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Abstract: Public concern themes of emergency events can provide important reference for emergency decision
making. This paper mines the public concern themes of outsize emergency events to study the emergency
decision-making using social media big data. The themes are fitted into the decision making criteria. This
paper further considers the expressing and fusing the risk preference information of large groups. To solve the
problem, this paper introduces D number theory into unbalanced linguistic environment with risk preference
included and defines unbalanced linguistic D number. Furthermore, this paper designs D number extended
unbalanced linguistic preference relation (D-ALPR). Then, the optimal decision-making alternative is derived
by the unbalanced linguistic D number fusion method. Finally, the event of Tianjin Port explosion is used to
verify the proposed method. The result shows the method is effective and feasible, and can be used to provide

scientific and effective support to emergency decision-making with social media big data.
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Fig. 1 Sigmoid semantic function
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Fig. 2 The risky emergency decision-making framework of large group under the public concern themes
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LD, =LD;; @LD; ®LD,; @LD; ®LD; . (24)

S i = 1,2, p. AR T HE Ry S A R AT & FEPY = (LD} PRI 872
LD, T 14 3.

35 {8 P A 19 5 2 DECRE B A R (12), 445 B P AT U S JE 195 25 DECLD), 4k g S8
T, TEBIERE P, = [ID)] s

S SIESS

T HE AL ER 1 B (w1, wo, - ., w,) THEAT HE MR AR, BIKES5 BRT R R n ANERE PR, = [ID)

il AT
SR, TERIERE P = [IDy] . $oF

ID;; = Y ID}wy, (25)
A=1

U})\y\j‘{ﬁ)ﬂ\UC)\*RE, wy = OH Z wy = 1, A= 1, 2, o, n.
A=1

BB R AT R HER
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Fig.3 The word cloud of “8 * 12” Tianjin explosion keywords corpus
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Table 1 The criteria of emergency decision-making and the corresponding keywords
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Fig. 4 The scatter plot of the risk preference parameters
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Table 2 The result of risk preferences classification

R i R SE RE 01X 18] 02X 18] B Hine 05 65
RSP (0.75,3] [0.1,0.35] 23 1.0592 0.256 2
RGP (0.5,0.75] (0.35,0.42] 27 0.596 7 0.3899
RN (0.42,0.5] (0.42,0.5] 28 0.462 5 0.466 8
RGA (0.35,0.42) (0.5,0.75] 12 0.394 2 0.6359
RSA [0.1,0.35] (0.75,3] 20 0.255 1 1.116 7

SR AN [ R i 47 28 28 (1 % 5K 00 Sl ST WP AR W SE U {1, e, c3, ca b, S HITE B RIBL H T R
Be{ar, 2o, s, fIRIF X R, ERMUFLEHIMESHEE, S = {s},sp,, 0, b A =1,2,... .4 1EE
B RN, ¥ SN ER AR HTE S DR, Hrbe € {SP,GP,N, GA, SA}, Bk k(5 B R3FR.

LA FGESFPAN [ RS (s 17 28 14— S5 M D-ALPRAE

DL XU B i 57 2 70 N B B RN 15, TR 4 28T Wk 5% 2, o T M ep %5 B Wk SR s BOALDE, Y =
{(5.2,1.0)}, LDEN = {(52,0.9)}, LD3, N = {(51,0.9), (55,0.1)}, HHPLDL VAR B E. B8 HA
R (17)~ AR A L — BUE R ERID-ALPRIEFE PN, A LD N = {(s5_1,0.81), (5_5,0.09)}, A

1 1 1 1y _ _
¢, = — (84, + 5, +51,,) = —(5_2+ 82+ 51) = —51 = 5_1,
1 .1 1 1 _ _
Uy = Vjp X Vyg X vy = 1.0 x 0.9 x 0.9 = 0.81,
2 _ 1 1 2 _ _ _
57, = _(5t12 + 5, + 5t34) = —(5_2+ Sa+ 83) = =Sy = S_o,

v =iy X vy X v3, = 1.0 x 0.9 x 0.1 = 0.09.
FHEAIALDIN, LDLN. e, RIAHR(16)A BLD N = LD, N = {(ss, 1.0)}, LD, N, LD N,
LD N, LD N, LDE Narsk i, bk, 2T ey, B8 RN 10— SBHED-ALPR YA P2 N R A

