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THE USE OF KOKHONEN’S NEURONETS
FOR JUSTIFYING THE CHOICE
OF SUPPLIERS FOR A PHARMACEUTICAL

ENTERPRISE

The quality and safety of manufactured pharmaceuticals can only be guaranteed on condition that
high-quality raw materials and packaging are used in their production. This explains the necessity to
evaluate the compliance of potential pharmaceutical suppliers with certain requirements in terms of
quality of raw materials and reliability of supply. The present article describes the use of Kokhonen’s
neuronets as the main instrument for selecting the best supplier.
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PROBLEM STATEMENT

The need to ensure the production of high qual-
ity pharmaceuticals entails the necessity to find
suppliers of quality raw materials.

World practice proves that it is advisable to use
one supplier who would guarantee timely supply of
each consignment of raw materials of due quality.
This approach is ideal for the pharmaceutical in-
dustry as well, since the use of substances from one
particular supplier guarantees the quality of phar-
maceuticals produced at the industrial enterprise.
However, this practice is not always reasonable in
terms of ensuring business stability. At the same
time, changing manufacturers of raw materials
might have an adverse effect on pharmacological
and therapeutic properties of medicines, and con-
sequently affect people’s health.

ANALYSIS OF RECENT RESEARCH
WORKS AND PAPERS

The quality of raw materials, equipment, en-
ergy supply, as well as other resources and services
that are purchased by the enterprise are extremely
important for ensuring the quality of manufac-
tured products. Therefore, both international
standards ISO 9000 and requirements set by Good
Manufacturing Practice (GMP) describe the pro-
cedure of selecting the suppliers of raw materials
and supervising their activity taking into consid-
eration the following aspects: establishing criteria
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for selection and evaluation; auditing the quality
management system adopted by the raw material
supplier, as well as the manufacturing environ-
ment where this raw material is processed; further
supervision of the selected suppliers and their re-
curring assessment [3, 7].

European GMP Commission establishes a num-
ber of requirements referring to suppliers of raw
materials and packaging materials, such as: [7]:

« Manufacturers of pharmaceuticals are ulti-
mately responsible for selecting their suppliers;
Availability of detailed and precise specifica-
tions;

Dealing only with those suppliers that are in-
cluded in the registration file;

Specifications form an integral part of the con-
tract with a supplier;

Manufacturers are advised to work mainly with
reliable and trusted suppliers;

Purchase of raw materials should be executed
by personnel who have thorough and precise
knowledge of suppliers;

Manufacturers can only change the supplier of
raw materials provided that their products are
absolutely identical to those declared in the reg-
istration file;

Suppliers evaulation results should be included
in the Annual Product Quality Review;

If there is no auditing of the supplier, manufac-
turers should organize on-receipt inspection of
each packaging unit of raw materials that are
delivered;
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+ The on-receipt inspection can be simplified or
even cancelled basing on the results of the au-
diting of the supplier.

All these requirements explain the reason why
before contracting a new supplier manufacturers
of pharmaceuticals have to make sure that the sup-
plier has an efficient system of quality manage-
ment, complies with specifications and can guar-
antee invariable quality of dispatched materials
[3]. Efficient economical and mathematical tools
can help to organize and carry out this assessment.

ASPECTS OF THE GENERAL PROBLEM

THAT REQUIRE FURTHER RESEARCH

The problem of selecting the best supplier is
usually solved with the help of the following tools:
electronic trading platforms, tenders in the form
of continuous reverse (Dutch) auctions; expert
evaluation method; conducting individual analy-
sis on the basis of standards adopted by the enter-
prise, etc.

The most popular method of choosing a sup-
plier is the method of rating assessment based on
the main criteria set by the pharmaceutical enter-
prise. Comparing the results of rating assessment
for different suppliers, manufacturers can choose
the best partner [1, 5]. However, it is important to
consider the fact that it is difficult and sometimes
practically impossible to make potential suppliers
provide objective data for expert evaluation.

Besides, manufactures can resort to cost-based
coefficient method, also called “a method of mis-
sions”, where the best option (mission) is chosen out
of the number of options according to the criteria
of total profit. This method is interesting from the
point of view of cost estimate, since it helps to de-
termine “the cost” of a supplier [1]. The drawback
of the method lies in the fact that it requires re-
ceiving, assessing and analyzing a large amount of
information for each potential supplier.

In order to choose a supplier, manufacturers
can also use a model based on dominant character-
istics. This method focuses on one selected param-
eter (criterion) [6]. The advantage of this method
is its simplicity, but it ignores all the other factors
and selection criteria, which is a serious drawback.

