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Research on a Hypernetwork Based Model for
Emergency Response Plan System
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Abstract.: This paper analyzes the characteristics and problems of the emergency response plan clusters in China,and
establishes a Hypernetwork based model for emergency response plan clusters consisting of meta factors as area, subject and
resource. Taking Wenchuan earthquake as a research case, the corresponding hyper-network model was constructed and some
feature indexes of the hyper-network were analyzed. The results indicate that the model constructed in this paper has the high
clustering property and a smaller average path length with small-world effects,revealing the synergetic trends among hetero-
geneous levels,homogeneous levels respectively, of the plan clusters, and providing a generic example for the similar re-
search.

Key words: emergency response plan system ;hypernetwork ; small-world effects ; Wenchuan earthquake

1 3= A B BR 3h 06 B, S PR AE TR 5 4 T 1 — BT
= L.

UTAER, e BURF AT 22 3k, i T R A N2 M\ 1988 AFTFUf , 5= 72 50 5 1R 2R G il b 72 N7 S T

PG TR T LASE XS 2 DL 2 1 19 T 58 4 2. ) 3 [
BUAT IV 2 T A 2 1) Bl 0F 9 4 B, O A T 46 ) 5 B
H BT B 584 T BUZ B, 1X F 5 T 20 i H 4
75 2R B X R S0 O S 1 AR R R R B
TARGFBAE . BRI 24 H SR 2548 2 Jie A E
ATRIRER RS —SE R AT B B, (A
[7] J2= 2 18] A [7] J2= ZAS () 28 5] f) 107 7 T 58 1) sk = A
R AR ARMERE 6 D M O P 1) A5 R IR] , DR, el
XERL AT R A B NTERIE R, LA RO o H R,

Wik H 39T 2017-10-26 5 1] F 307 : 2018-04-11 5 STAT Al - 5B

Z, HETSEAH S T A e B3 7, 5% R e B AT
BRI B B B AR REE A A R
FEXT R A 3t 52 107 5 101 58 0 2R, LA P A 3t 72 5 1 e
A TE BN 5 3 5% Jm B 32 0 A8 /i L R R AR
b7 S b AR S0 1T 6 45 45 L SCHR Bl 45 RO Y
IO 2 AR IK B 55 Gz A LR R R eI, R B5E ) 5
RO AR A AW - e ) B A5 R AL L 1A, 52
BUFHISE SCAS 1) ] B LH 24 B, 3 BRAE 1) vl A 15 B,
TELE M AR IERE EVEf T AR . G, R R

FBIUH « [HZBH SRR E Z BT SRS — R SRS 157 (No. 2012BAHOLF02)



1270 B

2 4R 2018

PR 2 B CL AT TR 11 A A (T 429 368 5 4 o i L 1 3C
RELLRT L 5 A AT 3 U2 B, B SU N 8 8, — T T 48
T — R AR HE N SR AR IR B XERE, 55— O AR T
FLS O 2 ae A TSR G AR 18 SR A A 2 B B

I RIPRE 9 265 19 B8 R 5 325 T D @ B AR R 1
WF9E HATIE P A, W1 50 09 5 i 4 v 7 0 T 0 2% )
222 RUBE NS RO 2 e I O A S ) 2% AR AR
ANFZE R BT B . TS S AR T — b 2k
T 3 R A R L2 ) 2 A AR
HRIAR BPARAS H S7. - AR AT 55 - BT U A 22 )2 K R 4%
I DA i) A 1] R A 4 £ B2 P B T R R Y
JO7 e B[R] O 3, O X % R ge A S AT T B R B
AT SR S AR T I TR L 1 R ) 2 45
1 AR A R PR ORI A2 9 A LY
22 ST I 2 D 0 4 AR 0 L1 R 45
FEL A PAE A AL AR R | S A TR L) S By A 25
HEH B AT AR W45 2% 1] L8 7 [R] AL 19 2%
ZHRAMF AL H KR, BB il 8 45 1
TR Z I A A R . (EURE b S B 50 ) 45
AT 7585 R S FRTAR G B B i X BE O A2 2R I R 4
e HOROBT I I 4 T Bt AT AR

