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Introduction

Currently, no one has any doubts about the need for the
implementation of information systems. Information systems
and technology are applied in all enterprises but functional-
ity of these systems may be very different. It may vary from
using the spreadsheets to automate the solution of particu-
lar problems and traditional accounting computer systems to
implementation of integrated information systems that cover
all stages of the product life cycle.

In the last decade the development of information tech-
nology has led to more extensive and expensive enterprise
information systems which require special approach to the ef-
ficiency assessment.

There are many different methods for such estimation.
Some of these methods take into account only the cost of the
purchase and implementation of the systems; others include
some results of the implementation. However, most experts
believe that identification and estimation of the effects that
are really related to implementation of information systems
and technology is very difficult. The authors propose a meth-
od to estimate these effects on the basis of reduced inventory
levels.

Literature review

Most researchers of the problems focus on reducing in-
ventory and correspondingly cost optimization. For example,
Barua [1] have shown that the implementation of IT has a posi-
tive effect on the turnover of stocks; Mukhopadhyay [2] have
substantiated a positive dependence between the complex
information systems implementation and reduced inventory.
Various sources publish data of statistical research about the
results of the information systems implementation on differ-
ent levels in enterprises from different industries and of dif-
ferent sizes. Inventory level is reduced on average by 10-20%.
But Lai, Xu, and Zhu [3] doubt that there is a direct correlation
between the increasing investment in information technology
and reduction of stocks. They assume that this relationship
may be more complicated. According to these authors inven-
tory reduction cause the following reasons.

1. IT implementation is accompanied by other processes.

For example, there is a re-engineering of business pro-
cesses, the transition to modern supply chain manage-
ment, etc. They can cause the observed effect.

2. Now classic models of inventory management are not
applied to individual inventory positions, but to the
level of integrated warehouse management the whole
company. (Rumyantsev and Neteshin [4]).

The big-scale study of more than 8,615 companies for
over 7 years has been described in work [3]. The authors make
some very interesting conclusions about the results of the in-
vestment in information systems impact on the inventory lev-
el. Investments in information systems impact the reduction
of inventory levels negatively for the production level, neutral
for the wholesale supply management, and positive for the re-
tail value chain. This is consistent with the theory that stocks
are reduced by reducing the information distortion. These dis-
tortions are enhanced to the top level companies upstream.

Opposing data is presented in [5; 6]. Mitra, Anderson

and others publish the data about growing inventories after
implementation of information systems, including class ERP. It
may be due to the fact that the implementation of corporate
information systems encourages enterprises to develop busi-
ness and allows increasing the nomenclature of manufactured
products.

So, there are many opinions and approaches to assess
the impact of information systems and technologies on the
level of enterprises' stocks, however, these approaches often
give conflicting and controversial results. In this paper, we
propose to apply the system dynamics to the analysis of these
processes.

System Dynamics is an approach that allows us to un-
derstand the structure and dynamics of complex systems.
Modern enterprise certainly is a complex system with a lot of
feedbacks.

Basic methods of system dynamics were described in the
papers by Forrester [7]. Namely, in the system dynamics cycli-
cal changes in complex systems and feedback effects can be
taken into account. These approaches to the analysis of the
objects of interest have been developed in the works Lau [8],
Caballini and Revetria [9], Chou [10], Venkateswaran and oth-
ers [11]. System Dynamics offers to consider the operation of
any complex system as an interaction of such elements as the
«levels» and «flows». Inventory levels at a certain point of time
can play the role of the «level» concept in our research. ltems
that are received at the warehouse or shipped from it can be
considered as an example of «flows».

To construct a model, we also used the concept of «de-
lay». According to Forrester, delay is an important component
of complex systems. Delays have a significant impact on the
system state. These delays can be separated into the following
types: informational delays and time delays of material nature.
The first type of delays may be caused by the time which is the
necessary for transferring the information and making deci-
sions. The second type is usually associated with the need for
time-consuming movement of material resources or logistics
operations.

The purpose of the research is to investigate the connec-
tion between the implementation of an integrated informa-
tion system and reduced inventory levels of the firm. As a basic
research tool, the authors use the system dynamics.

Description of the model

The first task of the study is to identify the delays, which
can be reduced after the implementation of ERP-systems.

