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The purpose of this study is to find the optimal
locations of fire fighting facilities in Incheon to
prevent the spread of accidental fires and effi-
ciently extinguish them. In the event of a large
fire difficult to cope with in one fire fighting fa-
cility, additional support from nearby facilities
will be necessary. The model proposed in this
study firstly ensures that all demand nodes in a
network will be able to be reached from the min-
imum number of facilities in a given time. At
the same time, we locate the given number of fa-
cilities so that they can cover as many demand
nodes as possible multiple times. This problem
can be considered as a facility location problem
which aims at maximizing the number of de-
mand nodes that are covered at least twice while
minimizing the number of facilities needed.
The proposed model is applied to conduct a case
study using road network information and ad-
ministrative district data in Incheon.
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Due to the increasing demand for parcel deliv-
ery, the amount of parcel delivery that couriers
have to handle exceeds the current terminal
capacity. To solve this problem, a new terminal
will be built in addition to the existing terminal,
or the terminal will be jointly used through alli-
ances with competing courier companies. In
this case, a hub terminal that can be used by cou-
rier companies is physically composed of sev-
eral terminals. At this time, when a vehicle de-
parting from a sub terminal arrives at the hub
terminal, the decision to which terminal in the
hub to allocate becomes a very important issue

for parcel delivery companies for efficient ter-
minal operation. In a situation where the ca-
pacity that can be handled per day in the hub ter-
minal is limited, minimizing the travel distance
of vehicles between terminals in the hub plays
a decisive role in increasing the efficiency of
hub terminal operation. This study presented a
mathematical model for determining which ter-
minal in the hub should be allocated to vehicles
arriving at the hub from each sub terminal, and
from which terminal the vehicle going to the
destination sub terminal should be released. A
solution method using Excel is presented and in
order to find out the possibility of practical ap-
plication, 12 example problems are solved, and
the results are analyzed and presented.
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The participation of logistics companies from
the beginning assures the efficient design and
operations of a joint logistics center.
However, logistics firms find it difficult to
provide reasonable construction cost esti-
mates because since construction costs vary
based on the development duration and un-
predictable environments. Therefore, this
study examines the construction process of a
joint logistics center by considering the indef-
inite construction costs that may occur and the
decision-making of the participating logistics
firms under uncertainty. We develop two sce-
narios to reflect unpredictable environments
and propose appropriate solutions using the
Uncertain Shapley value. Using data of joint
logistics centers by size, we explain the results
from thedeterministic and proposed models.
The research methodology and findings offer
fundamental results for carrying out sustain-
able cooperative logistics services among re-
cently active logistics companies that want to
participate in the construction of jointlogistics
centers.
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In this study, it was intended to present activ-
ities of high relative importance by deriving the
priority of implementing SCQM activities. It
was analyzed through the AHP technique by
consisting of three factors in the first layer and
nine factors in the second layer of SCQM
activities. As a result of the analysis, it was
found that internal quality management is a pri-
ority over quality management of suppliers and
customer quality management in the front and
rear of the supply chain in food companies, in-
cluding food safety. Academic implications
were presented in empirical studies, revealing
the results of the importance of quality manage-
ment within an enterprise as the implications of
this study. It also provides practical im-
plications by providing a basis for determining
which factors should be paid more attention to
in order for domestic food companies to derive
quality performance.
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The following research is conducted to study
how much demand prediction accuracy is im-
proved when machine learning is implemented
on ROKAF spare parts demand prediction
calculations. Based on the data from the last
three years of ROKAF’s three major aircraft
models, the study compares the demand pre-
diction accuracy values computed through the
time series technique and machine learning
models. Generally utilized machine learning



models, such as Decision Tree(DT), Linear
Discriminant ~ Analysis (LDA), Logistic
Regression(LR), K-Nearest Neighbor (K-NN)
and Support Vector Machines (SVM), were
implemented. Experiment results show that all
machine learning models yield higher accuracy
of the demand prediction than the time series
technique. SVM, DT, K-NN and LR machine
learning models yield excellent results, with ac-
curacy values higher than 85%, while the LDA
model shows relatively poor performance.
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With the 4th industrial revolution, the
‘Logistics 4.0° is gaining attention, which is
based on the core technologies such as artificial
intelligence (Al), the Internet of Things (IoT),
big data and so on. As global logistics develops
gradually in a competitive environment, en-
hancing the competitiveness of the logistics
system has become essential. In the case of
Korea, the existing distribution centers are lim-
ited to storage-oriented warehouse functions, it
is necessary to switch to a smart logistics man-
agement system that incorporates Information
and Communications Technologies (ICT).
This paper proposes an Al-based method with
a framework to analyze data of cold-chain prod-
ucts environment to extract and utilize mean-
ingful information for facilitating smart logis-
tics centers. By using data on cold-chain prod-
ucts environment, the Al-based model helps
finding suitable logistics strategies while keep-
ing product quality. In specific, outside temper-
atures and humidity of the delivery vehicle have

been used to predict the condition or temper-
ature of inside the delivery vehicle as well as to
draw the strategy of managing logistics
condition. This study is expected to contribute
to accelerating the implementation of smart lo-
gistics centers and enabling innovation in the
smart logistics industry by creating new values
in cold-chain products and logistics
environment.
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The Government are always making various
efforts to establish sound financial manage-
ment and stable budget policies.. In particular,
the work related to the fund plan and the oper-
ation plan of the treasury through manual work
is subject to improvement, and a financial esti-
mation system is needed to achieve it.. In this
study, we wanted to analyze whether it is possi-
ble to predict the balance of the treasury by uti-
lizing machine learning. First of all, we devel-
oped a forecasting model for treasury balances.
In addition, to verify the applicability, the gov-
ernment balance predictability of machine
learning techniques, performance verification,
and major variable verification were per-
formed. In detail, data collection and refine-
ment, exploratory analysis, analytical model
design and development, and analysis result re-
view were studied. The analysis target data is
120 months of total data from 2010 to 2019,
limited to income tax and value-added tax rev-
enue forecasts, with monthly revenue volume
and major taxes. This was predicted for 2019
tax revenue respectively. The application algo-
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rithms are Linear Regression, Random Forest,
and Gradient Boosting. According to the analy-
sis, Linear Regression was the best in revenue
and income taxes, while Gradient Boosting was
the best in VAT. In conclusion, it was analyzed
that machine learning was applicable to treas-
ury predictions. This will allow quick results,
scientific analysis through the introduction of
big data-based models, and the person in charge
will be able to improve predictive power
through new model tests. It is also expected that
the government's confidence in fiscal manage-
ment will be improved.
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A successful supply chain is highly depended
on how to manage selection process for select-
ing qualified good supplier. With the develop-
ment of the pandemic so far, it is spreading to
more than 120 countries and regions around the
world, and supply chains in various industries
are being affected. Most companies talk about
how to respond the immediate impact of the epi-
demic, such as supply chain disconnection,
lack of workers, traffic disruption, black swan
events, and the policy changes. In response to
those disruptions, companies must start by
building an efficient supplier selection process
to select the right suppliers at the right time and
right position. This survey paper is summarized
several supplier selection frameworks and the
methodologies which can be applied to each
phase of supplier selection.
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A Study on Optimal Locations of Fire Fighting Facilities

in Incheon using Double Covering Model*
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The purpose of this study is to find the optimal locations of fire fighting facilities in Incheon to prevent the spread of
accidental fires and efficiently extinguish them. In the event of a large fire difficult to cope with in one fire fighting facility,
additional support from nearby facilities will be necessary. The model proposed in this study firstly ensures that all demand
nodes in a network will be able to be reached from the minimum number of facilities in a given time. At the same time, we
locate the given number of facilities so that they can cover as many demand nodes as possible multiple times. This problem can
be considered as a facility location problem which aims at maximizing the number of demand nodes that are covered at least
twice while minimizing the number of facilities needed. The proposed model is applied to conduct a case study using road
network information and administrative district data in Incheon.
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Table 1. Result from Test Network
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hub terminal, the decision to which terminal in the hub to allocate becomes a very important issue for parcel delivery companies
for efficient terminal operation. In a situation where the capacity that can be handled per day in the hub terminal is limited,
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Table 1. Throughput and number of companies by size of distribution centers
Size Area (unit: n) Annua Throughputs Number of companies
(unit: ton)
Small 1,000 ~ 2,000 15,000 or less 272
Medium 2,000 ~ 5,000 15,001 ~ 29,999 481
large 5,000 ~ 10,000 30,000 ~ 59,999 307
Hub Over 10,000 Over 60,000 383
Total 1,443
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Table 2. Average and deviation of construction costs by size (unit : $)

