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Abstract

The purpose of this paper is the creation of a model for supply chain performance
optimization and the development of a prototype of the decision support system.

The study covered an efficient and agile supply chain type. The Analytic Hierarchy
Process was used (AHP) for the evaluation and ranking of supply chains.

The research on this topic have dealt with the evaluation and ranking of suppliers
within supply chains not considering the characteristics of different types of supply chains.
The contribution of this work is in the development of a new model that enables the
evaluation and ranking of supply chains considering the priorities of key performance
indicators in different types of supply chains, providing management with the support in
decision making through simulation and the finding of optimum solutions for the specific
supply chain type, as well as the possibility of evaluation and ranking of different supply
chain types on the basis of weighted overall performance of each supply chain.

Developed and suggested models provide company management with monitoring and
control of individual key performance indicators and total supply chain performance, and
in this way, become the support to the management in strategic decision making.

Key words: Decision Support Model, Supply Chain Management, Performance
Measurement, Key Performance Indicator, Analytic Hierarchy Process.

MOJEJI HOAPHWIKE OJJIYUUBAILY
3A YIIPAB/BAILE JIAHIIUMA CHABJIEBAIbA

AnCTpaKT

CBpxa OBOT pajia je OCMHIIbABAbE MOJENA 32 ONTHMM3ALMjy MepdOpMaHCH JiaHIa
cHabzieBama M pa3Boj MPOTOTHIIA CHCTEMa 3a MOJPIIKY OUTydHBamy. VCTpaxuBame je
00yxBaTmIIo erKacaH M arviiaH THI JaHIA CHAab/ieBamba. 3a eBaTyallyjy U paHTUparbe Ja-
Halla cHaOJieBamka KOpHIheH je aHATNTHIKA Xujepapxujcku mpouec (AHP). Hcerpaxusa-
’a Ha OBY TEMy 3a MPEAMET Cy UMaJa eBalyalljy 1 paHrupame 100aBibada y OKBUPY Ja-
Hara CHab/IeBamba, P YeMy ayTOPU HUCY Y3UMaJlH Y 003Up KapaKTEePHUCTHKE Pa3IUIUTHX
THIIOBA JIaHAl[a CHaO/IeBama. JJonmprHOC OBOT paja orniesa ce y pa3Bojy HOBOT MOJieNa KO-
ju omoryhaBa eBalyaljy U paHruparhe JaHala cHabieBama, y3uMajyhu y o03up npropu-
TeTe KIbYYHHX MHIUKaTopa MeppopMaHCH y pa3iMuuTHM THIIOBHMA JlaHalla CHaO/IeBamba,
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00e30ehyjyhn MeHaIMEeHTy MOIPIIKY Yy OUTydIHBamy KpPO3 CUMYNALMy W M3HATAKEHE
ONTHMAJIHOT Pellickha 38 KOHKPETAH THII JIaHall CHa0/IeBaba, Kao U MOryliHOCT eBastyarmje
U paHrupama Pa3iinuuTHX THIOBA JIaHAlld CHA0/IeBaa Ha OCHOBY MOHJEPUCAHE YKYITHE
nepdopMaHce CBAKOT JlaHIa CHab/eBama. Pa3BujeHn 1 npeioxkeHy MoaemH 06e30ehyjy
MEHalMEHTY KoMIlaHuja npaheme 1 KOHTPOITy M0jeANHAYHNX KJbYUYHHUX HHAUKATOpa mep-
(dopmarcu u ykynHe nepdopMarce JiaHala CHaOIeBamba M Ha Taj HAUHMH MOCTa]y MOPIIKa
MEHAIIMEHTY y CTPaTeTHjCKOM OUTyIHBAbY.

KibyuHe peun: Mozien 3a NOJPIIKY OJUTy4HBAEbY, yIIPaBIbabe JIAHIMMA CHA0/IeBaba,
Mepeme nepGpopMaHCcH, KJIbYYHH HHAMKATOPH Iep(hOpMaHCH,
QHATUTHYKY XHjepapXHjCKH IpoLeC.

INTRODUCTION

Managing the supply chain is a paradigm that has attracted attention
of researchers in the last few decades. Researchers invest significant efforts in
order to develop models for deciding and solving the problems related to the
area of managing supply chains (Croxton et al.,2001; Forslund, 2015; Guan
& Rehme, 2012; Sahay et al., 2006; Ishizaka & Labib, 2011; Panahifar et al.,
2018; Lambert et al., 2008; Li & Lin, 2006; Lo & Yeung, 2004; Mellat-
Parast & Spillan, 2014; Sanders et al., 2011). Supply chain management
demands multi-criteria decision making because then the management takes
into account the different criteria and the accompanying sub-criteria.

In this paper, the focus is placed on the calculation of the total
performance of the supply chain and the paper illustrates the possibility of
the rating of various supply chain types, since the research until now have
mainly dealt with individual performance indicators of supply chain or
the ranking of suppliers. Hence, the focus of this study is on the total
measure of supply chain that is obtained by weighting and integration of
individual performance indicators that were previously identified as the
key ones in the process of the evaluation of total supply chain.

