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Brief Review of Supernetworks
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Abstract: As a new method for studying complex systems and problems, supernetworks begin to
attract close attention after the research boom on complex network, meanwhile it is widely used to
solve practical problems. The basic concepts, characters, and models of supernetworks were
introduced. The research methodology based on variational inequality, hypergraph and systems
science was summurized, and the research status was reviewed respectively. The applications of
supernetworks to network equilibrium, knowledge network expression and robustness study were
described, and the statistic characteristics were discussed. The inadequacy in the research on
supernetwork at present was pointed out and the future work was discussed.
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Fig.1 Military supply chain supernetworks model*”

HET P A 0 24 55 52 2% T 248 114 DO AE T2 L
SR 28 A% s HRTIFFE I S 2% P 245 D 717 AR 22
H AR W25 B BT R HERRTE . 39 R S s
DRASE [ Jo . 10 2 Pl g ) 25 DIy 22 4 i S5 3
AL TR P51 R[] 2 2 9 S A2 H B

PN
1.2 ETHEERBME
HI T 52 2% o 45 o 5 10 ) TR i o » G L BE iR 1

R B OC R LR 2T AR SRR . A0
FEE T BB R AR o B SR AAN ] (75 )
PRI ST a5 SR T S R BT A R
R G : AR T s, USRS 4R, 58 L4k
TIZEMGE AR S S R R T, SOE
W7 S R VR TR O ZR R R AR 2 S (5 8 X e B T
8 E A8 M 45 (hypernetwork) .

Berge™' F 1970 445 M B A9 ME 2, ik T
Tol) B EIHE . B 5 A 2 %A 1) E
AP B [ 1% 3 O RNt — BT TS

E)‘( ‘I EEEZS*ZE)]

W V=L{v, 00,00, RARE A

a. BE;=001=1,2,,m);

b. UL E;=V.
M—=JekFR H=(E, V) J—HE, VTR
Vs Vet Uy ﬂ‘:’ﬁ@ﬂg]ﬁ/ﬁaE: {El’EZa"'vEm}

ﬁiﬁ@ﬁ@iﬁ%a%% E; = {vil > Vi, 9"'97){,‘1. y(i=1,



%34

BER.Z . BMEIT 229

2,amisJ=1,2, )RR

EX 2 XHEEE H"

EZXVYi A VAE [i<m.v;, € E;}, K
v, 70, HAY .UV, = E, @K H* = (E; Vy,
Vysers VOO HIWHMEEEL.H=(H" )", Hh E
NS,V (1=1,2,,n) .

Bl ERNA 7T BRI 0 @y as
W35 Qg s A5 A » A7 %%/—T,%{’E%ﬁi 5 Iﬁﬁfc%,ﬁj\%ﬂ H
b1sbysbysbys by FIR ERVEE LT FIN N by (ay s
3,06) 502 (assa7), b3z, assar), by (as,as), bs
Cag) s JIA 1] s L RG] 4 ) an 1] 2 (a)—
(OB 2S48 19 i 5 100 [R5, HoY ridR S
AR R HCH T i 5 1 ) B 25565
2% SCHRL12, 23 IA R » FLJZ FT LA R BT s 1 1 28 5
R X2 o DUJ K T 1] P P 28 5 52 4 PN 245 11 DX 31 7
T S 2R PR IR 0 FUAE B T ST R T R R TR 45 1)
M AL A A R T RS

2 1 xR E
Fig.2 Graph for example 1

BRLA b e Ah Frank™ 25 11 T A C 1 L7
KPR E SCISE AR » EARFERE A 3 T [ 1l
P 26541 5 1) 1) 25 2% 8 9 [ L ik e Al ) IR 4% B
I B S 0 282 J0 vk R PR Y {EL P 2

B4 s - S MR

Fig.4 Supply chain— transportation supernetwork model’*’

“fe T S T BT R 45 A R 4 L HLAR LU I 2%
(725 BOAA ca. B A ORI DFTEE 2%
2 B S ) 4% 1) — R 7 v U Nagurney A2 7
ANEE SIS I 4 - i [ R — A 5 b LA B PR EE
S ST 1B i S S

2 EMEEE

2.1 HERzHE—H LB M KEE

ML M ASA RN AR RO AT R
iR 3 J2 (MR 6 9 245 -5 k2 19 405 L i AR 45 Y
AR A 2 5 AL M 25 I I AUER SR
PR B R LA TE RIS S iR
T HIZE oy - QR 118 55 45 . BERLANTA] 3 Jo 7

B3 s - it e B
Fig.3 Society — supply chain supernetwork model™™

2.2 HtRrHE — imhE MR EE

H 4 JZ LR HE 9 26 15 3 i P00 28 2304 T A 4
AL B P 2% 14 A 7 e L IR R R R LR T
HIa 5 R 25 A BT . 9 Y Bl L L 0 BER R A
y R MY AR ONY AMERIRT R DN EE TR
U Abgia i K O A >Rl . LR EE R 45 i 4 )2
PR (A7 A3 i 5% AR S T A8 R A AE T A 4B 5
H Z 18] RIS [R] J2= 019 A% (B A7 A 22 45 0. BB AN ] 4
Js.
2.3 HERMBMERE

M SR ILRR S G i L) g0 AREAR:

Wikt



230 g BOTOR A 2 R

2013 4F % 35 %

A2 A SN LA B g0 BN G B3
(N ES
a9+ Gy + g1 G+ gy Gy e

BT 2 (LR R 5 A U 5
B[R] — SO b PR I 343 ) T 1% 1 Al AR A 2 B 3o AR
s X B B SR TR A T AU [ 2R 78 3% M)
2150 LUORE ) R T A DA 2 I 3o A O A T
3 VAR A9 g 0 RO AL » ] 3 Ml ik I A 4
NS OS] AR
2.4 HEEBMKER

AR RE R AFTE B IR 0 RMISE P R R L SBHT Y
A RS ZEAITSE AR WD R D 7 i, R I 1) 5 3 Ok
BB R FR AL o3 ) ST B ) R A S A R ke A
FEHO L l TR AT RERE SR E IR R RS G
R HOZIT R TORE R TR A A 2% T LALE YR RE
T R AR DA AR PRI g R 1Y CLAZ RN RE R £
TR A 114 A 285 PO 2% ] Y5 AT 1 3R A ) )
BRRRGREPFRR.
2.5 HEBMEEE

R L RIS i A7 B P 2T L i ST
R T 8 254508, A U N 45 LB
TR P 24 10 | 5 3 35 i DX 457 R [ WA e 5
S LA T LA X 5 AR e 2 e ) 45
(LIAT 8 & D7 s, DL R O ) | 3 13 Joe B ™)
2N IR A T R IR B RE AW )
BRI R o 251 (LA SR 717 s AR R
V7 g ) 45

3 HARAIE

T CE WO SR IS E SRV I A I
SRR SAREE. HATRI45 0 3 b T
Iy AR BRI ST 5 | 3k T8 R A R 55 O 3 Ak
ARG RLF IS T k.

