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Abstract: Due to the frequent occurrence of various emergencies in recent years, people have put forward higher requirements on the
emergency supply chain management. It is of great significance to explore the key management indicators of emergency supply chain for
its management and efficient operation. In order to reveal the essence of emergency supply chain management, production, procure-
ment, distribution, storage, use, recycling and other emergencies, supply chain links are considered to establish an emergency supply
chain management index system to identify the key influencing factors in the emergency supply chain. The emergency supply chain in-
volves many management elements and the traditional qualitative analysis and comprehensive evaluation methods have their shortcom-
ings in practice. In order to get a more suitable method, a novel evaluation model is proposed, based on Rough set — house of quality
method. In this paper, Rough set is used to filter the indexes, eliminate redundant indicators, and simplify many management indicat-
ors of the emergency supply chain system to a few core indicators. Then, the house of quality is used to analyze and sort the core index to
get the key management index of emergency supply chain. The effectiveness of the proposed evaluation model is validated through a
series of numerical experiments. The experimental results also show that the proposed evaluation model can assist decision makers in op-

timizing the emergency supply chain procedure and improving the efficiency of accident rescue.

Keywords: Emergency supply chain, Rough set, House of quality, management indicators, attribute reduction.

1 Introduction

In recent years, because of the many devastating dis-
asters that have occurred in populated regions of the
world, there has been an increased focus on the manage-
ment effectiveness of emergency supply chainslll. Differ-
ent from general supply chain management, emergency
supply chain poses higher requirements on material pre-
paration, route planning and environmental adaptation.
It also contains prominent characteristics such as par-
oxysm, unpredictability, strong timeliness, high synergy
and multi-resource emergency dispatch. Emergency sup-
ply chain is a dynamic network with rapid response to
environmental changes. Participating members should be
agile enough to make the flow of information quickly re-
acted and processed, and logistics delivered efficiently.
Emergency supply chain should take the time efficiency
as the core and timely respond to the disaster require-
ments to meet the needs of the people in the disaster area
and reduce the loss of person and property. It also guar-
antees rapid, sustained, high quality emergency supplies
and minimizes social losses, all of which increase the man-
agement difficulties. As a result of this complexity, there
has been increased focus on efficient methods to extract
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useful information from the many emergency supply
chain indicators to ensure that demands are met in fuzzy,
complex emergency events. If clear key management in-
dicators can be identified, problems within the emer-
gency supply chain can be solved, improving the overall
effectiveness of emergency supply chain management to
efficiently meet demand in the affected areas and com-
munities. Therefore, research on emergency supply chains
can improve supply chain management to better meet the
needs of the affected.

Supply chain management and emergency supply
chain management have been concerned by management
and logistics scholars for long. Seuring and Miiller? re-
viewed the research from the perspective of sustainable
supply chain management. Xu et al.l}l combined data en-
velopment analysis and Rough set theory to develop a
rough data envelopment analysis model to study the op-
erational efficiency of the supply chain network. Shi et
al.l applied Rough sets and a back propagation neural
network to a supply chain performance evaluation to im-
prove supply chain management. Guo and Zhuls used a
fuzzy Rough set method to evaluate the performance of a
logistics supply chain. Bai and Liul®l used a house of qual-
ity model to translate customer demand into logistics re-
source elements to assist enterprises improve logistics ser-
vice quality.

Ma et al.[l studied emergency characteristics and es-
tablished an emergency supply chain management model.
Chenl introduced synergetic theory into emergency sup-

@ Springer



298 International Journal of Automation and Computing 16(3), June 2019

ply chain management. The collaborative management
framework of emergency supply chain was designed from
strategic, tactical and technical levels. He believes that
emergency supply chain collaborative management can
promote the integration of emergency resources. Xu et
al.l% studied an emergency supply chain reliability evalu-
ation model under uncertain conditions using an analytic
hierarchy process, entropy method and other methods.
Hong et al.ll0 focused on the design of emergency relief
supply chain. The emergency relief supply chain (ERSC)
design framework was proposed by simultaneously consid-
ering total logistics cost, risk level and amount of de-
mands covered in an ERSC. The authors established a
goal programming model to distribute emergency relief
items to affected locations. He et al.l'll presented an op-
tional contract model of service supply chain for emergen-
cies which was based on the review of service properties
for emergencies such as an early order in advance and a
short implementation time. It provided accurate decision
guidance for emergency service supply chain. Zheng and
Lingl!? believed that emergency transportation was the
most important part of disaster relief supply chain opera-
tions. They proposed a multi-objective fuzzy optimiza-
tion problem of emergency transportation planning in dis-
aster relief supply chains. They developed a collaborative
optimization method and constructed a complete solu-
tion, which greatly improved the performance of emer-
gency transportation planning in disaster management.
Zheng et al.13] surveyed the application of evolutionary
algorithms in disaster relief operations. Several advanced
methods were compared in a set of practical examples of
emergency transportation problems to effectively plan
and arrange relief operations, save lives and reduce dis-
aster losses. Alem et al.l4 constructed a new two-stage
stochastic network flow model from the perspective of
emergency logistics planning and operational challenges
to provide humanitarian aid to victims of a disaster with-
in this context.

