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Abstract This paper proposes a collaborative group decision model for internet public opinion emergency with
interval-valued index involved multiple decision-makers. By using the proposed emergency decision model the
optimal weight of each individual and collaborative index of emergency can be determined. Finally, the
comprehensive crisis of each emergency can be calculated by integrating the individual severity with the
collaborative severity. According to the ranking of crisis the emergency department can make effective decision
scheme to deal with all the internet public opinion emergencies.
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1. Introduction

Recently, the complicated internet public opinion, social
emotion and attitude have triggered many unconventional
emergencies. This type of internet public opinion emergency
greatly impairs the harmony and stability of society [1,2].
It is urgent to make some effective decision mechanisms
to deal with Internet Public Opinion Emergency (IPOE).

Due to time pressure and incomplete expert experience,
it is very difficult to collect the accurate public opinion
information or precise index data for [IPOE in emergency
decision situation. Generally, in the uncertain emergency
decision environment the emergency experts usually
employ interval values [3,4] or interval linguistic terms
[5,6] to evaluate the indicators of internet public opinion
emergency. Although many scholars have put forward
some decision models for unconventional emergencies
[7,8,9], they are not suitable for dealing with uncertain
emergency decision problems. In uncertain emergency
decision environment, Wu [10] presented a fuzzy
multi-criteria emergency decision-making method, Zhang
[11] recently proposed a hesitant group emergency
decision-making method based on prospect theory, Jing
[12] presented an emergency decision-making method
based on interval preference relations. Tang [13] presented
a uncertain group decision model of extreme flood disaster
emergency.

However, there is few works on interval-valued fuzzy
collaborative decision for internet public opinion
emergency. Since interval-valued fuzzy set [14,15] is very
applicable to assess emergency indexes and interval

linguistic term [16] is suitable to model the vagueness in
public opinion and emergency decision knowledge, this
paper presents a collaborative decision making model for
internet public opinion emergency based on interval value
or linguistic interval value. As we know, internet public
opinion emergency can be assessed by multiple
emergency experts from different emergency sections
[17,18]. And the internet public opinion emergency is
usually evaluated by some uncertain individual indexes
and collaborative indexes. Hence, it is necessary to
integrate all the emergency departments to determine the
interval weights of emergency experts and evaluate the
individual and collaborative severity of internet public
opinion emergency.

Therefore, in this paper we develop an interval fuzzy
collaborative group decision approach regarding all the
individual and collaborative indexes with interval value or
interval linguistic terms. By combining the individual
index and collaborative index of uncertain IPOE, we can
calculate the overall severity of each IPOE and rank the
overall severity of all the internet public opinion
emergencies (IPOEs). Then the related emergency
department can implement the emergency solution and
make effective decision scheme to deal with most severe
internet public opinion emergencies in accordance with
the severity order of IPOEs.

2. Preliminaries

For convenience of analysis, we first introduce some
basic concepts and operators of interval-values and
interval linguistic terms in this section.
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Definition 1 [5] A finite and totally ordered discrete set
S={s;/i=0,1,2,---T} is called an interval linguistic set,

if s; represents an interval linguistic variable corresponding

to an interval value.
In this paper we use 7-scale linguistic terms to express
the interval linguistic set as below.

S0 :AL,SI = VL,S2 =L,S3 ZM,
S =
sy =H,ss =VH,sc = AH ’

each linguistic term in the above interval linguistic set
corresponds to an interval value as listed in Table 1.

Table 1. Linguistic terms for rating the alternatives and index weight

Linguistic term Interval value
Absolutely high (AH) [1,1]

Very high (VH) [0.8,1]

High (H) [0.6,0.8]
Medium (M) [0.4,0.6]

Low (L) [0.2,0.4]

Very low (VL) [0,0.2]
Absolutely low (AL) [0,0]

Definition 2 [4]. @ =[a; ,ap] is named a positive interval
value, if 0<qa; <ap. And the length of this interval is
defined as length(a) =ap —q; .
Definition 3 [14]. Let @ =[a;,ag], b =[b;,bg] be two
positive interval values, some basic operators are defined as

(11 @+b =[a; +b; ,ag +bg],

[2] Aa =[Aa;,Aag],YA 20,

3] @* =[(ay)*.(ag)*1,¥A 20,

[4] axb =[a; -by ,ag -bp].
Definition 4 [5]. Let @ =[a;,ag], b =[b;,bg] be any
two positive interval values, the degree of possibility of
a > b is defined as
bp—ay

P(c_zzg):max{l—max{ = —,
length(a) + length(b)

0},0}.

