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Abstract. The purpose of offered work is the construction of a stochastic single-product inventory control model for the
chain “producer — wholesaler — customer”. Given situation takes place in many transport and industrial companies.
Criterion of optimization is minimum of average expenses for goods holding, ordering and losses from deficit per a

time unit.
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1. Introduction

It is quite complicate mathematical task to find the
optimal solution for the necessary stock, if you are
working in the transport or industrial company. The
inventory control management model should take into
account the random demand for the spare parts and
consider the whole supply chain of the companies,
which have influence on spare parts deliveries
“manufacturer — supplier — intermediate company —
transport company”. In practice it is common for
inventory manager to answer on two basic questions:
how much to order and when to order; and there are
many different types of inventory control models which
provide the decision-maker with a satisfactory solution
(Prabhu 1967; Chopra and Meindl 2001; Greenglaz and
Kopytov 2002; Ross 1992; Ryzhikov 2001).

In previous authors” works main attentions was devoted
to economical aspects of inventory problem (Kopytov
and Greenglaz, 2004; Kopytov et al., 2004; Ginevicius,
2004). We have to take into account that the sum of
costs for goods ordering, holding and losses from deficit
should be minimal. In the given paper authors suppose

inventory model using the same economical criteria.

In the given paper we consider a stochastic single-
product inventory control model for the chain
“producer — wholesaler — customer”. The wholesaler
can use different ordering algorithms. The simplest
algorithm considers the following situation: every
customer’s order is sent by wholesaler to producer at
once and received goods are sent back to customers
at once too. In the second variant wholesaler
constructs a common order for group of customers
taking in account or inventory level for each customer
(using for example integrated database), or time of
receiving the customers’ orders and quantity of them.
Finally we can consider third variant when the
wholesaler has his owner storehouse with definite
quantity of goods. There are other variants of ordering
policy for wholesaler in practice, which will be
considered in our further research.

2. The formalization of the task

In general there are two stages in the ordering
process:
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- first stage executed by customer: in the moment of
time, when the customer’s stock level falls till certain
level, a new order is sent to wholesaler;

- second stage executed by wholesaler: a new order
is sent to producer. We have described different
ordering algorithms executed by wholesaler in
previous section. In general the ordering algorithm
depends on following factors: total orders’ quantity,
number of actual orders, categories of customers and
expected time of order delivery and others.

So, we consider the following chain “producer —
wholesaler — customer” with two stages in the ordering
process shown in Fig 1.

In our research we examine two following situations:

1) every customer’s order is sent by wholesaler to
producer at once and received goods are sent back to
customers at once too;

2) wholesaler constructs a common order for m
customers, after that this order is sent to producer;
received goods are sent back to customers at once. Let
note that some customers’ orders are waiting the
moment when then common order to producer will be
created, as result the lead time for corresponding
customers will increase. In given paper we suppose
that m =2.

3. Description of the model

In practice of the inventory control the customer’s
demand for goods has mostly Poisson or normal
distribution. Here we consider Poisson distribution
using following conditions.

The demand for goods of customer with number i is
Poisson process with intensity 1. Time L*C of goods
delivery from wholesaler to i-th customer has normal
distribution with parameters p;and o; and time LPY
of goods delivery from producer to wholesaler has
normal distribution with parameters pgand og.
Distribution of waiting time L}"’a“ from moment of
order receiving from i-th customer till order sending
to producer is determined by the ordering policy of

Customer 1

Producer Wholesaler
O =m :O Customer 7
U\O Customer n

Fig 1. Chain of product ordering
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wholesaler. So, lead time (time between placing an
order and receiving it) L; for i-th customer is

L = LVC 4 LPW it (1)
Ordering cost C, has two components: constant C,
which includes cost of the order forming and constant
part of expenses of order transportation, and variable
componentcy(q), which depends on the order
quantity ¢. The policy of order forming for i-th
customer is follows. A new order is placed in the
moment of time, when the stock level falls till certain
levelr;. The quantity r; is called as reorder point. The
order quantity g; is constant. We suppose that g; >r;.
We assume that for all customers holding cost is
proportional to quantity of goods in stock and holding
time with coefficient of proportionality Cy ; losses
from deficit are proportional to quantity of deficit with
coefficient of proportionality Cq .

Let’s consider two situations described in section 2.