2 Emergency supply chain management
research model and index system

2.1 Research model analysis

The common qualitative evaluation methods, such as
Delphi method and experts grading method, have their
advantages. However, if a certain qualitative evaluation
method is used alone, because of less quantitative data
and more qualitative components, the objectivity of re-
search results is not strong enough to be convincing.

There are many other comprehensive evaluation meth-
ods. The commonly used methods include analytic hier-
archy process (AHP), data envelopment analysis (DEA),
fuzzy comprehensive evaluation (FCE), back propagation
(BP) neural network[!5-18. Although these traditional
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methods contain their own characteristics, most of them
cannot be applied to solve the problem of emergency sup-
ply chain management in special environment. For ex-
ample, AHP is not objective enough and the comparison
and judgment process is rough, so it cannot be used in
decision-making problems with high accuracyl!?. DEA is
very sensitive to data and valid decision unit provides
less information(2). FCE cannot effectively solve the
problem of information duplication among the evaluation
indexes. The process of determining the membership
function is too complicated and the practicability is
weak[2ll. BP neural network requires a large number of
training samples and the accuracy of the calculation is
not high(22. 23],

As emergency supply chain index systems are com-
plex due to management impact factor diversity, it is of-
ten difficult to identify the scientific criteria. Because of
time and resource limitations, it is more difficult to effect-
ively operate and manage the overall emergency supply
chain. In view of this and based on previous emergency
supply chain research, this paper proposes a Rough set —
house of quality (RS-HOQ) model. The main advantages
of this model are as follows:

1) Fuzzy evaluation and other related methods need
to determine the membership function of index with the
help of prior data, while the Rough set (RS) is not
needed and the evaluation process is simplified. In addi-
tion to dealing with quantitative indicators, it can also ef-
fectively deal with uncertainty and qualitative
indicators(24. It is a large amount of work to use the
house of quality (HOQ) alone. However, the powerful at-
tribute reduction function of RS reduces the workload for
the index analysis of HOQ and increases the objectivity
of HOQ and improves the efficiency and accuracy of the
model.

2) There is still a complex relationship between the in-
dexes after the rough set selection, and the relationship
between the indexes can be clearly given through
HOQ&5l. The importance ranking can better support de-
cision-making and use the model for emergency supply
chain management.

3) The RS-HOQ model combines RS theory with
HOQ theory, which avoids the limitations of RS and
HOQ and effectively exerts their advantages(26l. Because
RS-HOQ model integrates identification, reduction, filter-
ing, information processing and sorting, it improves the
responsiveness and synergy of the entire emergency sup-
ply chain system.

2.2 Research model construction

Emergency supply chains are focused on the demands
that arise in natural disasters and other emergencies such
as explosions or building collapses27l. Consequently, emer-
gency supply chains have significantly higher require-
ments than ordinary industrial supply chains, because it



Y. He et al. / Emergency Supply Chain Management Based on Rough Set — House of Quality

is essential that they provide fast, efficient, economic and
environmental protection services?8l. Emergency supply
chain management research models are based on the in-
put of several management indicators. First, the manage-
ment index dimension is reduced using a rough set based
on a rough set attribute reduction algorithm, which re-
duces the influence of the subjective factors, streamlines
the index system and determines the streamline index
weights. The house of quality model is then used to as-
sess and rank the key indicators, allowing for better fo-
cused emergency supply chain management. This rank-
ing of the key indicators can provide a valuable reference
for emergency supply chain management optimization
and quality emergency services. The model is shown in
Fig. 1.

2.3 Index system construction

Emergency supply chain management research is ne-
cessary to identify the importance of the many factors
that influence efficiency and effectiveness and to determ-
ine the key factors for management optimization. There-
fore, the establishment of an index system is an import-
ant precondition for emergency supply chain manage-
ment. Research results from data and supply chain man-
agement evaluation systems were used(293l for an in-
depth analysis of emergency supply chain demand based
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on systematic and important principles and a combina-
tion of qualitative and quantitative elements to establish
the index system[2.. Then, considering the characteristics,
influencing factors and actual emergency situations of the
emergency supply chain, a subsystem is constructed. This
subsystem includes six elements: production, purchase,
transportation, storage, use and recovery. It covers eight-
een emergency supply chain management indicators/33l.
The selection of emergency supply chain management in-
dex is as follows:

1) Due to the uncertainty, timeliness and lagging
characteristics of emergency supplies, government should
be able to effectively integrate emergency resources when
the emergencies take place. Partners can dynamically col-
laborate with them to ensure suppliers' timely delivery[34.
It also requires the firm to possess a strong strain ability,
quick response ability, emergency production capacity
and punctual delivery capability. Therefore, following in-
dicators are selected: Emergency material supply rate,
emergency product development and improvement abil-
ity, emergency production flexibility, emergency pur-
chase agreement rate, material purchasing time flexibility,
guaranteed ability of the agreement enterprise.

2) If the emergency material is not available in the be-
ginning, it may lose its value or cannot be used effect-
ively. This is a requirement on transportation link.