This paper shows the development of the models for supply chain
performance optimization and total supply chain performance calculation,
as well as the development of a system prototype for the support to
decision making of supply chains.

MODEL FOR THE ANALYSIS, MEASUREMENT AND
OPTIMIZATION OF SUPPLY CHAIN PERFORMANCE

The suggested model for analysis, measurement and optimization of
the supply chain performance includes two modules. The first module
implies the definition of the types of observed supply chains, key
performance indicators (KPI), their priorities and target values depending on
the supply chain type, the evaluation and ranking of different types on the
basis of the AHP model (Saaty, 1980; Saaty & Kearns, 1985; Sipahi &
Timor, 2010; Subramanian & Ramanathan, 2012; Deng, Hu, Deng, &
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Mahadevan, 2014; Ishizaka & Labib, 2011 and Dweiri, Kumar, Khan, &
Jain, 2016. The outputs of this model represent the inputs that enable the
functioning of the second module that refers to the calculation of the total
performance of supply chains (Figure 1).

Defining supply chain types ——» List of supply chain types
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Figure 1. Steps and procedure of multi-criteria model for analysis,

measurement and optimization supply chain performance
Source: Authors
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In this paper, the authors based their research on two types of
supply chains and the priorities of measures, sub-measures and metrics
defined by Chibba (2007), which also served to structure the appropriate
AHP model.

PROBLEM DESCRIPTION AND STRUCTURING OF AHP MODEL

At all the management levels, the existence of data that are the
result of everyday monitoring of organization business is necessary. Since
this involves a large amount of data that emerges in different places, it is
necessary for such data to be organized in data bases within the
information system. It is very important for such data bases to reflect the
real state of the business system. Data bases in that sense represent a
source of information that is used in decision making on strategic, tactic
and operational levels. Such data bases are in the service of the creation
of integrated and subject oriented information.

The objectives of this research are:

= Establishing key criteria in the process of evaluation and ranking

of supply chains,
= Development of AHP model of multi-criteria decision making,
= Evaluation of set criteria and their evaluation with the help of
AHP methods and

= Testing the model with the help of software for the support in
decision making SuperDecisions and the analysis of obtained
results.

By the application of the AHP method the following is presented:
The possibility of evaluation and ranking of several supply
chains within the same type of supply chains,

= The calculation of the total performance of supply chains,

= The possibility of mutual comparison of supply chain
performances from different types,

= The analysis of the change impact of relative importance of
chosen criteria on final priorities and range of supply chain,

= The analysis of change impact of sub-criteria priorities (defined
KPI) on the priority and range of supply chain and

= The evaluation of suppliers and determining their priority and
range depending on which type of supply chain they belong to.

Defining model objective is one of the most important steps with
the problem of decision making. Decision making is a process that is
completely dependent on the human factor, thus due to the expressed
element of subjectivity the way of solving problems, as well as the choice
of criteria on the basis of which we will evaluate alternatives, also
depends on the defined objective. The same decision maker can, in
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unchanged conditions, act differently depending on what objective he wants
to achieve by the analysis. The objective of this model is the analyzing of
supply chains, and their evaluation, so that on the basis of performance, it
could be perceived and decided on where it is necessary to react for the
purpose of performance improvement.

Starting from the defined objective, the following relevant criteria
for managerial decision making are defined, as well as the sub-criteria
that explain them more closely.

The model criteria are:

= delivery efficiency (C1),

= receipt efficiency (C2) u

= transport costs (C3).

Sub-criteria are:

On time delivery from supplier (SOTD),
Discrepant material report from supplier (SDMR),
Parts per million from supplier (SPPM),

Cost of poor quality from supplier (SCPQ),

On time delivery to customer (COTD),
Discrepant material report to customer (CDMR),
Parts per million to customer (CPPM),

Cost of poor quality to customer (CCPQ),
Inbound transport costs - regular (ITCR),

Inbound transport costs - extraordinary (ITCE),
Outbound transport costs - regular (OTCR) and
Outbound transport costs - extraordinary (OTCE) (Rejman
Petrovi¢, D., 2015).

The alternatives in the model represent three supply chains SC1,
SC2 and SC3.

The appropriate AHP model is formed, with four corresponding
levels of decision making, as follows:

= Goal level - evaluation of supply chain,

= Criteria level - C1, C2, C3,

= Sub-criteria level — a set of sub-criteria based on common

characteristics and

= Alternative level — a set of alternatives SC1, SC2, SC3.

The hierarchical structure of the AHP model* for supply chain
evaluation, ranking, and comparison is shown in Figure 2.

1 The model is developed by using special software for the support in decision making
SuperDecisions
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Supply chain evaluation

Delivery efficiency Receipt efficiency Transport costs

ITCR || ITCE || OTCR || OTCE

‘ SOTD H SDMR H SPPM H SCPQ ‘ COTD || CDMR || CPPM || CCPQ

SC1 SC2 SC3

Figure 2. The hierarchical structure of the AHP model for supply chain
Source: Rejman Petrovié, 2015

Key performance indicators that determine the total supply chain
performance are expressed in different measure units and their target
values are shown in Table 1.

