of DSS module (Fig. 1) to select optimal routes of
cargo transportation also is designed for solving
problems of corresponding complexity.
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DSS module for planning transportation from
suppliers to consumers (Fig. 1).

Analysis of literature [1, 2, 14] shows that one of
the approaches to solving tasks of cargo
transportation  planning is  bringing it to
transportation task of Monge-Kantorovich. It is a
mathematical problem of linear programming to find
optimal plan to separate homogeneous objects from
suppliers (warchouses) to consumers. Herein
expenses on transportation should be minimal.

At present we know several methods (algorithms)
of solving transportation problem of linear
programming. These include: methods of northwest
corner, minimum value, Vogel (to get initial plan),
method of potentials to improve key plan and to get
the best variant of cargo transferring. In many
transportation companies the problem of planning
routes of cargo delivering and passengers is solved
with the help of the distribution method, the delta-
method, network methods, etc. But such problems
are often compounded by varied conditions and
restrictions, in particular, the necessity of cargo
delivering in minimum time, the availability of
cargo and demand for it are not balanced, etc. [15].
One of the disadvantages of transport problem is that
the model of cargo transportation does not take into
account the heterogeneity of freight cargo and
vehicles. Solution of this problem is achieved by
means of considering multiindex (three-planar T-3P
and three-axial T-3A) transportation tasks [16].
Solution of such class of problems allows to get
optimal plan of transportation of diverse cargo by
different types of vehicles.

Let’s consider the
transportation  planning

example of
from 3

apple
companies

{PI,PZ,I%}, which grow them, to 6 customers

{Kl,Kz,...,K6}. Moreover, each of them should

get the appropriate amount of products. It is
necessary to develop such transportation plan, when
total expenses on its realization are minimal.
Scheme of transport links between suppliers and
customers are presented in Fig. 4.

Fig. 4 — Scheme of transport links

In table 4 there are represented accurate values of
transportation expenses G, 6{1,2,..., P} N 6{1,2,..., K}

on transportation of product unit from suppliers

P,ie {1, 2,..., P} to customers K;,i e {1, 2,..., K}

Table 4. Matrix of transportation expenses

Kl K2 K3 K4 K5 Ks
P, | 4 1 2 7 8 5
P, | 7 5 3 4 6 8
P, | 8 4 6 2 5 10

With the help of linear programming methods we
find initial plan, and then improve it to optimum, for
example, ss-method. We get the decision tree (Fig.
5), in the root of which there is an alternative

decision (plan) E11 with a value of objective
function Z, =10545 vah. Further the initial plan

improves till on the next stage the value of objective
function is not changing.
This means that the optimal plan found.

E
Z,— 10543
T

v b ol '
1 I T 1]

e

Fig. 5 — Decision tree for transportation planning

‘
‘

|
H [E

For considered example the transportation plan,
that meets alternative decision E; with the value of

the objective function Z, =9380 uah., is optimal
(Table 5).

Table 5. Optimal transportation plan

Ki | Ko | Ks | Ky | Ks | Kg | Offer
P, 375 | 120 105 600
P, 485 255 740
P, 170 230 | 520 920

Demand | 375 | 290 | 485 | 230 | 520 | 360 | 2260

One of the problems of cargo transportation
planning is unpredictability of the input data
changes, where take place orders and expenses on
transportation in the form of fuzzy numbers.
Algorithm of the ss-method allows to get over to
solving of problem of transportation planning in the
assumption that the costs are fuzzy [13]. For
convenience in  performing  corresponding
calculations and easiness of getting fuzzy data we
will fuzzy numbers of triangular shape (FNT) that,

for example, correspond to values of expenses (|

for external conditions F, (¢, for external
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conditions F, and (, external conditions F;. In

Fig. 6 there is represented FNT (= (ql, a,, q3) that

characterize expenses on cargo unit transportation.

o (3)

1

0 q; q, qs x
Fig. 6 — Expenses on cargo unit transportation

To use ss-method it is necessary to do operations
of addition, subtraction and comparison of FNT
[12]. Comparison can be made in various ways, one
of which is based on identifying deviations
according to formula (2).