3.1 EFESAEXNHARAE

Ay feg R AL A Dt 2L ] R 5 52 38 Y- £l 7] 8, Lions
ZEH21 0 Daniele %570 43751 $ H 2F 40 A8 43 AN 45 20 R0
i [ 37 () 2R A 2 3 AN 455X Nagurney ik B T 47
D 25 AR TR AT 5 ok A5 B 4 1 78 3 AN 4 X ) AT,
FAZE Sy AN S 2RI 5 F 1 g e [ 2 45 ARy
T 4R 245 - ) TS AR SR 1 T AR B B S AR
4,0t 45 4 Cojocaru i 5 i b B A HEAXE
Hilbert %5 [i] L85 80 11 R 40 R R sh 5 R 4
FIEHE B RENY . BRTZ O k2 TRk £

J2£ 2 T U 8 ) 2% A5 75 - i [ R
311 AR R
BN 3 AR R A BRAYE AR 4y A5
%[l VICE 0 S i sR A i X € o ik 2
(F(X"),X-X")>>=0, VXei (D
H F R EMM B R 1SRG A & A
Bi(FX) . X- X O FREXER" FHPNL.
S AR5 AR e AN B E R AR
w1 BREAE S X €A
min F(XO U X* 240 AE MM X € X -
(VF(X"), X - X")=0; VX € X HfF. Hp
VFX* ) %R F ¥ X 40808, 5
OF(X*) oF(X*) aF(X*)>
2X, T oX, T T oX,
w2 B FXORMEE. B X e
X" EX:(F(X ), X-X ) )=0; VXE A MK
F(X*) =min F(X).

VEX)HT=(

1B FOO RE TE o RIS
R B T LU
oF, oF,
8X1 h aX\
VF(X) = : : (2)
oF, oF,
8X1 h aX\
SATFRH A GEAE Y B F R 6 P — 2
fig e

fia—=R IRV (X)) = F(X) 3
HAS Y AR VICF, 20 Wi X IR e e Ak 1) 5
min F (X (g . Qi B Se Ot A [l 80 AT LA 4k Ry AR
3 AR5 5 TR R SR A » T AR 4 AN 5 2K ) A mT AP 4%
TRV PR R A MoK A
3.1.2 BopsAk

fR AR AN B SR B IR AR

$B1 Wik

AX0ex H T=0.Ho. o HaRE. T ik
AR (] B

B2 HHE

Wit AL X7 =P (X" - U F(XT) i

XT+1$H{\FT}%E: 2 WT = Ooaé, T_'OOHTJ‘a
T=0
Vr—0; P, J& X RS 0 EEGY IR 2
¢ = P,X = arg minge, | X - 9| €Y

HEE3 YRS IE
2 X7 = XT | <e(e>0) 45 1 FiHE. B, 4



%34

BER.Z . BMEIT 231

T=T+1, L5 2 kst
3. 1.3 BT AREX MU R

TR FF S 4 AS 2 3T 9 8 IR 245 B TR 285 e A6 A ]
RO R 78 43 AN B S ) IR A 7 oK g 1 e U i
W X 245 T AT ST AL Ry S DAL I 85 SR e K fee e Ak
[P e et 2 N S W ST IR O RV 7 N S W |
RIS AETE PR AN — P HEA TV IR ; B Ja A B S0k
B U B R A i AN Gl A5 3148
ANEER R L S TSNS  FE R o 45 A A
PR . JE AR AR5 IS 222 TR M 1k
AP 1 A2 DR P28 B AR 2 TR TR

FETF ARG A I 8 R 5 BIESE » A o 285 -
) LA 52, WF 5% # A Nagurney ., # 350, £ 35 F 55
Nagurney %5 A ff {5 5L M L 5% 42 I 55 4 3 I 119 58 B
[F) R, Ayl AR e R A DR ELAR DRSS 52472
PISEGr 2 A VRN, I A 7= il B B 7 Rk
ALY 3 2L R e 0 4 A TR 118 ] e SR A 2
UTE [ 78 25 PF T A A8 43 AN 45 2 0] 1, 75 S5 A 3k )
I (928 5 R AE Gy A . BB IS 2 0 i 12
R RN 2 e Y |G R S B N & Sl =|
PRASAERE M | D6 R M (E RAL 2 ST 1 )
AL N4 R O 5 ASE Y s 2 P oR AB BTN R) LA A R
SR AN 5 T R XU A5 L ) ) 420 9 AL i R ) 4%
ASASEIRYLS ™ SLURT Ha, Ak 1 e A ) £ AR TR0 2
R BT A2 M 45 5 4 b TR R i 11 A BR Ak 1
X 2% ShAS AT =7 2 fe e S H bR Ak R i) B4 0
P 28 G5 8 0 2 5 08T 5 L I 3B 6% R R 445 4
TRACOT ] o R X 245 A TS0 | A B fRE O B A ) 6% A
TN O 3 125 i R ) 44 A TR L9562 11 38 i ) 4%
RG34 1 5 W Y e A P 485 ) 4 g IR 4% A
FRULOH 60 S PSP ) . % T A
JRURS: B4 A6 107 % I 4% 38 110000 5 38 s AT AT A i
G35 LA BB K 2% | 4 il O 2% L 1) B ) 4% R Ak i
Jit IO 245 F14 5 W P AR 5 16859
3.2 ETEENMARFE
3.2.1 BEXRER

EX 4 BEMH S5

wWEHEWE H=(E,V)(E={E,,---.E, } K
NEV="Av 0, ) WSS, 5 E,(p=1,2,
DAL v Ao UFR v Hoy (i =100, m)
MEBH visv; 5 E, %837 E, N E, 70, WK
E, 5E,(p,q=1,--,m)F4B. W15 & v; BEE R
oo, HEBM T S MEMHR V] B

max | E, [ 7.

EX D S

HE H P Lo il v; L RIS
L={E - E}(l=1,2,, m)%}ji%ﬂﬂ}/*:ﬁ% l
R EE AT BE R P EE. S = BN Eia
HRAT 2P A) b T R AR G I I L A
A R R 2% A [R) L R g ol 0Tl o=
min( | S; |50 =1, 1= 1, FREE 588 E 7 4Ll
A3 S [=1.