Table 1. Key performance indicators that determine the total supply chain

performance

Key performance indicators Unit of Target

measure value
On time delivery from supplier SOTD % 100%
Discrepant material report from supplier SDMR ppm 0 ppm
Parts per million from supplier SPPM ppm 0 ppm
Cost of poor quality from supplier SCPQ % sales 0%
On time delivery to customer COTD % 100%
Discrepant material report to customer CDMR ppm 0 ppm
Parts per million to customer CPPM ppm 0 ppm
Cost of poor quality to customer CCPQ % sales 0%
Inbound transport costs - regular ITCR % netsales  3,50%
Inbound transport costs - extraordinary ITCE % net sales 0%
Outbound transport costs - regular OTCR  %netsales  3,50%
Outbound transport costs - extraordinary OTCE % net sales 0%

Source: Rejman Petrovic, 2015

MODEL RESULTS

By pairwise comparison of decision making elements in accordance
with the assumed dependences, and according to the usual scale 1-9 in the
observed problem (table 2 and 4), the prioritization is done by the method of
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characteristic value, where weight coefficients of the criterion, depending on
the supply chain type, are obtained and they enable the ranking of the
observed elements according to the preferences of decision makers that
performed the assessments. On the basis of management assessment in the
observed organizations for the efficient type of supply chain, the biggest
priority is assigned to the costs criterion, and less and equal criteria to receipt
efficiency and delivery efficiency (Table 3), while for agile types of supply
chain the biggest and equal priority is assigned to the criteria receipt
efficiency and delivery efficiency, and less priority to the costs criterion
(Table 5).

Table 2. Matrix of comparison of the criteria for the evaluation of
efficient SC type, using the scale of comparison 1-9

Criteria Delivery efficiency Receipt efficiency Transport costs
Delivery efficiency 1 1 1/5
Receipt efficiency 1 1 1/5
Transport costs 5 5 1

Source: Authors

Table 3. Relative weights of the criteria
for evaluating supply chain factors (efficient SC type)

Criteria Weights
Delivery efficiency 0.142857
Receipt efficiency 0.142857
Transport costs 0.714286

Source: Authors

Table 4 Matrix of comparison of the criteria for the evaluation of agile
SC types, using the scale of comparison 1-9

Criteria Delivery efficiency Receipt efficiency Transport costs
Delivery efficiency 1 1 5
Receipt efficiency 1 1 5
Transport costs 1/5 1/5 1

Source: Authors

Table 5 Relative weights of the criteria
for evaluating supply chain factors (agile SC type)

Criteria Weights
Delivery efficiency 0.45455
Receipt efficiency 0.45455
Transport costs 0.09091

Source: Authors
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Each criterion is more closely explained through its sub-criteria, by
which more detailed and realistic analysis level is reached. Within each
criterion, the sub-criteria are mutually compared in relation to the criterion
they describe, also according to the scale 1-9. This means, at the same time,
that the alternatives will be mutually compared in relation to each sub-
criterion, which enables the ranking of alternatives in accordance with the
preferences of decision makers, i.e. the management that performs the
assessment. Final priorities and the order of alternatives according to the rank
are shown in Table 6 for the efficient and agile supply chain type. According
to the synthesized managerial assessments, for the efficient supply chain type
the highest priorities are assigned to costs, while for agile supply chain
type the highest priorities are assigned to deliveries on time, i.e. SOTD
and COTD (Arsovski & Rejman Petrovi¢, 2017).

Table 6. Key Performance Indicator Priorities (KPIs)

. Efficient SC type Agile SC type
Alternatives Priorities Rank Priorities Rank
SOTD 0.05 8 0.25 1
SDMR 0.02 9 0.05 5
SPPM 0.00 12 0.11 3
SCPQ 0.05 7 0.03 9
COTD 0.05 6 0.25 2
CDMR 0.01 11 0.05 6
CPPM 0.01 10 0.11 4
CCPQ 0.05 5 0.03 10
ITCR 0.06 4 0.00 11
ITCE 0.21 2 0.03 8
OTCR 0.06 3 0.00 12
OTCE 0.36 1 0.03 7

On the basis of the previously mentioned, we came to the final
rank of supply chains. The final rank of supply chains for agile and

Source: Rejman Petrovi¢, 2015

efficient supply chain type is given in Table 7.

