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a b s t r a c t

Emergency decision-making is still an important issue of unconventional emergency
events management. Although many studies are developed on this topic, they remain polit-
ical and qualitative, and it is difficult to make them operational in practice. Therefore, this
article considers a fuzzy rough set over two universes model and approach for solving such
a difficulty. As is well known, an exact and scientific emergency material demand predic-
tion can make a quick and efficient emergency rescue and realize the optimal effect. Con-
sidering the main characteristics of emergency decision-making with insufficient risk
identification, incomplete and inaccuracy of available information and uncertainty of deci-
sion-making environment, the fuzzy rough set theory over two universes is used to emer-
gency material demand prediction. We propose a model and approach to emergency
material demand prediction, i.e., the fuzzy rough set model of emergency material demand
prediction over two universes. We present decision rules and computing methods for the
proposed model by using the risk decision-making principle of classical operational
research. Finally, the validity of the approach and the applied process of the proposed
model is tested by a numerical example with the background of earthquake emergency
material demand forecasting.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

Unconventional emergency events usually bring great negative impacts on economy and society, cause damage on casu-
alties and property, bring destructions on ecological environment and human living environments, have adverse impacts on
social order and public safety, and even raise social and political instability. Moreover, due to the change and influence of
multiple factors, the type, occurrence probability and influence the degree of unconventional emergency events is increasing.
According to an incomplete statistics, unconventional emergency events caused 5% of the total economic loss of GDP in China
every year [1]. So, how to make the damages induced by unconventional emergency events as minimum as possible becomes
a necessity. Therefore, emergency management and decision-making of unconventional emergency events have become a
new flourishing research field in past years with frequent catastrophic events around the world. Recently, emergency
management and decision-making of unconventional emergency events have been extensively studied and many valuable
studies have been established [2–7].

The demand of emergency materials refers to the minimum guarantee requirements for effective response to unconven-
tional emergency events. The so-called effective response refers that the response on unconventional emergency events
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should be efficient, and it also refers that the emergency materials should be used with high efficiency while the minimum
guarantee requirements refer that the smallest demands are needed when unconventional emergency events are success-
fully solved [8]. It is easy to know that an optimal decision-making for emergency materials demand includes the type of
demanded materials and quantities of every different demanded materials, etc.

In general, the decision-maker subjectively decides whether the quantity, quality and type of emergency materials are
rational and can meet the requirements of emergency in the management practice of unconventional emergency events.
Meanwhile, due to the particular characteristic of emergency decision-making, the effect of cost is smaller than that of time
effect. So, the existing methods could easily cause the irrational demand of emergency materials and then cause groundless
waste of numerous materials. Therefore, a scientific and objective prediction method is sorely needed to achieve the predic-
tion on the demand of emergency materials for unconventional emergency events.

As is well known, uncertainty of occurrence time, insufficiency of available information and the limited recourses are
most of the features of unconventional emergency events. Furthermore, emergency decision-making is very irregular and
non-programed. Therefore, the first key step of emergency management is how to make a scientific and exact prediction
of the needed materials for unconventional emergency events under the condition of uncertainty time and inaccuracy infor-
mation. Broadly speaking, one of the direct costs could be the delay in the opportunity of emergency rescue which causes
greater losses when needed materials are insufficient.