T" Original index set

input
" {Construction of emergency|  |Index data collection
. . . Index data
supply chain management| .| and simulation .
. . preprocessing
index system design
._Rough Index weight Management index Establishment of decision
©oset calculation reduction .| tgble for rpanagement
information system
l Reduction index
set output
G G C,
e
EC, EC, EC, Index. feature set
l l l mput
UR, —t Identify user Establish the Determine the
needs in the evaluation index importance of the Final emergency
: UR, —| emergency supply self-correlation final indicator supply chain
: House : chain matrix characteristics management index
Coof UR l l and its sorted output
: quality
: . . Importance
: DeFermme the Establish p] ing of C>C>>C,
weight of user [ ™| relationship —
. emergency supply
demand matrix L
chain index
Fig.1 Emergency supply chain management RS-HOQ based model
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What's more, efficient operation of the emergency supply
chain transport link means is that the emergency sup-
plies can be delivered quickly and smoothly. Therefore,
the following indicators should be concerned: timeliness of
materials delivery, emergency supply chain node material
throughput efficiency, transport route planning capabil-
ity, damaged traffic network reopened rate.

3) Unexpected events are uncertain about the quant-
ity, location and type of the demand for emergency sup-
plies. Some emergency supplies such as blood and vac-
cine may not be replaced and the government reserves
are needed to play their roleB’l. In addition, the supply
side of emergency supply chain is pluralistic and dis-
orderly. If the material is not integrated and transported
directly to the disaster area, this will cause the waste of
materials, the low efficiency of distribution and the confu-
sion of management. Therefore, the management of gov-
ernment reserve ratio, storage material wastage rate and
storage management and big data level is very important.

4) The demand for emergency supplies in the disaster
area is dynamic. In order to reduce waste and save man-
power, material and financial resources, strengthen the
utilization of resources and the protection of the environ-
mentB6l, the decision-makers should pay attention to the
factors such as emergency material utilization rate and
emergency materials repair and replacement ratio. In ad-
dition, there are many factors which are easily ignored by
the traditional emergency supply chain management,
such as return product damage degree, recovery cost, and
hazardous waste safe transportation capacity. The index
system model is shown in Fig. 2.

3 Theoretical foundation

3.1 Evaluation index selection and man-
agement analysis based on Rough sets

The index system model considers many influential
emergency supply chain management factors. To quickly
identify the most important indicators and to eliminate
the non-critical indicators, Rough set theory is used to
deal with the uncertain information to reduce the index
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set in the above model. To reduce the complexity of the
indicators, HOQ is used.

Rough set theory is a data mining tool first proposed
by the polish mathematician, Pawlak, in 1982B7. It has
been consequently used for quantitative analyses and the
processing of fuzzy, inconsistent or incomplete informa-
tion to unearth the hidden knowledge in the information
and to find suitable rules. Rough set theory takes the in-
formation system as the research object and is based on a
classification mechanism. It starts with the observation
data from a given problem, after which an approximate
classification is determined by reducing the knowledge
based on the equivalence relations in a certain space,
which constitutes the division of the space. Attribute de-
pendency and importance principles are then applied to
reduce index redundancies, with the attribute index im-
portance after the reduction being the index weight. Fi-
nally, an effective attribute set reduction is realized. As
Rough set theory only uses the data set provided by the
problem itself, it is more objective when seeking to de-
scribe and deal with a problem/[38].

3.1.1 Management index pretreatment

1) Index data standardization

As the dimensions and orders of magnitude of the
data differ, the index data is not comparable, leading to
calculation errors. To avoid this problem, the data needs
to be standardized before data processing. The general in-
dex includes a benefit index, in which a larger value is
considered better (see Fig.2, Ci1, Csg, etc.) and a cost in-
dex, in which a smaller value is better (see Fig.2, Clia,
Cs2, etc.). This paper used an extreme value and (1) to
standardize the original index data to [0, 1].

Tij; — minx;
. )
max r; — minx;
— J J
Yij = N (1)
maxx; — Tij

. )
max r; — minz;

In (1), x;; represents the data value corresponding to
the item j-th index in the i-th material reserve library
and maxz; and minz; are the maximum and minimum
values of the index data within the scope. (D represents
the benefit index, @ represents the cost index.
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Emergency supply chain management index system model




Y. He et al. / Emergency Supply Chain Management Based on Rough Set — House of Quality 301

2) Index data discretization

The characteristics of rough sets mean that they are
only able to deal with discrete data. However, in the
emergency supply chain management index information
system, there are both discrete and continuous type in-
dexes. To ensure that the index system is consistent, data
discretization of the continuous index is required. There
are many index data discretization methods that can be
used such as equal width discretization, equal frequency
discretization, information entropy, hyper plane method
and othersi39. In this paper, based on the properties and
characteristics of the management index, the continuous
condition attributes in the sample data were processed
using equal width discretization. The segmentation point
was defined using (2). In (2), “1” represents unimportant
and “2” represents important.

L 0< <05 o)
Hii =92, 0.5 < pij < 1.

3.1.2 Rough set theory analysis

1) Management information system

Set the number of emergency supply chain manage-
ment indicators as n. After the pretreatment of the in-
dex data, establish the emergency supply chain manage-
ment information system: S = (U, A, V, F)0 in which U
is the discourse domain.

In this paper, U is a finite non empty set of objects
composed of T relief material reserves. U = {z1, 22,23,

-,x¢} and A is an object attribute set made up of fi-
nite non null attributes related to n management indicat-
ors. A={a1,a2, - ,an},A=CUD,CND=g. Cis an
index attribute set, D is a set of decision attributes, V is
the range of index attribute A, so F:UxA—V is a
management information function. f (z;,a) € V,,Vz; € U,
Va € A defines the data value for each disaster relief ma-
terial reserve z; under management index al4!l.