Table 7 Priorities and ranking of observed supply chains

. Efficient SC type Agile SC type
Alternatives Priorities Rank Priorities Rank
sSC1 0.3794 2 0.4674 1
SC2 0.1971 3 0.2859 2
SC3 0.4235 1 0.2468 3

Source: Rejman Petrovic, 2015
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SOLUTION SENSITIVITY ANALYSIS — CHANGE IMPACT OF
RELATIVE IMPORTANCE OF KPI ON THE PRIORITIES AND RANK
OF SUPPLY CHAINS

Solution sensitivity analysis can help to observe how the weight
coefficient changes, i.e. how the relative importance of sub-criteria
impacts global priorities of alternatives, i.e. supply chains (Figure 3, 4, 5,
6). For example, the analysis of the relative importance change of
transport costs criteria on the priority and rank of supply chains has been
shown in the Figures 3 and 4. It can be noticed that the increase of
relative importance of this criteria affects the reduction of supply chain
rank SC3, while it leads to the increase of supply chain rank SC2.
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L — 1 Input
/ / Value
08 L2 0.8 /
: —_l1
0,6 —13 06 V4
0,4 g: ’/ L2
02 = 0 / T T T T 1
—13
0 e 12 3 4 5 68
1 2 3 4 5 6
Figure 3. The impact of changing the Figure 4. The impact of changing the
relative importance of the Transport costs relative importance of the Transport
criterion on supply chain priorities and costs criterion on supply chain
rankings (efficient SC type) priorities and rankings (agile SC type)
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Figure 5. The impact of changing the Figure 6. The impact of changing the
relative importance of the Delivery relative importance of the Receipt
efficiency criteria on supply chain efficiency criteria on supply chain

priorities and rankings (efficient SC type) ranking priorities (agile SC type)
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It is possible to observe and analyze the impact of the simultaneous
change of two criteria on the rank of alternatives. Thus simultaneous
growth of relative importance of delivery and receipt efficiency criteria in
the efficient supply chain leads to the change in alternative rank (Figure
7), and there is a similar occurrence in the agile supply chain where the
simultaneous growth of relative importance in certain intervals also leads
to the change in the alternative rank (Figure 9).
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Figure 7. Impact of simultaneous change Figure 8. Impact of simultaneous
of criteria Shipping Efficiency and change of criteria Shipping Efficiency
Receiving Efficiency on priorities and and Receiving Efficiency on priorities
ranking alternatives (efficient SC type) and ranking alternatives (agile SC type)

Further analysis included the analysis of the sub-criteria priorities
changes, i.e. key performance indicators on the priority and rank of
observed supply chains, since it can be important for the process of
decision making. Thus the change of priorities of some KPI does not lead
to priority change and rank of observed supply chains (Figure 10), while
at others it leads to the inversion of rank (Figure 9, 11 and 12). Similar
analysis can be carried out for all the observed KPI.
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Figure 9. The impact of changing the Figure 10. The impact of changing the
priorities of the SOTD indicator, on the priorities of the SDMR indicators, on
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CALCULATION MODEL OF TOTAL SUPPLY CHAIN

PERFORMANCE

The suggested model for calculation of total supply chain performance
uses the evaluation marks obtained from AHP model and real data on KPI in
three types of supply chains. Target values are defined as maximum or

minimum values depending on the observed KPI.

In the calculation of total performance measure (Table 10, Table 11,
Table 12, Table 13, Table 14, Table 15) the authors followed the following

steps:

Defining KPI (column 1)

Defining target values for each KPI (based on managerial estimation,
experience and practice) (column 3)

Entry of KPI priorities calculation based
on AHP model (column 2)

Calculation of the results for the firstand the second observed period
based on realization of target KP1 values (column 6 and column 7)

Calculation of realized KPI values in the first and second observed
period (realized KPI values are calculated automatically by using
management information system that is represented in the next part

of the paper (column 4 and column 5)

1

Calculation of weighted results for individual KPIs for the first and

the second observed period by weighting results with KPI priorities
(column 8 and column 9)

Comparison of weighted results in order to establish differences
(improvements and deterioration of individual KPIs) (column 10)

Addition of weighted results in order to obtain total supply chain
performance (last row)

l

Comparison of total supply chain performance from
two periods in order to establish differences (improvement or
deterioration of total individual supply chain performance)

—

Decision making

End

Figure 13. Steps and procedure in the calculation model

of total supply chain performance
Source: Authors
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On the basis of KPI priority values, target and realized values for
each KPI, it is possible to calculate the total performance for each supply
chain separately. Such value of total performance becomes a comparable
size, regardless of the type of the supply chain, and enables the monitoring of
performance of one supply chain in various observation periods, as well as
the comparison and monitoring of performance of several supply chains of
different types. The value of total performance of the supply chain is 100 in
case that for each KPI the target value is realized. In case when the realized
values of some or all KPI are below their target values (or above in case
of costs) the total performance for the supply chain will be less than 100.
The following tables present the possibility of such measuring and
monitoring of individual performance, the total performance of a specific
supply chain and comparison of performance of various supply chains.

In Table 8, the priorities of KPI, target values of KPI, realized
values of KPI, weighted values of KPI and total performance measured in
various time periods were given for supply chains SCel. Similarly, these
values are calculated for other supply chains, and their weighted total
performance is shown in Table 9.