EX 6 APHAE M

H SR EFEFE A CHD « 847 %51 1 5 6 ) 25 749
SASRL IR @y MG R v vy BSCHR IR
@i =0. ACH) X FRALFE , 77 £ B AL IE S/ U =
(uip) 15 A=UDU", Horp D = Diag(X1, Azs s
A (VB A BIFFIELE.

EXT7 THEAE

HI={1,.m}, HIZV. % Hop={E;N
(%:j6J$Ej ﬂ/?yiﬂ} sﬁ( H('A,J)ﬂﬂﬁ[g H E"JEE P 5
J AL R
3.2.2 FETHERPITTEAR

ST T 0515 22 0 T i o W 28 95 wh il
50 AR A Tl , P PRk R G0 IS R 4%
AIGETHRRIE . B e R GE A B A T AR S
IO 5 SR D %o T ) 00 45 A, -4 21 e ] o
AR R | R I L IR M S5 e s B e AR S
B I AR R BUE FOA SR G BIHE G R GERHIE
g IO 25 BT T ] ) R 2% E 5 D TA N T A
PRAE RIS w53 () P A8 AT T il it e 1 I 45 4 4
TR SERHIE.

BET A Y 28BS S AT A TR R g A A
TR B B 2052 ) 2% GUSBIE T 5 10T 12 56T WF 5T
A EARFE Ernesto.Jose 5. fu {173 5145 i 14 5 141
PRAEFARZE &1 SR bR R L AT
SKEHE5) DNA ) 0o T R sy X 43 26077 0 plg
AR, 1 PO 2% A8 5 43 1) Ay A LA A R AR I 5
A1 3R S A 2 AL T R P 2R ABE R 5 3 )y At
BT FEMGORISCAR 8 o 28 AR | 25 B A B R
FP AR B850 T VAR5 SO SR A I 0 2 ) 2 A
UL DL A 1) 6 ) 2% A5 052 5 3 0 ) 2% 1) 2R 26
FBCRF Bl 1) OV G e R TR g
3.3 ETRZHMFHHARAE

P 2% 2 R GEHI A R A I L BT AR GERL A
FOTEINE T M & RERFEEEEKR
)R AR NE - f8 /8 RGE S R R SR
AT RN B R v i T 4R R LR S5 R PR A



232 g BOTOR A 2 R

2013 4F % 35 %

RN FEARRAL . 5 T RGRH R BE 5T AR AN
T EEMTT R T ARG ERE IR I
LIS B4 P 2% ) 28 A5 TR 5 i T o) 2% 1) 5 &R L 2
IR | 4515 BR8] 5 2 25 Ry R ARHALL 5 5 #F
FOR 2 B AR A S GRS R IR A A Ry R L 15 2
AR 28 O RFAIE DA S S SCHRAE

BT RGP0 R AT DT B A SR L
Ji 38 VLA AT TAE 20 A SR N TR R A0 R B
A RERE b 5o J5 F e U R AL
P RIRUR R T A P 1Y 55 A S S BB 4Ll iy o
BRI P 25 RS T A J5 48 1R B AH 5 G IR B4
TEAL LT o A 5 SCRIG BT R %
AR LA PRI LE 3 A O SR R 45 4T
SR ZH PR B R B SRS i E LA B i
IR VTR G 0 2R U5 o B IR T AR P R A B
SEA RN NA BT T7 G s o010 s 1P 2 B e
I GLEE A OV N R VAR S S e ]
ANEE oA BESE M 48 L 25 T FR B A2 1y 3 1 17
BRI FOR A LU D AR RS
L AU SR E ALY R O U U
FNZHLURRIRBE L 43 B 2 VR B 2 3 R 34057 H
IS 1 — 5 T2 A0 B ) DAt o 2% A6
ST S E SCC I PO ) B R B T
A IR Frc e B WL el I Rt G Y Floyd
B s R T AR 1) DRt A P 28 (I A 7

4 HBW4 5L

7 O 45 e e B A i AR N ) {H A
SR R B L BT S 1T 7 A R A TR A PR %
U B U 22 I TR - AR 51 2% — L LR )7
RGN 4.

4.1 B4R 7EIR 5% 3t S $ 00 4% T 1887 i) R o 1 R A

FRE—ADE M AR N SR O A
SR 5 Lo 5 F A Jhg M0 f R A 14 436 R 65 4 245, O
Hh il e e A 7 A s ] — o 2 R A R ] A LAY 7
il » TRV 25 1 T 23 B 7 IR B A I TR L A
wE 5 Jis.

4.1.1 EXSH
SIEHT 0 SR e [R]AY LTI S IR R

TSN Qo s Qo s VST 1 SR 0 1] (058

%ﬁy‘:’ o ;Ql 9Q2 7Q3 ﬁ%u%%/‘?\‘u q s amu ’ quoj‘j
ﬁ%&% E/‘J rﬂ%;%ﬂiﬁﬁm E‘Jﬂtﬁmﬂﬂpm ?é}%ﬁﬁ%n

—ERH --->d i
B5 S R P A

Fig.5 Return supply chain supermetwork model™”-

(I 7 EEREN N 020 TR 0 BTG
KM 0305 HITERT me BYAF= 2 A f o 5 BAOE [T
MG w3 ST ANHITE BT m 52045 n SIS,
W R m 5T n 55 I S 5 BN ¢ s

Con s WO SR T 0 fHIEH 1. R T8 0 543

BRI 0 BT BTN C oo MRS T 1 O JE TR AT 3
FiH e, s R o X7 i d RN o,
4.1.2 Hfbslr
a. IR RAL H AR
RN IR o R L ST

%E‘ qm %nﬁﬁﬁ: qm 7@3‘%: V7n9fnz = fm <Q17

G, HITERT m SRR 0 5SS B ¢, GB
WM E 5SS E qu B R Ym. n, ¢ =
Cmn(qmn)-1E%%£@${jfﬁlﬂhﬂrﬁujﬁﬁ m E/‘Jil:ﬁgi
PN o, R FEEED . WIS RS m BpesE H bR
] 4R M

