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[fEH] Random Walks and Diffusions on Graphs and Databases
[#FAT] Dimitri Volchenkov (Bielefeld University)

[EE] Most networks and databases that humans have to deal with contain large, albeit
finite number of units. Their structure, for maintaining functional consistency of the
components, is essentially not random and calls for a precise quantitative description
of relations between nodes (or data units) and all network components. Classical graph
theory has been developed in regard to its applications in urban planning, transport,
energetics, and many other fields. The general optimization mindset dominating these
researches had addressed to graph theory the questions which were often related to finding
the shortest path between nodes, as being of the minimum time delay for information
transmission and of the minimum cost for connection maintenance. Not surprisingly, the
very definition of distance between two vertices in a graph is given as the geodesic
distance, i.e., the shortest path connecting them. In contrast to classical graph theory
paying attention to the shortest paths of least cost, in our approach all possible paths
between the two vertices in a connected graph are taken into account, although some paths
shall be more preferable than others. Such a formulation of graph theory can be called
as of a “path integral”. Random walks respecting all graph symmetries assign a probability
to each path in the graph to be traversed by a random walker. Perhaps, the most interesting
fact about such a “path integral” approach to graphs is that the probabilistic distance

naturally induces a Euclidean metric on a graph (sometimes called the ‘diffusion




metric’ , or the ‘effective resistance metric’ ) allowing for a geometric representation
of the relationships between vertices in a graph, in terms of distances and angles, as
in Euclidean geometry of everyday intuition. The probabilistic geometry provides us with
the necessary basis for consistently discussing a number of applications such diverse
as electric resistance networks, estimation of land prices, urban planning, linguistic

databases, music, and gene expression regulatory networks

My 7 i 2
(EH) 757 2Nty FT—2
[EAT] RAEEN RS KRR TR 2E 6

[EE] 27— 7 ) —EXRE— LT — L RHEIZIZ T, MRy NUV—21ZE7 77 20
PEE WS FERIZ2RRER L O N DGR LIZLIESD 5, A TIL, Xy V=IO RT7 T 74
VTHDLLIFE DI NS Zeh, MOMENMERE L EO L5 RERICH DNV THAT D,
Bz, HELBRWEEZEZDNTEREAET— LT =LKL 7T 7 Z AR, BlERY hT—
ZIZBWTED L IZHZL L TNDENIOWTHFNT D, £lo, A7 —L 7V —EHL 77
7 ZANRITCDOBURR, 77 7 ZENEHER Y NI =7 OEIBET L, SHITIESATF 777 40
PEIZOWTHERT D,

My 7 #m3
[[EH)] %y NT—27 BRREDEMS ZT LOF -0
[3AR) rARA U T3ERFPHER T AMER TFR, JST EE20)

[EE] B> 2T JTEBW TR A 2B FNEMEICH BN L TR Y | x o4 mBls
FZOHMAFEMORRE LTRE TWD, TFEOEMT —Z OBRLBINBHT ORRITLEN,
BT AT DORIFAPIRLZITH LN IN TN D, BICEMER Yy MY — 27 HGRORE N>
T, ZOXIRMEMEMNEZRX Y FU—2 & LTRIELL, 2 RMEN BTSN TWD, KiE
TR, AWy b U—2 GERIETFHIE, # o _2BREER, R#txy hU—2728) Off
FrPET MRFEN BAF LN TE I RIZ OV TN T 5, Fr, kA Xy b3 ED Ry F D
— VWG 2 5 WBECEELICT A RBICOVWTERT D, ZhITx, I, AE%*x
v MU =27 IZB W TITHRIRORAER & OBERC, A RER & OBEIZ SV T BRI RITIFZE &
nNTW5, ZRHIZONTHIEMN LTV,




CMRU Aff724s “ v R U — 7 B0 3 & BB

Tar g A
9H 13 H 9H 14 H
9:40-12:00 o va v AFERIE/ R | By v a v Cl4m]
12:00-14:20 KRB —F v g RAB—F v g
14:20-17:40 v a BWEE] v ia DL
9 H 13 H

9:30-9:40 PHSERES  @ILFEME CRAL KRR ZBLE S B RHR)
/NP CUEREL 4 W9 4R Bl R JE AT 20 3 LR S P 1)