Table 8. Weighted KPIs and total supply chain performance for efficient

SC type (SCel)
KPI Priority Target Realized Realized The The The The  Differences
of valuesof KPI KPI  result for result for weighted weighted
KPI KPI  valuesin valuesin thefirst  the  resultfor resultfor
the first  the period second the first the
period  second period  period second
period period

SOTD 0.055 100% 99% 99.60% 99.00 99.60 5445 5478 0.033
SDMR 0.021 Oppm 400 600 9996 9994 2099 2098 -0.001
SPPM 0.009 Oppm 150 50 99.98 99.99 0.899 0899  0.000
SCPQ 0.055 0.00% 1.20% 0.20% 98.80 99.80 5434 5489 0.055
COTD 0.056 100% 100% 100% 100.00 100.00 5.600 5.600  0.000
CDMR 0.014 Oppm 400 350 9996 9996 1399 1399  0.000
CPPM 0.016 Oppm 150 160 99.98 99.98 1599 1599  0.000
CCPQ 0.056 0.00% 0.05% 0.07% 9995 9993 5597 559  -0.001
ITCR 0.063 1.00% 1.20% 1.00% -20.00 100.00 -1.260 6.300  7.560
ITCE 0219 0.00% 0.20% 0.30% 99.80 99.70 21.856 21.834 -0.022
OTCR 0.065 350% 3.80% 3.60% -857 -285 -0557 -0.185 0.372
OTCE 0.366 0.00% 0.14% 0.11% 99.86 99.89 36.548 36.559 0.011
Total 84.659 92.666

Source: Rejman Petrovié, 2015
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Table 9. Weighted overall supply chain performance

The weighted result for  The weighted result for the

Supply chain the first period (Total) second period (Total)
SCel 84.659 92.666
SCe2 83.861 84.794
SCe3 85.949 85.228
SCal 97.983 99.073
SCa2 97.696 98.732
Sca3 99.151 97.887

Source: Authors

The developed model enables the assessment of performance
difference in each period separately. Given that KPI, which are used in
the model are expressed in various measures, it is very difficult to
evaluate or compare the observed performance. In this way in the model,
each measured value is weighted in accordance with the objectives, so it
is possible to compare total performance score (Figure 14).
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Figure 14 Total performance score
Source: Authors

The noticeable improvements or deteriorations of individual KPI
are also discernable, as well as the total performance and that takes place
between two measurement periods.

Apart from the fact that it is possible to monitor the movement of
the individual KPI, with the application of this model, it is possible to
calculate the total performance of various types of supply chains, and in
this way to enable their comparison, which represented the main objective
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of this research. Hence, the evaluation and ranking of several supply
chains from various types of supply chains is possible, which provides
management with good basis for decision making in terms of which
supply chain necessitates a correction to the specific KPI for the purpose
of improvement of its total performance, as well as how the correction of
certain KP1 would affect the total performance of that supply chain. It is
possible to monitor supply chain performance in time, so that the analysis
of the obtained results enables the comparison of performance during
various time periods.

The presented outputs from AHP are incorporated into the database,
so that the concrete results obtained by multi-criteria optimization of the
proposed model, as well as the knowledge of experts consulted during the
preparation of this paper, are included in the management information
system for business process improvement in e-supply chains. All this
makes this system the system for the support in decision making, having
in mind that its basic objective is to support business processes of
decision making.

DEVELOPED PROTOTYPE
OF DECISION-MAKING SUPPORT SYSTEM

Decision making at all management levels requires data resulting
from daily monitoring of the organization’s operations. Since there is a
large amount of data in different places, it is necessary that such
information is organized in a database within the information system. It is
very important that the database reflects the current state of the business
system. The database in this regard is the source of information used in
decision-making at the strategic, operational, and tactical levels. Such a
database is used to create integrated and object-oriented information.
When developing a prototype of the decision support system, data
modeling process starts with the organization model. The data model is
developed during the detailed process modeling, the analysis of data
streams and documents, and the identified information needs that are
relevant to a specific business area. Logical data model (Figure 15) is
made using the ER win software tool (Rejman Petovi¢, 2016).
Developed prototype enables the management the possibility to
create:
= specific reports that incorporate industry requirements,
= tables with filter possibilities in order to overview the influence of
the specific data,
= user friendly visualization of KPIs reports,
= ad hoc queries and report based on data defined by the users,
= forecasting, what-if scenario analysis, and analyze data using
standard statistical tools.



1471

The developed model is flexible and enables constant analysis,
measurement, monitoring and optimization of supply chain performance.

Application of the developed prototype allows the organization’s
management to optimize KPIs in the business processes of supply, logistics,
and sales, in order to achieve better financial results.
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Having the data related to suppliers orders at disposal, by the
reception of suppliers’ products, the claims by the suppliers, the shipment
of finished products to customers, the claims by the customers, via
developed prototype of information system, we come to the assessment of
delivery efficiency and receipt efficiency. The assessments of delivery
and reception efficiency are obtained by the observation of realized
values PPM, OTD and the amount of bad quality costs. The value of PPM
is obtained automatically from the system because there is a record on
claimed amounts and total delivered amounts. Created reports show the
delivery efficiency to customers and reception efficiency from the
supplier and include the above mentioned key performance indicators
(Figure 16 and 17).