So, in the simplest case, we can consider the delays which
are associated with the transportation of goods to the retail
store, delays which are associated with the necessary time
to organize shipments from retail store to customers, delay
of necessary time to communicate with the client at service,
necessary time for a decision on the formation and replenish-
ment orders to the next distribution level. Obviously traffic
delay depends least of all on the automation of the business
processes.

Such delays can be observed in the system of distribu-
tion, which consists of several levels (retail, wholesale, manu-
facturing).
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Positive and negative feedback are reflected in the mod-
el, which is based on Forrester’s and Sterman’s works [7; 12],
but with changes and additions associated with innovative
approaches to management.

The model describes the interaction of the three units.
These are the retail store, the wholesale and the manufactur-
ing.

Next, consider the model of retail warehouses. The model
contains three main blocks. The first block deals with the for-
mation of the expected level of orders from a customer to a
retail warehouse. It is presented in picture 1, which contains
the following elements.

/\ F1 P1
(I ——
L1 i\/e

V1

Picture 1. Formation of the expected flow of orders
(created by AnyLogic system)

& P2

\v F3 L2 F2

F4 L3
X - O
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L1 - the element which forms the expected level of or-
ders. Its value is given by:

dL1/dt=F1 (1)

V1 - the variable which determines the number of cli-
ents;
F1 - the flow rate (number) of clients per unit of time;

F1=(V1-L1)/P1 )

P1 - the parameter that defines the time (in units of time),
which is necessary to serve one customer.

So we can adjust the expected level of new orders in the
feedback system with the time of processing.

Second block (picture 2) defines the level of stock at retail
stores. We take into account that the transportation of goods
from the wholesale to the retail store takes some time. So, the
flow of shipments from the warehouse must be restricted.

L2 - the level of the warehouse stock of goods;

dl2/dt=F3-F2 3)

F3 - the value of the flow of goods which were received at
the retail store during the period of time;

Picture 2. Simulation of inventory levels at retail stock (created by AnyLogic system)

F2 - the value of the goods flow which were shipped from
the retail store during the period of time;

F2=min (L2,L1) (4)

L3 - the level of goods that have been shipped from the
warehouse, but haven't released to retail yet;

dL3/dt=F4-F3 (5)

F4 - the flow of goods that have been delivered to the
retail link (its size will be justified later);

F3 - the flow of goods that come to retail warehouse link
after transportation or after others delays en route. This stream
can be defined as a flow F4 delayed for a period of necessary
time for transportation.

F3 = delay(F4, P2) (6)

P2 - parameter that characterizes the average period of
the transportation of goods in terms of time.

Third block describes the process of making a deci-
sion about the size of the order of goods for supply from the
wholesale sector.

L4 - the level of orders for the wholesale sector in the
process of registration;

®P3

F5 /_\%
X ——p [ X
L4

Picture 3. Modeling the flow of orders to the wholesale
warehouse (fragment model created by AnyLogic system)

dL4/dt=F5-F6 (7)

F5-the flow of orders that is generated to the wholesale
sector per unit of time;

F5=max(L1+V2,0) 8)

V2 - the variable that defines the rate of replenishment
of the stock

V2 =(V3-12)/PA 9)
V3 - the variable that characterizes the ideal level of in-
ventory in the warehouse.
It is determined by the level of client requests for a given
period of time and some parameter of inventory control (P4).
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V3 =L1*(P5 + P6) (10)

P5 - the parameter that characterizes the minimum time
to complete a business process of the shipment of goods from
the warehouse;

P6 - the parameter that defines the time to ensure the
safety stock of goods.

F6 - the flow of orders that come in the wholesale sector
per unit of time. It is determined by the flow F5 with delay that
is calculated with parameter P3.

F6 = delay (F5, P3) (11)

P3 - the time it takes to place an order in the wholesale
sector.

The result is a model for the analysis of inventory levels
(picture 4).

F4 L3

F3

This model can be used to assess the impact of the auto-
mation of warehouse operations process.