2 ETEMEHNIMEER

2.1 BREHES

B N2 (A R, 25—l 1985 4F4R H 36T
] F) I 45 ( Supernetwork ) 13, AT AR Ay 35 T 0 28 (1) 68 1]
% IR M AR E 4 Y R TLM 2% , KR 45 vl % &2
AT R4 i3 1 R £ 0T LA B R kA 5w L 8.

o R BT 5] (Hypergraph ) 1 % 2% ( Hyper-
network ) . ZS SC P HF 5T 1) M W 4% JR T 3L R T 9 R
o EA R TP A B T LA A L B L0100 s
trada 25 L1210 0y | FLR AT LA A8 P 3 7 1) 0 4% ik 2
CES

BeE B E e SR &V = vy oy, 0, |
A BE, A D(i=1,2,0,m) , UE, =V, W~
JTRARH= (V,E)ﬂfl*/l\ﬁ@. Hy v V1,0,
w0, BB B B 3T 05 8 T B R oG R O Y
FEHL,V = {0y, 0, | REBEMTUSSE E=E, L E,,
LB %ﬁﬂ@ﬁiﬂ%,%%& = {00, ,Uij% , (1
=1,2,,myj =12, ,n) FRAEE R, i H—
AU T P B G R I AT B A i 4R R, TR
(E;|=c(i=1,2,,m) , IFRHE H=(V,E) }s) i
B AR E | =2(i=1,2,-,m) WK H=(V,E)i
AR B 9 A5 v I R A SO B e R AR

WE L Fis EME H P, EE V= {v,0,,0;,

A
V4 ,Vs5 ,Vg ,V7 ,Ug :1}9} ;ﬁijl%E= {El ’EZ ’E3 ’E4} ;;H\:EP:
E] = {1)1 ,172,113,09} ,Ez = {U2,113,U4} ,Es = %U4,Us,vsf s

E4 = %1)6,1)7,7]8,7]9}.

£,

K1 PR R

2.2 ETEBMERNIWMELEER

TR 25 (9 L S TR TR AR R R T R 55X
— T R I PSR AR R A R O — A i DS R
SCAR B AR TRV 5 284 FS0 A0 I 45 185G, DA 2 131
SR I ) 14— FBEE R AT i, 6 % 4% 28 1) I A T 6 3
SR TR I X 5 <A 14 R AR, X6 3 A TE A
[F 47 SR X BN (1 7 2 T 58 A T 9 5 A Dy X o )
— BRI BIE S T 3K R PR A RO N A
——RAEGR IR I AT, GO B N A AR R
TREEEIN T W7 B W 3. 3% Z A0 R AT A A 1 N
APRER PR =R ERER, MBI (Area) —F
{A (Subject) ——#¢ i (Resource ) . 13X =N AN[R] 14 Jig 1 22
RUSERZ A BA R R AR Z w1, 24
B, 229, Z AN Rk, DR, DR O 3 ] A 7
TRARBA L RZ” B R AE.

LU, 3z T IR0 245 £ B8 0 V7 S T 48 A % v R %
8 IR S 28 HEAT il 28 A 20 A I LA SO 52 o F 5 58
191, Ay S IO 0 245 AR 8 7 32 I TR AR R AR
R0 ZR AL A IR B DA 2R, g T 2 1 A AR ) R ) 280
B R AT B Ve . i D 52 V7 8 SR AR R o 4%
F 1 A, TG 4R s A% 2 R R 18] | [ 2
(B F) D R 3, (T JATTEA T SRS 00T, Rl B 2R 11
B A AR AT

3 NIBRERENZRE

3.1 A-S-R BRZERFGEIM

AR T B =2 W 48 1 B I 25 4SS .l Ja
T W (G ) H N 2 T0ZE BT % 7 F) i S 2 3R (A) b Bl 2
R R (Ey ) MR FERF M (Gs) AT N 2T
EWEE RIS LR BEHR T T M A48 = LB AE
THFERFR (Egg) WL AN, FEIR 7 (G ) J2& H R
I I 2 T8 S A R R (R) IR R B R ] A e &
SCHFPIREER R (Epp ) F8 B - 28 (] 1) P 5 33 5
Z(E g, Esg) 53l 3e7m 25 A0 i 388 28 10 45 5 FN 6] ¢
BERPLBRR. 2 M@l (HE ) 3