Size Small Medium Large Hub
Average costs 64,206 179,626 558,818 949,233
Deviation 100 100 100 100
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Table 3. Construction cost estimated by the boundary value of the
confidence interval

Size Small Medium large Hub
0% 64,206 179,626 558,818 949,233
90% 138,732 291,635 640,282 1,448,533
95% 172,490 342,371 679,901 1,674,698
99% 311,381 551,118 842,904 2,605,222
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Table 4. Result of construction cost of the joint logistics center by Uncertain Shapley Value (unit: $)

Contribution Small Medium Large Hub
¢(ABCD) 474,151 1,055,844 992,450 1,341,543
¢(ABDC) 474,151 1,055,844 496,225 2,830,219
¢(ACDB) 474,151 351,948 1,696,346 1,341,543
¢(ACBD) 474,151 351,948 1,696,346 1,341,543
c¢(ADCB) 474,151 351,948 848,173 2,189,716
c¢(ADBC) 474,151 1,696,346 496,225 2,189,716
¢(BACD) 118,537 1,411,457 992,450 1,341,543
¢(BADC) 118,537 1,411,457 496,225 2,830,219
c¢(BCDA) 118,537 1,411,457 992,450 1,341,543
c¢(BCAD) 118,537 1,411,457 992,450 1,341,543
c¢(BDCA) 118,537 1,411,457 496,225 1,837,768
¢(BDAC) 118,537 1,411,457 496,225 1,837,768
¢(CBAD) 118,537 470,485 1,933,422 1,341,543
¢(CBDA) 118,537 470,485 1,933,422 1,341,543
¢(CADB) 237,075 351,948 1,933,422 1,341,543
¢(CABD) 237,075 351,948 1,933,422 1,341,543
¢(CDAB) 237,075 351,948 1,933,422 1,341,543
¢(CDBA) 118,537 470,485 1,933,422 1,341,543
¢(DBCA) 118,537 940,971 496,225 2,308,254
¢(DBAC) 118,537 940,971 496,225 2,308,254
c¢(DCAB) 237,075 351,948 966,711 2,308,254
c¢(DCBA) 118,537 470,485 966,711 2,308,254
c¢(DACB) 355,613 351,948 848,173 2,308,254
¢(DABC) 355,613 1,696,346 496,225 2,308,254

Total 5,452,725 20,552,588 26,562,592 43,663,446
Average 227,197 856,358 1,106,775 1,819,310
Table 5. Comparison of construction cost of joint logistics center
Size Government-discloged construction Construct.ionlcost cpnsidering Diffgrence
cost (unit: $) contribution (unit : $) (unit : $)
Small(1,000 ~ 2,000) 1,185,378 3,296,580 2,111,202
Medium(2,000 ~ 5,000) 4,704,858 8,563,581 3,858,723

Large(5,000 ~ 10,000 9,667,110 8,586,623 -1,080,487

Hub(over 10,000) 23,082,545 18,193,107 -4.889,438
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A Study on Priority of the Supply Chain Quality Management Activities
Using AHP in Food Industry
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In this study, it was intended to present activities of high relative importance by deriving the priority of implementing SCQM
activities. It was analyzed through the AHP technique by consisting of three factors in the first layer and nine factors in the
second layer of SCQM activities. As a result of the analysis, it was found that internal quality management is a priority over
quality management of suppliers and customer quality management in the front and rear of the supply chain in food companies,
including food safety. Academic implications were presented in empirical studies, revealing the results of the importance of
quality management within an enterprise as the implications of this study. It also provides practical implications by providing a
basis for determining which factors should be paid more attention to in order for domestic food companies to derive quality
performance.
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Table 1. Research on the Supply Chain Quality Management

Researcher Research Topic Main Factors
Top M L hip, P I i
Robinson & Defining the concept of Supply Chain Quality Management op Management & eaders' 1p., rocess ntegran‘on
and Management, Communication and Partnership
Malhotra(2005) Factors

Activities, SCM Strategy, TQM Best Practices

Lin et al.(2005) Management

A structual equation model of Supply Chain Quality

Quality Management Practice, Supplier Participate,
Supplier Selection, Organization Performance

Kaynak & Hartely

(2008) supply chain

Development and extension of Quality management into the

Internal Focus, External Focus, Customer Focus

Foster(2008)

Defining Supply Chain Quality Management to operationalize

Customer Focus, Supplier Relationship, Leadership,
Human Resource Management

Quang et al.(2016)

Explore the concept of Supply Chain Quality Management
and to propose a research model

Upstream QM Activities, Downstream QM
Activities, Internal Process Quality & Support
Practices

Soares et al.(2017)

Empirical examination of the relationship between SCQM
practices and quality performance outcomes.

Customer Focus, Supplier Focus, Supply Chain
Integration, Quality Leadership

Hong et al.(2020)

Three dimensions of food SCQM practices, supplier quality
management, internal quality management, and customer
quality management, have significant positive effects on an
enterprise’s quality safety performance in Chian food firms.

Supplier Quality Management, Internal Quality
Management, Customer Quality Management
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Table 2. Supply Chain Quality Management Activities Hierarchy and Explanation of Main Factors and Details
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Goal Layer 1 Layer 2 Definition Prior Research
Maintaining Relationship Maintain long-term partnerships with partners
Supplier Information Sharin, Continuous information sharing with partners Sila et al.(2006),
Quality 5 cwihlp Soares et al.(2017),
Management Implementation of the partner and product safety Hong et al.(2020)

Process Execution

assurance process

) Maintenance
Supply Chain| Internal

Production Process Maintaining stable production processes within the

enterprise

Quality Quality Food Certification System Compliance with and implementation of the Food
Management | Management Quality Certification System
Activities
Vi Hazard Check Implementation of internal food risk checks

Zhou et al.(2015),
Hong et al.(2020)

Product Development
Participation

Customer engagement in product development

Costa & Jongen(2006),

Customer Sroufe &
Quality Quality Recognition Survey Identify customer awareness of product quality Curkovic(2008),
Management Anker et al.(2015),
Quality Opinion Collection Collect customer feedback on product quality Hong et al.(2020)
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Supply Chain Quality
Management Activities
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Fig. 1. AHP Hierarchical Model of Supply Chain Quality Management Activities
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Fig. 2. Flow Chart for Calculating the Priority
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Table 4. Importance Evaluation and Priority of Supply Chain Quality Management Activities

228 7P T8 o712 eSS AR L
ull=

Evaluation Factor Supplier Quality Management | Internal Quality Management | Customer Quality Management | Total
Weight 0.3348 0.4629 0.2023 1
Comparative Evaluation Ranking 2 1 3
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Table 5. Importance Evaluation and Priority of Supplier Quality
Management Activities

Supplier Quality Management

Specific Factor Weight | Ranking
Maintaining Relationship 0.2970 2
Layer 2 Information Sharing 0.2753 3
Process Execution 0.4277 1
Total 1

Table 6. Importance Evaluation and Priority of Internal Quality
Management Activities

Internal Quality Management

Specific Factor Weight | Ranking
Production Process Maintenance | 0.3001 2
Layer 2 Food Certification System 0.2874 3
Hazard Check 0.4125 1
Total 1 -

Table 7. Importance Evaluation and Priority of Customer Quality
Management Activities

Customer Quality Management

Specific Factor Weight | Ranking
Product Development Participation| 0.1681 3
Layer 2 Quality recognition survey 0.2804 2
Quality Opinion Collection 0.5515 1
Total 1 -
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Table 8. Overall Results of Relative Importance and Priority on Supply Chain Quality Management

Ranking ngrall Detailed Factors Main Factors
Weight

1 0.1910 Hazard check Internal Quality Management

2 0.1432 Process Execution Supplier Quality Management

3 0.1389 Production Process Maintenance Internal Quality Management

4 0.1331 Food Certification System Internal Quality Management

5 0.1115 Quality Opinion Collection Customer Quality Management

6 0.0994 Maintaining Relationship Supplier Quality Management

7 0.0922 Information Sharing Supplier Quality Management

8 0.0567 Quality Recognition Survey Customer Quality Management

9 0.0340 Product Development Participation Customer Quality Management
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A Study on the Improvement of Air Force Spare Parts Demand Prediction

Accuracy Using Machine Learning
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*Air Force Logistics Command, **Republic of Korea Air Force Academy

The following research is conducted to study how much demand prediction accuracy is improved when machine learning is
implemented on ROKAF spare parts demand prediction calculations. Based on the data from the last three years of ROKAF’s
three major aircraft models, the study compares the demand prediction accuracy values computed through the time series
technique and machine learning models. Generally utilized machine learning models, such as Decision Tree(DT), Linear
Discriminant Analysis (LDA), Logistic Regression(LR), K-Nearest Neighbor (K-NN) and Support Vector Machines (SVM), were
implemented. Experiment results show that all machine learning models yield higher accuracy of the demand prediction than the
time series technique. SVM, DT, K-NN and LR machine learning models yield excellent results, with accuracy values higher than
85%, while the LDA model shows relatively poor performance.
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Table 2. Independent Variables