Decision Support Model for Supply Chain Management

Mﬁ\ Receipt efficiency from supplier
Criteria v NOtOTD  Complaint to “The cost of the
1D supplier 1D receipt forsupplier  the supplier  TT ™ complaint to supplier
Delivery efficiency [y so01 Percentage of poor deliveries 100,00% 800
Receipt efficiency
3 O v 0 150
3 O 7 102 650
« » 5201 Percentage of poor deliveries 100,00% 2440
Bk Forward {b
8 D 7 0 320
7 O ") 13,333 470
2 O v 10,000 1650
5103 Percentage of poor deliveries 75,00% 650
) O v 21,000 650
™
==

Figure 16. Receipt efficiency report from supplier
Source: Authors

Decision Support Model for Supply Chain Management ]
mak Delivery efficiency to customer
P Not The cost of
Criteria 1D customer 1D delivery PPM ot the complaint
Delivery efficiency % | c12 Percentage of poor deliveries 100,00% 500
Receipt effi
eceipt efficiency - S 0 105
| C24 Percentage of poor deliveries 66,67% 1100
«- B 1 4,000 O 550
ma oty 5 . - w0
— o o 0 G
B E &

Figure 17. Delivery efficiency report to customer
Source: Authors
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The system includes the analysis of transport costs within which
realized inbound transport costs and outbound transport costs and their
participation in total transport costs are measured and analyzed. In this figure,
the display of these costs for January and February 2019 can be seen.

The system also monitors and measures regular and extraordinary
costs of inbound and outbound transport and compares them with planned
costs of inbound and outbound transport that are contained in the sales
price of product. Figure 18 show the movement of these costs in the first
two months of 2019.

Decision Support Model for Supply Chain Management

[revorts O EEFEEL

Transport costs
Inbound regular Report
Inbound
Outbound regular 80000 |
Outbound extraordinary 60000 7 18
40000 3
e |1
« = 80000 ° il
Bak  Forward ~ AR R R IR R SN
B 60000 o T
40000 18
20000 3 " Inbound
° WL h

Figure 18. 125 Transport costs
Source: Authors

The specificity of this management information system for the
business processes performance improvement in supply chains is a new
functionality that is reflected in the possibility of the identification of
supply chain types in which the observed organization is one of the links
in supply chain (Figure 19).

Decison Suppart Mol for Suply Crain Management l

Identification of supply chains types

D D D
Supply Chain Customer  Supplier Supply chain type Priority of KPI
E

sc2

cz s2 Agile

ca si1 Agile

B X o

Figure 19. Supply chain types identification report
Source: Authors
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Also, the system automatically calculates KPI of various business
processes and gives information, on one hand, on KPI receipt, by which
the side of supplier in a supply chain is being evaluated, and on the other
hand, KPI of delivery of the observed organization, by which delivery
efficiency to customers and the satisfaction of customers towards the
organization as their supplier is being evaluated.

As it was already mentioned, in different types of supply chains,
there is a different impact coefficient of KPI on the total supply chain
performance. In that sense, it can be said that for different SC types some
KPI will be more influential, i.e. that they will be the first priority, while
the other, of the same importance, will be the second priority. For
example, if we speak of agile supply chain type, KPI delivery on time is
the first priority is, while the costs of KPI are the second priority.

A step forward of this information system, apart from the above
mentioned, represents the possibility of the simulation of KPI set
characteristic for a certain SC type, for the purpose of optimization and the
increase of the total supply chain performance. Hence, there is a possibility of
simulation of different values of each KPI in the set, and the analysis of its
impact on the total supply chain performance. Furthermore, it enables the
simulation to be performed comparatively for other supply chains as well for
the purpose of the realization of optimal supply chains performance.

The simulation possibility is important due to the reason that one or
more suppliers can be mutual for two or more supply chains of different type,
so that KPI for one supply chain will be in the group of first priority, and for
the others in the group of second priority, and in this way they will practically
clash. In an identical way, the simulation of the suppliers’ rank is possible
depending on which type of supply chain they belong to.

In Figures 20, 21, 22 and 23 some of the reports that follow KPI and
their weighted values important for KPI analysis and monitoring are shown.

Decision Support Model for Supply Chain Management

swaegic 4] Target values of KPI
management n

Supply chains performance [v
pply o D D Target
it Date from Date to

denifcation of supply chains types inpu Kl values

T o KN i owoas | sttty moos

\3
“Target values of KP fprocess 1 SoMR 01012019 3uov2019

31012019 oppm
Prieity of KP1 1 sPPM 01012019 o

1 scPQ 01012019 3u0v2019 000%

Weighted KPI values by supply chains
01012019 3uov2019 100.00%

otal supply chain performance 1 com 01012019 31012019 0ppm

- » i coom ovouaots || avouzoie oppm
o 1 cepq ov012019 310112019 000

1 otce 01012019 3uov2019 000%
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Figure 20. Target values of key performance indicators report
Source: Authors
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Decision Support Model for Supply Chain Management
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Priority of KPI