Definition 5 [5]. Let {a; =[a;,a;z]/i=12,---,q} be a
series of interval values, a preference possibility matrix
P =(p;j)gxg can be constructed by comparing each pair

of interval values as
pjj =P(a; 2a;)
ajr —a;,

= max{l — max { — —
length(a;)+ length(aj )

,0},05,

where  p; €[0,1], p;+pj =1 p;=1/2 for any

l"j :1’2"'.’q M

Definition 6 [5] The ranking vector of all the intervals
based on the preference possibility matrix is defined as
@ = (wl,wz,m,wq) where

1
@; =

q
q ..
- p“+__19 lajzlyza'“sq'
1 q(q_l) Z y 2

y=

From the ranking order of @; one can easily rank all
the candidate intervals.

3. Collaborative Group Decision Model
for Internet Public Opinion Emergency
with Interval Linguistic Assessment Term

In this section, we demonstrate a collaborative decision
model for internet public opinion emergency with
interval linguistic assessment terms for individual and
collaborative decision index. The aim of this paper
focuses on how to obtain the weights of each individual
and collaborative index and evaluate the severity of all the
alternative internet public opinion emergencies (IPOEs)
and select the appropriate decision solution. Suppose
internet safety departments monitor that there are some
possible emergencies £ ={E;, /h=1,2,---,q;q = 2} induced
by internet public opinion. To rank all the severity of
IPOEs regarding all the related emergency sections and
make group decision plan, we should choose / decision
experts from different emergency sections as an emergency
committee {DM,DM,,---,DM;}. Suppose the decision
importance of all emergency decision-makers are equal.

As we know, there are some coevolution between
internet public opinion emergencies. So, each internet
public opinion emergency is not only affected by some
important individual indexes [ ={[;/i=12,---,m} but
also affected by some collaborative decision indexes
C={C;/j=12,--,n} . And all the indexes generally
have different importance degree for different emergency
decision-maker in group collaborative decision process.
Therefore, we assume that the linguistic weight vectors of
individual indexes and collaborative indexes given by k-th
emergency decision-maker DM, from k-th emergency
department are given by Wy = (W, Wy, -, Wy ) and
Vk = (Vlk’VZk"“’Vnk) . where \/_Vik,vjk es.

Suppose the decision-maker DM, evaluates internet public

opinion emergencies regarding all the individual indexes
as the following interval linguistic assessment matrix.

dyik diog ik

_ _ JZ 1k EZZ/( o 672mk
Dy :[dhik]qu = )

where dj; is the interval-valued linguistic assessment
information of internet public opinion emergency E,
regarding the i-th individual index for decision-maker
DM, .

Also, suppose emergency expert DM ; evaluates all the

alternative internet public opinion emergencies regarding
each collaborative indexes as the following interval-
valued linguistic assessment matrix.
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Elljkflzjk...’glqjk
Cik =[Cngjilgxq = C21jk>C22jk "> Cogjik ’
qujk’ELIij .“’qujk
where Cjgi € S is the collaborative linguistic assessment

of internet public opinion emergencies FE; and

E, regarding the j-th collaborative index for decision-maker

DM,. Obviously, it is a symmetric matrix, and
Ehhjk =[L1,h,g=1,2,---,q; ] =1,2,---,m;k =1,2,--- 1.