The management information system can be construc-
ted as a two dimensional index information decision ta-
ble, from which the resolution matrix can be determined.
As the resolution matrix is a n order square matrix on
the main diagonal symmetry, the upper (lower) triangu-
lar matrix is considered in the computation.

2) Non distinguishable relations

In management information system S, the definition
for each index attribute subset B C A is a non-distin-
guishable relation ind(B) : ind(B) = {(z,y) € UxU |Vb €
A, f(z,b) = j(y,b)}. This binary equivalent non-resolu-
tion relation ind(B),B C A constitutes a division of U,
denoted as U /ind(B).

3) Lower and upper approximation

For the non-distinguishable relation ind(B), the lower
approximation of set X when X C U is defined as B(X) =
U{Y €U/ind(B)|Y C X }. The upper approximation is
defined as B(X)=U{Y € U/ind(B)|[Y N X # @ }.

On this basis, the positive region for set X is defined

as Posp(X) = B(X) and the negative region is defined as
Negy(X) =U — B(X), with the boundary region being
Bnp(X) = B(X) — B(X)H2],

4) Rough set index reduction

Let B be a family of equivalence relations, and b€ B, if

ind(B) = ind(B — {b}). (3)

That is, when removing equivalence relation b, its
non-distinguishable relation remains unchanged, so b is
the redundant attribute of B, and needs to be reduced.
On the contrary, b in B is a necessary indicator. This is
the main basis for judging whether an emergency supply
chain index is important. If Vb € B is necessary for B,
then B is independent, otherwise B is dependent. If
E C B, E is independent, ind(F) = ind(B), then E is a
reduction of B. The intersection of all reductions of B
constitutes the kernel of B: core(B).

5) Importance and weight

To determine the importance of the P indicators after
screening in the management information system S, the
definition for the importance of the index attribute D for
Cis

card(Posc(D)) — card(Pos{Cic]}(D))

Ke; = card(U) @

If K., is larger, this indicates that the attribute for C;
is more significant to the emergency supply chain de-
cision attribute. If K.; = 0, then the index has little influ-
ence on the management decisions in the emergency sup-
ply chain. Therefore, it can be reduced from a condition-
al attribute set C and is not given a weight. In the for-
mula, card(*) represents the number of elements in the
collection *.

The weight of the index attribute Cj is

ch

=5
ZKCJ
j=1

) (j:1727"'7p)' (5)

We;

3.2 Emergency supply chain management
optimization model based on HOQ

The quality function deployment3 (QFD) takes the
customer or market demand as the starting point, and
then, using a series of graphics, the enterprise product
quality evaluation method can be used to fully meet cus-
tomer requirements, improve customer satisfaction and
reduce production costs. The HOQ demand conversion
method and QFD matrix structure tools are the core of
QFD. To date, HOQ has been widely used in the manu-
facturing and software industryl4 and has not been
widely applied to emergency supply chains. In this paper,
however, the HOQ is applied to the emergency supply

@ Springer



302 International Journal of Automation and Computing 16(3), June 2019

chain in combination with the rough set reduction index
system. The emergency supply chain management HOQ
model is established from five aspects: Emergency supply
chain demand, the extraction of the characteristics for the
management index, determining the self-correlation mat-
rix for the index characteristics, and determining a rela-
tionship matrix between each management index, cus-
tomer demand and the house of quality construction. The
model is shown in Fig. 3.

XXOX_ Self-correlation

matrix
OXx < %
User demand  [Relative weigh] 7,| v,| 7 [ -+ [V, | Importance of
User demand UR, w, [e) A indicators

User demand UR, w,
User demand UR, /8 N O

Relation matrix

ZA(e)

User demand UR, w, O

Fig.3 Basic model for the emergency supply chain manage-
ment HOQ

The ultimate goal of this model is to use the HOQ
tool to assist in the evaluation of the emergency supply
chain factors to identify the associations and conflicts.
Management and control of the critical factors in the
emergency supply chain are strengthened and optimized
as the target values, so that overall user satisfaction is
optimized. The selected high satisfaction evaluation indic-
ators are ranked from high to low to focus the emergency
supply chain management and control the object optimiz-
ationl43],

3.2.1 Parameter symbol description

Set user requirements (UR) in the HOQ as m, and
there are m engineering characteristics (EC) after the re-
duction of the management indicators.

The HOQ model parameters are described as follows:

1) UR;: the emergency supply chain related to the
end-user's i-th need (i = 1,2, -, n).

ECj: the characteristics of the j-th emergency supply
chain management index after reduction (5 =1,2,---,m).

2) R: the relationship matrix between emergency sup-
ply chain end-user requirements and the management in-
dex characteristics, which is the main part of the HOQ
model.

R;j: the correlation coefficient between the i-th end-
user demand UR; and the j-th process evaluation index
EC; in relationship matrix R;;.

3) P: the self-correlation matrix for the index charac-
teristic.
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Py the self-correlation coefficient between EC) and
ECy.

4) W: the relative weight vector for user demand UR.

Wi: the relative weight for the user demand in the i-th
emergency supply chain, for which, 0 < W; < 1,37 |

5) V*: the absolute weight vector for the management
index characteristic EC}.