Priority of KPI L}
Weighted KP1 values by suppy chains
" 1 Date 1D Supply sot SDMR SPPM scPQ cot COMR cPPM o
input chain type
Total supply chin performince
1 ovowzons | sce ° 12 7 u [ 10
1 ovowzos | sca | B . . R

cpg | R | mce
5 4 2
10 1 [

o

TR || otce
3 1
12 7

Figure 21. Priority of KPI report
Source: Authors

Decision Support Model for Supply Chain Management
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Figure 22. Weighted KPI values by supply chain

Source: Authors

Decision Support Model for Supply Chain Management
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Figure 23. Total supply chain performance report
Source: Authors
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For the needs of e-SCM, the prototype of a Web application that is
being approached and performed within Web browser is also developed.
The work with the Web application is started by the log-in of a user, by
entering user name and password, depending on the right that the user
has, all or some options in the menu are allowed. The home page of the
Web application is presented in Figure 24.

Web application () Decision Support Model for Supply Chain Management
E-supply chain Ho{rr; 2 About Contact Register& Login
Application
. Web application () Decision Support Model for Supply Chain Management
E-supply chain | Home @ About Contact Regis(er& Login
o

This application serves for evaluation and ranking various typs-bf supply chains. Based on AHP model of multicriteria analysis and
decision making, and established weight coefficients for the defined criteria, the priorities of key performance indicators, weighted
values for each key performance indicator are obtained, which enables monitoring and analysis of each individual key performance
indicator. Based on value priority, target values and realized values for each individual key performance indicator total performance
for each supply chain is calculated that will also indicate the existence of certain gaps on the side of the supplier and or customer.
Obtained total performances are comparable values regardless of the type of supply chain, which enables comparison and monitoring
of several supply chairs from different types.

Figure 24. Software application web page
Source: Authors

The user with authorization that allows him entry or changes has the
possibility to, by activating displayed items, approach different forms both to
perform new entry and/or update the existing data. By activating items, e.g.
Target KPI, the user accesses the form for entry, changes and deletions of
measured and target KPI values of business processes in supply chains.

CONCLUSION

The developed models and the web application enable all
organizations in the supply chain to monitor the target and current values
of key performance indicators and the total supply chain performance.
Having such information at disposal offers the members of supply chains
to simulate various values of each KPI in the set and analyze its impact
on the total supply chain performance. In this way, the management of
supply chain organizations is able to analyze, measure and rank several
supply chains of different types, and evaluate which supply chain requires
a correction in the specific KPI for the purpose of the improvement of its
total performance, as well how the correction of certain KPI will affect
the total performance of that supply chain. Moreover, the web application
enables the monitoring of supply chain performances in time so it is
possible to compare performances during various time periods. The
developed prototype of the web application can be applied in various ERP
organization systems of supply chain members.
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MOJEJI NOAPWKE OJUIYUUBABY
3A YIIPAB/BAILE JIAHIIUMA CHABJIEBAIbA

Jparana Pejman Ilerposuh, Ilpenpar Mumosuh, 3opa ApcoBcku
Yuusepsuret y Kparyjesiy, Exonomcku ¢paxynrer, Kparyjesau, Pemy6muka Cpouja

Pe3ume

YV oBOM pamy (oKyc je CTaB/beH Ha Meperhe yKyIHe IepdopMaHce JlaHIa CHa0eBamba
U pajx WiycTpyje MoryhHocT eBayanuje u ynopehuBarma pasiMYUTHX THUIIOBA JIaHAIA
CHa0JeBama, jep Cy Ce ayTOpH IOCalalllibiX UCTPAKHUBAha YITIABHOM OaBIIIH TI0jeIMHAY-
HHUM MHIMKaToOpHMa HepopMaHCH JiaHIa CHaO/eBarba WM eBAlyalldjoM U PaHTHPAmeM
nobapJpaya y JaHIMMa cHabieBama. [lakiie, y 0BOM pajy akIeHAT je CTaBJbCH Ha YKYIHY
Mepy JIaHIla CHa0JIeBama, Koja je 100WjeHa MOHACPHCAkEM U HHTETPALIjOM I10jeIiHaY-
HHX MHAUKaTOpa nepOpMaHCH KOjU CY MPETXOJHO HACHTU(GUKOBAHH Ka0 KJBYYHH Y IIPO-
LeCy eBaTyallrje KOMIUIETHOT JIaHIa CHa0IeBamba.

V okBHpY OBOT pajia IPHKa3aHH Cy Pa3BHjEHH MOJIEI 32 €BATyallHjy ¥ paHTHPamke pa-
3JIMYMTHX THIIOBA JIaHAIa CHal/ieBarka, MOJIEN KAJIKyJIaljje YKyITHe IeppopMaHce JlaHala
CHa0JeBamba ¥ Pa3BHjEeHU MPOTOTHII CHCTEMa 32 MOAPIIKY OJUTyYHBamY Y JIAHIMMa CHa0-
JIeBamba.