First situation. Every customer’s order is sent by
wholesaler to producer at once. So, L' =0 and we
have

L =L+ LPY. (2)
Dynamics of inventory level of product for customer
with number i/ during one cycle (time interval between
two subsequent order deliveries) is shown in Fig 2.

In given figure Z; is the quantity of product for i-th
customer in stock in the time moment immediately
after order receiving; T,%is the time between receiving
the order and placing a new order for i-th customer.

Using definitions given above we have the formula for
length of cycle:

=T+ L

3)
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Fig 2. Dynamics of inventory level of product for i-th
customer during one cycle
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Thus we can determine the quantity of goods Z; in stock
in the time moment immediately after order receiving
as function of demand Dy; during lead time L;:

n+0 —Dy, Dy <r;
G Dy 271 @
Based on the results of paper (Kopytov and Greenglaz

2004) we obtain the following formulas for i-th
customer:

- distribution for quantity of goods Z; (see Figure 2)
in stock in the moment immediately after order
receiving

P{Zi = j} =P{Dy =ri+q - j}

2
. (tuy)
g , )
= 7\’| ql : fcri+qi'je'}“ire ZGEi dT, (5)
(i +6 - DloLiv2r g
O < J <0+
qith
PiZ;=q;y=1- 3 P{Z =]},
j=qi+1
where Mz, =W +Uo, 67, =67 +63
- average cycle time 7
qit . j_r.
ET)= Y P{Z;=j}—"++E(L), (6)
j=rit A
- average holding cost E(TC,,; ) within cycle
E(TCy;)=
URLS oo Ji=li
Cu'S PiZi=j}[ Y PAD, = k}(jk)dt+
J=4i 0 k=0
(7)

CHT[ 2 P{D; = k)(ri-k)]P{L,- > thdt
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- average shortage cost during lead time
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- average total cost during time unit

1 BTG
BAO= 250y

©)

where E(TC;)=Cy(q;)+E(TCh,)+E(TCsyy,),

E(TCy,), E(TCsy,) and E(T;) are defined
accordingly by formulas (7), (8) and (6).

Second situation. The wholesaler forms the set of m
orders and after that it is sent to producer. Here we
consider the case where m = 2.

Let 7, is the duration of a cycle for customer with
number i for i=1,2. Suppose that E(T,)> E(T;), then
AT =T, T, is the waiting time of the first received
order for the second order.

Then the lead time for given customers can be
calculated by formulas

e L if AT>0,

L+ LPY + 1", if AT <O,
L= LS+ L™, if AT >0,
LY+ P+ L™, if AT <O,

L
(10)

where /@it =|AT] .

It is easy to see that the distribution of lead time L
for i = 1,2 is not normal. Takir_ltg into account (10) we
can write the formula for L™

L' = |AT| =[T, - Ty (11)

Using formulas (3) and (10) we have
AT =T+, -TP - =T -T2+ LM, (12)

where ‘|'i0 has Erlang distribution and L; has normal
distribution with their own parameters for i =1,2.

Hence, T20 —Tl0 has Erlang distribution and
L% — 1" has normal distribution. The distributions of
lead time L; for,i=12 are defined by formulas (10)
and (12).

Denote by fi; () distribution of L;, from (5) we
obtain
MZ =} =PDy =ri+q - j} =

AfitGi-]

mg'cri +qi-je-7\‘i1f|_i (T)d't, ql < J < ql +ri 5
| | :
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qit7i
P{Z;=q;}=1- Y P{Z;=j}- (13)
J=qi+1

Using (10), (12) and (13) we can create the
mathematical model for given situation. In principle
this task can be solve similar to the task considered
above for the first situation, but in last case the
analytical decision has some difficulties.

4. Conclusions

In this paper we have considered inventory control
model for two stages in ordering process. We have
examined two situations: every customer’s order is
sent by wholesaler to producer at once, a part of
customers’ orders are waiting the moment when
integrated order will be created by wholesaler and
send to producer. In the last situation we consider the
case with two customers. Principal aim of proposed
model is to define the exact order quantity and reorder
point for each customer to achieve the minimum
expenses for goods holding, ordering and losses from
deficit per a time unit.

Further guidelines of the current research are the
following: to consider the case with normal
distribution of demand for goods and to investigate
problem with m>2 customers in second situation. In
is planed to We plan to examine suggested model in
solving practical tasks for Latvian Railway company
and to compare numerical results received using this
model with the analogues results received by
simulation.
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