There are many studies about emergency materials demand prediction in recent years. Also, many useful models and ap-
proaches have been established by different scholars. We briefly review the literature as follows: Nie [9] gives a series of
relationship expressions about quantitatively and quickly determining demand for relief materials. Furthermore, he points
out that relief needs after the earthquake are related to the region coefficient of the earthquake area, climate factors, local
resident population of the total number of homeless by the earthquake, total number of casualties caused by the earthquake
and some other factors. Zhang [10] studies armed police force military emergency material demand forecasting and the find-
ing shows that the quantity of military emergency material demand is associated with the number of combatants and length
of war time. He also points out that using statistical principles and methods can help construct functional relationship be-
tween the quantity needed and the above factors. Lin [11] summarizes the current situation of emergency traffic evaluation
demand predict of both the domestic and overseas and puts forward the emergency traffic demand curve prediction function
based on the S-curves. Liao [12] analyzes the vulnerability of various types of buildings and various types of building casu-
alties proportion. He also proposes the forecast method of the number of direct casualties based on different moments of the
earthquake. Cao and Zhang [13,14] research emergency material storage and demand predict. They divide demand into dif-
ferent priorities according to its level of emergency material and make predictive analysis one by one. As it is analyzed in
reference [15], such above researches on emergency material demand prediction are all afterward analysis. In fact, it would
be more valuable for the emergency decision-making that predicts and stores a reasonable number of emergency materials
in advance in order to carry out effective emergency rescue in practice. Guo and Zhou [16] uses the BP neural network algo-
rithm to predict casualties after a disaster, and then gives estimation of the demand for emergency material based on knowl-
edge of inventory management. Fu and Chen [17] proposes a case-based reasoning emergency material demand prediction
model. As it is known, case-based reasoning is essentially an intuitive way of thinking and the fundamental principle lies in
similar problems having similar solutions. Therefore, the idea of the model in Ref. [17] is calculated by selecting a close de-
gree of similarity with the existing cases in the target case to determine the corresponding demand of a new occurred event.
From the perspective of inventory management, Meng [18] applies BP neural network algorithm to emergency material
inventory prediction problem in coal enterprisers. Zhang and Xu [19] establish a model of multiple linear regression-
case-based reasoning to forecast the demand of various types of emergency materials in the target case. In order to inves-
tigate temporal relationships between the demands for key resources in the emergency department (ED) and the inpatient
hospital, and to develop multivariate forecasting models Spencer et al. [20] present a multivariate time series approach to
modeling and forecasting demand in the emergency department. Based on relief demand forecasting, Sheu [21] presents
a hybrid fuzzy clustering-optimization approach to the operation of emergency logistics co-distribution responding to the
emergency relief demands in the crucial rescue period. Furthermore, he presents a dynamic relief-demand management
model for emergency logistics operations under imperfect information conditions in large-scale natural disasters [22]. Mean-
while, several methods for emergency material prediction have been established by using the traditional case-based reason-
ing and its generalization forms [8,23–25].

As for emergency decision-making of unconventional emergency events, one of the main characteristics is incomplete
and inaccuracy of available data information. For example, an earthquake cannot be predicted accurately in advance and
if it could destroy the technical equipment which are used for collection and transmission of the disaster information of
the earthquakes. That is, the decision-makers cannot obtain accurate information about the earthquake for online emergency
decision-making. Thus, the basic characteristics of the disaster areas are described by incomplete and inaccurate informa-
tion. So, it is an uncertainty decision-making with the characteristics of urgent time and inaccuracy information for uncon-
ventional emergency events. Considering the above facts, this paper combines fuzzy set theory [26] and rough set theory
[27] and applies these two theories to emergency material demand prediction of unconventional emergency events. We
try to give a new perspective and method to solve the emergency material demand prediction decision-making. By the the-
ory of fuzzy rough set over two universes, a quantitative description of the emergency material demand prediction problem
is presented under the framework of rough set theory over two universes. Then we establish a new emergency material de-
mand prediction model on the basis of fuzzy rough set over two universes. Also, the decision rules of emergency material
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demand prediction based on fuzzy rough set over two universes are established by using the idea of risk decision-making.
Based on the related degree between a new occurred emergency event and the characteristic factors of the existing events,
the basic demand of a new occurred emergency event can be obtained by calculating the lower and upper approximations of
a fuzzy decision objection with respect to fuzzy approximation space over two universes. Finally, an optimal decision-making
can be given by combining the real-time scenario judgment of experts and decision-makers.

Comparing previous studies of approaches to emergency material demand prediction, this paper makes the following
main contributions:

(1) Some existing approaches to emergency material demand prediction need large-scale data with the same probability
distribution [19–21,23]. However, it is impossible to obtain large-scale data for decision-making since the available
information is incomplete and inaccuracy is one of the most significant characteristics of an unconventional emer-
gency events. That is, it cannot obtain precise and large-scale data in the urgent and limited time after the occurrence
of unconventional emergency events. The method based on fuzzy rough set over two universes can deal with incom-
plete and inaccurate information smoothly. So, it could provide a more adaptable approach to solve this problem by
using fuzzy rough set over two universes.