%5 M IR MR IO S PSR A AR I 2 M B 5 1271

H

TTREG, X BRI LR =R T mEL T —1 =
TR A5 L5 (ASRgpey) P
ASRppsy = 1A, S, R E 4, Ess, Eg g Ers Esp  HE s}
3.2 BMEEHMEREMRELREY

HR A LA b R0 0] 38 37 9 7 2 T 58 A4 R G I 4% RS A
QNP 2 7, 45 J2 1 0 45 B o 245 (i) f18) B 53 5 25 1) 18 1 o7
ST AR A B P ERAIL L.

WV FR& 2T RES, HE FoRii,
T P9 45 S8 AT e AR P ) — B X G = (V,HE).

Horp  HE J& 45 )2 W S i A ) i i, B — 4>
N ATZEA B — S, 2R 2/ .
LR — A # J th — S b s 5 2 T AR AR
BEURAT A . SEBR B SORAE R Hb I A, AT R
RETRIT FAKS,  FER K R rhRiC 1 2 BT ER,,,.

RPN Y 28 T R — 25, WIFRIX PR A~ 15 a5
AREe. WAV BB dyy (V) SCRALE T2 s
TR, B —ANZE 2R S B AS [R] Rz 2 701 48 v 1) R B
TR R A MG R, R
B S EZ N S TR, UL BIZ B R N ST .

PUE P S HRURII R W NI i/ S B S B3 BRI
Y. MILHE W E d(HE,) & L5 8 HE, B LB
B I B AR EK. B 0 Y JRE AT s Bt N A T 2R A N A T R A
F SRR 0 B R, R N A TSR AE N A
TRZE AR ZR i o7 R o 2, 6T BB R T N B TR AR R
AR R R

@

8] ®

T &Ll
R

SRS

AT TR

HIRF M

(CPRTASSITE U e e S

H 5 X R A I 2 445 R T B B BIE 5, AT LK B 2
PG PR R A =0 25K, B A A B8 A T
153 I A RS TR HEAT TR AE, X R 2 1 Ak
AT R BT

4 FHRLH

4.1 HiEkE
2008 4F5 H 12 H, NP EAE T 8.0 ks K

T MR I A TR IR R e U R R T B RAEA,
(F S e T AR 22 T BURIAS 2. A% 3 IR0 M 2
R o200 LA W 0 I S R
PSRBT ] TR 2 9. M e o 2 T F I
HEEEZ RIS AR 6 A R 18 R 20,
B 3. 1 IR R, £ 7 o 2 T 25 I 4 e
4.2 MARRERBMEEEE

(1) F-RZ 57

Hi 3 T80 TP A 5 D 1) A B ]
I 4 () B, W0 A R B B AR 5042135 01
T LA AR AR 0 BT A 50 1| 45 7 % o
KT R X.

FR T S RSN BN 4(b) B, FIES,
WA T 00 LA e B4 S, T S 5 A %
V. A R T I FE O 3.3, BT O R
I 3.3 TR AR B SRR R

7 2200 B PO B K T K e
FONE e o BB K I I A 2 35 e
HIK B IR TR A M TR T A
K )RR SOERS TR ARk
DB TR G ARG % K 18 Fh
R 2 LI 4 () ). R 22 U5 50 3 A ] B 2
U A E ) — o7 22 9022 o o BUM s T 6 3, T D
{6 L A B 1 7 22 T8 o 7 2 U L 4 A
1.

(2) #8024 PR AT 407

FER 2 T B TR B 1 A VLR — A B
(R Ze M) RN 4R RS BRI M I0A, L
VRS 772 % P I AU (R Ry Ry Ry Ry .
R12 \Rl3 \Rl7 \RIS ) .

] R 0 A B 34 B T A R 22 0B,
TR0 5 U8 3 A 1 M A LA e 8 1 4 A T i
M, PRS- O A 1 3 2 A

= AR A A AR IR A0 H B LR
SRR A VR BIR 5 DA VEBR 3 FUHBHE o 3, 0 By
EGRIRR, BRI 15 = A B 2 o, B 2
A TR S B A BRI W UL, T S A B W
77T il 20 0N R R T AR S .