No. | Code Definition

1 Q1 Total consumption for quarter 1

20 Q20 Total consumption for quarter 20
21 AD1 Annual Demand for year 1

25 ADS Annual Demand for year 5

26 OD1 Total number of demands for year 1
30 0ODS5 Total number of demands for year 5
31 DLI1 Demand Level for year 1

35 DL5 Demand Level for year 5

36 ROl Total Requirement Objective for year 1
40 ROS Total Requirement Objective for year 5

Kim et al.(2019)°l] o3t ¢ F37] FEF&e &
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Table 3. Machine Learning Model Accuracy(unit : %)

Year DT LDA LR K-NN SWM
2017 87.6 67.7 86.4 87.4 88.3
2018 88.5 70.6 86.9 - 89.5
2019 88.5 69.1 87.9 - 89.8
Ave. 88.2 69.1 87.1 87.4 89.2
(Table 3ol A AA|G}H= vl Zro] A& FhE E-2(LDA)
Z A Y3t 471A] mde] A E!'EJ]- 87% Vc}gi 2H=d
o} AEAFEM(DA)] Fe AFE(69.1%)E Hole
ol-fre ZHWMTY A4 %Loib TEUF(GTTA

A1) HRshod $ES) BE Zog wuHE,
A ol ZREK-NN)9| 735, 2018, 2019\ B3+= 4=

A G ol= Ml et stgol A3 +HHA
237] R0z Beec o) A% Axw/mdd
2 =438 CFig. 29 2tk
Ave_SVM- 89.2
Ave_LR- 87
Ave_LDA- 69.1
Ave_KNN- 87.4
Ave_DT- 88.2
2019_SVM- # 898
2019_LR- ® 879 LABEL
” 2019_LDA- ® 69.1 2017
8 2019.DT- ® 885 ® 2018
< 2018_SVM- # 895 ® 201
2018_LR- * 86.9 ave
2018_LDA- ® 706
2018_DT- ® 885
2017_SVM- 88.3
2017_LR- 86.4
2017_LDA- 67.7
2017_KNN- 87.4
2017_DT- i I I 67.5

60 70 80 90 16[I
Accuracy of Models{(%)

Fig. 2. Model Accuracy
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Q7 vpEAIE o2 dEg = AA v
9] &9] Hl-golt}, o] & YHlslsldA 4 (29
5-5}cHProvost, 2013).

TP+ TN
X
TP+ TN+ FP+ FN 100 @

(TP: True Positive, TN: True Negative,
FP: False Positive, FN: False Negative)

Accuracy(%) =

%, 4 QoI go] e £o0% AIwE &
LA AZ F F07h PAT FRHIPS 2024 o
o

155 a7t HEAE FEFINY &L A 5

Table 4. Prediction Accuracy(Unit : Number of Spare Parts)

Te | ™ | ot | WA | R | K- | Svm
Series
TP | 3421 | 2759 | 741 | 2430 | 2,525 | 2,861
PP 2o [ 3 [ 5 [ ey [ aa0 | 3
FN | 126 | 554 | 2572 | 883 | 788 | 452
TN | 810 | 3435 | 3811 | 3,621 | 3,574 | 3,463
Acc(%) | 594 | 869 | 639 | 849 | 856 | 887
TP | 3,664 | 2981 | 629 | 2,546 3,159
o PP 3690 [ 39 [ 4 | aes | - | 416
EN | 185 | 719 | 3071 | 1154 | - | s41
TN | 1916 | 5,657 | 5752 | 5488 5,340
Acc(%) | 590 | 882 | 675 | 850 89.9
P | 7,739 | 6,025 | 1233 | 5225 6,406
o LFP 16257 [ o0 [ o T sor | - | 640
FN | 350 | 1,603 | 6,395 | 2,403 1222
TN | 3911 | 9,980 | 10,620 | 10,328 9,989
Acc(%) | 638 | 877 | 649 | 852 89.8
TP | 4941 | 3922 | 868 | 3,400 | 2,525 | 4,142
e PP [ 4239 [ 476 [ 5 [ 254 [ a0 [ 409
EN | 220 | 959 | 4013 | 1480 | 788 | 738
TN | 2212 | 6357 | 6,728 | 6479 | 3,574 | 6,264
Acc(%) | 607 | 87.6 | 654 | 851 | 856 | 898

(Table 4>o)| A AABH= vl o] QoA T =
O AZE HE HAGVM): 89.8%, @ AAHEZUFDT):
87.6%, @ H2A o] HK-NN): 85.6%, @ =A2-E 37
(LR): 85.1%, ® AT HEA(LDA): 65.4%, © AIALEA]
(Time Series): 60.7% =22 =5t} Ad oA K-NN
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Al-based Analysis and Prediction of Cold-chain Products Environment*
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With the 4th industrial revolution, the ‘Logistics 4.0’ is gaining attention, which is based on the core technologies such as artificial
intelligence (Al), the Internet of Things (IoT), big data and so on. As global logistics develops gradually in a competitive environment,
enhancing the competitiveness of the logistics system has become essential. In the case of Korea, the existing distribution centers are
limited to storage-oriented warehouse functions, it is necessary to switch to a smart logistics management system that incorporates Information
and Communications Technologies (ICT). This paper proposes an Al-based method with a framework to analyze data of cold-chain
products environment to extract and utilize meaningful information for facilitating smart logistics centers. By using data on cold-chain
products environment, the Al-based model helps finding suitable logistics strategies while keeping product quality. In specific, outside
temperatures and humidity of the delivery vehicle have been used to predict the condition or temperature of inside the delivery vehicle
as well as to draw the strategy of managing logistics condition. This study is expected to contribute to accelerating the implementation
of smart logistics centers and enabling innovation in the smart logistics industry by creating new values in cold-chain products and
logistics environment.
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Fig. 1. Structure of an Al-based integrated management system for cold-chain smart logistics centers
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Development of a Forecasting Model for Treasury Balance

Using Machine Learning

Seokhyun Song'

BAI Audit and Inspectation Research Institute

The Government are always making various efforts to establish sound financial management and stable budget policies.. In particular,
the work related to the fund plan and the operation plan of the treasury through manual work is subject to improvement, and a financial
estimation system is needed to achieve it.. In this study, we wanted to analyze whether it is possible to predict the balance of the
treasury by utilizing machine learning. First of all, we developed a forecasting model for treasury balances. In addition, to verify the
applicability, the government balance predictability of machine learning techniques, performance verification, and major variable verification
were performed. In detail, data collection and refinement, exploratory analysis, analytical model design and development, and analysis
result review were studied. The analysis target data is 120 months of total data from 2010 to 2019, limited to income tax and value-added
tax revenue forecasts, with monthly revenue volume and major taxes. This was predicted for 2019 tax revenue respectively. The application
algorithms are Linear Regression, Random Forest, and Gradient Boosting. According to the analysis, Linear Regression was the best
in revenue and income taxes, while Gradient Boosting was the best in VAT. In conclusion, it was analyzed that machine learning was
applicable to treasury predictions. This will allow quick results, scientific analysis through the introduction of big data-based models,
and the person in charge will be able to improve predictive power through new model tests. It is also expected that the government's
confidence in fiscal management will be improved.
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Table 1. Results of application of treasury balance machine learning

A9} o & RMSEE
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1,081,009,754,197 ¢ 0] L}Skch.
A2H 02 HZE 33 AAuoEld HAl S

4835152 0 %ol 7Fs

=9 AT

A Eatt
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32 Mg o|& Z2AMA H|W

| Av%e
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NREY + Z0%, A=

A= SrulolElF 715 A

tax revenue income tax vat
Excellent Linear Linear Random
algorithm . .
®) Regression Regression Forest
R’ 0.9399 0.7899 0.9899
MAPE 9.39% 13.50% 17.35%
performance MAE 2,507,910,702,882(won) 771,166,768,498 883,697,562,924
(won) (won)
RMSE 3,331,576,957,263(won) 878,859,688,002 1,081,099,754,197
(won) (won)

2019 Performance Statistics
- Mean
- Standard deviation

29,900,286,873,148(won)
13,593,857,327,055(won)

6,851,851,063,714(won)
1,917,175,731,495(won)