(2) As is well known, there are mainly two steps in the method of case-based reasoning for emergency material demand
prediction: the cases characteristic of description and the similarity in the degree of computing between the existing
cases in target set and new events [8,19,24,25]. So, the optimal decision-making will be greatly dependent on the def-
inition of the similarity degree. Then it will make an inconsistent decision-making when using a different similarity
degree. That is, the optimal decision-making could have a poor robustness. Though there is also a need to describe
the characteristics of an emergency event firstly in the proposed method of this paper, there is not any uncertainty
in the second process when computing the lower and upper approximations of a fuzzy decision objection with respect
to fuzzy approximation space over two universes.

(3) Though rough set theory is a useful mathematical tool for describing and modeling incomplete and insufficient infor-
mation and also has been widely applied in many management science fields such as uncertainty decision-making,
comprehensive evaluation with fuzzy information, etc. few efforts focus on the studies of emergency decision-making
of unconventional emergency events. Actually, the superiority of rough set theory and fuzzy set theory is to deal with
incomplete and inaccurate information and discover the potential useful decision rules. Form these points of view, this
paper makes a new perspective to study the emergency decision-making of unconventional emergency events by
using fuzzy rough set over two universes.

The paper is organized as follows. Section 2 briefly introduces Pawlak rough set theory and the rough set model over two
universes. Section 3 establishes fuzzy rough set theory over two universes and also discusses some properties for this model
in detail. In Section 4, we present the emergency material demand prediction model by using the fuzzy rough set theory over
two universes. We give the basic descriptive of the decision problem of the emergency material demand prediction and then
show the process of the model building. Furthermore, we also give the decision rules for the emergency material demand
prediction based on fuzzy rough set over two universes. Meanwhile, we establish the algorithm for the established predic-
tion model. In Section 5, we study an example of the emergency material demand prediction of an earthquake by using the
decision model established in this paper and the validity of the methods and conclusions also are tested by this example. At
last we conclude our research and set further research directions in Section 6.

2. Preliminaries

In this section, we outline some basic concepts in fuzzy set theory and some rough set models, such as Pawlaks rough set
model [27] and rough set model on two universes [28–31].

2.1. Fuzzy set

Let U be a non-empty finite universe, for any A # U, we introduce a characteristic function AðxÞ as follows:

AðxÞ ¼ 1AðxÞ ¼
1; x 2 A

0; x R A:

�

The characteristic function AðxÞ is a mapping from U to f0;1g. Then any characteristic function on universe U determines a
classical subset of U. That is,

A ¼ fx 2 UjAðxÞ ¼ 1g:

In following, we present the concept of fuzzy set by using the definition of classical crisp set.

Definition 2.1 ([26,32]). Let U be a non-empty finite universe. a fuzzy set of universe U is defined by the mapping

Að�Þ : U ! ½0;1�;
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where the AðxÞ denotes the membership of the element xðx 2 UÞ with the fuzzy set A.
It can be easily seen that the classical crisp set is a special case of fuzzy set. Let FðUÞ stand for all fuzzy subsets of

universe U.

2.2. Pawlak’s rough set model

In this section, we briefly review the concept of rough set theory [27,31].
Let U be a universe of discourse, for any binary relation R on U, we call R an equivalence relation on U, if.

(1) R is reflexive if for all x 2 U; xRx;
(2) R is symmetric if for all x; y 2 U; xRy implies yRx;
(3) R is transitive if for all x; y; z 2 U; xRy and yRz implies xRz.

An equivalence relation is a reflexive, symmetric and transitive relation. The equivalence relation R partitions U into
disjoint subsets (or equivalence classes). Let U=R denote the family of all equivalence classes of R. For every object
x 2 U, let ½x�R denote the equivalence class of relation R that contains element x, called the equivalence class of x under
relation R.

