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STUDY OF SELECTED PROBLEMS OF RELIABILITY OF THE
SUPPLY CHAIN IN THE TRADING COMPANY
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ABSTRACT. The paper presents the problems of the reliakilitthe supply chain as a whole in the dependencthe
reliability of its elements. Different variants mfserving of canals (prime and reserve ones) aneb$sconnected with their
switching are discussed.
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The increasing competition on the market of logisrvices, increasing complexity of logistic
systems, growing demand of very high level of sanaf the final client which influences each pdrt o
supply chain, growing opportunities of the usagenédrmation technologies are the most important
factors influence the quality of services expeategresent supply chains.

The theory of logistic systems and supply chaieidthe scientific approach to this topic, seems
to be of great help to the practice. It enableddtermine and to define basic concepts and ideas, t
justify expectations for reliability of separatejetis and whole systems by taking into account
technical, organisational, technological, econoini®acial and ecological factors, to prepare sohsi
of given tasks and to evaluate the reliability bfezts at different stages of life cycles of goadsl
services. These activities can be processed amab¢ed at every point of the considered process.

The increase of the reliability of a logistic systecan be described by the process of the
optimization of stocks’ level kept in the compaFRyr the presented example the statistical datenéor
goods are given in the table 1.

In this situation the quantity of stocks is caltethusing the formula (1):

—h 1)

where:
Q - daily stock of goods in units,

b . average daily sale of the goods,
u - coefficient of Gauss distribution,
o,. -square of difference from average value ofssale
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Table 1. Statistical data of goods belonging to pany
Tabela 1. Dane statystyczne dotae towardw firmy

period of time sale B — bi (B - h)?

1 300 93 8 649

2 200 193 37 249

3 600 - 207 42 849

4 500 - 107 11 449

5 650 - 257 66 049

6 700 - 307 94 249

7 360 33 1089

8 250 143 20 449

9 150 243 59 049

10 220 173 29 929
Total 3930 - 371010

The average daily sales and standard deviati@alefare calculated by using the formulas (2) and

3.

(2)
G, — 3)

The quantity of stock calculated with Gauss fornmislaqual to:
Q=393 +ux192,6 4

The coefficient of standard (Gauss) distributioamss to be the most important from the point of
view of obtaining the proper solution of this fodmuThere is an unequivocal dependency of this
parameter of the reliability of the expected eve@t), which means the reliability of deliveries.ih
factor, treated with some approximation, can belwsea measure of the quality of logistic service.
The most characteristic values of a coefficienGaluss distribution and level of stock connectedh wit
given values of this coefficient are presentedibid 2.

Table 2. Stock level and corresponding servicelleve
Tabela 2. Poziom zapasu i odpowiadajjemu wart& poziomu obstugi

parameters variants of levels of logistic service
u 0 0,50 1,00 1,5( 1,6b 2,00 2,83 2,50 3,0
P ), % 50,00 69,15 84,18 93,32 95,05 97|72 99,0 99,38 99,87
Q 393 489 586 682 710 778 842 84 g71
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The choice of the level of the reliability of systelepends on its specific functions. The systems
connected with the provision of goods necessarfulfill basic needs of people, should have the
maximal available reliability (war techniques, ayeic resources, transport, especially planes). As
presented in the table 2, such level of reliabaityost equal to maximum (99,87%) is received when
the coefficient of standard deviationsis 3,0.

In a normal situation such level of the reliabilisynot necessary, only the optimal reliabilitytioé
logistic service level connected with the maximabfip of the whole system is desirable. In the
specialist literature is often expressed that awaing this level above 95% results in the lowerirfig
the company’s profit but without given the explamatfor that. As it can be seen in the table 2, the
similar level of reliability (95,05%) is connectedth coefficient of standard deviation= 1,65, at
which the quantity of stocks (710 units) is praallic equal to the maximum quantity of the presented
case (Gax=700) (table 1). Such a situation (the rule 1¢65is taken as the optimal one on the
assumption of correlation: expenditures — results.

Based on these results one can make the conclisaira company will be interested in raising its
service level of logistic system up to 95%, nothielgy Achieving higher level of the service is
connected with increasing level of stocks withoigthler effectivity of the whole system that means
greater part of goods kept in stock is not in tineutation.

Following, the different subsystem of logisticalaghwill be analyzed. In a general situation, the
logistic system of deliveries or part of this systean be presented as the chain of possible aesivit

(Fig. 1).