7,074,897,631,419(won)
10,796,123,497,891(won)

revenue_shift 12,

income_shift 12,
Individual consumption tax

VAT Difference amount 2 or 3

Major vat_shift 3, shift 12, months ago,
variables =T - = vat_shift 3,
vat_shift 12 Comprehensive real estate .
. vat_shift 6
tax_shift 3 -
Table 2. Performance Comparison by Process and Algorithm
R MAPE MAE RMSE
(%) (won) (won)
RandomForest 0.8962 0.14 3,305,693,152,541 4,380,618,953,756
Basic Analysis XGBoost 0.9157 0.16 3,460,154,792,330 3,946,831,542,664
LinearRegression 0.9399 0.09 2,507,910,702,882 3,331,576,957,263
Basic Analvsis + I . d RandomForest 0.8780 0.15 3,686,488,403,797 4,748,524,741,383
aste Anaysis T mceasing an XGBoost 0.8613 0.13 3,577,182,967,041 5,062,559,038,151
Decreasing Variables - -
LinearRegression 0.9128 0.08 2,714,600,866,971 4,013,118,767,165
Aopl | learnine dat RandomForest 0.8715 0.17 4,103,830,258,963 4,873,436,303,279
PPY a“g‘;? h:i’zmmg o XGBoost 0.8818 0.17 4,050,922,664,266 4,673,371,792,328
gitme LinearRegression 09117 0.09 2,801,067,944,879 4,038,806,846,713
Apply annual learning data RandomForest 0.8890 0.16 3,794,509,050,277 4,529,265,381,641
weighting XGBoost 0.8789 0.16 3,935,004,901,538 4,729,608,849,446
Increasing or decreasing variable| LinearRegression 0.9039 0.08 2,889,552,706,971 4,214,026,024,604
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Table 3. Results by algorithm compared to performance
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1 2 3 4 5 6 7 8 9 10 11 12
Tax revenue performance | 39.43 15.57 18.25 56.43 3198 | 2437 | 4238 8.65 2643 | 45.82 1697 | 32.53
Random Forest 40.52 18.55 19.49 | 44.75 32.69 | 28.56 | 4294 12.36 | 28.95 | 43.70 | 23.00 | 28.17
XGBoost 3400 | 1829 | 18.79 | 50.57 | 29.79 | 27.14 | 39.98 | 13.20 | 2827 | 4749 | 24.19 | 29.23
Linear Regression 3491 | 1922 | 1997 | 4976 | 3139 | 27.19 | 4229 | 991 | 2825 | 46.02 | 18.00 | 26.51
Table 4. Performance Comparison by Process and Algorithm
R MAPE MAE RMSE
(%) (won) (won)
RandomForest 0.8962 0.14 3,305,693,152,541 4,380,618,953,756
Basic Analysis XGBoost 0.9157 0.16 3,460,154,792,330 3,946,831,542,664
LinearRegression 0.9399 0.09 2,507,910,702,882 3,331,576,957,263
Basic Auslysis + Incroasiag and RandomPForest 0.8780 0.15 3,686,488,403,797 4,748,524,741 383
. . XGBoost 0.8613 0.13 3,577,182,967,041 5,062,559,038,151
Decreasing Variables - -
LinearRegression 0.9128 0.08 2,714,600,866,971 4,013,118,767,165
. RandomForest 0.8715 0.17 4,103,830,258,963 4,873,436,303,279
Apply a“;‘;?;hlgszmg data _ XGBoost_ 0.8818 0.17 4,050,922,664,266 4,673,371,792,328
LinearRegression 09117 0.09 2,801,067,944,879 4,038,806,846,713
Apply annual learning data RandomForest 0.8890 0.16 3,794,509,050,277 4,529,265,381,641
weighting XGBoost 0.8789 0.16 3,935,004,901,538 4,729,608,349,446
Increasing or decreasing variable LinearRegression 0.9039 0.08 2,889,552,706,971 4.214,026,024,604
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Table 5. Results by algorithm compared to performance

1 2 3 4 5 6 7 8 9 10 11 12
Incomeperformance 771 | 839 | 355 | S12 | 911 | 729 | 934 | 572 | 352 | 634 | 823 | 7.89
Random Forest 730 | 827 | 459 | 836 | 854 | 721 | 709 | 734 | 698 | 681 | 727 | 7.12
XGBoost 735 | 789 | 505 | 672 | 824 | 773 | 770 | 774 | 602 | 735 | 732 | 725
Linear Regression 7.31 795 | 410 | 421 7.84 | 6.85 824 | 6.51 5.35 597 | 182 | 736
Table 6. Performance Comparison by Process and Algorithm
2 MAPE MAE RMSE
(%) (won) (won)
RandomForest 0.8962 0.14 3,305,693,152,541 4,380,618,953,756
Basic Analysis XGBoost 0.9157 0.16 3.460,154,792,330 3,946,831,542,664
LinearRegression 0.9399 0.09 2,507,910,702,882 3,331,576,957,263
‘ . ' RandomForest 0.8780 0.15 3,686,488,403,797 4,748,524,741,383
Basic S:Cilef;fn; \I]I;:;ls;zg and XGBoost 0.8613 0.13 3,577,182,967,041 5,062,559,038,151
LinearRegression 0.9128 0.08 2,714,600,866,971 4,013,118,767,165
' RandomForest 0.8715 0.17 4,103,830,258,963 4,873,436,303,279
Apply a“““'fﬂhltf_’ammg data XGBoost 0.8818 0.17 4,050,922,664,266 4,673,371,792,328
reene LinearRegression 09117 0.09 2,801,067,944,879 4,038,806,846,713
Apply annual leaming data RandomForest 0.8890 0.16 3,794,509,050,277 4,529,265,381,641
weighting XGBoost 0.8789 0.16 3,935,004,901,538 4,729,608,849,446
Increasing or decreasing variable] [ inearRegression 0.9039 0.08 2,889,552,706,971 4,214,026,024,604
34 BIIIRM o Z2MA H|I 2y NAEIH FE8HA et Random
Forest 2.&0] RE A5 AT $43F A0 7 EAF]
341 Z2MA 3 2T2|EH NS H|W ATt
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Fig. 9. value added tax forcast for 2019

Table 7. Results by algorithm compared to performance

1 2 3 4 5 6 7 8 9 10 11 12

Valueadded tax 22.94 -4.51 1.11 20.81 -1.43 3.09 23.09 -4.64 230 20.85 -1.77 3.08
Random Forest 21.34 -3.94 1.38 20.37 -1.43 221 20.67 -3.92 1.33 19.51 -1.22 223
XGBoost 21.65 -4.19 1.74 20.53 -1.37 2.04 18.59 -3.54 2.04 19.78 -1.67 2.18
Linear Regression | 21.03 -5.13 3.97 19.73 -1.64 2.90 17.59 -6.39 0.75 16.59 -340 | -0.22
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Supplier Selection Process:

Focus on a Four-stage Conceptual Framework

Chia Chia Chu - Sungsu Kim'

School of Business Administration, Kyungpook National University, South Korea

A successful supply chain is highly depended on how to manage selection process for selecting qualified good supplier. With
the development of the pandemic so far, it is spreading to more than 120 countries and regions around the world, and supply
chains in various industries are being affected. Most companies talk about how to respond the immediate impact of the epidemic,
such as supply chain disconnection, lack of workers, traffic disruption, black swan events, and the policy changes. In response to
those disruptions, companies must start by building an efficient supplier selection process to select the right suppliers at the right
time and right position. This survey paper is summarized several supplier selection frameworks and the methodologies which can
be applied to each phase of supplier selection.
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1. Introduction

1.1 Research Background and Motivation

Since the outbreak of the epidemic, most companies have
been talking about how to respond the immediate impact of
the epidemic, including the impact of supply chain dis-
connection, lack of work, and traffic disruption. With the de-
velopment of the epidemic so far, it had spread to more than
120 countries and regions around the world, and its impact
had expanded to the decline of overall consumption and the
economy. When the epidemic subsided faster than expected,
although it returned to normal conditions, the industries were
different from before. More and more businesses and social
activities are transferred to online and become an irreversible
trend. Under the concept of “At Home”, it brings unexpected
demands to certain industries such as automobile, fitness,
home working electronic devices. These demands have driven
related industries to emerge from the epidemic.

Meanwhile, companies are facing the issue of global supply
chain reorganization due to the decision to reduce production
at the very beginning of the epidemic and the lockdown poli-
cies for the local facilities. As well as the reduction of air
freight and the problem of seaport congestion, which caused
the price increase of sea and air transportation. Covid-19 con-
tinues to wreak havoc in some countries, and these completely
change the way for companies to deal with global supply
chains. This black swan incident promotes many multinational
companies and even the entire industry to change their global
supply chain model. The companies must be able to quickly
reconstruct and adjust the supply chain under disruption ac-
cording to the formation and disintegration of the dynamic
alliance and operation. A successful supply chain is highly
depended on how to manage their selection process for select-
ing qualified good supplier (Ng, 2008). Upstream performance
had been considered as the fundamental factor to affect the
supply chain performance. Besides, a good performing
first-tier suppliers not only provide good quality products and
stable delivery but also bring a positive strategic impact on
the second-tier and third-tier suppliers (Scannell, Vickery, &
Droge, 2000). The company will be benefited from a
well-managed supplier selection process.