To cope with the collaborative group decision process
for IPOEs involving multiple individual and collaborative
indexes, we can take the following model procedures.
Stepl. Integrating all the individual index weight wy,
given by DM, (k=12,---,
weight of the i-th individual index as

/) , we calculate the interval

1 _
i ;Zkl lk_7 11+ 2+"'+Wil], (1)

and get the individual index weight vector w = (i, wy,---w,,)
of all the individual indexes of IPOEs.
Aggregate all the emergency decision-maker’s interval

linguistic assessment matrix D :[Jhik]qu into an

overall linguistic assessment matrix D = [d}; where

]q><m s

dp; = Izk ldhlk_%dhi1+ghl'2+“.+d_hil]' @)

Then we can aggregate the individual index decision
matrix with weight vector and get the individual severity
of each internet public opinion emergency Ej as below.

dy = L[ xdpy) + (W xdyy) +-++ (W, xdj, )] (3)

1
m
Step 2. Integrating all the collaborative index weight v

given by DM, one can get the overall collaborative index
weight of the j-th collaborative index as

_1
V= lzklfk_T VT, (4)

and obtain the weight vector v = (v},V,,--¥,) of all the

collaborative indexes of IPOE.
Aggregate all the collaborative emergency assessment

matrix Cj; =[Cjgik ] of j-th collaborative index for
all the k(k=1,2,---,1)
into an overall collaborative emergency assessment
matrix 5 j=

qxq
emergency decision-maker

[Ehgj lgxq regarding j-th collaborative index,

where

- 1 I _ 1= — —

Chgj _YZkzlchgjk _Y[Chgjl +chgj2 +"'+Chgj1], (5)

Then we can calculate the collaborative severity
of IPOE E, regarding £E, by aggregating the
collaborative emergency assessment Chgj with weight

vector 17j below.

= ®)
:%[(Vl ><Ehgl)"‘(‘jz ><Ehg2)+'”+(vn XEhgn)]-

Finally, we calculate the collective collaboration
severity value of each internet public opinion emergency

E, by aggregating all the collaborative severity of
E, with other internet public opinion emergencies
Eg(g:1,2,~--,q) as follows.

q
E :éz lch1+ch2+ +Chq] (7)

»Q

Step 3. Consider all the emergency decision-makers
possibly assign different weight A to individual severity
and 1-Ato collaborative severity for each internet public
opinion emergency £, , we calculate the overall crisis

severity of each IPOE Ej, by combining individual
severity and collaborative severity as

¢, = Ady, +(1- )¢, Vh=1,2,---,q. (8.

Step 4. Compute the crisis preference possibility matrix
P =(ppg)gxq between all the overall crisis interval values

ah (h=12,---
where py, = P(ah > (/;g) is the crisis preference degree of
IPOE E), to E,

,q) of internet public opinion emergencies,

Step 5. We use w; = 2 1| to calculate the

(_sz,,

ranking vector w=(w1,w2,-~-,wq) of all the crisis

,q) of IPOES according to
the crisis preference possibility matrix P =(pje

severity intervals 4’;}1 (h=1,2,--
)qxq'
From the ranking order of @; one can easily rank all the
crisis interval ;Zh of internet public opinion emergency
E,(h=1,2,---,q) according to the ascending order of
@y, (h=12,--

the internet public opinion emergency E;. Thus, the

,q) . The larger is @;, the more severe is

emergency department can dispose of most severe internet
public opinion emergencies according to the ranking
vector in time.

4. INustrative Example

Suppose that security monitoring departments collect
internet public opinions from internet news and
micro-blogs, and find that four internet public opinion
emergencies Ej, E, , E5 E4 will possible take place in

the city. Due to the shortage of urban emergency
personnel and facilities, the most serious internet public
opinion emergency should be disposed firstly to avoid its
evolution to extreme emergency. Therefore, it requires
government to combine some related emergency
departments to make group decision for all the internet
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public opinion emergencies. Now we choose four
emergency experts from different emergency departments
including network supervision department, governmental
administration department, public security department and
medical department as a decision committee to evaluate
the comprehensive crisis of each emergency and make
group decision.