é(A’O) :m’ al’az’a3 cR (2)

Of the two alternative decisions is chosen that,
which deviation is lower. For example, for the

alternative decision (transportation plan) E31 with
value of performance function in form of FNT

Z; =(1010,1560,2130), will  be
4 (Z,O) =3130. Thus for the alternative decision
E; with value of function Z; =(930,1580,2020)
in the form of FTN, deviation is f(Z, 0) =3070. In

deviation

such case the alternative decision Eg is better than
decision E; .

DSS module to select the optimal size of fleet

(Fig. 1).
To determine the optimal size of the fleet it is
necessary to consider cost metrics for formation of

quantitative assessments €;,i=1,..,My,j=1,...,3
of alternative variants of decisions E; for different
programs of general cargo transportation capacity
F.F.F.

The general amount of alternative decisions My
in matrix of decisions is determined as follows:

E, =FdivD,_;
E. =FdivD, +22R.; )
My =E, —E +1

max ?

The eclements €

computed by the following algorithms:

of matrix solution Heij H are

—in case of chartering additional vehicles;

—in case of simple part of vehicles.

In the formed matrix of alternative decisions that
correspond to the number of vehicles on criteria of
decision making the best variant is chosen.

Let’s consider one of the problems of this DSS
module, in particular, the problem of finding the
optimal number of vehicles with minimizing the cost
of cargo transportation from supplier to consumer,
involving transport terminals (warehouses) [1].

In each warehouse there is a known amount of
cargo that needs to be transported from supplier to
consumer by defined routes, each of which runs at
different time of the day, that’s why the amount of
goods that needs to be loaded off from transport
terminals will also vary [3].

Transportation costs for cargo shipping on each
of the routes differ between each other as they
include costs of fuel, shipping services, costs
associated with keeping cargo in warehouses, freight
costs and others [1].

Finding the optimal number of vehicles comes
down to solving problems of linear programming
with constraints on the cargo volume in warehouses
of each route [14].

The usage of graphical method for solution of
this problem is limited by the capabilities and
easiness of finding the optimal decision. This is due
to the use of only two or three variables in
performance function (the solution is achieved by
finding the optimal decision in two-dimensional and
three-dimensional space of constraints). For solving
such class of transport logistics problems it is
appropriate to use the method of directed
enumeration. This method allows to find the optimal
decision by the performance function considering all
restrictions. Thus for finding the decision they use
Newton’s method or the method of conjugate
gradients [14, 17].

DSS module to estimate the quality of transport
services (Fig. 1).

Let’s consider in more details the principles of
structural and algorithmic organization of DSS
module by the example of subsystem of transport
services quality evaluation (cargo delivering).

4. STRUCTURAL ORGANIZATION OF
DSS MODULE FOR TRANSPORT
SERVICES QUALITY EVALUATION

Analysis of literature [6, 7] shows that among
input parameters, that impact on transport services
quality evaluation, there can be determined 19 the
most important ones [18]. Let’s consider by the
example the structural organization of DSS module
for evaluation of cargo delivering quality with 11

indicators (N =11), among which there are: X, —
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custom costs; X, — costs related to possible

situations on the road; X, — costs on transportation;
X, — reliability of information about the cargo
movement; X; — timeliness of giving information;
X, —risk during transportation; X, — preservation by
amount of cargo; X, — preservation by quality o
cargo; X, — timeliness of delivery; X, — possibility
of cargo delivering to any place of territory; X, —
readiness for delivery.

Output signal is the transport services quality
evaluation (Y).

Before the beginning of formation process of
fuzzy rules database it is important to determine the
number and the type of linguistic terms (LT) for
evaluation of input and output parameters. To

evaluate input coordinates {Xl,Xz,...,Xll} of DSS

module 3 LT were elected (L — “low”, M —
“medium”, H — “high”), for output variable — 5 (L —
“low”, LM — “lower the medium”, M — “medium?”,
MH - “higher the medium”, H — “high”) with
triangular shape of membership function.