The previous literature reviews in supplier selection, are

usually addressing on a single selection stage or designing
a conceptual model for supplier selection (De Boer, Labro,
& Morlacchi, 2001; Huang, Wong, & Wang, 2004; Hong et
al., 2005; Chen, 2011; Wu & Barnes, 2012; Rezaei, Fahim,
& Tavasszy, 2014; Wang et al.,, 2017) However, there are
lack of studies to integrate all the conceptual models, practical
methods, and issues together. Therefore, this survey paper is
purposed for presenting a comprehensive picture on construct-
ing a complete supplier selection and clarifying what actions
that the decision makers need to take and be aware in different
supplier selection stages. The content will be focused on three
questions of the supplier selection. (1) First, what kind of sup-
plier selection process framework are presented before, and
how can it be adopted as an elaborate construction to handle
the requirements from different aspects of supply chain. (2)
Second, what methods can be used when the decision makers
need to rank the best supplier among of complex evaluation
standards. (3) Finally, what biased issues need to be paid close
attention.

The paper will be organized as follow: Section 2 is gathered
the previous literatures on supplier selection framework, and
a summarized supplier selection process will be presented.
Section 3 is continued the summarized process from section
2 to be more specific and detailed to introduce the methods
that can be used in each stage of supplier selection. In this
section, the potential challenges and biased issues for supplier
selection will be mentioned as well. The conclusion for this
paper will be given in section 4. In the section 5, the research
gap of exist literatures and future research planning will be

addressed.

2. Literature Review of Supplier Selection

Supplier selection is considered as a key for the supply
chain management (Kraljic, 1983; Choi & Hartley, 1996; De
Boer et al., 2001). It is also frequently named as the term
of partner selection, which is recognized as the dependency
of a supply chain members (Wu & Barnes, 2012). The name
of the partnership involves the willingness to commit the open-
ness, productivity, quality of service for the end-customer,
agree to share the proprietary information, risk, and rewards
(Sarkis & Sundarraj, 2002). In Novack & Simco (1991)’s re-
search, they identified supplier selection as one of the supply
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chain procurement activities by the stages of identifying all
potential suppliers, prescreening possible sources, evaluating
the remaining supplier base, and finally choosing the supplier.
The value for the supply chain will be maximized when those
procurement activities are effectively working together.
Companies cooperate with the suppliers to improve their effec-
tiveness on management and market competitiveness, and the
modernized supply management is chasing the sustainable, re-
liable, and trustable long-term alliance (Bell, Oppenheimer,
& Bastien, 2002; Dursun & Ogunclu, 2021; Carmeli et al.,
2021). <Table 1> is summarized the previous researcher’s sup-
plier selection framework stages. Finding the most suitable
suppliers is beneficial for constructing robust supply network
for the buying companies.

De Boer, Labro, & Morlacchi (2001)'s framework for sup-
plier selection is accommodated four types of purchasing sit-
uations and four steps of selection process. They refined the
idea of Robinson, Faris & Wind (1967)'s classification of pur-
chasing situations (new task situation, modified rebuy, and
straight rebuy) and Kraljic (1983)'s purchasing portfolio matrix
(routine items, bottleneck items, leverage items, and strategic
items) to present a four stages of supplier selection framework
for problem definition, formulation of criteria, qualification,
and final choice, including varied situational factors. Huang,
Wong, & Wang (2004)'s two-stage manufacturing supplier se-
lection framework proposed that supplier selection task flow
should go through the hard decision stage and soft decision
stage for selecting the most compatible and effective suppliers.
Hard decision refers to the supplier's ability to offer qualified
products and to fulfill the timely demand with acceptable price.
Soft decision stage refers to the long-term corporation with
potential suppliers. The two stages are respectively proceeded

with the steps of defining criteria, gathering related data, evalu-

ating the data and choosing suitable group of partners. The
task flow of the framework is started with a new demand of
part or service, and the demand would be evaluated initially
by the hard decision to generate an initial retrial list, and then,
the decision-makers gather the data to evaluate the retrial list
and finally determine their final preferred potential suppliers.

Hong et al. (2005) presented a three-step system framework
of supplier selection, consisting with preparation step,
pre-qualification step, and final selection step. The framework
not only subject to maximize the revenue but also maintain
a continuous supply-relationship to satisfy customer require-
ments. The author defined the main criteria by two dimensions
of supply risk and supply profit. In the pre-qualification step,
total analyzing periods are divided into several meaningful pe-
riod units (MPUs) to identify the customer need with recency
(last period of purchase), frequency (number of purchase),
monetary (amount of spending) information in each MPU,
which extracted from the sales data. In the final selection step,
mixed integer model is used to select the supplier who can
maximize revenue and perform well with procurement con-
ditions satisfied.

Chen (2011) developed a selection framework by three
phases, including five methods. In the first phase, the company
needs to go through a SWOT analysis to identify the com-
petitive strategy and decide the evaluation criteria and
indicators. The second phase is to evaluate the candidate sup-
pliers by DEA with weighted indicators which are decided
by fuzzy weight methodology and to rank the potential suppli-
ers by TOPSIS for order allocating. Finally, the third phase
is used Delphi Method (Chou, 2002) to examine the sat-
isfaction of supplier selection results.

Wu & Barnes (2012) presented a four-phase dynamic feed-

back model, adapting Luo et al. (2009)'s information process-

Table 1. A Summary of Representative Supplier Selection Framework

Authors

Supplier selection process framework

De Boer, Labro, & Morlacchi (2001)

Problem definition — Formulation of criteria — Qualification — Choice

Huang, Wong, & Wang (2004)

New demand — Hard decision — Retrial list — Soft decision — Preferred

Hong et al. (2005)

Preparation step — Pre-qualification step — Final selection step

Chen (2011)

Requirement and strategy analysis— Supplier evaluation — Assessment of supplier performance

Wu & Barnes (2012)

Supplier selection preparation — Pre-classification — Final selection — Application feedback

Rezaei, Fahim & Tavasszy (2014)

Qualification — Final choice

Wang et al. (2017)

Design-decision Stage — Preliminary supplier selection stage — Logistics stage — Construction

stage — Delivery stage
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ing model of potential combinations and available information
for purchasing enterprises, to develop a two-dimensional
framework. Four-phase dynamic feedback is comprised of four
phases for supplier selection (1) Supplier selection preparation,
(2) pre-classification, (3) final selection, and (4) application
feedback, and the model is addressed the information avail-
ability would become more detailed when supplier selection
process moving from phase 1 to phase 4. In phase one, the
authors sourced Wu & Barnes (2010)'s three-stage model for
developing a set of criteria based on company's requirement.
Phase 2 was adapted Kraljic (1983)'s supplier position matrix
and Luo et al. (2009)'s degree of supply risk and supplier
impact on financial results, to reduce the potential supplier
number and classify them into four categories of strategic sup-
pliers, preference supplier, leverage suppliers, and routine
supplier. In phase 3, the authors combined ANP and MIMOP
methodologies to help the decision-makers to calculate the pri-
orates of evaluation criteria and to optimize the allocation of
order quantities. Final phase was based on Deming (2000)'s
plan-do-check-act (PDCA) model to integrate all the feedback
from each phase while applying the model time by time to
achieve the continuous improvement by the concept of organ-
izational self-learning and to provide sufficient relevant in-
formation to optimize the decision-making and model practice.

Rezaei, Fahim, & Tavasszy (2014) proposed a funnel meth-
odology for supplier selection airline retail sector, which in-
cluded mainly two phases: (1) In the qualification phase, it
is purposed for reducing the total number of potential suppliers
to get the list of qualified suppliers by conjunctive screening
method. (2) Final choice phase is used a fuzzy analytic hier-
archy process (AHP) to rank suppliers by considering both
quantitative and qualitative criteria and dealing with the un-
certainty and vagueness of human judgment.