N A
max 2y, = Z {Olmqmn - fm (Ql ’ QHZ) -

n=1
N

N A N N
2 <qr7m) - Z’“mqmu - Eamqmu 4

n=1 n=1 n=1

;H\:EF"X‘TV m :1,2,”'9M;7/L:172,”’9N9¥§9‘j/@

N . N A
Eqmn < ZCInzn?(qmn 205 q mn 20) (5>

b, AHEERTHINEA B
SRR N SR 0 7 S AN TR
et ™ B R B ) 5 00 4756, Yo ) =

¢ (Q0) s ST n SHRIRERT m WIRIAE S B ¢
53‘5%% qnm,ﬁa\é- V m b n b E mn = 2»7111 ( Qnm ) . {Eﬁg
FRALER SR L AN 0 I TR T B, (B
FLE ) WA TT 0 B9PesE HAR T 2R N

0 M A
max 2z, = Y 2 q o + 2 wm{ mn
0o=1

m=1

M A M A
Cy (Ql) - 2 :Cnm,(qmn,) - § :Bnq mn (6)
m=1

m=1



%34

BER.Z . BMEIT 233

N2

Hep XV n =12,
(0] M
ZQ110<ZQNHZ9(qnn >O9qnm 20) (7)
o=1 m=1

c. TR B AR
TH 2% B AE TG 2R T 3 rh W S BT ™ b S A e 2%
F s SRIGIE 7. FIZEZ T ¢ .0 1 5% T K
Yy o XA R n (i =1,2, -+, N /&
i a0 @
ZRIZNTES . TR o X =i R B
HeFRiigmE N es HK: Vo,

do = dyg (IOS /:E‘Il‘iu%?;kﬁi% 0(021929"'70)5@1#\:
T A
I\T
= > qhqs >0
4,053 "] (9
< Zq;u9q3*o = O
n=1
4.1.3 AR4p AN ]

,fEQiQL—‘%‘ﬁ%iuﬁ*_% .f)?l b Cnm ’ Cll b 2\;‘)7211 ﬁ%ﬁ
ST DA 7 GRS 4, S 5 A7
SR

N
22<afnz(Ql an) acmn(qnm) +

m=1n=1 aqmn aQsz
3¢, (@) A€ (qin)
Ql + q - ‘0;“ - 77/;7) M
aqmn aqnm
(qnm qnm) + 2 2([0211 + Cwo(qno) - {03%0) °
n=1o0=
(qno CIno) +2 E Qnm E qILO ((0271 (Ozxn) +
M N
Z Z qmn Z qmn ) (77m 77;:) +
m=1 m=1
C N
(2 no — dy (10‘3 ) * ((030 - {03)0) +
o=1 n=1
Z —af'” OL0) |y v B, + as
m=1n=1 aqm”

Qo = Qi) = 00Y (01205205705, 05) € )

(10)
S 0 000 3B L A (5) 15 (7 RS O
RGBT DR T ot o PR . phy 5 R 34 5 T A A
VeV AE FLAR SR M — A7 E £ A B Sk 15 )
T i 36 O 45 F IR 4 (QF. 07, 0T . 77, of
e3)  H e g T N

afm (Q 9qm
aqmn

T =
qmn - maX(O qmn

ac mn (qmnl) ac n (Qll 1) ac mn (qlﬂl} ) _

aq;m) aqnm aqmn
eh =)
PR Bl
of (@ qh)
maX(O q”m g(f#_'_v»g«—"_ﬁu'i_am))
aqmn
PR AL Ty R
(}7110 = maX(O q;lz‘(;l - CI:IOZINI + C)zn((IH()l) - {0 1])

e R T 0 B iy EiﬁE’J BN

lo?lo - maX(O {O?o - g(ZQHO _(/o(lo‘ 1)))

N

7],£, = maX(OHO;; - g(zqnm - qunl))
n=1
0

[021)1 = maX(O’Pg;fl - g(Zq%;} - ZQWI))
m=1 o=1

o, T Ok R EL € RS K PR T35
ﬁ%z%%%jcrﬁk[w].

2GR QT Q5 Q5 s 05 05

AR BT A KA 01, R BRI A48 40 7 2

y o ‘m Q. q m ) [SI ( ;m ) .
pﬂn = f Ql g + g - 77;;1 ’
aqmu aqw
Vu.y., = 02 (11D

4.2 EW%Tﬂﬁ%t¢MFﬁ
T A R T3] R R TR RS TR A A 1 EE A
AT BBAE IR XA FEUE L T4 RIS 2
U RAT s BB R T A L REE A3 225 U B AV 4T
T TRl B s TR A2
by HE R 9 31 TE A A 3 5T, Maguitman™®) g 1
T R 2 118 SCRY R R RN 56 &R - £ ARFERE
X U AR 2 S L DA R AN ¢ LASCRY R
P d S FE VASCR R B H = (7,9, HGHE
B E A LLRE b R E H = (9,9, A 5245 an
K6 Frs (LR o).
Bl 6Ca) & AR b i I H = ({1,2,3,
4} ,{A,B.C})),Hrp, {A,B,C} N CRY4.(1,2,3,4}
e . B 6 () e X EEE H , B, AR
Feih = ARERTT A B SRR s B



234

S8 N N S

2013 4F % 35 %

(b) *HEHEEA
6 BBERT

Fig.6 Representation of documents by supernetworks diagramt®"

PASCRS g O BB 1 ) SR 4 H AT R A
SCRYRHR B 4 ANl SR X R C R H i s j ]
= score A J FNVTTEAESS § A7 SOR R H B R
X {8 1] ) IR o A 2 P O

S SCHA™ RO S B AT J AR SCRS @ TR
WEETS 5 % BE

w(d; ) = HH[”] (12)
Z(H[lsl(':l)z
k=0
Ve
5(ti.d)) = /fbl(H Lirj D) (13)
DYOH ik
k=0

A AA2) 5 (L3 W] 73551 FH T L SCR Sy e 9
INEGEFE (] 6 () » d — 8 D A LA E by Ly
PRI (18 6 (A, t — D B A O, A 55
PRRI TR X SRS Y 3 BE B4 ) RE ) R . 7E 5K
ADH Y k>0, ¢ () =1 =00, ¢ (k) =
0.d _iﬁlgli t_ﬁ@ﬁﬁﬁ::Z_;(w(dmtﬂ)z =1 Lﬁ
S8t s d))?=1.