In the process of DSS development on the basis
of fuzzy logical derivation there is a possibility of
sharp growth of fuzzy rules bases dimension. Herein
there raises a complexity of structure formation and
fuzzy rules synthesis. It is due to large dimension of
input parameters vector, number and type of
corresponding linguistic terms (LT). In such case it
is hard for expert to describe cause-effect
relationships with the help of fuzzy rules as in
human memory can simultaneously store 72
concepts-features [19].

Here is a structure of fuzzy rule of the productive

type.
IF (% =IT) AND (x,=IT,)) AND ..
AND (x =IT)) AND ... AND (x,=IT/) ()
THEN (y=0T’),

where ITij is linguistic term | rule for evaluation
of iinput signal X,,i=1...,N;
OT' is linguistic term | rule for evaluation of

output signal V.

With such structural organization of rules the
sensitivity of DSS towards changes of input
coordinates X,,i =1,...,N (N =11) decreases. It is

related with complexity of formation of all possible
dependences between system parameters.

The structure of DSS module (Fig. 7) is
developed so that some inputs of each subsystem do
not exceed five. It allows to reduce the number of
fuzzy knowledge bases, thus improve the sensitivity
of the system towards input variables (factors)
actions. Herein it is necessary to conduct structuring
of input variables only by common properties that
serve as main (important) in frames of subsystem
[20]. It I advisable to combine input coordinates in

the following groups: y1=f1(x1,x2,x3), y2:f2(><4,x5),
Y; = f3(X7’X8)’ y4:f4()(9,)(10,)(11), y5=f5(x6,y2),
yﬁzfe(yzays)’ y:f7(y1’y4ay6)‘ Where Y;,i=1,..,6

are intermediate variables of DSS module,
including: Yy, — cost of transportation; Y, — the level

of informativeness o cargo delivery; Y, — safety of
cargo; Y, — image of subjects-participants of cargo
transportation; Y, — reliability of delivery system;

Y, — level of cargo transportation.

Fig. 7 — The structure of DSS module to evaluate
transport services quality

In constructing fuzzy knowledge bases for DSS
module (Fig. 7) there are used 3 LT with triangular
shape of membership function that are presented for

variables {Xl, Xyses X5 Yo Y35 Vs y6} in Fig. 8, for
variables {yl, Vi y} —5LTin Fig. 9.

L M H

Fig. 8 — linguistic terms of coordinates

{XI,XZ,...,Xll,yZ, y3; y55 yé}
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Number of linguistic terms can be changed
before the creation of the rule databases [21].

L LM M MH H

0 100

Fig. 9 — linguistic terms of coordinates {yl, Vs y}

Selective set {1,3,6,10,13,14,15,17,22,25,27} of

first

Y, = f,(X.%,,X; ) can be presented as follows:
RI:IFx =L ANDX, =L ANDX, =L THENy, =L,
R3:IFx =L ANDX, =L AND X =H THENy, = LM,
R6:IFx, =L AND X, =M ANDX; =H THENy, =M,
RI10:IFx =M ANDX, =L ANDX; =L THENy; =L,
R13:IFx, =M ANDX, =M ANDX; =L THENy, = LM,
R14:IFx, =M ANDX, =M ANDx, =M THENy, =M,
RI5:IFX, =M ANDX, =M ANDx, = H THENy, = MH,
R17:1Fx, =M ANDX, =H ANDx, =M THENy, =M,
R22:IFx, =H ANDX, =M ANDX; =L THENy, =M,
R25:1Fx =H AND X, =H AND X, =L THENy; = MH,
R27:1IF ¥, =H AND X, =H AND X; =H THENy, =H.

rules for the homogeneous subsystem

The structure of the fifth y, = f, (Xé, y2) rules
database (heterogeneous type) and the second
y, =1, (X4, XS) (homogeneous type) are presented
in Table 6.