V;": the absolute weight value for EC; .

6) V " the absolute weight vector for the modified
management index characteristic ECj.

V;': the absolute weight for the modified EC;.

7) V- the relative weight vector for management in-
dex characteristic EC}.

Vj: the relative weight for EC}.
3.2.2 User demand UR and its weight determination

To build the left wall of the HOQ, first determine the
emergency supply chain user demand UR, and then,
based on this determination, use the expert scoring meth-
od to calculate the user demand weight vector
(W1, Wa, -+, Wy). The i-th weight for user demand W; is
the ratio of the i-th user’s demand score and the sum
total of each user's demand:

_ _UR
Z UR;
i=1

3.2.3 Establish relation matrix
The relationship matrix shows the correlations

W; (6)

between user demand UR and the evaluation index char-
acteristic EC. The relative degrees in a relation matrix
are generally defined as: O: strong correlation, o: medi-
um correlation, /\: weak correlation, Blank: no correla-
tion. According to the strong and weak relationship mat-
rix; when the relationship between UR; and EC; is
strong, the correlation is r;; = 9; when the relationship
between UR; and ECj is medium, the correlation is r;; =
3; when the relationship between UR; and EC; is weak,
the correlation is r;; = 1; and when there is no relation-
ship between UR; and ECj, ri; = 0.

3.2.4 Establish the evaluation index self-correlation

matrix

The management index is the foundation for the es-
tablishment of the self-correlation matrix. The self-correl-
ation matrix shows the correlation and influence of each
evaluation index on emergency supply chain manage-
ment. The self-correlation relationship between the in-
dexes can influence the HOQ model as it represents the
HOQ roof. The correlation for the self-correlation matrix
P is generally defined as: ©: positive correlation, X: neg-
ative correlation, Blank: uncorrelated.

When j = k, EC; with its own degree of correlation is
the largest, so p;; = 1. The self-correlation matrix is a set
of symmetric matrices, pjx = prj. When j # k, if EC; and
EC} are independent, then pj, = 0. If the relationship
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between EC; and EC} is positively correlated, then pj, > 0,
and if the relationship between EC; and ECj}, is negat-
ively correlated, then pj, < 0.
3.2.5 Determination of the importance weights for
management index EC

Based on the relative weight W obtained from UR and
the relationship matrix R, the absolute weight vector V*
for management index characteristic EC can be determ-
ined[46]:

V*=R"W. (7)

To obtain the absolute weight value v,0 for EC}:
v*j = Zwihj, _7 = 1,2,---m.
=1

As the self-correlation between the EC index charac-
teristics affects the EC weight, the weight calculations
should be modified to eliminate any influences, so that
the absolute weight vector v’ for the modified EC can be
determined:

V' =PV = PV, (8)

Calculate the relative weight V for the emergency sup-
ply chain evaluation index characteristics EC, which are
the management indicators’ importance degrees.

Based on these extracted importance degrees, the
emergency supply chain management indicators are
ranked from large to small:

/

7OS’UJS1,Z‘/]:].,]:1,2,7’TL (9)

= m
’ =1
. J
DILE
j=1

Vj

3.3 Emergency supply chain process man-
agement research steps

Step 1. Establish the index system (Fig.2).

Step 2. Data were collected and example was de-
signed for the article.

Step 3. The data of the example are standardized
and discretized.

Step 4. Establish a decision table for the domain re-
lated to the relief material reserve decision information.
The emergency supply chain index system is used as the
attribute set for the decision table. To improve the cor-
responding attribute value, the data is processed, and the
emergency supply chain management information system
decision table is established.

Step 5. The index is reduced using the RS attribute
reduction principle.

Step 6. Determine the indicator and weight import-
ance.

Step 7. Establish a new index system after simplifica-
tion.

Step 8. Determine the HOQ user needs and determ-
ine the weight.

Step 9. Establish the user demand UR relationship
matrix and the management index EC. Establish the EC
self-correlation matrix and construct the emergency sup-
ply chain management house of quality (Fig.3).

Step 10. Determine the weight of the index charac-
teristics.

Step 11. Determine the management index character-
istic importance ranking, from which the final emergency
supply chain key management indicators are extracted.

4 Numerical experiments

4.1 Study of a regional situation and an ex-
ample design

After the “5/12” Wenchuan earthquake disaster, the
Sichuan Province relief materials supply was inadequate
and the materials distribution was slow and poorly ex-
ecuted, causing significant difficulties in the emergency
response. Because of these difficulties, Sichuan Province
developed a “Master plan for restoration and reconstruc-
tion after the Wenchuan earthquake” to ensure that there
was an adequate disaster emergency relief materials re-
serve system from “distribution” to the “network”. At
present, Sichuan Province has built a central disaster re-
lief material supply center. It has established twenty mu-
nicipal level and 146 county level relief supplies reserve
centers. Sichuan Province has also built nearly 800 vil-
lage level relief supply reserves centers in natural dis-
aster prone villages and remote towns[7.