Wang et al. (2017) proposed a resilient construction supply
chain base by integrating building information modeling (BIM)
and geographic information system (GIS) to providing timely
and highly transparent information of material, supply status,
and workable access information during the supplier selection
process. They described their five stages of supplier selection
framework: (1) In the design-decision stage, BIM tool is used
to present all the material requirements and detailed take-off
of a project. (2) Preliminary supplier selection stage is eval-

uated available material supplier and their impact of location

on schedules. GIS provides the usable information to support
the selection process and the methods of analytic hierarchy
process (AHP). The grey relational analysis (GRA) is used
for determining the evaluation criteria weights and rank the
alternative suppliers. (3) Logistic stage is managing all the
material flows between different suppliers to meet the require-
ment and dateline of a given project. (4) Construction stage
is used to defend a complex network of risk and disruptions.
When the preliminarily selected suppliers are not able to fulfill
the original project schedule, the status will be updated in
BIM, and activate the reselection process. (5) In the final stage,
the delivery stage confirms the acceptance of this supplier se-
lection construction and start to go into service.

Based on the supplier selection framework above, the sup-
plier selection stages can be generally summarized into four
stages (See <Fig. 1>). The first stage is about developing a
set of selection criteria based on industrial and organizational
requirement for accessing the potential supplier who may
qualified on evaluation criteria. The second stage is applying
the selection criteria from stage 1 and adopting evaluation
method to classify the supplier into different categories, based
on expert’s opinion, financial statement, supply risk or other
performance (Kraljic, 1893; Huang, Wong, & Wang, 2004;
Sarkar & Mohapatra, 2006; Luo et al., 2009) to limit the poten-
tial supplier. The third stage is to rank the suppliers by mathe-
matical model to fine out the most preferable suppliers on
each of category and to allocate the optimized order quantities.
The fourth stage is building with a feedback return system
among all the stages in supplier selection process. This concept
is mainly captured from Wu & Barnes (2012), which is the
pioneer on emphasizing that supplier selection process should
provide feedback to the decision makers about their improve-
ment and effort to optimize the performance on supplier se-

lection process.

3. Method for Supplier Selection

Many Previous studies on supplier selection framework are
provided various combination of methods for identifying the
indicators for evaluating, and weighting the potential suppliers,
but also, the scholars presented the direction to optimize the
works for allocating the order and achieving the improvement

on the supplier selection process. Thus, the following section
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Fig. 1. Summarized Supplier Selection Stage

will be based on <Fig. 1>’s supplier selection stage to give
the general review on selection methods and issues.

3.1 Initial Identification

Initial identification stage means to develop a set of se-
lection criteria based on industrial and organizational require-
ments and prepare to access the potential supplier who may
be qualified on their requirements.

Lin & Chen (2004) firstly presented the application of fuzzy
decision-making procedures for supplier selection to select the
most favorable suppliers. The framework identified generic
configuration hierarchy (GCH), customized configuration hier-
archy (CCH) from GCH to meet the specific selection require-
ment and added evaluation resource constraints to generate
optimal configuration hierarchy (GOC).

Wu & Barnes (2010) extended Lin & Chen (2004)'s frame-
work (<Fig. 2>) of supplier selection criteria formulation to
make the framework more practicable and accessible by in-
cluding a more in-depth consideration of selection criteria, in-
corporating sensitivity analysis, and considering more resource
constraints. The authors generated 116 generic supplier evalua-

tion attributes from the relevant literature as general hierarchy

criteria (GHC) and classified them into seven categories
(production and logistics management, partnership manage-
ment, financial capability, technology and knowledge manage-
ment, marketing capability, industrial and organizational com-
petitiveness, and human resource management) which has their
own sub-categories to build up a hierarchy level for this stage.
Industry-oriented hierarchy criteria (IHC) is extracted from
GHC, and the attributes to this stage only include the certain
requirement and characteristic on a certain industry based the
judgment of decision-maker from the organizational managers

or experts. Finally, optimal hierarchy criteria formulation is

. General hierarchy criteria (GHC)

Extracted from GHC considering the
different characteristic of the industry

‘."I

/

\

Industry-oriented hierarchy criteria (IHC) ‘I

Extraced from IHC considering the
optimization belief acceptability
\
% Optimal hierarchy criteria (OHC)

Fig. 2. Three-stage Model for Partner Selection Criteria
Formulation in ASC (Wu & Barnes, 2010)
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the last stage, which is extracted from IHC to calculate the
maximum total belief acceptability and ensure the collected
information is complete and accurate with the consideration
of time and resource constraints. These three stages in the
phase of supplier selection preparation are developed with
Dempster-Shafer and optimization theory to include the con-
sideration of uncertainties and ignorance when information is
incomplete and imprecise.

In their research, sensitivity analysis is used to help the
decision-maker to understand the most effective use of re-
sources, and a 0-1 non-linear programming is used to generate
the maximum total belief acceptability of OHC under limited
evaluation resources.

Huang, Wong, & Wang (2004) proposed two types of se-
lection criteria for supplier selection: (1) hard criteria include
the factors such as time, product, and quality. Those factors
are evaluated with a specific standard and requirement, and
the data could be subjected to a certain value such as high
pass, low pass, band pass, and Boolean type. Four membership
functions from Asai (1995) are adopted to generate a retrial
list of potential suppliers. (2) soft criteria focus on the
long-term relationship with potential suppliers on qualitative
or quantitative factors.

Hong et al. (2005) emphasized two aspects (cost efficiency
and supply-relationship) of supplier selection need to be
concerned. Companies need to maintain cost efficiency and
continuous supply-relationship while satisfying various cus-
tomer demands and strengthening core competencies. They al-
so focused on considering the changes in supply capabilities
and procurement over a period and formulated the three con-
siderations which must be evaluated within the selection
process. First, the consistency of supplier capabilities should
be maintained the same during all the supply periods, seasonal
demand, and fluctuation. Multi-criteria should be applied into
supplier selection with different aspects, such as profit impact,
supply risk, maximizing revenue, and customer satisfaction.
Third, identifying changing supply conditions of selected sup-
pliers is necessary. Potential suppliers performed differently
on different attributes of criteria, and the trade-off relationship
within those performances on selection criteria lead to more
complicated decisions for the organizations (Chen et al., 2006;
Xia & Wu, 2007).

Sarkar & Mohapatra (2006) suggested supplier evaluation

can be divided into short-term performance and long-term ca-
pability, two-dimensional categorization of supplier’s influ-
ence on the goal of supply chain. Performance is demonstrated
by the supplier’s ability to meet the short-term requirement
from buyers, and the indicators, such as cost, quality, lead
time, and support, which can be observed obviously and in
timely. Capability is indicated the potential ability of suppliers,
such as reputation, innovation, and profitability, which can
lead a long-term value and advantages for the buyers.

Luthra et al., (2017) identified 22 sustainable supplier se-
lection criteria on economic, environmental, and social di-
mensions throughout literature and expert opinions, and in-
tegrated AHP and Vise Kiriterijjumska Optimizacija |
Kompromisno Resenje (VIKOR) methodologies to select the
most efficient sustainable supplier.

The criteria for supplier selection are typically surrounding
the topic of cost, price, quality, efficiency, volume flexibility,
and customer service (Abratt, 1986); however, there is not
much research had linked the supplier selection intending to
build an agile supply chain. To survive in an unstable environ-
ment and changing customer demand, the supplier selection
process is required a broader and wider range of selection
criteria to search the agile partners. (Yusuf et al., 1999; Sarkis,
2001; Cagliano et al., 2004; Luo et al., 2009). Agile quantita-
tive and qualitative attributes needed to be included in the
supplier selection model simultaneously.

In this stage, it is important for a company to set up a
specific goal and do the positioning on what they wish the
supplier network to be like. Based on those requirements, the
company furtherly develop their selection criteria and the at-
tributes by previous experience, industrial standards, or ex-

pert’s opinions.

3.2 Classification Stage

Classification stage means applying the selection criteria
from stage 1 and adopting an evaluation method to classify
the supplier to limit the number of potential suppliers and turn
into a smaller set of acceptable numbers because of the finan-
cial and timely constraints during the supplier selection process
(De Boer, Labro, & Morlacchi, 2001; Rezaei, Fahim, &
Tavasszy, 2014). Besides, the quality of final decision-making

for supplier selection is very depended on the early stage of
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the selection process which is about how to filter the qualified
potential suppliers among of large number supplier list (De
Boier & Van der Wegen, 2003; Wu & Barnes, 2012).

Luo et al. (2009) argued the use of Kraljic (1893)’s purchasing
portfolio matrix, they divided the potential supplier into four
categories, strategic suppliers, preference supplier, leverage sup-
pliers, and routine suppliers based on their impact on financial
results and degree of supply risk. Wu & Barnes (2012) replace
De Boer, Labro, & Morlacchi (2001)’s “qualification stage”
as “pre-classification” into their supplier selection framework
and defined the purpose of this stage is to “avoid excluding
any potential partners without careful assessment” (Wu & Barnes,
2012; Van Weele, 2001).