If a manufacturer chooses a supplier selec-
tion model on the basis of its advantages, the fi-
nal evaluation result and the choice of evaluation
instruments depend on information provided by
various subdivisions of the enterprise [1]. As a
rule, this kind of supplier evaluation has informal
character. If the ultimate consumer (manufactur-
ing department) and the procurement department
are immediately connected with each other, they
can provide a quick feedback as to the supplier’s

behavior, which makes this “informal” approach
quite reasonable and valid.

OBJECTIVES OF THE PRESENT PAPER

All the shortcomings of the above mentioned
supplier evaluation methods are eliminated by the
use of neuronets, namely the models based on Kok-
honen’s neuronet as the main instrument of best
supplier selection. The use of these models makes
it possible to take into consideration only the val-
ues of input variables without including the corre-
sponding initial values, which guarantees flexible
adaptation of the whole system and possibility to
solve tasks involving a large number of properties
of the object.

Kokhonen’s neuronets help to produce topologi-
cally continuous representation of input n-dimen-
sional F space into output m-dimensional space F:
R" — Rm™as a result of “training” procedure.

Training is performed without supervision on
the basis of samples that are fed into the system.
Competitive training is used as a method of train-
ing. The structure of self-organizing neural net-
work is a network with direct distribution of sig-
nal. In the process of training input samples are
fed into the network, and the n-dimensional input
space is divided into different regions of decision,
each of them corresponding to a separate neuron.
Boundaries of each region are perpendicular to the
lines drawn between centrodes of the neighboring
regions of decision.

THE MAJOR RESULTS OF THE RESEARCH

The article dwells upon the results of modeling
supplier selection processes for one of the leading
pharmaceutical enterprises in Kharkiv region. The
first stage of the analysis involves the evaluation
of each supplier on the basis of assessment criteria
listed in table 1.

In this situation input vector of data will be:
X = [Ix, x2...xn], which means that each element
of the vector represents the corresponding result
of supplier evaluation.

In order to ensure connected distribution of
data space [4], it is necessary to normalize the in-
put data X.

Sigmoid function is adopted as activation func-
tion in order to guarantee the necessary adapta-
tion of the network. This is a continuous escalat-
ing function with a range of values {0. 1}. Sigmoid
function is monotonic and differential everywhere.
This is the reason why it is widely used in artificial
neural networks [2].

Then the network is trained with the help of cer-
tain algorithm [2]. The initial value of the radius of
the weight region is considered to be equal to 2.1.
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The training process continues until weight coef-
ficients are almost invariable (fig.).

Table 2 shows examples of rating of potential
suppliers.

Table 1 Table 2
RATING AND CHARACTERISTICS
CRITERIA FOR SUPPLIER EVALUATION OF SUPPLIERS
1-level criteria 2-level criteria Rating of | Cate- e e
y Characteristics
Quality assurance | Compliance with specifications Supplier | gory

level (0-30 points) | Quality system status
Auvailability of conformity
certificates

Access to the product file
Product stability

Quality index by product series

Manufacturing
level (0-30 points)

Full manufacturing cycle
Qualified and competent
personnel

Level of technology and potential
for development

Approved A A reliable supplier (behaves in

a transparent, reasonable and
predictable way; tries not only to
meet the requirements, but also
to exceed the expectations; guar-
antees high quality of product

and reliability of supply)

B A supplier with little experience
(appropriate quality of product
and sufficient evidence as to their
ability to meet requirements)

Logistics
(0-20 points)

Packaging types and dimensions
Level of service

Frequency of supply
Transportation facilities
Geographic location

Reliability of supply
Marketing Contractual price
(0-20) Terms of payment

Real assortment of products
Prospective assortment
Public image and track record

Focus on the consumer

(M) suondduuod
30 B

10—
e ons—>

Pty

Fig. Neuronet Structure

The process of network training and the forma-
tion of corresponding clusters are followed by their
classification. In order to describe the neuronet it
is necessary to classify the suppliers depending on
requirements that are put forward to them. The
classification is then used to bring the derived
clusters in correlation with the corresponding
types of suppliers.

After that the model is ready for operation. The
input vector of the model describes the supplier,
and at the output we receive their corresponding
rating.

Tempo- C Potential supplier (the
rarily manufacturer has certain doubts
approved and complaints as to their ability

to meet all the requirements)

Rejected D The supplier is in “quarantine”
(although the supplier is rejected,
“quarantine” means that the
supplier’s products can undergo
another quality test in 6-12

months).