— 31 - 3| b 3n

Fig. 1. Some segments of supply chain
Rys. 1. Wybrane e#ci sktadowe tacucha dostaw

Reliability of such system is understood asréti@bility of its parts. If the reliability of ez part
of the system is the same, then the formula (&als:

P(S) = PB)" ()
where:
P(S) - reliability of supply chain,
P(®;) - reliability of each part of the chain,
n - number of elements in the supply chain.

On the assumption that the reliability of each pérthe chain is equal to 0,95, which is the value
of optimal correlation: expenditures—results, thenreliability of the whole system in the simphese
(n =3) gives P(S) = 0,95 0,8674 (85,74%) and in a little more complicatee (n = 5) P(S) = 0,85
= 0,7738 (77,38%), which is not acceptable in amsec Following, it leads to chains with maximum
number of nodes, which gives the value of the Iodlts of the system almost 50%, the value not
acceptable in practice.

It is possibly to evaluate the level of the reilidy of each part of the chain B necessary to
ensure the reliability of the whole system at #wel of P(S) = 0,95. This can be processed by $ke u
of formula (6):

P(,)=¢/P(s) ®)
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Then in the simple example of the supply chaie, ridliability of each element Bj = %0195

=0,9831, and in second example of the supply chB{®;) = %0,95 =0,9897. In both cases the
desired level of reliability needs the increasiighe stock level, which can lead to an unprofiiabi
of the company.

In the described situation the issue needed tooheidered is to reserve the canals in the supply
chain, that is to take into consideration a resgrgupplier at the same level as the prime onedJig

Fig. 2. The process of reserving of the elemehtseosupply chain
Rys. 2. Proces rezerwowania elementawedeha dostaw

In this situation the reliability of the supply éhas calculated as the reliability of prime and
reserve canals according to formula (7).

PG3) =1-(1-P9))" (7)
where:
PB) - reliability of supply chain including reservarals,
P@®;) - reliability of prime and reserve canalsto thain,
n - number of canals in the supply chain.

Reliability of a chain composed of:

- prime and one reserve canal is equalR@) = 1 — (1 — 0,93)= 0,9975 (99,75%),

- prime and two reserve canals is equal t8) B(1 — (1 — 0,95)= 0,999875 (99,98%),

- prime and three reserve canals is equal @) £( — (1 — 0,95)= 0,99999375 (99,99%).

Based on these calculations the conclusion candmenthat the variant with prime and only one
reserve canal satisfies the expectations. In tio@tgn when each element of supply chain will have
one reserve element @ (= 99,75%), the reliability of the simple chain=@) is equal to P(S) =
0,997% = 0,9925 (99,25%) and the reliability of extendmte (n=5) is P(S) = 0,9975 0,9876
(98,76%), which is the assumption for further esten of the supply chain. It can be seen, that dven
the reliability of individual elements of the chamlower than 95%, the reliability of the wholeagh
is acceptable.

It should be remarked, that above presented fosrarda only valid if the special switcher between
prime and reserve canal is not necessary or thabilely of this switcher i(IT) = 1. This change can
be processed automatically (within a computer @agror by a logistic manager. In both these
situations the not full reliability of this switchehould be taken into account. It can be espgcakén
in the second case presented (human factor). Téie bahema of supply chain is presented at the




Uwarow SA., 2010, Sudy of selected problems of reliability of the supply chain in the trading company.
LogForum®6, 2, 5.
URL: http://mwww.logforum.net/vol 6/issue2/no5

figure 3. On the condition that every reserve céuaal the same reliability, the reliability of thepply
chain having a switcher, can be presented by tmauia (8):

P3)=1-(1-P(,))x(1-P(m)x[1-(L-PO,)F) ®)

Fig. 3. The process of reserving elements obtipply chain with the switcher
Rys. 3. Proces rezerwowania elementaweteha dostaw obejmagego przelcznik

where:

P@B) - reliability of supply chain having reserve cknand switcher,
P®i) - reliability of prime and reserve canals o thain,

P(IT) - reliability of switcher,

k - number of reserve canals in the supply chain.

It can be noticed, that the number of canals (pr&me reserve) in the supply chain is n =k + 1.
The different variants of reserving of nodes of supply chain and corresponding parameters are
presented in the table 3.