Based on the definition of equivalence relation R over the universe U. We present the Pawlak’s rough set model as follows.

Definition 2.2. Let U be non-empty finite universe and R an equivalence relation on U. We call ðU;RÞ the Pawlak
approximation space. For any X # U, we can describe X by a pair of lower and upper approximations defined as
follows:

RðXÞ ¼ fx 2 Uj½x�R # Xg ¼ [f½x�Rj½x�R # Xg,
RðXÞ ¼ fx 2 Uj½x�R \ X – ;g ¼ [f½x�Rj½x�R \ X – ;g.
RðXÞ is called the lower approximation of X, which is the union of all the equivalence classes which contain in X, and RðXÞ

is called the upper approximation of X, which is the union of all equivalence classes which have non-empty intersection with
X. Then ðRðXÞ;RðXÞÞ is called the rough sets of X about the Pawlak approximation space ðU;RÞ.

Pawlak rough set can effectively model and process intelligent systems characterized by insufficient and incomplete
information. Using the concepts of lower and upper approximations in rough set theory, knowledge hidden in information
systems may be unraveled and expressed in the form of decision rules. However, the possible two or more different uni-
verses and their interrelationship may invalidate the current rough set theory in many application areas such as medical
diagnosis, fault analysis and pattern recognition. So, the theory of rough set over two universes was proposed by Yao
et al. [28,33] based on the classical Pawlak rough set.

2.3. Rough set model over two universes

Next, we shall review some basic concepts and properties of the rough set model on two universes. Detailed description of
the model can be found in [28,33–35].

Definition 2.3 ([28,33]). Let U and V be two universes, and R be a binary relation from U to V, i.e. a subset of U � V . R is said
to be compatibility, or a compatibility relation, if for any u 2 U; v 2 V; there exist t 2 V ; s 2 U such that ðu; tÞ; ðs; vÞ 2 R.

Definition 2.4 ([28,33]). Let U and V be two universes, and R be a compatibility relation from U to V. The mapping
F : U ! 2V ;u # fv 2 V jðu;vÞ 2 Rg is called the mapping induced by R.

Obviously, the above-defined binary relation R can uniquely determine the mapping F, and vice versa. Then the rough set
over two universes is defined as follows:

Let U and V be two universes, and R be a compatibility relation from U to V. The ordered triple ðU;V ;RÞ is called a (two-
universe) approximation space. The lower and upper approximations of Y # V are, respectively, defined as follows [28,33]:

aprðYÞ ¼ fx 2 UjFðxÞ# Yg;
aprðYÞ ¼ fx 2 UjFðxÞ \ Y – ;g.
The ordered set-pair ðaprðYÞ; aprðYÞÞ is called a generalized rough set, and the ordered operator-pair ðapr; aprÞ is an inter-

val structure.
Particularly, Y is called definable with ðU;V ;RÞ if aprðYÞ ¼ aprðYÞ. Otherwise, Y is indefinable set. Meanwhile, the model

presented by Definition 2.4 is called rough set over two universes.

3. Fuzzy rough set over two universes

As mentioned earlier, due to the need of decision-making of management science in reality, similar to the research on the
single universe, fuzzy rough set over two universe has been studied by many scholars in past years. In this section, we only
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present the definition of fuzzy rough set over two universes and also give a brief introduction of some properties of this mod-
el used in the following sections.

Firstly, we give the definition of fuzzy binary relation over two universes [34,36,37].

Definition 3.1. We call fuzzy subset R 2 FðU � VÞ the binary fuzzy relation from U to V. Rðx; yÞ is called the related degree
between elements x and y, where ðx; yÞ 2 U � V . Particularly, for any x 2 U, R is called serial fuzzy binary relation from U to V
if there exists element y 2 V and satisfies Rðx; yÞ ¼ 1.

By the fuzzy binary relation, we give the definition of fuzzy rough set over two universes, it is consistent with the defi-
nition in reference [34,35].