{(s0,1.0)} {(s_2,1.0)} {(50,0.9)} {(51,0.81), (s2,0.09)}
{(52,0.9)} {(s0,1.0)} {(52,0.9)} {(s3,0.81), (s4,0.09)}
{(50,0.9)} {(5_2,0.9)} {(s0,1.0)} {(51,0.9), (s2,0.1)}

{(5-1,0,81), (5_5,0.00)} {(5_5,0.81), (54, 0.09)} {(5_1,0.9), (5_5,0.1)}  {(s0,1.0)}
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BEAL B I —BUED-ALPRAL M P ST, P O, PO N, P CA, P SA IS B, A = 1,2,..., 4.
SEES HEE ST R XU 4 2R AL SR 718 5 4R,
ficHE Fe2eh 105 505, FIF 30 (Q23) M) 2 S AN [ RS e 1 S B4 ) SCAR I 018 5 BR U, 45 R AN RAFT /R,
IS AR AR (R i AL R X AR« SAL” 15 SCRR AL thR4. BISE H, X U5 P IR IF) — 185 AR 1E, KU i 72
JERTBIR ) 1R S B O AR SUARL, FLid o 336 280 58 Oy 1 .
£3 TRABSIFIEESDERERLS

Table 3 The decision information for the large group in the form of unbalanced linguistic D number

c1 c2 c3 C4
LD}, = {(G,05),(VG,0.4)} LD2, ={(SP,0.9)} LD3, = {(SP,0.8), (P,0.2)} LD%, = {(SP,0.8),(SG,0.2)}
SP  LDi, = {(G,1.0)} LD32; = {(SP,0.5), (P,0.5)} LDg3 = {(SG,0.9)} LD%, = {(SP,0.9)}
LD}, = {(VG,0.8)} LD3, = {(SG,1.0)} ={(G,1.0)} LD%, = {(SP,1.0)}
LD}, = {(SG,0.6),(G,0.4)} LD3%, = {(P,1.0)} LDm ={(VP,0.9), (P,0.1)} LD}, ={(SG,1.0)}
GP LDi, ={(G,1.0)} LDZ, = {(SP,1.0)} LD3, = {(G,0.9)} LD3, = {(SP,1.0)}
LD}, = {(SG,0.9)} LD3, = {(SG,1.0)} LD3, = {(SG,1.0)} LD{, = {(8G,0.9)}
LD1, = {(SG,0.9)} LD%, = {(P,0.6),(SP,0.4)} LD3, = {(P,1.0)} LD%, = {(SG,0.9)}
N LD, ={(G,1.0)} LDZ, = {(P,0.9)} LD3, = {(G,0.9)} LD3, = {(SP,0.7), (SG,0.3)}
LD}, = {(G,0.7),(VG,0.2)} LDZ, = {(G,1.0)} LD3, = {(SG,0.9),(G,0.1)} LD%, ={(SP,1.0)}
LD}, = {(SG,1.0)} LD?, = {(SP,0.9),(P,0.1)} LD3, = {(VP,1.0)} LD%, = {(SP,0.7),(SG,0.3)}
GA LDi; ={(SG,1.0)} LD%, = {(SP,1.0)} LD3; = {(SG,0.6),(G,0.4)} LDj3, = {(SP,1.0)}
LD}, = {(G,1.0)} LD3, = {(G,0.9)} LD}, = {(G,1.0)} LD1, = {(SG,1.0)}
LD1, = {(SG,0.9),(G,0.1)} LD2, = {(SP,0.82), (P,0.18)} LD}, = {(P,1.0)} LD}, = {(SP,0.9)}
SA LD, ={(G,1.0)} LDZ, = {(SP,1.0)} LD3, = {(G,0.9)} LD3, = {(SP,0.5), (SG,0.5)}
LD}, = {(SG,1.0)} LD3, = {(VG,1.0)} LD}, = {(G,1.0)} LD{, = {(8G,0.9)}
x4 TRRKRFEFEEHT EHEES
Table 4 Generalized unbalanced linguistic sets of different risk preferences
IR fhi 2o 2 1 ] AR ETE S R U3
SP < $-3,0.316 7 >,< 8-2,0.3746 >, < s_1,0.436 3 >, < 50,0.5 >, < 51,0.742 5 >, < 52,0.892 7 >, < 53,0.960 0 >
GP < $-3,0.2369 >,< 5-2,0.3144 >, < s_1,0.403 7 >, < 80,0.5 >, < $1,0.644 9 >, < 52,0.767 3 >, < 53,0.856 9 >
N < 5-3,0.1978 >,< 5.2,0.2822 >,< s_1,0.3854 >, < 50,0.5 >, < 51,0.6136 >, < 52,0.716 1 >, < s3,0.800 2 >
GA < 5-3,0.1292 >,< 5.2,0.2189 >, < 5_1,0.346 2 >, < 80,0.5 >, < 51,0.597 3 >, < 52,0.687 5 >, < 53,0.765 4 >
SA < $-3,0.0339 >,< 5-2,0.096 8 >, < s_1,0.246 6 >, < s0,0.5 >, < 51,0.563 4 >, < 52,0.624 9 >, < 53,0.682 5 >