Luo et al. (2009) presented an information-processing mod-
el (<Fig. 3>) based on radial basis function artificial neural
network (RBF-ANN), which is adopted computer program-
ming techniques to overcome the difficulty on dealing with
a large number of potential suppliers on early stage. An artifi-
cial neural network is described as a human brain that is equip-
ped with the ability to “learn” from the historic data and sam-
ple data selected by experts. Users only need to focus on de-
signing their training and constructing processes and optimize
their input data for how they want to mature their own ANN.

Huang, Wong, & Wang (2004)’s hierarchical tree model

is used to describe the lead node and branch node of soft

Integration ability
Input x,

v

Input Layer

Joint weight

Hidden Layer
Threshold value b,

Output Layer y?

factors, and a recursive algorithm is deployed to calculate the
overall score of the factors to know the most preferable
suppliers. Sarkar & Mohapatra (2006) developed the capa-
bility-performance matrix, which helps to rank the suppliers
based on the expert’s opinion to know how far away from
the diagonal line on the matrix and divided the result into
(1) balanced suppliers, (2) motivated suppliers, and (3) de-mo-
tivated suppliers, three classes. Not only just the traditional
aspects of cost, quality, lead-time, innovation, and tech-
nologies, sustainable perspective also became a subject on sup-
plier selection.

The main purpose for classification stage is to reduce the
large number of potential supplier and classified into efficient
number for smaller groups. Classification not only saves the
cost and time incurred by reviewing the potential suppliers,
but also allows the decision makers to know which suppliers
can have the potential on being a priority supplier. This pro-
vides clues to company to accurately identify the slightly in-
sufficient suppliers and provide more motivation to encourage

them to optimize their products or services.

3.3 Priority Calculation

In this stage, the decision maker calculates the priorities

of the different evaluation to choose the most appropriate sup-

Strategic programming  Service quality
Input x,

Input x3,

v

Hidden layer
- activation value 7,

.. Hidden layer
output rf

The types of potential suppliers

Fig. 3. RBF-ANN Supplier Selection Information-Processing Model (Luo et al., 2009)
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Table 2. A summary of Paper Review Based on final Decision Phase for Supplier Selection

Categories

Key Concept

Researchers

Total cost of ownership

approaches

TCO refers all the cost associated entire purchasing activities
within the value chain, and the cost covered entire lifetime
of a product or service. The decision makers take the total

cost of priority for supplier selection.

Degraeve, Labro, & Roodhooft, (2000),
Bhutta & Huq (2002)

Analytic
hierarchy/network process

AHP is used to rank supplier by considering both quantitative
and qualitative criteria and dealing with the uncertainty
and vagueness of human judgement. ANP covers AHP's
the disadvantage by considering potential relationships
between factors and clusters for supplier selection final

evaluation.

Rezaei, Fahim, & Tavasszy (2014), Bhutta & Hugq (2002),
Xia & Xu (2007), Sarkis, Talluri, & Gunasekaran (2007),
Wu et al. (2009)

Other mathematical
programming models/

linear weighting models

Throughout a mathematical programming, decision makers
can calculate for the superior supplier by setting up a series
of specific goal for the supplier selection evaluation. Goal
programming and DEA is widely used in making final

Narasimhan, Talluri, & Mendez (2001), Hajidimitriou &
Georgiou (2002), Talluri & Baker (2002), Dulmin &
Mininno (2003), Hong et al. (2005), Sarkar & Mohapatra

decision.

(2006), Humphreys et al. (2007), Wu et al. (2009)

pliers and allocating the optimized order quantity. Below
<Table 2> is summarized the methods of analyzing supplier
rankings that had been mentioned in previous literature. (De
Boer, Labro, & Morlacchi, 2001; Luo et al., 2009; Wu et al.,
2009; Wu & Barnes, 2012; Rezaei, Fahim, & Tavasszy, 2014).

3.3.1 Total Cost of Ownership Approaches

Degraeve, Labro, & Roodhooft (2000) presented a total cost
of ownership (TCO) perspective to evaluate the solutions, re-
sulting by several supplier selection models. TCO refers to
all the costs associated with entire purchasing activities within
the value chain, and the cost covered an entire lifetime of
a product or service, including quality, delivery, maintenance,
failure etc. (Ellram 1994, 1995; Degraeve, Labro, & Roodhooft,
2000). Bhutta & Huq (2002) generated the features for TCO.
They defined TCO as a method that looks beyond the purchase
price to include all the possible related costs among the entire
product lifetime (Pal, Gupta, & Garg 2013). TCO provides
a clear view of quantitative evaluation and selection rules for
decision-makers and helps to identify the hidden costs when
the companies initially only focus on the purchase cost.
However, TCO is focused on the value-saving during the pur-
chasing process, and the method hasn’t quantified the un-
certainty among those value chain activities, and the intangible
factors, such as environment, society, and economic (Ellram,

1995). TCO method requires extensive tracking and updating

to ensure the cost data

is reflecting the real situation. Therefore, TCO method for
supplier selection is more suitable for the companies who put
the cost on high priority (Bhutta & Hugq, 2002).

3.3.2 Analytic Hierarchy/Network Process

Rezaei, Fahim, & Tavasszy (2014) proposed a fuzzy ana-
Iytic hierarchy process (AHP) to rank supplier by considering
both quantitative and qualitative criteria and dealing with the
uncertainty and vagueness of human judgment. A new ap-
proach of AHP improved by rough sets theory and multi-ob-
jective mixed integer programming is introduced by Xia &
Xu (2007) to determine the number of suppliers and order
allocation for each of these suppliers under a multiple sourcing
condition. In Bhutta & Huq (2002)’s comparison research of
AHP and TCO methods for supplier selection, AHP can ac-
commodate uncertain and subjective information, and cope
with tangible and intangible factors. The other advantage is
that the hierarchy is developed by decision-makers which im-
prove the consideration on criteria trade-off and justification.
However, Wu et al. (2009) argued AHP is only considered
one-way relationships between the factors, and it is eliminated
the potential possible relationships and interaction among all
the clusters. Therefore, the later researchers had suggested ana-
lytic network process (ANP) method to cope with this
disadvantage. In Wu et al. (2009)’s paper, they applied ANP
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method to calculate the priorities for different criteria and used
mixed integer multi-objective programming model (MIMOP)
to decide the selected suppliers and to allocate appropriate
order quantities. Sarkis, Talluri, & Gunasekaran (2007) devel-
oped a framework of selecting a partner for an agile virtual
enterprise by ANP for evaluating the competitive and compat-
ible partners among of potential suppliers. The model has in-
cluded the factors with strategic and operational analysis, and

considerate tangible and intangible measurements.

3.3.3 Other Mathematical Programming Models/
Linear Weighting Models

Hajidimitriou & Georgiou (2002) presented a goal program-
ming for supplier selection on international joint ventures, ad-
dressing the issues on multiple objects. The evaluation criteria
include the qualitative and quantitative information on barrier
when entering a new market, quality concern, management
difficulty, etc., and these criteria were used to identify most
appropriate suppliers by goal programming model. Hong et
al. (2005) used mixed integer model to subject the supplier
who can maximize revenue with the procurement condition
satisfied and find the optimal order quantity allocation. Talluri
& Baker (2002) proposed a three-phase mathematical program-
ming approach for effective supply chain network design.
Phase 1 and Phase 2 is emphasized which potential suppliers
need to be selected based on the subjects for constructing an
effective supply chain network. Phase 3 is purposed for the
identification of optimal transshipment with minimum cost.
The mathematical programming approach is the combination
of multi-criteria efficiency models, based on game theory for-
mulation, and linear and integer programming methods.
Humphreys et al. (2007)’s mechanism for evaluating supplier
involvement during product development, and four type in-
dices (satisfaction index, flexibility index, risk index, and con-
fidence index) are included during the design process. These
indices are reflected the matching degree of supplier’s capa-
bilities and the customer requirements, and measure the poten-
tial risk involved in a project.

The companies usually only take the outcome of supplier
performance as their evaluation criteria; however, it is neces-
sary to review the input resources from suppliers to know the
suppliers with highest efficiency. Narasimhan, Talluri, &
Mendez (2001) proposed a supplier selection methodology

based on data envelopment analysis (DEA) and categorized
the four types of suppliers by the scores on performance and
efficiency. Dulmin & Mininno (2003)’s selection method is
adopted PROMETHEE outranking methods with sensitivity
analysis approach to resolve problems under multi-criteria de-
cision and to manage the preference and compensation effects
among all the criteria.

The reason to name the stage as priority calculation is be-
cause that the main job for decision makers is to find out
the most preferable suppliers and contact them as priority to
consult for further product or service’s availability. To con-
clude above calculation methods, decision makers can calcu-
late which supplier best meets their requirements and goals
based on two aspects. First, if a company needs to consider
multiple side’s opinions for finding the most balanced supplier
among of multiple evaluation criteria, it is best to adopt
AHP/ANP methods. In the other hand, if the company targets
a specific goal, such as lowest cost supplier, highest carbon
emission performance, fastest delivery service etc., it can use
goal programming, mixed integer model, DEA to calculate

the supplier performance index about attaining the goals.