Let U;V be two non-empty finite universes. R be binary fuzzy relation from U to V. The triple set ðU;V ;RÞ is called fuzzy
approximation space over two universes. For any fuzzy set A 2 FðVÞ, the lower approximation RðAÞ and upper approximation
RðAÞ of A with respect to ðU;V ;RÞ, are two fuzzy subsets of universe U, respectively. For any x 2 U, the membership function
can be calculated as follows:

RðAÞðxÞ ¼
V

y2V ½ð1� Rðx; yÞÞ _ AðyÞ�;x 2 U,
RðAÞðxÞ ¼

W
y2V ½Rðx; yÞ ^ AðyÞ�; x 2 U.

The ordered set-pair ðRðAÞ;RðAÞÞ is called fuzzy rough set over two universes when RðAÞðxÞ – RðAÞðxÞ for any x 2 U.
In general, the lower and upper approximations will be degenerated into the following forms when both U and V are infi-

nite sets.
RðAÞðxÞ ¼ infy2V ½ð1� Rðx; yÞÞ _ AðyÞ�;x 2 U,
RðAÞðxÞ ¼ supy2V ½Rðx; yÞ ^ AðyÞ�; x 2 U.
Like on the single universe, the lower and upper approximation operators pair RðAÞ and RðAÞ also have some similar prop-

erties. For a detailed reading can refer to Refs. [33–35].
However, the binary fuzzy relation R defined on two universes U and V has not the same properties on single universe. So,

the relationship RðAÞ# A # RðAÞ holds for fuzzy rough set on single universe but it could not satisfy over two universes. Then
we have the following conclusions.

Theorem 3.1. Let ðU;V ;RÞ be fuzzy approximation space over two universes. For any A 2 FðVÞ, the following relations hold if R is a
serial fuzzy binary relation.

(1) Rð;Þ ¼ ;;RðVÞ ¼ U;
(2) RðAÞ# RðAÞ, for any A 2 FðVÞ:

Proof. It can be easily verified as the same way of Refs. [38,39].
Similar to Theorem 3.1, there are other interesting properties and results about fuzzy rough set over two universes which

are different with the model on single universe. In this paper, we focus on the application of the idea and the model of fuzzy
rough set over two universes and not discuss the theory in detail. h

4. The model and approach of emergency material demand prediction

Although there is not a matured theory and methodology about the research on emergency material demand prediction
of unconventional emergency events, many models and approaches for emergency material demand prediction have been
proposed by scholars recently. However, the existing researches have common assumptions that there could be a similar
quantity demanded for the emergency material when there are similar emergency types, similar occurring environment
and the same processing approach. The main differences of the existing researches are the theory tool and the process of
the constructed models [8,19–21,23–25]. Based on the existing researches for emergency material demand prediction of
unconventional emergency events, we will present a new approach to this decision-making problem by combining the fuzzy
rough set theory over two universes with the risk decision-making principle of classical operational research. That is, a fuzzy
rough set over two universes approach to emergency material demand prediction of unconventional emergency events, the
main idea of our model and approach can be summarized in three steps as follows:

Firstly, we select the characteristic factors for the same type unconventional emergency events such as earthquake and
hurricane, etc (i.e., the target set). Then we present a quantitative description for the characteristic factors which could be
expressed by a qualitative language or symbol values. So, there are fuzzy sets of the quantitative description for the quali-
tative language (symbol values) of the characteristic factors of the same type unconventional emergency events.

Secondly, we present a fuzzy representation for new occurred unconventional emergency events with the characteristic
factors which were expressed by a qualitative language according to available incomplete and inaccuracy information. That
is, the fuzzy membership degree of a new occurred unconventional emergency events about every characteristic factor.

Finally, we construct a fuzzy approximation space of emergency material demand prediction under the framework of two
universes. Then we compute the fuzzy rough lower and upper approximations of the fuzzy membership degree of the new
occurred unconventional emergency events. So, we obtain two new fuzzy sets over the target set. That is, the maximum and
minimum related degree of the new occurred unconventional emergency events with the target set. So, we can obtain the
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optimal decision rules by using the principle of risk decision-making in operational research based on the values of maxi-
mum and minimum related degrees.