FY BRI, BT BRI 58 SRS R A AL 5 1 3 1 [ ) e
HBEE

h=1
DHawldist)wld;t,)
d(di,dj) = — =

h=1 =1

Dlwldit ) D wl(dj,t,)?

k=0 k=0
h=1
DUw(dist)w(d; 1) (14)
k=0
h-1
DVotiad Dot d)
oty t;) =—=° =
h-1 h-1
Dot d ) > 6(t; . d,)?
k=0 k=0
h-1
(15)

DIt d )8t d )
=0

KADOBREICH & 5 d; W R AR, 2 5)
Wi E ¢ 5 ¢ BRI B . R A i 1 2 e 1Y
SRRV AT S R R SO AT Y E
SCHE e %

h-1

\ e s , At dp)= tivd)?6(d, d;)) (16
B AR SR LI B A Kb od 20 (0t d0%e(ded;2)A6)
=1
0. mE D) wldiady) =0
k=0,k7%1
h-1
V(di.t)) = (6(divd)w(d, t)?) an
k=0.k741 D
h-1 ’ /E\:b
> e(di.d,)
k=0,k7%1

A (16) B2 A il 78 1Y L AUEE S RE T B 6 X
S 1 BT d 5t ) SO B AR X
17 B AT 1) AR BES7 . B ¢ X i 1 ik
T BT ¢ REAAAETHES & IR SR
GRS d ARRL A 1 0. FRE i R B
AR S IR P 28 TR
4.3 BREEMANEEEERRPHER

A BT RS R4S R R 4 R0 S A
T DUIFRI2 0 2 B S O X3 S B LA R X
FIPR M 25 G AR BIETE - i] T2 SURR BT IR A &

VRV R BT TR AR LA R P 2 R B 8 R
YT EPESED AR REE A DRI UM BRI ok
IFFE TR 0 255 11 £
43,1 TIASURIIFUEE ) 25 R
AR AL & T RS, B — B L
AL T U T U R ) - LRI E T
FEAF I AR TE Sy 1R R8I RU, 346 2 1R
FATE AR FIIRAR R AL 3 T A g L EURIR
TR 2 H1 R 22 RS TR] B8 R TR 2R
AR R Y i A3 BV RER A R 45 G = (K



%34

BER.Z . BMEIT 235

Ek—k)9(}\5\ K={kikysoos by} il Evop = (ks
k[ 0Ck; s k)=11).0Ck, k) =1%Fm% k; Kk,
P T RFR AL FR ke AT A, by AT
PUHIE RO 35 5 MR B R M %% G, = (P,
E, ). Gi P={pispss=spnt-HE,—,={(pi,
P (P p)DFN D 5 p; ZIAFELERITEOCH.
AR ¢ (pis k)RR i 5k (A1 RIS
RoAr $(pio k) =100 py FA PR k. 152050
P SHIREREIMERA:K(p) = f(p; . K) =
{kilk;€K.$(pi k=11 p: A AT
EHAPWA MRS k; MWAP (k) =
eCk; P)={p; | p:€P.¢$(pi. k) =1} NiliRA
LU T IRAT =, XA AL R INALEE A po WAL
PUSEBE N WK (p) = f(p, KD = {(kjowyp) | k; €
K.$(pisk;) =1} A8 IMBUATIA 4 WK =
(K, W) =1{Ck;s w(k)) | k;€ K, wk)€
Wk Hp BUE wi ER pr B ANEHR L, |k
T o5 BOAF B W (k) = {Cw (k) ) R 45 HIE

FUEAEA s T ARk AT w (k) = D) wy.
i=1
[FE AL 5T A EUL T R A
W(kj) = u"()(kj) + Z[lv(kraz)]V

m=1

0Ck; ky,) =1 (18
H,wo Ck )y by BIRIAEAE; 0 Chjo k) =1 3R
7 ki SRk, PSS L A8 BRI AT A EAE
ST HA IR 5 BT A 11 A Z AL T s
FMAL R M 2% WKS = (K, W(K),P,E; .,
Ep*p’Ep*k)-
4.3.2 BBt SRR
B TONE EBBR MR AR A p 1Y
[ BEERICREE B, - A 51759 RAHSCRY RN
Foky SALE w SR JE 25 SEHO R S R 25 50
LEZv)
WK(p) = WK - WK(p;) =
{(Ckj,wlky) — wip} a9
Ho, WK (p) 3R 5 pe MO RALE BERS B
JE AU PSR B w (k) — wy; = 0,00
R ke WEHZURIR T SE 42T ok
BRI Ik
a. A AP AU S A B R A
pi EAHMINE UK (p) = {k; | k;€ K,
p(pisk)=1owCk;) = wyb, HATREERZ N

n

wk; = D)ook wk) = w;]; AL

j=1
i’/[:l% lj[{: lJI{(pl)Ul][{(pZ)U"'UUT{(pm)v;H\:%

m n

ZAB k= D) D) [o(pikp | wlk)) = wy].

i=1 j=1

b. LA RS LA FRTEH LU AR R
Jr i FEA AT IR O v = ke /e PR AT A
Ef 1%‘ j:”] *R H: % r ' = ‘[’Uu,k / u)toml ’ ;E\: ':F‘ 7/Utotal =

n

D0 wCk) (D] 0Ck k) =0) N LU S B
j=1

=1

W, 0Ck; ki) =0F%m ks k, BRI A r.r'
e 1 AR — A BB T S AR B R E L SRR B
JIT o FO R Sk BRI By Bt 1 8 L I 2k
B R AT W4 1 R AR

¢ FIPRIM 2% T B 1k 2R s i )l — 5 HE 1 AR A
R R BRI 0 N R A 2R e Dy F A AR
ARG TP JU) A o 5T RN P O 468 7 B8 M e s
Tl — R HU A O U R TR 5 B8 B 19 e 2 A
(KA AR AR UCk D RN ki BTN
Bl G ATA.
4.3.3 BRI

a. HEURIRTTIRLZ PP - HEUMIR BT IR %
VS LA IR U L 5 5 80 FTR N 28 BT B
BUE L.

b. AHZUR GNP EMPE A AR L E 4R
RIS R B rT 3R

¢po = | Dy /| D wkp| @0
j=1 j=1

A AR ST L T4 4 U SR
A NPT 5 H R T3

g (po = | jwij"u(k,—)‘/
=1

D) wk Uk 2D
i=1

) R AR Al A R0 AR LA AR L B 45
B L4 TP 1 5 2 R i 52 35 1 IR 35 DI
.
4.4 EBRERNFITEHFERR

SO E8 (R TOAR FEAE” /I BRI " S e it
Rtk JFRE T 2% A 52 08T 42 0. Estrada 55
P e SR R T B A DS S RO AT HE A
73590 P R PRI PRI 5 1 R 45 L A 25 T 45 K%
1990 43¢ [ A28 5F W25 (01 249 2 L 3 18T ) Lo PE A
LS G & o B oy R S e
28 AR 2T S s LS R 4 P £ S