Since the internet public opinion emergencies outbreak
suddenly, it is difficult for the emergency decision experts
to get accurate index data of internet public opinion
emergencies in a short time. Therefore, in order to make
efficient emergency group decision, the emergency
experts often employ some interval linguistic terms to
assess emergency individual indexes including the
attention degree of internet sentiment (/) , the tendency of

public topic opinion (7, ), the diffusion rate of event (/3) ,
and the economic damage degree of emergency (/). The

above uncertain linguistic term assessment can be easily
expressed by some interval values as listed in Table 1.
Also we consider the regional similarity (¢;), the source
similarity of internet public sentiment (c,) , and the
coordinated evolution of event derivatives (c3) as
collaborative indexes of internet public opinion
emergency. Assume that the index weight information of
individual index and collaborative index assigned by four

emergency experts from different emergency sections are
listed in the following Table 2.

Table 2. Interval linguistic weight information of individual index
and collaborative indexes

Table 4. Linguistic assessment of collaborative emergency index for
DM1

Collaborative | Emergency Emergency events
index events El E2 E3 E4
El AH M VL L
i E2 M AH M VL
E3 H H AH M
E4 VL M M AH
El AH L M H
o E2 L AH H VL
E3 H M AH L
E4 M H M AH
El AH H L L
3 E2 H AH AL M
E3 M L AH M
E4 L H M AH

Table S. Linguistic assessment of collaborative emergency index for
DM2

.. Emergency events
Collaborative index Emergency events El B2 B E4
El AH M H L
cl E2 VH | AH M VL
E3 H L AH L
E4 VL M VH | AH
El AH | VL M VH
© E2 VL | AH | VH L
E3 M M AH L
E4 L VH M AH
El AH H L VL
c3 E2 VH | AH | VL M
E3 L M AH M
E4 VL | VH M AH

Individual index Collaborative index

Decision-maker

Table 6. Linguistic assessment of collaborative emergency index for
DM3

12 13 14 |Cl C2 C3 C4 — Emergency events
DM1 AH | VH H M | VH H | VH | VH Collaborative index Emergency events B 2 B i
DM2 H M VH | VH | AH | VH H H
DM3 VH|VH| M [ H [ H [AH|[VH]| H El AH | M | VH | M
DM4 VH M H AH | AH H H VH i E2 M AH AL VH
E3 VH AL AH L
Below we also list the interval linguistic assessment E4 L | MH | H | AH
information of individual indexes and collaborative El AH | AL | H | VL
indexes of internet public opinion emergencies for each E2 AL | AH | va | L
emergency decision-maker in Table 3 - Table 7. c2 E3 H | vE | AH | L
Table 3. Li isti t inf ti f individual index f E4 AL H M AH
aple 3. Inguistic assessment iniormation ot individual index ior El AH H M VL
IPOE
— — E2 H AH M VH
Linguistic assessment for individual C3
Decision-maker | CTSTESNCY index of emergency events E3 M H | AH | H
events 1 2 3 4 E4 VL L H AH
El M VH M H
E2 AL H M VH Table 7. Linguistic assessment of collaborative emergency index for
DM1 DM4
E3 L M AH H
E4 VL L H M Collaborative | Emergency Emergency events
El L VH L M index events El E2 E3 E4
D2 I T VI O BT P T
E3 M VH H M Cl
A L 0 M VH E3 VL H AH H
E4 M H VH AH
El L AH H M El AH H VH L
DM3 E2 H VH L H o E2 H AH L VL
E3 L H VH H E3 VH L AH M
E4 H M H L E4 M VL VH AH
El M L VH H El AH H VH AL
DM4 E2 L M H VH c3 E2 H AH H L
E3 H VH M L E3 VH H AH M
E4 VH L AH M E4 M VL VVH AH
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To make group decision according to the assessed
individual and collaborative indexes of IPOEs, we first
transfer the linguistic assessment terms in above Table 2 —
Table 7 to the corresponding interval values as in Tablel.
According to Table 2 and formula (1),

Wi = L[ Wy + W + W3+ W), i=1,2,3,4.
we compute the weight of individual index of IPOE as

w; =[0.8,0.95], w, =[0.6,0.8],
wy =[0.6,0.8], wy =[0.7,0.85].
Based on formula(4), v; =%[17j1 +Vip Vi3 +Vigl,
j=1,2,3, we can calculate the interval weight of each
collaborative index of IPOE as

v =[0.85,0.95], v, =[0.75,0.9], v3 =[0.7,0.9].
Also, by employing formula (2) (3) we calculate the

individual severity Jh of each internet public opinion

emergency Ej, as listed in the following Table 8.