As is well known, the predict result with the proposed method is only a basis of the decision-making for decision-makers.
Then the demanded quantity of the new occurred unconventional emergency events will be given with a minor adjustment
of the predict result according to the real-time judgement of experts and decision-makers for the scenario.

4.1. The model

By the above description of decision-making process for emergency material demand prediction of unconventional emer-
gency events, we give the model of emergency material demand predict by using fuzzy rough set over two universes. It can
be easily be seen that there are two kinds of objections related to the emergency material demand prediction. That is, the
characteristic factors set of unconventional emergency events and the set of occurred unconventional emergency events
(i.e., the target set). These two sets are different but they have intrinsic relationships between the characteristic factors
set of unconventional emergency events and the target set. So, it can discuss the emergency material demand prediction
by using the fuzzy rough set over two universes.

In the following, we present the steps of emergency material demand prediction model under the framework of two uni-
verses in detail.

(1) Suppose U ¼ fx1; x2; . . . ; xmg be a set with m same type unconventional emergency events such as earthquake and
hurricane, etc., which has occurred and has been handled successfully. V ¼ fy1; y2; . . . ; yng is a set with n characteristic
factors of this kind of unconventional emergency events. Let R 2 FðU � VÞ be a binary fuzzy relation between universes
U and V, i.e., Rðxi; yjÞði ¼ 1;2; . . . ;m; j ¼ 1;2; . . . ;nÞ reflects the related degree between unconventional emergency
events xi and the characteristic factor yj. That is, the fuzzy membership degree of unconventional emergency events
xi belongs to characteristic factor yj.
Suppose A be a new occurred unconventional emergency events, as aforementioned, the decision-maker only can
present a fuzzy description for A about the characteristic factors V since there is incomplete and inaccurate available
information in limited time after the unconventional emergency occurred. So, A is a fuzzy set on universe V, i.e.,
A 2 FðVÞ.
Then we obtain the fuzzy decision information system ðU;V ;R;AÞ of emergency material demand prediction over two
universes for unconventional emergency events. We call ðU;V ;R;AÞ the emergency material demand prediction deci-
sion information system.

(2) Calculating the lower approximation RðAÞ and upper approximation RðAÞ of fuzzy set AðA 2 FðVÞÞ about emergency
material demand prediction decision information system ðU;V ;R;AÞ. Obviously, the lower and upper approximations
of the fuzzy set A are two fuzzy sets of universes U according to the definition of fuzzy rough set over two universes.
In general, if for any unconventional emergency events xiðxi 2 UÞ, there exists characteristic factor yjðyj 2 VÞ satisfying
the relationship Rðxi; yjÞ ¼ 1. Then the relationship RðAÞ# RðAÞ holds for any xi 2 U by Theorem 3.1 in Section 3:

(3) By the steps (1) and (2), we present the decision rules for emergency material demand prediction of unconventional
emergency events based on fuzzy rough set over two universes as follows:

Denote

T1 ¼ fijmax
xi2U
fRðAÞðxiÞgg;

T2 ¼ fjjmax
xj2U
fRðAÞðxjÞgg;

T3 ¼ fkjmax
xk2U
fRðAÞðxkÞ þ RðAÞðxkÞgg:

Actually, the above three index sets come from the risk decision-making principle of classical operational research. We
can present the explantation for the above three index sets according to definitions as follows:

T1 is the max�min decision criterion and T2 is the max�max decision criterion of risk decision-making.
T3 is the weighted decision criterion of T1 and T2 with the weighted value 1

2 of risk decision-making.
By the above index sets, the optimal decision rules can be expressed as follows:

(1) If T1 \ T2 \ T3 – ;, then xiði 2 T1 \ T2 \ T3Þ has the maximum similarity degree with unconventional emergency
events A. So, the demanded quantity of xi is the basic demand quantity of A.