We assume that the implementation of information sys-
tems leads to the information delays reduction in business
processes. Next, we consider the delay information in this
model. First of all, there are delays in customer service and
the formation of the order to the next level of distribution de-
lays. These are the parameters P1 and P3. Furthermore, it can
be expected that the application of an integrated inventory
management system will reduce: the time delays associated
with registration of shipment from the warehouse (P5), time to
organize the necessary safety reserve (P6) and the time neces-
sary for adjustment of the inventory (P4)

The constructed model can be used for the analysis of
stocks in the following situations:

F2

LZ/\

X — »0——3%x —po— 5%

V1

L1

" \a<—x

< (D @ r,

F6

/? \ QP6

e

P3 O u
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Picture 4. The model for analysis stock level in the retail stores (created by AnyLogic system)

S1: Number of clients V1 is a constant 200, and all re-
quests in the wholesale sector are performed immediately.
Parameters P1-P6 set equal to 1.

52: Number of requests from customers which enters the
system is a random variable that fluctuates between 150 and
250 with a mean of 200; the parameter P1, which characterizes
the time of making client’s request, is reduced to 0.05; the pa-
rameter P3, which displays the time of ordering in the whole-
sale sector, is reduced to 0.5; the

parameter P5, which takes into account the time for busi-
ness process of shipment, is reduced to 0.1; the parameter P6,
which characterizes the minimum time for the business pro-
cess of ensuring product safety stock, is set at 0.15; wholesale
segment carries the requests from retail level not immediately,
but with a delay of 2 periods.

Graphical results of the simulation are shown in the pic-
ture 5. Model time (time unit is 1 week) is displayed on the X
axis and goods items displayed on the Y axis in this and subse-
quent figures on this and next graphs.

Therefore, one can make the following intermediate con-

clusions.

1. The random distribution of customer number in the
model does not significantly affect the inventory level.
This is because the number of requests is controlled by
the current state of the system.

2. Parameter P1, which displays the time of client re-
quests formation, must influence the stock-level by
reducing the delay of information. But if the level re-
quest for services is adjusted according to the requests
that have not been fulfilled in prior periods, parameter
that characterizes the fulfillment time of requests won't
have a significant impact on the stock level.

3. Reduction of the time for the client’s request formation
most significantly influences the inventory levels in a
single retail department.

4, The parameters that characterize the delays associated
with the business processes of shipping and safety
stock formation also impact the inventory levels.
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— Inventory levels of retal store
— Inventory levels of retal store
Picture 5. Results of the simulation for the retail store
5.The situation varies most strongly when the model Analysis of the results leads to the following conclu-
takes into account the time delay for requests execu- sions.
tion by the wholesale sector. In this case the fluctua- After adding the wholesale level fragment model mutual
tions of the stock level do not decrease as in all previ- influence of two levels starts to bring additional disturbance
ous cases. Therefore, we should consider this situation to the system. As a result, the average stock level increases
in more detail. at all distribution levels. However, when the parameters that
Next, we supplement the retail store model with a frag- reflect the trends associated with the enterprise information
ment, which will simulate the wholesale warehouse. Results systems implementation change, the average stock level in
are shown in pictures 6-7. the retail and wholesale sector reduces.
S3 S4
400 300
300 A
200 A
200 -
100 -
100 +
0 0
0 50 100 0 50 100
— Inventory levels of retal store — Inventory levels of retal store

Picture 6. The reduction of inventory levels at the retail warehouse before (S3) and after (S4) the implementation of information
systems, taking into account the influence of the wholesale sector delays

S5 S6

800 400

600 | 300 A

400 200 A

200 4 100

0 i 0 i

0 50 100 0 50 100
—  Wholecale store stock levels —  Wholecale store stock levels

Picture 7. Results of simulation of the stock level in the wholesale sector with the reduction of delays associated with some business
processes automation
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Next, we have to add the manufacturing level to the
model. This level will be used to estimate the delays of the or-
dering between the wholesale sector and the manufacturing
sector more precisely.

The generalized model created by AnylLogic system is
shown in Picture 8. This model has been used to assess the
impact of delays in the manufacturing level on the stock
level.

Using technologies MRP and CRP is one of the most ef-
fective techniques of the modern systems for enterprise man-
agement. In this context, their application allows to expect the
reduction of PF3 - the time which is necessary to form the flow
of production orders (mostly) and PF2 (the parameter that de-
termines the duration of the production cycle).