236 TR 2 e R 2013 4 %5 35 &
4.4.1 FEOM CoHy o CWaCH) —68
s E H=(E, V), th E={(E,, E,, ? W,(H) — CW,(H) — 6

L B OV = v vs, e v BT AR LA
B S B AR, HAT B IE A A BE U =
(i) ffifs A=UDU", Hoip D = Diag( A1, Ays oees
AD LR IE A BFRHEIE A vis v, W H BT
A PAEEGLDBITTERN vi— vy BB 415
A

(Al)g_,‘ = /«‘/(L]) = § LL%%\//‘{Q (22)
s=1
A1 LZ]?ﬁ
(A = 1, (1) = 5 Cu i) A% (23)
=1

H BN £ YBE K, S AEE SR CIl, o35
W= 2o = 25wl (24
i

s=1 i=1

Cil, = D (i) = DAk (25)
i=1 s=1
FRRIZE DL v AR 2 I 45l A K 1 A i
ORI 5 vr I FE O E Can (D).
Can(i) = Z #i('l) = 2(%,};)26/\/' (26)
£=0 j=1

i B8 E 38 B oy
<CSH> = %Z CSH(Z) = %‘//E elti 27

4.4.2 BEBRH
Watts ™ 2 H R RBORMA I 24 W 4 5
5] Y AE B SE I L E L Estrada % k4T 228 {1, 75 3]
M RE RN
6 X R =AU
HAKTH 2 By
KAl = MFIR i 3 AT S 3 A FE
AR 3 8 g, = BT AP K
3 WM BER R, TP BE A 4yl [l %, 505 U8
AR = AR EEEO s 2K 2 1
BN 3 AN [R5 R PR A5 A () R i 2 )
e iy, = | e B | BRE KR 3 LT
GRS O = F BBk

e = > (- Dy,
j=1

ﬂ] ’i‘ _'....7"/
{/4, = > { v H (29
iy iy 3

[l DK 2 I B = 38 IR B IR A Y
XH

C,(H) = (28)

SO0 -6
s=1

— (30)
DI u? = DA - 66
s=1 i=1

5 BEMRE

ARICEZA B EGHEDE TR A S H
DAY WIS T3 3R A AR DL - 2 91 T BB BER
WP RR - 28 BITSE I 1 o I 245 A6 45 BIF 5 408114 1oz P
S HGETT R 7T 8 19 2% 1) B0 F 58 R 2 >
PRI o 5 2 WL TR S 0 25 01 5 1) i 1 A0 R it
(] 1 5. F RIS AL T30 ARV Be AP 7ETE 2 AN AL
a. W5k B — . H R 2 1R LT 5807 ik A 3
it BT ASEX STl B M T R Gk
MIBIFE J5 vk e 5 T A2 A SF BT 585 14 B
PUAT T [ 7 SR A0 R ok R 1 BT R BIF 5 O %

RS G BT b IFTE IR A R . BT
ARy AN A ST FE 7 15 BB E G I T T4 3 o3
A 2 ot 1) A4S 114~ A 1) L. T o 6 I 2% 42 114 1Y
2 SR b T 58 A R L2 25 5 R 4 H T
FFEARNR B A 265 Hh 90 2% [] 5 22 55 J5 T TS - 7350
BT HHE I F T R AT R SR A T T
LY TIRE G B BRI A R A 4K
A5 (ELER 0 28 B REAE FIGE T4 55 D T A BF 8 R
SR c WEFE)T AN L R S T ST IR T AR T AL A
NFZ I T BN SR K i o B SR W
LB 2Bk B AE AN B I (H 5 RS A
FH AT S A IR 5 0 T X 28 A5 7R 1 10 405K
HIFEH .

LE BTk AT ST 4 5 n] 5 R LLT [l a.
il RS s g o N < 7 oy e TS T
HAT (PR Ak 0 I 45 76 1R R 4% BRI ST A
AMPLEGETRAESE T b. LR A BE T AT 48 5 A2
O ANRERRE A U BT B — R 45 - (] 1
JEWTTELT A I 245 - 187 ) AL 5] S A R 38 fy o 45
A g 7 ) 245 ) AL o T o A 7 90 245 A
LREWITE. o HIMZE S5 MR R AT X 2
2% W28 I ) 45 . 3% Z T A A BB FIIX 1) B Y
HYEIRERG A AB R BB POA N T
IS T B R 45 IR E 5 RS TRA RGN
RO NAMTAKRT? REESNER ARG, M4 AR



%34

BER.Z . BMEIT 237

R B 45 1 265 mp s 200 A 3R Y AR
IR 2% BRIV 190 265 -5 ] 4B 2 2 DD AT G  AEBIF IS o
o7 25 ey (A B

S 30k

(1]

[2]

[3]

(4]

(5]

(6]

L7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Faloutsos M, Faloutsos P, Faloutsos C. On power-law
relationships of the internet topology[J]. Computer
Communication Review,1999,29(4) .251 — 262.

Watts D J, Strogatz S H. Collective dynamics of
‘small-world” networks[ J|. Nature,1998,393(6684) ;
440 — 442.

Hethcote H W. The mathematics of infectious diseases
[J]. SIAM Review,2000,42(4) :599 — 653.

BT SERE S8 BT B . A ZURIR R G0 R0 R 9 2%
B K g LT A BB 224, 2009,12(3) : 12 - 21.
SRV OO TSR 55 SR 8 WF IR LT . )
#,2005,34(1) .31 - 36.

Erdos P,Renyi A. On the evolution of random graphs
[M]. Budapest: Publications of the Mathematical
Institute of the Hungarian Academy of Sciences,1960.
Newman M E J, Watts D J. Renormalization group
analysis of the small-world network model[ J ]. Physical
Letters A,1999,263(4) :341 — 346.

Zhou S, Mondragon R J. Towards modeling the
internet topology——the interactive growth model[ C]
// Proceedings of the 18th International Teletraffic
Congress. Berlin, 2003.

Barabasi A L, Albert R. Emergence of scaling in
random networks[ J ]. Science, 1999, 286 (5439) . 509
-512.

Williams R J, Martinez N D. Simple rules yield
complex food webs[ J]. Nature, 2000, 404 (6774) ; 180
—183.

Lancioni R, Schau H J,Smith M F. Internet impacts on
supply chain management [ J]. Industrial Marketing
Management,2003,32(3) : 173 — 175.

Estrada E, Rodrigues V R. Subgraphcentrality in
complex networks [ J]. Physical Review E, 2005, 71
(5):1-9.