E The supplier is in “black list” (the
supplier is rejected, and recur-
rent quality test of his products
can take place only in 3-5 years).

CONCLUSIONS AND PROSPECTS
OF FURTHER RESEARCH

1. Pharmaceutical industry requires timely
supply of each consignment of raw materials of
appropriate quality.

2. International standards ISO 9000 and the
requirements of Good Manufacturing Practice de-
scribe the procedure of selecting the suppliers of
raw materials and supervising their activity.

3. In order to meet the requirements of Euro-
pean GMP Commission, pharmaceutical manufac-
turing enterprises should test the reliability of po-
tential suppliers of raw materials and packaging.
This explains the necessity to use efficient evalu-
ation tools according to the criteria of quality and
reliability of supply.

4. The analysis of existing methods of poten-
tial supplier evaluation prove the practicability of
Kokhonen’s neuronets as the main instrument for
selecting the best supplier.

5. Kokhonen’s neuronet is trained without su-
pervision on the basis of samples that are fed into
the network. Competitive learning is used as a
method of training. In this case the input vector
describes the supplier, while at the output we re-
ceive the corresponding rating.
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K. C. CBiTimuna

BUKOPUCTAHHS HEMPOMEPEK KOXOHEHA JIJISI OB PYHTYBAHHSA

BHUBOPY IIOCTAYAJBHUKIB ®PAPMAINEBTUYHOI'O IIIATIPUEMCTBA
TapanTyBaTu AKicTh BUPOOJTIOBAHUX JIiKAPCHKUX 3aCO0iB MOYKJIMBO TiJIbKKM 3a YMOBU BU-
KODUCTAaHHA AKicHOI BUXigHOI CMpPOBMHU Ta IaKyBaJbHUX MarepiainiB. Ile obGymoBiioe
HeoOXiHiCTh MPOBeNeHHA OIiHKY BiAIOBIAHOCTI MOTEHIIIHUX ITOCTAYaJbHUKIB (hapMmaIies-
TUYHOTO IiJIPUEMCTBA BUMOTAaM, II[0 BHCYBAIOTHCS IIOAO HAJIEXKHOI SIKOCTi CHPDOBUMHU Ta
HaJiHHOCTI mocTayaHb. Y CTATTi OOI'PYHTOBAHO BUKOPUCTAHHA HEMPOHHUX Mepek KoxoHena
SIK OCHOBHOT'O iHCTPYMEHTY JJIA BUOOPY HAHWKPAIIIOr0 IOCTAYaJIbHUKA.
Karouosi coBa: mocrauaibHUK, HAJIE)KHA SKiCTh CHDOBUHU, HEUPOHHA Meperka KoxoneHa,
PeUTHHT ITocTavuaJbHUKIB
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K. C. CBerinuHasa

HCII0JIb30BAHUE HEVPOCETEM KOXOHEHA IJI1 OBOCHOBAHHUE

BBIBOPA ITOCTABIIIUKOB ®PAPMAITEBTUYECKOI'O ITPEAIIPUATHAA
TapaETMpPOBATH KAUeCTBO IIPOM3BOAUMBIX JIEKAPCTBEHHBIX CPEICTB BO3MOMKHO TOJBKO IIPU
YCJIOBUM HCIOJIb30BAHMUS KAUECTBEHHOI'O MCXOMHOI'O CHIPHSA M YIIAKOBOUHBIX MATEPHAJIOB.
910 00yCJIOBANBAET HEOOXOAMMOCTD IIPOBEAEHU S OIIEHKM COOTBETCTBUA MOTEHIIUATBHBIX I10-
CTaBIUKOB (hapMaleBTUUECKOr0 MPeAIPUATHAS TPEOGOBAHUAM, KOTOPHIE PEbABISAIOTCA K
HaJJIe)KalleMy KauyeCTBY ChIPhsS U HAJIE}KHOCTU IOCTABOK. B cTaThe 060CHOBAHO HCIIOJIb30-
BaHNe HEMPOHHBIX ceTell KoxOHeHA KaK OCHOBHOI'O MHCTPYMEHTA [JIs BHIOOpA HAMJIYUIIIETO
MOCTABIUKA.
KaroueBsie coroBa: IOCTaBIUK, HaAJIeKalee KauecTBO ChIPhA, HelipoHHas ceTb KoxoHeHa,
PeHTHUHT IIOCTaBITUKOB
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