To confirm this hypothesis, simulation of the following
situations has been performed.

The pictures 9 and 10 show the effect of reduction pa-
rameters P1, P3, P5, P6, PO1, PO5, PO6, PF1, PF2, PF3 on in-
ventory levels. The values of these parameters are less in
Picture 10.

As can be seen from the analysis of these graphs, the re-
duction of inventory levels is observed in each of the ware-
houses. In this case, a clear tendency to the stabilization of
inventories at a certain level in the wholesale and retail ware-
houses can be observed.

Furthermore, the change of the aggregate stock level
in the system was considered in the situations S7 and S8
(picture 11).

——

@ PF3 @ PF2
O FF5
\ Manufacturing level
FF4 /’_\ FF3 LF2 FF2
X -0 = >4 -0 X
OFF6
LF1/ _—— - PF1
A
®-P02
F02 L02 \ FO3 L03 FO4
X &—— 0= X O prd
,\ FO6
s O O
Q p G\ /_} OVOZ O Lo4 Wholesale level
O Vo3
j FO1 K\/O Fos
— LO1
= X F05

Retail level

Picture 8. Three-level model «<Manufacturing-Sales» created by AnyLogic system

326

Mpo6rnemn ekoHomikm Ne 3, 2013



MartemaTtunuHi meToam Ta Moaeni B eKOHOMiLli

400 800 I
|
300 600 +—f———————— q—————
|
|
200 400 +—f - ————— A———————
|
|
100 200 =4+ ~f-
|
|
0 0 :
0 50 100 0 50 100
— Inventory levels of retal store —  Wholecale store stock levels
1000
) I
800 +——————— ] H\——-I’-\\——T——#\——
Iy |
IA\ ;ﬁ\\ / \ 'I \\ II \\
4 4= _H__ SRS N N S B S
800 =17 N~ TR
2 S S O U R T I T A N O
AL R R R
800 —TTv 1‘—I_T—IT'\'—I——\—"—+_I_"\'_7
o N Y
800 —-—I———\\j——‘t\—l-——\';f—-ﬂ——‘\-’f———\’ —_t\.;__ \_//..
/ \ |
! Voo g \{' Voo
0 \ v ] ' v v
0 50 100

Inventory levels manufacturing store

Picture 9. Stock level in the system

As we can see the aggregate level of inventories in the

system not only reduces, but also tends to get stabilized.

Conclusions and questions for discussion

Results of the study suggest the following conclusions.

1. System dynamics approach can be used to assess the
changes in the status of the system that are associated
with the implementation of information systems and
technology.

2.To model these changes, the parameters which can re-
duce delays in the system after automation of business
processes should be included to the simulation model.

3.The proposed approach allows us to assess the dynam-
ics of stocks in complex systems which consist of sev-
eral interdependent levels of distribution.

4., It can be argued that the implementation of informa-
tion systems and technologies reduces the inventory
levels. This is due to the fact that automation can re-
duce the time delay in the performance of certain busi-
ness processes.

5. The simulation results allow us to conclude about the
most powerful influence on the reduction of the inven-
tory levels when complex integrated information sys-
tems are implemented.

At the same time, there are several issues to be studied

further.

1. Is it true that an information system implementation
has the highest impact on the reduction of stocks in
the lower (retail) level, and the lowest in the produc-
tion? This thesis is controversial in view of the existence
of effective technologies of production planning.

2. How does an information system influence the change
of time delays associated with the movement of mate-
rial flows?

These and other issues require further clarification of the

proposed model and the use of statistical approaches to data
analysis.

Mpo6bnemn ekoHomikm Ne 3, 2013

327



[ ] MartemaTuyHi meToaM Ta Mogei B eKOHOMiLLi

300 ; 800 I
|
250 |
600 +—p———————— q—————
|
200 :
400 + -y —————— B
|
AA A
50 Vyvvvvy
|
0 0 J :
0 50 100 0 50 100
— Inventory levels of retal store —  Wholecale store stock levels
1500
100
500
0
0 50 100
— Inventory levels manufacturing store
Picture 11. Stock level in the system after ERP implementation
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Picture 12. Changes in the total level of inventories at three warehouses of the system before (S7) and after (S8)
business processes automation
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