PR S AT A PR R ) 2 A A R R T AR 1 Ak
JriklT]. RGBT 2010,19(6) : 689 — 695.

JR BT 58 A S8 T R R 2 1 SR UK B
MFERITEELT]. 24T ,2005,23(8) : 110 — 115.
TV SERE S HENA B TR AT ] R 5¢
TR 552, 2009.29(4) : 154 - 160.

Sheffi Y. Urban transportation networks: equilibrium
analysis with mathematical programming methods
[M]. NJ: PrenticeHall, 1985.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Nagurney A, Dong J. Supernetworks: decision-making
for the information age [ M]. Cheltenham: Edward
Elgar Publishers, 2002.

Nagurney A, Dong J,Zhang D. A supply chain network
equilibrium model [ J |. Transportation Research E,
2002,38(5) :281 — 303.
Nagurney A, Wakolbinger T. Supernetworks: an
introduction to the concept and its applications with a
specific focus on knowledge supernetworks [ J .
International Journal of Knowledge Culture and
Change Management,2005,4(1):1 - 16.

Nagurney A. Supernetworks: the science of complexity
(J]. i TR 22441 . 2011, 33(3) : 205 — 228.

T E A 88 W 4 e R H N M. de T B
2 R A L 2008.

Matsypural D, Nagurney A, Liu Z. Modeling of electric
power supply network with fuel suppliers via
variational inequalities [ J ]. International Journal of
Emerging Electric Power Systems,2007,8(1):1—5.
Estrada E, Rodrigues V R. Subgraph centrality and
clustering in complex hyper-networks[ J]. Physical A,
2006,364(1) ;581 — 594.

Sonntag M, Teichert H M. Competition hypergraphs
[J]. Discrete Applied Mathematics, 2004, 143 (1) : 324
- 329.

Emmerink R H M, Axhausen K W, Nijkamp P, et al.
Effects of information in road transport network with
recurrent congestion J ]. Transportation,1995,22(1) ;
21-53.

Low S H. Paganini F, Doyle J C. Internet congestion
control[ J]. Control Systems,2002,22(1):28 —43.
TREFE A=) B . 7 2R 7 0 2% 4 P B TR B Y
LT ¥y Bk . 2006 ,29(136) 60 — 62.

Berge C. Graphs and hypergraphs [ M ]. New York:
Elsevier,1973.

Berge C. Hypergraphs: the theory of finite sets[ M].
Amsterdam: Elsevier Science, 1989.

B B 28 A ) kAN BTk LT . iR A
11),1987.19(3) : 244 — 255.

Tuan N D. Hypergraphical t-designs [ J ]. Discrete
Mathematics,2006,306(12) : 1189 — 1197.

Gazdik I. Modeling system by hypergraphs [ ] ].
Kybernetes,2006,35(9) : 1369 — 1381.

Frank H, Page J. Myrna H, et al. Networks and
farsighted stability[ J ]. Journal of Economics Theory,
2005,120(2) . 257 — 269.

EARFE. R TEM R — U8 ] R TR
41,2011,33(3) : 229 — 237.



238

S8 N N S

2013 4F % 35 %

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Yamada T, Imai K, Nakamura T,et al. A supply chain-
transport supernetwork equilibrium model with the
behavior of freight carriers [ J ]. Transportation
Research Part E,2011,47(6) 887 — 907.

Temkin O N, Zeigarnik A V, Bonchev D. Chemical
reaction networks: a graph-theoretical approach[ M ].
Florida: CRC Press.1996.

Nagurney A, Dong J. A multiclass, multicriteria traffic
network equilibrium model with elastic demand[ ] ].
Transportation Research Part B, 2002, 36 (5). 445
—469.

Dong J,Zhang D, Yan H,et al. Multitered supply chain
nerworks ;: multicriteria decision-making under risk and
uncertainty[ J |. Annals of Operations Research, 2005,
41(6) ;585 - 612.

Bonacich P, Holdren A C, Johnston M. Hyper-edges
and multidimensional centrality[ J ]. Social Networks,
2004,26(3) :189 — 203.

Pothen A, Ramadan E, Tarafdar A. A hypergraph model
for the yeast protein complex network [ C] //
Proceedings of HICOMB, Santa Fe NM,2004.
Krishnamurthy L, Nadeau J. Ozsoyoglu G, et al.
Pathways database system: an integrated system for
biological pathways[ J]. Bio-informatics, 2003, 19(8) :
930 —937.

Lions I J L, Stampacchia G. Variational inequalities
[J]. Communications on Pure and Applied
Mathematics,1967,20(3) : 493 — 519.

Daniele P, Maugeri A, Oettli W. Time-dependent
traffic equilibria[ J]. Journal of Optimization Theory
and Applications,1999,103(3) : 543 — 555.

Cojocaru M G, Daniele P, Nagurney A. Projected
dynamical system and evolutionary variational
inequalities via hilbert spaces with applications[ ] ].
Journal of Optimization Theory and Applications,
2005,27(3):1-15.

Nagurney A, Loo J, Dong J, et al. Supply chain
networks and electronic commerce: a theoretical
perspective[ ] ]. Netnomics,2002,4(2) ;187 — 220.
Dong J,Zhang D, Nagurney A. Supply chain networks
with multicriteria decision-maker[ C] // Proceedings of
the 15th International Symposium on Transportation
and Traffic Theory. Adelaide,2002.

Cruz J. Dynamics of supply chain networks with
corporate social responsibility through integrated
environmental decision-making[J ]. European Journal
of Operational Research,2008,184(3):1005 - 1031.

Dong J.Zhang D, Nagurney A. A supply chain network

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

equilibrium model with random demands[ ] |. European
Journal of Operational Research, 2004, 156 (1) 194
- 212

Nagurney A, Cruz J, Dong J, et al. Supply chain
networks, electronic commerce, and supply side and
demand side risk[ J]. European Journal of Operational
Research,2005,164(1) ;120 — 142.
Nagurney A, Matsypura D. Global supply chain
network dynamics with multicriteria decision-making
under risk and uncertainty [ J ]. Transportation
Research E,2005,41(6) ;585 — 612.

AT AR SRR, S I 2 BT A A H T A RN X
S8 LT ] b B TR A 4l 2011, 33 (3) - 258
- 263.

Nagurney A, Liu Z, Woolley T. Optimal endogenous
carbon taxes for electric power supply chains with
power plants [ J]. Mathe matical and Computer
Modeling,2006,44(9) :899 — 916.