Table 3. Variants of reserving of nodes of suppigic
Tabela 3. Warianty rezerwacji elementéwdacha dostaw

Parameters chain W'FhOUt chain with reserving
reserving

number of canals (n) 1 2 3
number of reserve canals (k) 0 1 2
reliability of canals P%;) 95,00% 95,00% 95,00%
reliability of chain without switcher 95,00%; u 65 99,75%; u=2,81 99,99%; u=3,5

o P(IT) = 95,00% - 99,51%; u = 2,58 99,73%; u= 2,78
reliability of
chain with P(IT) = 90,00% - 99,27%; u = 2,44 99,48%; u = 2,5}
switcher

P(IT) = 50,00% - 97,37%; u =1,94 97,49%; u=1,96
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To this point, the variants discussed in this papere about so called hot reserving of canals. The
independence of reserve canals on the prime canghdracteristic for such variants. In practice it
means that prime and reserve canals function arallpl way.

The situation becomes more complicated, when reseanals used to replace the prime not
functioning canal, are treated to be completeliabd. It occurs in the situation when they do usg
their resources till the moment of the switchinlgigtsituation is called cold reserving). In second
variant reserve canals scheduled to replace a mamal can have lower reliability and thereforesthe
reserve canals work with lower functionality thae prime one (so called lighter reserving).

Generally, in the situation when the prime carm) {s out of function, the system with cold
reserving is changed to first reserve cang), (when this reserve canal is out of order, it igcved to
second reserve canalsf. Till the moment of its switching on, the reseanal does not work and
after this moment the changing of the canal is issgale. So the following variant is possible foe th
system (9:

S; — prime canab; works,
S, — reserve canal, works,
S; — reserve canal; works,
S, — no canal works.

The succession of switching in the system withlitjet reserving is similar to the previous one,
only the number of available variants is highersuse the level of the replacement ability of carsls
taken into account in the process of switching.

Let B, means the prime canal,, D; andd, — reserve canals. The prime canal submits the dibw
refusals X,). Till its switching on, each reserve canal subnilie flow of refusalsif « 1;), the
intensity of which grows rapidly when the reseremal is switched o™, » Ay A, = Aq). The process
of switching the canals is similar to the procesthe case of cold reserving. To describe the tiitna
in the system (§ the following conditions should be given:

i=1 if prime canal works,

i=0 if prime canal does not work,

y number of valid (ready to work) resecamals.

The following variants of system are available:

Si3— prime canal works, all three reserve canalsyréatte switched on,

Si, — prime canal works, two reserve canals readetsviitched on, one reserve canal out of order,
Si1 — prime canal works, one reserve canal ready gwlitehed on, two reserve canals out of order,
Sio— prime canal works, all three reserve canalobatder,

Sz prime canal does not work, one reserve canatbBadt on and works, two other reserve canals
ready to be switched on,

Sy~ prime canal does not work, one reserve canatBedt on and works, one other reserve canal
ready to be switched on, and other reserve onefauter,

So— prime canal does not work, one reserve canatbadt on and works, two other reserve canals
out of order,

Soo— all canals out of order.

The reliability of the system P(S) is equal to slien of probabilities when the whole system works
properly:

P(S) = P(S13) + P(S12) + P(S1) + P(S10) +P(Sos) + P(So2) + P(So1) (10)
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As a matter of fact the complexity of the processadt in a modeling of the type of reserving of the
logistic system of supply chains but in the ideafion of available models in the given situation of
a considered company, in the real environment iichvthe examined supply chain exits.

STUDIUM WYBRANYCH ZAGADNIE N NIEZAWODNO $CI
t ANCUCHA DOSTAW W PRZEDSIEBIORSTWIE HANDLOWYM

STRESZCZENIE. W pracy przedstawiono zagadnienia niezawddinalziatania tacucha dostaw, jako calc
w zaleznosci od niezawodnéei funkcjonowania jego poszczegoélnych elementéwdd@oo dyskusji problemy zdych
wariantdw przejczania kanatow (gtéwnego i rezerwowych) wgde tarcucha dostaw.

Stowa kluczowe:tancuch dostaw, rezerwowanie kanatdwidacha dostaw, niezawoditopoziomu obstugi, przetzanie
kanatéw tacucha dostaw.

STUDIE DES AUGEWAHLTEN PROBLEMEN DER LIEFERKETTE-
ZUVERLASSIGKEIT IN HANDELSUNTERNEHMEN

ZUSAMMENFASSUNG. Die Arbeit prasentiert die Probleme der Zuverlgissit der Lieferkette als Ganzes in die
Abhé&ngigkeit von der Zuverlassigkeit ihrer ElemeMerschiedene Varianten fir die Reservierung vonden (Haupt- und
Ersatz-Kanélen) und Probleme verbunden mit ihrestéliung, wurden diskutiert.

Codewdrter: Lieferkette, Reservierung von Kandlen, die Zuveiliieit des Service-Level, Schalten von Kanélenen
Lieferkette
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