(2) If T1 \ T2 \ T3 ¼ ;, then there are two cases:
Case 1: T1 \ T2 – ;, then xiði 2 T1 \ T2Þ has the maximum similarity degree with unconventional emergency events A.
So, the demanded quantity of xi is the basic demand quantity of A.
Case 2: T1 \ T2 ¼ ;, then xiði 2 T3Þ has the maximum similarity degree with unconventional emergency events A. So,
the demanded quantity of xi is the basic demand quantity of A.
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(3) If Rðxi; yjÞ ¼ 1 does not hold for any xi 2 U and yj 2 V , then xjðj 2 T2Þ has the maximum similarity degree with uncon-
ventional emergency events A. So, the demanded quantity of xj is the basic demand quantity of A.

Actually, the decision rule will degenerate into the existing methods based on fuzzy rough set theory over two universes
proposed by Liu [26] while Rðxi; yjÞ ¼ 1.

Remark 1. For the rule 1Þ and 2Þ, if T1 \ T2 ¼£, then the following relations

(1) T1 \ T3 – £ or
(2) T2 \ T3 – £

is not hold since there is Rðxi; yjÞ ¼ 1 for any xi 2 U and yj 2 V .
Therefore, the rules are reasonable and feasibility.

Remark 2. In general, if both of index sets T1 \ T2 \ T3 and T3 are not single-point set, anyone can be taken.

As mentioned in Section 3, there only is a basic demanded quantity of a new occurred unconventional emergency events
A by using the above decision rules with the model established in this section. Though there is the most similarity of degree
between the new occurred unconventional emergency events A and the existing unconventional emergency events
xiðxi 2 UÞ, it could not be completely consistent to xiðxi 2 UÞ. So, the decision-makers will adjust the demanded quantity
based on xiðxi 2 UÞ according to the real scenarios of unconventional emergency events. Then the optimal prediction result
can be given by using the proposed method.

4.2. Algorithm for emergency material demand prediction model

In this section, we present an algorithm for the emergency material demand prediction model based on fuzzy rough set
over two universes as follows:

Input Emergency material demand prediction decision information system ðU;V ;R;AÞ.
Output The unconventional emergency events with maximum similarity degree.
Step 1 Computing lower approximation RðAÞ and upper approximation RðAÞ of fuzzy subset A of universe V about fuzzy

approximation space over two universes ðU;V ;RÞ;
Step 2 Computing index set T1; T2 and T3;
Step 3 Computing T1 \ T2 \ T3 and T1 \ T2 and then present the decision according to the decision rules given in

Section 4.1.

5. An illustrate example

In this section, we will show the basic principle and steps of the model of emergency material demand prediction for
unconventional emergency events by using a numerical example with the background of an earthquake disaster.

Suppose U ¼ fx1; x2; x3; x4g four occurred and handled earthquake emergency events. Where every earthquake emergency
event contains the information of the emergency material demand which includes the demanded quantity, quality and
structure, etc. Furthermore, we suppose the way of response to every occurred earthquake events. Let V ¼ fy1; y2; y3;

y4; y5g be five characteristic factors reflecting the earthquake real-time scenario. Where y1 stands for Magnitude Size of
Earthquake, y2 stands for Earthquake Duration, y3 stands for Earthquake Affected Range, y4 stands for Population Density of
Earthquake Area and y5 stands for Economics Condition of Earthquake Area.

Meanwhile, the data of the degree of correlation (fuzzy membership degree, i.e., Rðxi; yjÞ) between four earthquake emer-
gency events and five characteristic factors can be shown in Table 1.

Broadly speaking, the characteristic factor of an earthquake emergency events can be seen as profitable index, which
means the bigger the value of it is, the more notable the characteristic, and vice versa.

Supposing that A is a new occurred earthquake emergency events. It can obtain the quantitative description of A with the
characteristic factors set V according to the available real-time information by the judgement of experts and decision-makers.
As the aforementioned, the available real-time information is incomplete, uncertain and inaccurate since limited time and
technologies. So, A is a fuzzy set on universe of V.

Table 1
Correlation degree between xi and yj .