Nagurney A, Liu Z,Cojocaru M, et al. Dynamic electric
power supply chain and transportation networks: an
evolutionary variational inequality formulation [J].
Transportation Research E,2007,43(5) ;624 — 646.
Liu Z, Nagurney A. An integrated electric power
supply chain and fuel market network framework:
theoretical modeling with empirical analysis for New
England[ J]. Naval Research Logistics, 2009, 56 (7) ;
600 — 624.

Nagurney A,Cruz J. Matsypura D. Dynamics of global
supply chain supernetworks [ J ]. Mathematical and
Computer Modeling.2003,37(9) :963 — 983.

Nagurney A, Ke

networks  with

with

K. Financial

intermediation: risk management variable

weights [ J ]. European Journal of Operational
Research, 2006,172(1) .40 — 63.

Cruz J, Nagurney A, Wakolbinger T. Financial
engineering of the integration of global supply chain
networks and social networks with risk management
[J]. Naval Research Logistics,2006,53(7) ;674 — 696.
Nagurney A, Dong J. Management of knowledge
intensive system as

supernetworks: modeling.,

analysis, computations and applications [J].
Mathematical and Computer Modeling, 2005, 42 (3) .
397 - 417.

Wang Z P, Zhang F M, Wang Z T. Research return
supply chain supernetwork model based on variational
inequalities[ C] // Proceedings of IEEE international
conference on automation and logistics. Jinan,2007.
supply chain

Nagurney A, Toyasaki F. Reverse



%34

BER.Z . BMEIT 239

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

management and electronic waste recycling: a
multitiered network equilibrium framework for e-
cycling J]. Transportation Research E,2005,41(1) ;1
- 28.

Hammond D, Beullens P. Closed-loop supply chain
network equilibrium under legislation [ J |. European
Journal of Operational Research, 2007, 183 (2) . 895
—-908.

Nagurney A. On the relationship between supply chain
and transportation network equilibria:a supernetwork
equivalence with computations [ J |. Transportation
Research Part E,2006,42(4) .293 — 316.

Xie HY,Zhao D P, Yuan Z ], et al. Port supply chain
supernetwork optimization based on variational
inequalities| C] // International Conference on Logistics
System and Intelligent Management. Harbin,2010.
FEF AT R TT L AF R TR AR U ) 2%
T BEUR A A P 2 AT [T . 3% T 3 R 2 25 3R
2007,33(4) :26 — 30.

Zhao L,Nagurney A. A network modeling equilibrium
for internet advertising: models, qualitative analysis
and algorithms [ J |. European Journal of Operational
Research, 2008,187(2) .456 — 472.

XURELRIN. Az 7 e e XU T 43007 B P 45 LT ] g
TR 2244R . 2011.33(3) : 264 — 267.

Ukkusuri G R. Dynamic user equilibrium model for
combined activity-travel choices using activity-travel
supernetwork representation[ ] ]. Networks & Spatial
Economics,2010,10(2) . 273 — 292.

Nagurney A, Qiang Q. Robustness of transportation
networks subject to degradable links[ ] |. Europhysics
Letters,2007,80(6):1 - 6.

Nagurney A, Qiang Q. A network efficiency measure
for congested networks [ J]. Europhysics Letters,
2007,79(3):1-5.

VRN INFIBE A7 L S5 R R s SR LT ] W
F244R,1994,22(8) .65 — 71.
FEIERGBEE S BT P ERE AR,
1998,28(9) . 769 — 778.

Bretto A, Gillibert

representation [ C |//Lecture Notes in Computer

L. Hypergraph-based image
Science. Heidelberg: Springer Berlin, 2005.

Bretto A, Cherifi
imaging:an overview[ J ]. Pattern Recongition, 2002,
35(3) :651 — 658.
Ozdal M, Aykanat
algorithms for date-pattern-based clustering[ J ]. Data

H., Aboutajdine D. Hypergraph

C. Hypergraph models and

L75]

[76]

L77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

(86

[87]

[88]

mining and Knowledge Discovery, 2004, 9 (1): 29
—-57.

Segovia-Juarez L, Colombano S, Kirschner D.
Identifying DNA splice sites using hypernetworks with
artificial molecular evolution[ ] ]. Biosystems, 2007, 87
(2/3):117 - 124.

Wang K'Y, Kim B S, Lee C H, et al. CVD level
prediction processor using DNA computing [ ] ].
Electronics Express, 2009,6(9) :529 — 534.

Kim J K, Zhang B T. Evolving hypernetworks for
pattern classification [ C] // IEEE Congress on
Evolutionary Computation. Singapore, 2007.

Mao C., Yokomori T. DNA hypernetworks for information
storage and retrieval [ C] // Lecture Notes in Computer
Science. Heidelberg: Springer Berlin, 2006.

Maeshiro T, Maeshiro M, Shimohara K, et al.
Hypernetwork model to represent similarity details
applied to musical instrument performance [ C]| //
Lecture Notes in Computer Science. Heidelberg:
Springer Berlin,2009.

Heo M,Kang M, Zhang B. Visual query expansion via
incremental hypernetwork models of image and text
[C]//PRICAI 2010: Trends in Artificial Intelligence.
Heidelberg: Springer Berlin, 2010.

Ha J W,Kim B H, Lee B, et al. Layered hypernetwork
models for cross-modal associative text and image
keyword generation in multimodal information
retrieval [ C | // PRICAI 2010: Trends in Artificial
Intelligence. Heidelberg: Springer Berlin,2010.
Volpentesta A P. Hypernetworks in a directed hypergraph
[J]. European Journal of Operational Research, 2008, 188
(2):390 — 405.

JEIB VL 5 B S0E S8 % T AIASC R 150 28 A8 114 SR T ) 2% 5
B pr S LT R LREFEIS 15 928k, 2007, 27
(4) ;134 — 140.

TRTHAE AR BT W 28 A5 Y 1) AR e 7% 5l ) o e
[J]. 4R 247.2011.30(7) : 94 - 98.

JREIBVT s 3 S S R T fIAS R 19 2 A5 2 (14 2H 2R N R A
IR kL] 1B . 2007,26(2) 210 — 215.

JRE BT, 38 S S — T T AR ) 4 A1 114 2 200
WU FRE N kLT ] AF R #2008, 27(1) - 24 - 29.
TV SERE R SRVLT AR TR A B RR
PO ] TE R F 4R . 2010,29(2) . 356 — 361.
Maguitman A G. Intelligent support for knowledge
capture and construction [ D ]. Indianapolis: Indiana
University, 2004.

(Gl TLLD