Table 6. Rules database of fifth and second subsystems

Ys = fs(xeayz) Y, = fz(X4,X5)
Linguistic X Linguistic X
terms of 6 terms of 4
coordinates | L | M | H | coordinates | L | M | H
L L L L L LI M| M
y2 M L | M| L X5 M L|M| L
H M| H|M H M | H H

In Fig. 10 there is shown a characteristic surface
for the first rules database of the first fuzzy

subsystem Y, = f, (XI,XZ,X3).

e = Fr

| [¥i_ow

1 [ 1 I B B ——— |
U 625 1250 1875 25 315 750 4375 50 5625 6250 Bars 75 6125 8750 9375 00

Fig. 10 — Characteristic surface of the first subsystem
for the components (X;, X, )

There are several software products that allow to
develop DSS on the basis of fuzzy logical
derivation. Very famous is the software package
MatLab, which includes tools ‘“fuzzy” for
development of such class of systems. Also there is
an environment FuzzyTECH, which does not
become such popular as MatLab, although in some
respects it has higher possibilities to develop fuzzy
DSS, neural networks and neuro-fuzzy system of
forecasting.

5. SYNTHESIS OF PROJECT AND
PROGRAM REALIZATION OF DSS
MODULE

After describing the fuzzy system and developing
the fuzzy rules database, the synthesis of fuzzy DSS
module is done in the environment of FuzzyTECH.
Any system of fuzzy derivation in program
environment FuzzyTECH is presented as a separate
project [22]. In Fig. 11 there is presented the project
of DSS module for evaluation of transportation
services quality.

Fig. 11 — The project of DSS module for evaluation
of transportation services quality

6. MODELING RESULTS

Simulation results of the DSS module to estimate
the quality of transport services (Fig. 7) at different
alternative variants (I, II, III, IV, V) of the input data
are presented in the Table 7 and Table 8.
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Table 7. Alternative variants of the input data

X1 Xz X3 X4 X5 X@ X7 XS X9 XlO Xll

I |75 190 | 35 | 80 | 60 | 45 | 70 | 90 | 30 | 95 | 50

II |33 19 | 55|50 (307 95 | 80 | 80 | 65 | 95

III [ 10 [ 30 | 87 | 90 [ 95 [ 30 | 60 | 75 | 55 [37 |75

IV | 50 | 45 | 60 | 47 | 20 | 20 | 85 | 80 | 95 | 45 | &5

V [25 |15 30 |9 |95 |5 35 130 |20 | 35 | 50

Table 8. Modeling results

Y | Yo | Y5 | Y | Ys | Y| Y
I |58 194 |8 |33 |61 |8 |57
II [ 55 [ 15 {94 [ 96 |59 |94 |71

III | 33 |92 | 68 | 66 | 85 | 82 | 54

IV |53 16 93 | 91 | 50 | 93 | 69
vV |4 93 | 17 [ 29 [ 94 | 61 | 34

As a result of modeling with the help of fuzzy
DSS module (Fig. 1) there were received the
following values of the quality of transport services:

1) for alternative variant [ — 57 balls;

2) for alternative variant 11 — 71 balls;

3) for alternative variant I1I — 54 balls.

4) for alternative variant IV — 69 balls.

5) for alternative variant V — 34 balls.

According to the simulation results it is observed,
that in the context of estimation of the quality of
transport services (71 balls) the best variant is the
second (II) alternative variant, and the worst one is
the fifth (V) alternative variant (34 balls).

Also modeling results of the DSS module to
estimate the quality of transport services are
presented on histogram (Fig. 12).

)

20
71 69

70

60 57 54
50
40 34
30
20
10

0

| 1 I v v Neof set

Fig. 12 — Histogram of modeling results

7. CONCLUSION

Modular organization of DSS based on fuzzy
logic can automatically solve complex problems of
transport logistics. It is possible to decide for each
task separately.

Theoretic-methodological basis of hierarchically-
organized structure of intellectual models and
algorithms allows to structure and configure
developed DSS to solve specific problems of
transport logistics.

Method of correction (editing) the rules of fuzzy

knowledge bases at different number of input
coordinates of the system [23], which developed by
the authors, can be used in a modular DSS.
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