This article assumes a sudden earthquake disaster in
Ganluo County, Liangshan Yi Autonomous Prefecture in
Sichuan Province which would require a great deal of dis-
aster relief personnel and suppliesis]. However, there are
serious shortages in the Ganluo County relief material
storage supplies. Surrounding Ganluo County, there are
ten large municipal relief material storage facilities to
provide the supplies needed for rescues, medical needs,
sustenance and other relief supplies in case of a Ganluo
disaster. These ten relief materials storage are in Ya'an
(180.2km traveling distance), Leshan (193.2km), Meishan
(300.1km), Zigong (305.9km), Liangshan Yi Autonom-
ous Prefecture (245.8km), Panzhihua (438.6km), Yibin
(332.3km), Luzhou (420.4km), Neijiang (445.3km) and
Ziyang (390km). These ten relief materials reserve banks
are taken in this case study as the research focus for the
emergency disaster relief supply chain management abil-
ity evaluation. The data in this paper was taken from
Sichuan government website and related documents,
emergency relief news reports, logistics industry data-
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bases and books, previous research data, and from hypo-
thesis and simulation49. The data is shown in Table 1.

4.2 Data processing and establishment de-
cision table

Using (1) and Table 1, the data was processed, stand-
ardized and normalized for discrete processing, after
which discretization was conducted. Formula (2) was
then used to define the segmentation points to finally de-
termine the discretization width.

Ten relief materials storage areas were selected as the
research objects with the domain U, U : x5, (i = 1,2, - - -, 10).
Each first-class management indicator Cj, (i = 1,2, -+, 6)
represented the ¢-th process in the emergency supply
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chain, and Cj,(i=1,2,---,6, 7=1,2,3,4) was the
second-class index attribute corresponding to each level's
indicator. Decision attribute set D indicated the import-
ance degree of the supply chain management indicators
for the selection of the reserves. D = {1, 2} = {Unimportant,
important}. From the standardization of the data table
and the discrete processing, the management information

system decision table was established, as shown in Table 2.
4.3 Rough set attribute reduction

Based on Table 2, (3) and (4) were used to reduce the
attributes in the decision table and calculate the equival-
ence classes for the decision attributes and the condition
attributes:

Table 1 Original data for Sichuan Province Ganluo County emergency relief supply chain management evaluation

Index Production sub-system C Purchasing sub-system C> Distribution sub-system Cs5
Emergency Emergency Emergency Emergency Material ~ Guaranteed Timeliness Emergency  Transport Damaged
material  product production purchase purchasing ability of the of supply chain route traffic

Emergenc supply rate development and flexibility agreement time agreement materials node material planning network
matergial v (%) improvement rate (%)  flexibility enterprise (Ten delivery throughput capability reopened
reserve center ability (Ten point (Ten point point system) (%) efficiency (Ten point  rate (%)
system) system) system)
Cn Ci2 Cis Can Ca Cas Cs Cs2 Cs3 Cs4

Ya'an 85.00 5.80 0.60 88.00 7.40 6.50 84.32 76.00 9.00 88.00

Leshan 83.00 4.70 0.75 79.00 9.00 4.00 68.00 73.00 8.70 74.00
Meishan 89.00 6.90 0.62 87.00 7.00 6.20 78.00 80.00 7.00 80.00
Zigong 83.00 4.70 0.66 93.00 8.10 4.70 75.00 69.30 7.50 61.00
Liangshan 77.00 3.60 0.70 90.00 8.10 5.00 73.00 65.00 8.00 66.00
Panzhihua 84.00 6.00 0.60 87.00 7.20 6.00 73.00 75.00 5.80 75.00
Yibin 82.00 4.70 0.55 88.00 8.00 4.00 75.00 80.00 7.00 75.00
Luzhou 79.00 3.30 0.70 79.00 7.00 5.80 80.61 72.00 5.50 70.00
Neijiang 77.00 4.50 0.60 88.00 7.10 4.40 66.00 82.00 5.50 75.00
Ziyang 80.00 3.30 0.67 80.00 8.00 6.30 77.00 73.00 6.00 70.00

Index Storage sub-system Cy Use sub-system C' Recovery sub-system Cs

Government Storage Storage Emergency Emergency The return of Recovery Hazardous waste safe
Emereenc reserve ratio material ~management and material materials repair  goods damage cost (Ten transportation
mateﬁal o (%) wastage big data level (Ten utilization  and replacement degree (Ten point thousand capacity (Ten point
reserve center rate (%)  point system) rate (%) ratio (%) system) Yuan)  system)
Cu Cyz Cus Cs: Cs2 Ce1 Ce2 Cos
Ya'an 51.00 0.032 5.50 81.00 11.00 4.00 68.00 9.00
Leshan 36.00 0.010 3.80 88.00 8.00 5.00 55.00 9.20
Meishan 47.00 0.023 5.80 77.00 5.00 3.00 80.00 9.00
Zigong 38.00 0.018 4.70 92.00 9.00 6.00 80.00 9.20
Liangshan 38.00 0.012 3.80 89.00 10.00 2.00 85.00 10.00
Panzhihua 47.00 0.027 5.50 77.00 12.00 4.00 75.00 8.30
Yibin 40.00 0.011 4.00 78.00 18.00 4.00 100.00 8.00
Luzhou 46.00 0.010 6.00 70.00 18.00 4.00 125.00 10.00
Neijiang 42.00 0.020 5.00 75.00 20.00 5.00 125.00 8.50
Ziyang 49.00 0.030 6.00 70.00 20.00 7.00 100.00 9.80
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Table 2 Discrete emergency supply chain management index data decision table