U n V y1 y2 y3 y4 y5

x1 1 0.8 0.3 0.9 0.6
x2 0.6 0.3 0.8 1 0.4
x3 0.4 0.6 0.5 1 0.8
x4 1 0.5 0.6 0.3 0.7
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Suppose the value of fuzzy membership degree of a new occurred earthquake emergency events A as follows:

A ¼ 0:6
y1
þ 0:5

y2
þ 0:3

y3
þ 0:7

y4
þ 0:2

y5
:

By the definition of the lower and upper approximations of fuzzy rough set over two universes, we can calculate the lower
and upper approximations of A about fuzzy approximation space over two universes ðU;V ;RÞ as follows, respectively.

RðAÞ ¼ 0:4
x1
þ 0:3

x2
þ 0:2

x3
þ 0:3

x4
;

RðAÞ ¼ 0:7
x1
þ 0:7

x2
þ 0:7

x3
þ 0:6

x4
:

It can be easily verified that both of the conditions (1) and (2) of Theorem 3.1 are satisfied by using the data given in Ta-
ble 1. So, we have the following results according to the established model in Section 4.1.

T1 ¼ f1g; T2 ¼ f1;2;3g; T3 ¼ f1g:

Then there is T1 \ T2 \ T3 ¼ f1g– ;.
According to the decision rules given in Section 4.1, it can be easily known that the new occurred earthquake A has the

maximum similarity degree with x1. Therefore, the quantity of the material demand of x1 is the basic demand of emergency
rescue for earthquake A.

Then, according to the real-time scenarios and the judgement of experts and decision-makers, the outcome of the predic-
tion for earthquake A can be obtained with a minor adjustment of the quantity of material demand of x1. It includes the de-
manded quantity, quality structure, etc.

So, the earthquake emergency material demand prediction problem is solved by using the fuzzy rough set model over two
universes.

6. Conclusions and remarks

Prediction, as a scientific theory and approach to exploring future activities and having a thousand-year history, can sci-
entifically instruct and assist people to make plans for future development and cope with emergency decision-making of
unconventional emergency events occurring in the future. As is well known, the emergency decision-making of unconven-
tional emergency events is confronted with insufficient information and limited time and the height of a psychological pres-
sure for decision-makers. So, a scientific decision-making approach will play an important role to deal with unconventional
emergency events. This paper provides a new model and approach to emergency material demand prediction by using fuzzy
rough set theory over two universes for unconventional emergency events. We firstly describe the problem of emergency
material demand prediction under the framework of rough set theory over two universes. Then we build the fuzzy rough
set model over two universes for emergency material demand prediction of unconventional emergency events. Furthermore,
we give application steps and algorithm for the proposed model in detail. Meanwhile, we use an illustrate example of earth-
quake emergency material demand prediction to show the principle and steps of the model and test the validity of the ap-
proach. The main contributions of this paper are twofold. One is to overcome the limitations of the existing approaches such
as case-based reasoning [8,24,25], fuzzy markov chain [23] multiple linear regression [19], etc. Another is to present a new
tool and approach to deal with the emergency decision-making of unconventional emergency events. This paper can be re-
garded as a valuable exploration to study the emergency decision-making of unconventional emergency events by using the
rough set theory over two universes.

It could not be an absolute optimal decision-making for a management science problems in reality, as well as for the
emergency decision-making of unconventional emergency events. Meanwhile, due to the difference in theoretical basis
and processing methods, there still lacks an evaluation criterion strictly to assess decision results based on various theoret-
ical tools. Actually, the choice of predict methods can play the key role of the optimal prediction results. In general, taking
different approaches may have roughly the same consequence, or may get different consequences in the same condition. This
mainly depends on the subjective experience of decision-makers to judge and choose prediction method. The method of fuz-
zy rough set over two universes to make emergency material demand prediction proposed in this paper is an initial attempt
to applying the theory of fuzzy rough set for emergency decision-making. For this reason, on the one hand, other different
forecasting methods can be constructed based on the theory of rough set in future research; on the other hand, how to
improve the forecasting model by combining the other matured theory and methodology can also be a worthy studying
direction.
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