Table 8. Individual interval-valued performance assessment of
emergency

Ep | dy dja dj3 dpg d)

El | 0305] | [07.085] | (0507] | [0507) | 227 55]

E2 | [0.45,0.5] | [0.55,0.75] | [0.3.0.5] | [0.75,0.95] 50523232]
E3 | [0.35,0.55] | [0.65,0.85] | [0.7.0.85] | [0.45,0.65] Q:()sgfss],
E4 | [040.6] |[0350.55] | [0.65,0.8] | [0.45,0.65] (Eoszgg;

By utilizing formula (5) and (6) we can compute the
collaborative severity of the internet public opinion
emergencies as listed in Table 9.

Table 9. Collaborative interval-valued performance assessment of
emergency

Collaboration El E2
El [0.766, 0.9166] [0.28916,0.51916]
E2 [0.32916,0.56583] [0.766,0.9166]
E3 [0.3966, 0.6566] [0.3166,0.54833]
E4 [0.14, 0.35083] [0.345833,0.595833]
Collaboration E3 E4
El [0.3866,0.6425] [0.16833,0.366]
E2 [0.2933,0.5775] [0.1966,0.415]
E3 [0.766,0.9166] [0.266,0.50416]
E4 [0.45166,0.735] [0.766,0.9166]

By using formula (7) one can calculate the overall
collaborative crisis severity of each internet public opinion
emergency as follows.

G =10@1 + 8y + 33 +G4] =[0.4027025,0.611245];
Ty = 1[G+ + 3 + 541 =[0.39645, 0.60375];
T3 =1[03) + 3y + 033 + 8341 =[0.43666, 0.65645];

54 = %[541 +E42 +E43 +E44] = [0426, 06496]

Suppose all the emergency decision-makers assign
weight A =0.6 to individual crisis and 1-4 =0.4
to collaborative crisis, by using formula (8) we can
aggregate the individual crisis and collaborative crisis to
get the overall crisis of each internet public opinion
emergency £, (h=1,2,3,4) as below.

&, = Ad, +(1-2)c;, = 0.6d), +0.4¢;, h =1,2,3,4.

& =[0.35758,0.591], §, =[0.36783,0.583125],

¢; =[0.385414,0.62783], ¢, =[0.35565,0.590215].

Thus, we compute the following crisis preference
possibility matrix between the overall crisis intervals

¢,(h=1,2,---,4) of all the IPOEs below.
0.5  0.4973 0.43200 0.5029

0.5027 0.5 0.43196 0.50566

P= =
(Pt =1 565 056804 0.50 0.5706

0.4971 0.49434 0.4294 0.5

where pj, = P(f, > 8,) . h.g=1,2,3,4.

According to the above crisis preference possibility
matrix we calculate the ranking vector of all the crisis
interval values of internet public opinion emergencies as

o =(@,@,,03,04)
=(0.24435, 0.245027, 0.26722, 0.2434),

where @; = ,i=1,2,3,4.

4(4-1)

4
2 pj+5-l
j=1

From the order of @; one can easily rank all the crisis
interval values gzh(h =1,2,3,4) , then
ranking of all the overall crisis severity of internet public
opinion emergencies as @ = ¢, ~ ¢ =@ according

we get the

to the ascending order of @;. The emergency department
should dispose of the most severe emergency £Ej

according to the above ranking vector. Thus, the top
emergency decision department should deal with all
the IPOEs according to the crisis severity ranking
Ey=FE, ~E ~E4 due to the limited emergency

resources and emergency equipments.

5. Conclusion

This paper proposes a new group decision method for
internet public opinion emergency with interval-valued
linguistic assessments involved multiple emergency decision
experts. By utilizing the proposed collaborative emergency
group decision model we can easily calculate the overall
crisis severity of each IPOE. According to the ranking of
crisis severity, the top emergency department can effectively
handle all the internet public opinion emergencies and
take the corresponding emergency plan to execute
emergency operation in order.
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