B5 dExtR “SEY” BN EHE

Fig. 5 The asymmetric sigmoid semantic function

HIBO MR AP AN [F) KRS f 4 28 2 R 18 5 RE 515 UE ) — — X B, KfD-ALPRAE B b 9 $5 17 15
SDMLDEAL AR 18 Y ALD.
DX i 405 28 8 Ay v 1) K B PR D-ALPR R 555 50 B PR N R, B4k I (138 SCAE TE 2 D-ALPRAE [
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—~— 3-N .
%PL%N - [LD” ]4)(4, %7‘]—\‘7'\3
{(0.5,1.0)} {(0.2822,1.0)} {(0.5,0.9)} {(0.613 6,0.81), (0.716 1,0.09)}
{(0.716 1,0.9)} {(0.5,1.0)} {(0.716 1,0.9)} {(0.800 2,0.81), (0.864 1,0.09)}
{(0.5,0.9)} {(0.2822,0.9)} {(0.5,1.0)} {(0.613 6,0.9), (0.716 1,0.1)} |
{(0.385 4,0, 81), (0.282 2,0.09)} {(0.197 8,0.81), (0.133 9,0.09)} {(0.385 4, 0.9), (0.282 2,0.1)} {(0.5,1.0)}

[FIEL, FipE PSSP PACGY PACN PAGA PASAIITIEE, A = 1,2, 4.

SBT AR IE 5D B A I R A S AN R XU i 47 288 28 ) KA T S 45 .

PSP PACE PAN PACGA PSSR S Tk Mlex, AN R AR i 1 248 7 £ RRE £ e SR B,
ey € {er, 2,05 e} M @)~ (11) Xﬂﬁﬁ%\iﬁé TE RAZEHE T () KBSy i 47 il & 2R P, P, P, P,
LIAERE P = [LD, 4491, t3RQ4) AT, TGELD,, i F R34
—~ 3 —~ 3—-SP —~ 3—GP —~ 3—N —~ 3—GA —~ 3—SA
LD, =LD,, ©LD, ©LD, ©LD, ®LD,

= {(0.1292,1.0)}&{(0.236 9, 0.9), (0.314 4,0.1) }{(0.282 2, 1.0) }{(0.129 2, 1.0) }&5{(0.096 8, 1.0) }
= {(0.158 1,0.251 4), (0.154 2,0.250 2), (0.162 9,0.249 8), (0.159 0,0.248 6)}.