C (Conditional attribute)

U D
(Domain) G C2 Cs e Cs Cs (De.01s1on
attributes)
Cii Ci2 Cig Cor Cor Oy Cs1 Cs Csz Can Cy Ci Cu Cs1 Cs2 Ce1 Cs2  Cos
T 2 2 1 2 1 2 2 2 2 2 1 2 1 2 2 2 1 2
T2 1 1 2 1 2 1 1 1 2 1 2 1 2 2 1 2 2 1
T3 2 2 1 2 1 2 2 2 1 2 1 2 1 2 2 2 1 1
T4 1 1 2 2 2 1 1 1 2 1 2 1 2 2 1 2 2 2
T5 1 1 2 2 2 1 1 1 2 1 2 1 2 2 2 2 2 1
6 2 2 1 2 1 2 1 2 1 2 1 2 1 2 2 2 1 2
x7 1 1 1 2 1 1 1 2 1 1 2 1 1 1 2 1 1 2
g 1 1 2 1 1 2 2 1 1 2 2 2 1 1 1 1 2 2
T9 1 1 1 2 1 1 1 2 1 1 2 2 1 1 2 1 1 1
Z10 1 1 2 1 1 2 2 1 1 2 1 2 1 1 1 1 2 1

U/ind(D) = {{z1, x4, x6, 7,28} ,
{z2, 3,5, 79,710} }

U/ind(C) ={{z1},{z2}, {zs},{za}, {25},
{we}, {zr} {zs} ., {zo} {710} }.

After the equivalence class was determined, the condi-
tion attributes were removed and the indiscernibility rela-
tionships revealed:

U/ind(C — Ci1) = {{x1},{w2}, {x3}, {za}, {5},
{we} {@7}, {zs}, {zo}, {z10}}

U/ind(C — Cs1) = {{x1},{z2}, {xs,z6},{za},
{zs}, {7}, {zs}, {wo}, {z10}}

U/ind(C — Ce3) = {{z1}, {22}, {3}, {wa}, {25} ,
{we}, {z7}, {zs}, {wo}, {z10}}-

The positive regions for C, C — Ci1, C — Ciz2,---,
C — Cg3 for D were then computed:

Posc(D) = {{z1}, {2}, {zs}, {za}, {25},

{we} {xr} {zs}  {zo}, {z10}}
Posic—cy,31(D) = {{za}, {z2}, {zs}, {za}, {25},

{ze} ., {z7}, {xs}, {zo}} = Posc(D)

Posic_cyy(D) = {{z1}, {22}, {wa}, {25},
{z7},{zs}, {20}, {z10}} # Posc(D)

Posgc-ces} (D) = {{zn}, {w2} {zs} {za}, {25},
{zo} {zr} {zs}  {zo}} = Posc (D).

From the results of the above reduction, it can be seen
that the emergency purchase agreement rate (Cai), ma-
terials delivery timeliness (Cs1), transport route planning
capability (Css), storage material wastage rate (Cjy2), stor-
age management and big data level (Cy3), the return of
goods damage degree (Cs1) were the important indicators

in the emergency supply chain management, so were in-
cluded in the management index system. From these res-
ults, a new streamlined emergency supply chain manage-
ment index system was developed:

C'= {Ca1, C31, Cs3, Ca2, Caz, Ce1}.

4.4 Importance degree and index weight
calculation

Based on C| the importance degree for each index was
calculated using (4):

card(Posc(D))—card(Pos{c—c,,1(D)) 10—8
K021: == :02
card(U) 10

In the same way, Kcy, =Kegs =Koy =Keyy =Keg, =0.2.

Formula (5) was used to deal with the importance de-
gree of the index, from which the objective weight for
each index was obtained:

K., 2
Weyy =i =92 167 =

p 1.2
>,
j=1

Wegzy = Wezz = Weygy = Weyz = Wegy -

From the above weight results, it can be seen that the
emergency purchase agreement rate, materials delivery
timeliness, transport route planning capability, storage
materials wastage rate, storage management and big data
level and the return of goods damage degree all had an
important influence on the emergency supply chain man-
agement. However, as the RS method can be easily af-
fected by inadequate sample selection, based on the ob-
jective weight index results, the HOQ model was used to
further optimize the index system.
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4.5 HOQ customer demand and its weight
determination

The emergency supply chain user demand is different
from general customer demand as it is not aimed at a cer-
tain product, but refers to the overall requirements of the
emergency supply chain, so is the demand for products
and services at each emergency supply chain link. User
demand is related not only to the emergency supplies, but
also to the overall emergency rescue and relief operations,
so is a measure of the quality of the emergency supply
chain management. Therefore, the user needs UR are to
be determined from the overall emergency supply chain
perspective. Similarly, the user needs of the survey ob-
ject include multiple emergency event participants. In
general, relevant experts were consulted to determine the
emergency event participation subjects to obtain the
emergency supply chain user demand. To determine the
emergency supply chain management HOQ model for
user demand, document analysis and expert investiga-
tions were conducted. The user demand importance was
also determined based on expert evaluation. Five experts
in the setll 5 were consulted to determine the integer
scale range for each UR grade. Using (6), the relative
weight of user demand W; was calculated. The UR evalu-
ation results and weights are shown in Table 3.
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4.6 Establish relationship matrix and self-
correlation matrix

From the new emergency supply chain process man-
agement index system, the evaluation index characterist-
ics were determined as: emergency purchase agreement
rate, timeliness of materials delivery, transport route
planning capability, storage material wastage rate, stor-
age management and big data level and return of goods
damage degree. To reduce uncertainty, a comprehensive
evaluation by a group of experts was conducted to de-
termine the self-correlation relationships between the EC
index characteristics. For the Py assignment, the mean
value of the expert opinion was taken to determine the
self-correlation matrix P. According to the degree of cor-
relation between UR and EC in the 0-1-3-9 sequence for
the R;; assignment, the mean was taken to develop the
relationship matrix R, from which the HOQ model was
established, as shown in Table 4.