TIpemioxunn MoZIeN 3a eBaTyaljy 1 PaHTHpame PasIHYUTHX TUIIOBA JIaHala CHa0-
JeBara 00yxBara /jBa Moayna. IIpBu Moyn nojapasymeBa AedHHHCAE THIIOBA MOCMAa-
TPaHUX JlaHalla CHab/ieBamba, KJbyYHNUX HHIUKATOpa NephOpPMaHCH, BHXOBUX NPUOPUTETA
Y [JWBHUX BPEAHOCTH Y 3aBUCHOCTH O]l THIIA JIaHIIA CHA0/IeBarba, CBATyallljy M paHTUpa-
BC PA3IMUUTHX TUMOBA HAa 0CHOBY AHP Mopena. M3nasu u3 oBor Moysia mpeicTaBbajy
ynaze koju oMoryhaBajy (DyHKIMOHHCAEE APYror MOIyJia KOju Ce THYC KaJKyJalje
yKymHe nepdopmaHce aHIa cHabieBamba.

LInsbeBH OBOT NCTpaKHBama Cy: YTBphUBamke KJbyYHHX KPUTEPHjyMa y TIPOLeCy eBa-
Nyallje U paHTUpama JlaHalla cHaOneBama, mpaga AHP Mozena BumekpurepujymcKor
OJUTy4YlBamka BpPEIHOBAKmE ITOCTABJHEHUX KPHTEPHjyMa W FHUXOBA €Balyalyja IoMohy
AHP wmeroma m Tectupame Mozena nomohy codTBepa 3a MOAPIIKY y OUTYYHBAEY
SuperDecisions n aHam3a J00HjeHNX pe3yIITaTa.

[Tpumenom AHP merozna mpukasaHa je: MOryhHOCT eBanyalifja U paHTHparbe BHUIIE
JlaHara cHaO/IeBajba y OKBUPY MCTOT THIIA JIaHAlla CHaO/IeBamba, KAJIKyJIalyja yKyIHe Tep-
(opmance naHana cHabeBama, Moryhaoct melycoOHor yropeliBama nepdopmancH ja-
Halla CHa0JieBamba U3 Pa3IMYUTUX THIIOBA, aHAJM3E YTHI[Aja MPOMEHE PeJlaTHBHE BaXKHO-
CTH H3a0paHuX KPUTEpHjyMa Ha KOHAYHEe PUOPUTETE U PaHT JIaHI[a CHaO/IeBaba, aHAIN3e
yTUIaja TIPOMEHEe TpHopuTeTa ToTKpuTepujyma (nepunucannx KPI) Ha mpuopurer u
paHr JlaHIa cHab/ieBamba U eBayaluje 100aBbada U oipeljBambe BUXOBOT IPUOPUTETA U
paHra y 3aBUCHOCTH OJI TOT'a KOjeM THITY JIaHIa CHab/[eBarba MPHIa/Iajy.
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W3nasu m3 AHP mHKOpriopupanu cy y 6a3y mojaraka, Tako Jja Cy y MEHalMEHT HH-
(opmanioHH cucTeM 3a yHarpeleme MOCIOBHMX Ipoleca y e-JaHIMMa CHaOJeBarba
YKJbYYEHH KOHKPETHH PE3YNTaTH J0 KOjHX Ce JOIUIO BUIIEKPHTEPHjYMCKOM ONTHUMH3a-
IIMjOM TIPEITIOKEHOT MOJIeNIa, Kao M 3Hama eKCIepaTa KOjH Cy KOHCYJITOBaHH IPHIINKOM
u3pazie oBor paga. CBe OBO YMHM OBaj CUCTEM CHCTEMOM 3a HOJPIIKY OLTy4HBakby, HMa-
jyhu y BuIy 1a My je OCHOBHM IIWJb A2 MOAPXHU TOCIOBHE IpoLiece JOHOIICHA OJUTyKa.
OcHOBHA HAMEHA j€ J1a IOMOTHE MEHAIIMEHTY Ja UACHTU(HKY]E, CTPYKTypUpa U PELLH 110-
JyCTPYKTypUpPaHE U HECTPYKTypHUpaHe Mpobieme, Te a HanpaBH u300p usmMelyy pasniuyuu-
THX aJITepPHATHBA.

PasBujenn Monenu u BeO-arMKkanuja oMoryhaBajy CBUM WiIaHWIIAMa JIaHIIA CHaOJie-
Bama YBUJ Y KpeTame KIbyYHHUX HHIHMKaTopa IepdopMaHcH U yKyIHe TepdopMaHce J1aH-
I1a cHabzIeBarba Kpo3 I03HaBame npuoputera u noxaepa KPI 3a pasmiuure Trnose jaHa-
11a cHaO/IeBama 1 Kpo3 npaherme WBHUX U TPEHYTHHX BPEIHOCTH KJbYYHHX MHAMKATOPA
nepdopMaHCH MOCIOBHUX IPOLIeca Yy Pa3IMYMTUM TUIIOBUMA JIaHAIla CHAO/IeBakba.