(3) W B 5 T B AR R R

Ml 52 7 22 TR P 2R R R 46 P A 20 A L BB 3 6
S 100 T 50 6] S5 B R H 5 PRI L, B0 300 4
5 I BB B 1, A ) — 4568 0 14 B
T 4 A 22 T L3 3 7 460 1, O R £ ] — 4%
PR T T R ik B AR 2. S S R, =

NNy S Hiceg) 8 24108 5 B 5



1272 B

2 iR 2018 4F

A, B
A, P4
As Hl

Ay BT A T
(@)
S, BRI

S, DU)IAE 2 )
Sy HilEHER

S5 BTk
S, WU S5 VO EHIAE R
HAfE R
(b)
RWIH R REd RAEd RAUE RGN
SEES WA OBOE SRR SR ik

Ry, TR RisKJG R UHEE R, KIES
MRE EES RIS TPRIEARE

(©)
K3 FRZREE

L2, gl i P2 a4 B R R 220 A 3 2 il
SUREAN H B AT AT — > T ARHE R R, X AT A/ ilE

o 258 A A EE O, 19 it 2 I IR R X T N 2 )
PR AL 0.93, R W 5 7] — A~ 2 AL i # A~ 2
B A 0 A S % A M AR AR R A [ RS R
R A AR PR T A BN S BT R, X LA R
BHAHAEG R R BATRETEAR m , Ui W LR A R N TE
T4 H R R

5 Hibiig

TET 1) 9 J 3l A L S TSR, AN 5 5 1B K
Rz 0], BT T AR 18], B PR R B =2 18] A 1)
AAESZAE R a0 5 2% S b el (AR 98 9 = 2 )
A2 1) A 52 W A P ) 2% A 50 )1 3 % R o A v
4 10 FHAS OIS s E AT 50 A, 100 5L AT LA 3857 2 f) I 2
BUGAR R BEATHTFT, DT 5 o0 22 1A ) % 01| M 7 K i
SRR TARREAT VRO, G0 1 545 AL 2 10 0 45 1 2
RERBON 0. 93, F R R R AN 1.2, BA m R E
F RN/ F- 1 % AR I E, 3 B N 2 TSR A 2% Y

20 B —7E (/N RO, M RR D B SR S Al A O
PR HEAN B, 2R 2 ) A L P R0 8] 4 4 > A7 A
[AEEY N A VRSN EPES | 2 Iy e 8 il i R
ANt PR AN W7 52 3 M R IV TS 1 T IF 7 412 g 7
TG AR Z 00 2% 110 0 ORI P R 3 9 0 S AR AR
[EIEE(E

VESCHIF ST AR RE #5445k U A I R RS RE T,
SRS 75 L2 T 0 A ol 02 v A g Xof o R )
JEFRA5 T AR MR BB AT — 2 TARK LA
TIN5 T T D80S B8R R, 23848 75 2
TG AR 0 245 A6 80 B — i 14 L7 5 ) 2% 4 T 8 5 2
IO S PSR A 2R 0 45 AT T Y M G 3R, R N S
G ZR 100 241 19X 114 S T

S ik

(1] sl 3T, BRAe. [ N AMEC A I 2 TS B K e B

REB@HALT]. %A B2 50K ,2010,6 (5) - 154
-158.
Zhang C,Pei Y Q, Qiu H. Current status and development
trend of digital emergency plan at home and abroad[J].
Journal of Safety Science and Technology,2010,6(5) ;154
—158. (in Chinese)

(2] VENs, JRAF, 482 3%, JL T 5 J 0 2% 14 ] 7 o 5 A 2% 1
AR T ). 28 TR, 2013, (3) . 123 - 130.

Wang J,Rong L L,Cai Y Y. Evolving model of emergency
planning system in china based on complex network [ J].
System Engineering. 2013, (3) ;123 - 130. (in Chinese)

[3] X2 FEFLR5 WA AR B B e B R T 58 [ D . K4
T K2%,2016.