4.7 Determination of the importance de-
gree for the index characteristics

Based on the obtained W and R, (7) was used to de-
rive the absolute weight vector V™*:

66 38 66 16 O 4.280

54 7.8 54 32 0 gggz 4.826

. ot |42 9 9 62 0 ' | 6.257

VISRW=1"9 0 04 66 42 |* 8?31 = | 1875

3 0 54 9 38 0.118 4.239

0 06 02 2 5 ' 1.150

Formula (8) was used to modify the V" to get v":

1 0.78 0.62 0 0.5 0 4.280 14.043
0.78 1 0.84 —0.1 0.54 0 4.826 15.522
;o « | 062 0.84 1 0 0.2 0.14 6.257 | | 13.973
Vi=PV = 0 -0.1 0 1 —-0.44 0.68 1 o1sts | T 0.309
05 054 02 -—-044 1 —0.46 4.239 8.882
0 0 0.14 0.68 —0.46 1 1.150 1.351

Table 3 Emergency supply chain HOQ user demand and weights table

Demand decomposition

The final customer demand UR

Evaluation result

Mean Demand

Expert A Expert B Expert C Expert D Expert E value weight Wi

Emergency supply Time-sensitive
chain HOQ user

Emergency response speed UR1

demand High transportation reliability UR>
Adaptability Strong coordination ability UR3
High management level URy
Economical Cost-effective and environment
efficiency friendly URs

5 4 4 5 4 4.4 0.237
4 4 5 3 3 3.8 0.204
5 4 5 4 5 4.6 0.247
3 3 4 5 3 3.6 0.194
2 3 3 1 2 2.2 0.118
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Table 4 Emergency supply chain management house of quality

EC, EC; EC3 ECy ECs ECs

EC, 1 0.78 0.62 0 0.5 0
EC> 0.78 1 0.84 -0.1 0.54 0
EC3 0.62 0.84 1 0 0.2 0.14
ECy 0 -0.1 0 1 044 0.68
ECs 0.5 054 02 -044 1 -0.46
ECs 0 0 0.14 0.68 -0.46 1

Relative weight 0.260 0.287 0.258 0.006 0.164 0.025

URy 0.237 6.6 54 4.2 0 3 0
UR; 0.204 3.8 7.8 9 0 0 0.6
UR3 0.247 6.6 5.4 9 0.4 5.4 0.2
UR4 0.194 1.6 32 62 6.6 9 2
UR; 0.118 0 0 0 42 3.8 5

Using (9), the relative weight of EC was calculated to
determine the importance degree of V':

v ={v1, V2, V3, V4, V5, 06} =
{0.260,0.287,0.258, 0.006, 0.164,0.025} .

The importance ranking of v; was ve > v1 > vz > vs >
ve > v4. The ranking results indicated that timeliness of
materials delivery, emergency purchase agreement rate
and transport route planning capability were the most
important in the emergency supply chain management in-
dex system, while storage management and big data level,
the return of goods damage degree and the storage mater-
ial wastage rate were somewhat less important; however,
all these should be considered to further strengthen the
emergency supply chain management.

5 Conclusions

By determining the critical impact factors in emer-
gency supply chain management, an index system and
model were established based on an RS-HOQ method.
First, the RS theory was applied to eliminate the less im-
portant management indicators so as to determine a
streamlined index importance degree, after which HOQ
theory was applied. The fuzzy emergency supply chain
user demand was transformed into controllable supply
chain user demand factors. Combined with these refined
simplified emergency supply chain management indicat-
ors, a relationship matrix was established to determine
the final importance degrees for the management index.
Finally, from the importance ranking results, the critical
emergency supply chain management direction was ob-
tained. It was found that management needs to increase
the speed of emergency supply deliveries and improve
emergency purchase and transport route planning capa-
city efficiency to ensure efficient and timely rescue and

meet the supply chain needs in the disaster areas. It was
further found that the emergency supply chain manage-
ment needs to harness big data technology to improve
storage management and reduce the degree of damage in
recycling materials so that the emergency relief is scientif-
ic, efficient and effectively addressing environmental pro-
tection requirements. A simulation and analysis using a
case example proved the model was feasible, applicable
and effective.

The developed Rough set — house of quality model
provides a theoretical method for emergency supply chain
management balance contradictions and conflicts to bet-
ter meet emergency supply chain logistics service de-
mands, carry out rescue and relief work, improve user
satisfaction, assist management personnel to more effect-
ively optimize the supply chain process and improve the
management level. At the same time, this research on
emergency supply chain management can add to supply
chain management theories.
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