[l 22, i P vh He ff%i’ﬂﬂ RAF. DRI, XA T e, A T3] PR i 27 288 2 AR DR R A vk 545 IS AR A 45 ) 1)
—HRE . AR P T TCRLD, iR SO AR BTE S DEL B2 A A K20/ R — e R ATDEL
SRR, TUTE SO 2 A 35018 5 DB N SEHL, T UERE PR, = [IDY)4xa. EFXTAZSHED, JOREMR ST 24 XK
D i 45 S BRI HE B A

0.5 0.4928 0.5826 0.7195 [ 0.5 0.1991 0.1228 0.250 7

pi_ |01849 05 0.6550 04911| o, | 047 05 01977 0.3265
10096502133 0.5 04196 ™ 06146 04092 05 06298/’

10.04390.0592 0.1637 0.5 (05060 0.2932 0.1447 0.5 |

[ 05 0.1585 0.3619 0.5721 [ 0.5 0.2408 0.250 7 0.295 4 |

ps _ [0:6646 05 02914 05539| o, _[03125 05 02651 0.1977

104770 00895 05 06633 ™ 0423603291 0.5 0.1934

10.2420 0.0773 0.1937 0.5 10.3077 0.1601 0.1928 0.5 |

IS TV ) A EE 1) B (0.43,0.22,0.21,0.14) ", FH Q@5 K BE AR 5 % KUK MR B G S 46
FEPL, PR, P, P dt AT #EMIEE i, 15
0.5 0.3227 0.3886 0.526 0
0.3662 0.5 0.4235 0.4270
0.3362 0.2466 0.5 0.4854
0.2241 0.1586 0.1699 0.5

FR NP = [IDy;),, B SAT I 108 247 KA, SR D0 A B 2 B AT R 455 VP Ak AE, 77
AN 1737 4,1.716 7, 1.568 1, 1.022 6. ik, T RHFE R Az, = 20 = w3 > x4, IEFET Ry 1ER
“8 e 127 REMBIERL SRR MmN T .
52 FEkESHS

Ut AR SR 1 7V IR e 5 G B, DS S R SR A U (R 2 5 28 i e SR o XU i 2 ) R S 245 SRR
ANTTTHL, A SCHE H 1575 5 SRR [20]3E 4T X L.

XoF T N S SR A DU PRI R, SCHR[20]1 90 7 S8 ) 5 fE IR EE P % 5% 2 WURA 5 . AR SCH 2 H A A8 A4 Hh A A
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Table 5 The alternative ranking results among the two methods

PRSP (i e 28 28 Ti EH P a R
SP T1 > T > T4 > T3
GP T2 > T1 = T3 - T4
SCHR[20177 2 N To = T1 > T3 > T4
GA T1 > T2 > T3 > T4
SA T2 > T1 > T4 > T3
ARSI {SA,GP,GA, SA} A7 T1 > Ty = 23 > T4

6 ZARIB

AR SOR AL A AR R BE AL T 1) LS S ] FEUBEAT BE 5, 41t — i 2 AR SR T R ORAEAR PR 2
SRFTTE. B SIS & oh i 8 SOARAE BN RS BT, AR T D 3380 S B 5 DL AR A 5 48
12, WA R A B PR AR LS R S AT, SR B KBTS 5 DR AE B SE 1k 5 phe S XU Ml 4 (19 &R
2, F T AR TS S DECH IS A 58 BT 5 TR AT RBEAT AL B, [ I R FH PRS2 AL o S XU fi 27 12
ATz S, PRIE T RFGE SRR AT, i), LR NI 1 AR SO AR S RE. 45 R R W,
NS 5377 15 78 50 76 RE B LA B v B S PR S SEBR AR R, A U BT AT PR S S A, AT O S A A
REHEIAEE T (1087 2R S 1) AR PR 2 A R R RS SCHS

AT AT TSR T BB B R A U 1 L SR S I, R SRR BIE 7825 FRORAZ T VAT e 21 2 i By
L SR SR ) e, SR TR KR FAF A FBY BT 2 A RIE TS e S S AE B Ak, RS iR S nE A T
)7 N SR SR ]
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