Liu X. Research on Emergency Response Co-operation
Based on Comprehensive Emergency Plan Model [ D ].
Dalian University of Technology,2016. (in Chinese)

(4] ARG, AL . 30T R IO 2 0 105 1 3 9 1 ) 246 A6 741

(V] Besmse B 5AR,2015,45(16) 27 - 37.
Zhu L,Du Y Q. Supernetwork model of urban agglomera-
tion coordination for emergency resources allocation [ J].
Mathmatics in Practice and Theory,2015,45(16) ;27 -37.
(in Chinese)

(ST A IRA. 25 BRSO ST R 1 2 b i o 2% A6 71

[J]. %5 R4 4R , 2014 ,17(11) .33 - 42.
Cao J,Zhu L. Super-network model of urban agglomeration
emergency coordination considering decision preferences
[T]. Journal of Management Sciences in China, 2014, 17
(11):33 —42. (in Chinese)

[6] FEiBYL, FaE /b, BT BR. 22U 2R G 10 S0 0 4 I 2%
RN LT ] A PR ,2009,12(3) 12 - 21.

XiY J,Dang Y Z, Liao K J. Knowledge supernetwork

model and its application in organizational knowledge sys-



%5 M

[EH]

IR MR IO S PSR A AR I 2 M B 5 1273

(7]

(8]

(9]

tems[ J]. Journal of Management Sciences in China,2009,
12(3) :12 —=21. (in Chinese)

Sheffi Y. Urban Transportation Networks: Equilibrium A-
nalysis with Mathematical Programming Methods[ M ]. NJ;
PreticeHall, 1985.

Wang N,Xu W,Xu Z,et al. A survey on supernetwork re-
search: Theory and applications[ A ]. IEEE Xplore, Control
Conference[ C]. IEEE. 2016. 1202 - 1206.

Berge C. Graphs and Hypergraphs[ M ]. New York: Elsevi-
er 1973.

[0 VR/IN , INFTF, AL, <. i P B S e T ). v

(11]

24,1994, (8) :65 - 72.

Xu X M,Sun Y G, Yang S,et al. Hypergraph theory with
applications[ J]. Acta Electronica Sinica, 1994, (8) :65 -
72. (in Chinese)

Estrada E, Juan A, Rodriguez V. Subgraph centrality and
clustering in complex hyper-networks [ J ]. Physica A,
2006,364 :581 —594.

KEE HZ, J,1965 4 11 A4, 1055
AN RO T S L TR 2 B s TR {8
SRCTHOR F AT BER5 1 R 1 R 4y
Mr5 B A 55 Bh22 548 B BOrF TR AR B
BRI A TRGRH 2 Rl 9 BT, v [ K
P Z R I A IR — A 2 I AT
ARSI A TR =S 1 0L

E-mail ; gbzhu@ whu. edu. cn

[12] Ghoshal G, Zlatic V,Caldarelli G, et al. Random hyperg-

[13

[14

]

[

raphs and their applications [ J ]. Phys. Rev. E, 2009, 79
(6):066118(10).

KBS, ARIRIGE , 7K 5%, 45, k7 19 2% B 9 I 22 T 58
PRAE R b M SR 5T [T ], $R 4 95F, 2017, 36
(11) :86 =92 +100.

Liu M L,Tai Y Y,Zhang J,et al. Construction and empiri-
cal research on emergency plan system based on hypernet-
work theoty [ J]. Technology Economics,2017,36(11)
86 - 92 + 100. (in Chinese)

EHE XM, KA, A5 TR0 9 K 2 2 19 12 1) Al
AR R 25 [T, T2 4, 2016, 44 (10) - 2308
-2313.

Wang J,Liu B,Zhang J,et al. Classification of microarray
data using evolutionary hypernetworks with subspace fu-
sion[ J]. Acta Electronica Sinica,2016,44 (10) ;2308 -
2313. (in Chinese)

XS AR, 55,1968 4E 6 A,
TLVE AR N DR IR 55 B2 0 1] 11 F
FEHE. WEIE 5 1) AL 8 AR R 55 Bk L 2 e Bl 2
(it
E-mail : Iml5488 @ sina. com