3.4 Feedback Loop Development

Wu & Barnes designed application feedback and continuous
improvement model (<Fig. 4>), which is adapted the concept
of Deming (2000)’s PDCA to integrate into the model as a
cycle to receive the feedback from each phase of supplier
selection. “Plan” refers to the four-phase supplier selection,
“Do” refers to effort on implementing 1 to phase 3, “Check”
refers to continuously validate the structure and performance
of supply chain, “Act” refers to being active on responding
any detecting problem. The authors presented the evaluation
process is composed with pre-test, test, and post-test, three
stages are collecting the data throughout a structured ques-
tionnaire with complexity-fit and costs-benefits, two major cri-
teria to compare the performance before and after selection
model. After a supplier selection process, company gains the
results so called purchasing performance to evaluate suppliers
with two dimensions, including supplier performance improve-
ment and supplier’s contribution for its competitive advantage
(Giunipero, 1990). In the previous studies, many scholars had
presented the methods to measure purchasing performance and
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‘ Customer’s changing demands ‘

Customer focus

Supplier selection decision support models

Feedback &
continuous
improvement

‘ Customer satisfaction/loyalty ‘

Fig. 4. Application Feedback and Continuous Improvement Model (Wu & Barnes, 2009)

consider it as a key element of corporate performance, purchas-
ing competence, supplier development practices and quality
management practices in purchasing (Easton, Murphy, &
Pearson, 2002; Sanchez-Rodriguez, Hemsworth, & Martinez-
Lorente, 2005; Hemsworth, Sanchez-Rodriguez, & Bidgood,
2005; Pohl & Forstl, 2011). However, the research to include
purchasing performance to construct feedback loop system,
is still very limit. The company brings the feedback back to
the other supplier selection process in order to attain the im-

provement on each section of supplier selection.

3.5 Challenges in Supplier Selection

As the nature of multi-dimensions, and vagueness on suppli-
er selection process, decision maker may confront ambiguous
situations and unsatisfied results. There can be concluded into
four main challenges for the supplier selection process: (1)
Deciding right positioning and clear goal for supplier network
to identify what selection criteria need to be evaluated. In De
Boer (1998)’s supplier selection framework, the author pre-
sented a problem definition stage to help the decision maker
identify the problem in different purchasing situations, includ-
ing new task, modified rebuy and straight rebuy. Monczka
et al. (2020) introduced a supplier selection process should
be started from recognizing the need for supplier selection,
identifying the key sourcing requirements and determining the

sourcing strategy. As supplier selection is an important deci-

sion in the supply chain management, it is getting complex
when more factors and people involved to influence the im-
portance of purchasing decision. (2) Processing quantitative
and qualitative data to make the data understandable and
calculable. Supplier selection is required more systematic and
transparent approach to purchasing decision when varied rea-
sons and considerations are lead the increased complexity and
the importance of purchasing decisions such as the changes
of market preference, government regulation, global sourcing
decision, spreading supply base etc. It is an extremely complex
topic as it has multi-dimensional in nature and consists with
the quantitative information, the vagueness of qualitative eval-
uation with linguistic assessment and human judgment (De
Boer, 1998; Zhang etl al., 2009; Sevkli et al., 2010). (3) Using
proper weight scoring on different criteria to rank the potential
suppliers. The perspective of critical issues in supplier se-
lection from Narasimhan, Talluri, & Mendez (2001), men-
tioned that supplier evaluation is very depending on the
weighted scoring method, human subjective judgment. The fi-
nal ranking of supplier is heavily influenced by the weights
of evaluation criteria results. Thus, finding a proper weight
scoring between managerial judgments and objects is im-
portant to improve the outcomes from supplier selection
decisions. In order to deal with the vagueness of some evalua-
tion criteria, and the proper weight scoring, some of the schol-
ars had adopted the methodologies which combined fuzzy set
theory and AHP, to efficiently tackle both quantitative and
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qualitative decision factors (Kahraman, Cebeci, & Ulukan,
2003; Shaw et al., 2012; Rezaei, Fahim, & Tavasszy, 2014).
Expect above three challenges in supplier selection, a compre-
hensive and practicable supplier development program should
be consistently applied into the supplier selection process to
optimize the supply base construction and the quality of se-

lection outcome (Narasimhan, Talluri, & Mendez, 2001).

4. Conclusion

The purpose of this research is tried to provide a compre-
hensive picture on constructing a complete supplier selection
and clarify what actions that the decision makers need to take
in different stages. Based on a robust literature review, supplier
selection can be generated into four stages. The first stage
is “Initial identification” stage, which is about developing a
set of selection criteria based on industrial and organizational
requirement and accessing the potential supplier who may
qualified on evaluation criteria. The second stage is
“Classification” stage, which is applying the selection criteria
from stage 1 and adopting evaluation method to classify the
supplier into different categories. The purpose of second stage
is not only saving the cost and time by limiting the number
of potential suppliers, but also providing clues to decision mak-
ers to identify insufficient suppliers and provide more motiva-
tion to encourage for optimizing their products or services.
The third stage is “Priority calculation”, and it is to rank the
suppliers by mathematical model to fine out the most pref-
erable suppliers on each of category. The decision makers can
calculate which supplier best meets their requirements and
goals based on two aspects: (1) the company prefers to find
the most balanced supplier among of multi evaluation criteria,
and (2) the company targets a specific goal for their supplier
network. The fourth stage is “Feedback Loop Development”
which is building a feedback return system among of all the
supplier selection stages.

Except for presenting a clear picture of supplier selection
process, the challenges for supplier selection also been
mentioned. It is necessary to determine right position and clear
goal for supplier network in the complex situation and identify
what selection criteria need to be evaluated. Processing quanti-
tative and qualitative data to make the data understandable

and calculable, is difficult because it has a complex multi-di-

mensional in nature and crossing the quantitative information
and the vagueness of qualitative evaluation with linguistic as-
sessment and human judgment. And then, choosing proper
weight scoring on different criteria to rank the potential suppli-
ers and avoid inaccurate results. Finally, a comprehensive and
practicable supplier development program should be con-
sistently applied into the supplier selection process to optimize
the supply base construction and the quality of selection

outcome.

5. Discussion

Since the initial purpose of the survey paper is to focus
on the basic and extensive supplier selection process, the con-
tent will be limited to the supplier selection process and evalu-
ating method. However, it would be worth on exploring more
attention on developing a feedback loop or system in each
section of supplier selection and extending supplier selection
process with emerging issues. The research on feedback loop
development stage is still very limited, and there remains un-
known for what methodologies and system design can be ap-
plied into this stage and bring it into daily organizational
operation. In the other hand, there are more and more re-
searchers are addressing supplier selection with a specific goal,
such as green management, agility, sustainability because of
raising disruptions in volatility business environment. As pre-
vious mentioned the importance of setting a specific goal and
position for supplier selection in section 3, if a company would
like to increase the agility for their supplier network, the deci-
sion maker could start from the very beginning which is initial
identification stage and focus the idea of agility to design the
evaluation criteria and weight score to find out the qualified
suppliers. At this point, it is more potential questions need
to be discovered, such as which criteria is effectively con-
tributed to agility, how to deal with uncertainty among suppli-
er’s agility performance, or how to develop an agile feedback
loop system, the future research paper related to those potential
topics can be valuable for the business environment and aca-
demia on supplier selection filed.

As follow-up research, we will investigate two aspects of
supplier selection for Taiwanese semiconductor and elec-
tronics manufacturing companies and later expanding to

Korean companies based on the findings of this survey paper.
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(1) Semiconductor and electronics manufacturing are some of
the most important industries in Taiwan. To be more in-depth
on understanding the ecology of the supplier selection process
in those categories, it is interesting to formulate questionnaires
to investigate what the different supplier selection methods
are used, and what are the differences and changes of com-
pany’s performance between SME or large enterprise. As we
mentioned above, how much influence of supply chain agility
and sustainable criteria have on supplier selection results, is
valuable information for the company that wants to optimize
its selection process. In the other hand, (2) the vision can
be internationally extended between Taiwan and Korea.
Taiwan’s industrial environment has similarities and dissim-
ilarities with Korea. For example, as findings in this survey
paper, supplier selection is very dependent on human judgment
and their own experience. This may also show the key factors
to the difference between Taiwan and Korea in the supplier
selection process. Thus, observing the similarities and dissim-
ilarities in the same industry but different nations would be

an innovative topic on supplier selection.
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