NN k=Y
(A-1) 9:40-10:20  BRZE (FTK DK KRG WEFFL
“URENTHEM A AT I ADOFRy b T — 7 SR
(A-2) 10:30-11:10 PR GO TR EL T2 e
“CHEXR Y U — 7 EOIEGHREAREMIC L 288 — VR E X A 7 R
(A-3) 11:20-12:00 HAmMA (F)IRFLEE )

BURNEECR 2 A F X 7 ZZEES L Ry MU — 7 EDTERORFE”

12:00-14:20 KR Z—Ev I a  &BE

¥ v a v Bl
(B-1) 14:20-15:00 AR 5L (@40 L3 = % i M AR ARG LR
“WEHRRBIZ R v b T — 2 OIS LBEREIC E D X O A b 7o b0y
(B-2) 15:00-15:40 FA)IHES CRALK R ARl #E i 77
“WHER Y NU—27 EOBPRET VO R OB/ FER
—{R7H-
(B-3) 16:10-16:50 JRALRE S (ALl K5 KBt L 5ebt)




WAL D — FEG L Ry BT — 2 OFEGRIE"
(B-4) 16:50-17:15  =jfift RO TR PR FFER A B LA 5EE

RS RE B LT EMER Yy N U — 2 OBENBRETET LV
(B-5) 17:15-17:40 JIAGERR GRILKF R F BB R0 508

Ay 2 — EOERIEE L KBS

9H 14 H

v Cl4dm]
(C-1) 9:40-10:20  VrAFIA UN TEER P H LA miG®m LR, JST S & 280))
“NHry NI =7 DV a— T ED LS IR SN DY
(C-2) 10:30-11:10 ¥ HEA GRAEUR LR ZBEE L T2 R0 5E 8
LHEF Ay MU =T DHEAF I 7 AR DIREEE R
(C=3) 11:20-12:00  [L7a T4 LN RZZAE B EIE = IEAT)
Iy I AT =FOMEIHES FRMAER R Yy hU—27 OTH”

12:00-14:20 RAXZ—k v 3 &BA

¥ via v DHEE]
(D-1) 14:20-15:00 FHHM—HR (B ¥ =7 A &H)
“Web EDa—HF A ETIZHESEMER Y MU —7 ZI0H LT FERERM
(D-2) 15:00-15:40  fifp AL (At T2 K2 RFBe el - SRS
KB SRRy NI =27 D7 ALY 7 L alfi{t~DIsH”
—{AR7H-
(D-3) 16:10-16:35 KpksLhT (Rt Y 70— 1)
“MEANDEED Y L iRl D ZEREFI A (supported by CodelQ)”
(D-4) 16:35-17:00 = KE] CRAEURFRZBEG B T2 R0 7ERH)
SRYLIE DB R AR IET DAEREE T L N— R NRAITEI R Z — L DR
(D-5) 17:00-17:40 /NEAFSAT (BRA& 4L KDDI AFSEFT)
“EETEREOWIE T by 7 BN D IBE Sk BRI & AR ELRAGR”

17:30-17:40 PASES B (AL RFPRFRERE AR




a2 (1 BHFESR)

Tviia A1
[JEH) B TEMIAFI 7 AOF Yy MU — 7 sk GE
[FEnaa] BBZE (BAE DK K EIEHRELEFRL)

[ZE] REHE, $7205HEIEZ 28MREENE, LRSSAEMRR 2 EOAEMILRP
EERER, SHITIFA Pr /=AW B2 E, xR TERERZEE Z2H - TN 5.
Friz, IREFEHDPAAMEMNT 2 & S RMBEEOM2EN A A7 EOBMERFRFFLBIR N Z 5.
D LD BRERFALBGIITBIRIR O RIE L L TR Y, FERIE - BRI W T, R
SRS BUE b HEARNIEGRTH L. ZOME T, IRETHEHADOED 51k~ BR 2@
L, ZOH®RIZHHHEMmOEIEL, HimamM LIS 5. Frio, Ry b
U — 7 THRET S IR OBV 2 BT R Y o 7T TE R W < ORI T D,

Tyia A2
[ER] SRy FU—27 EOSRBEERNLEMIC L 2N =Bk E F A T I 7
[REEE] fRM RO LR L T2 7e R

[HE] POSEHCR BB B 1 D ILMEAE AL EMEL, IR RIS D222 —
O HOCMHBICDIEARA D =X LTHY . £ OREFNIER Turing /NF —2 ThHh D, A TIE
A—=nN7 Y=y U= EORINIEBGRICEIT D Turing /3% — IR & BT 2 55D
WTlRRD, A7 =7 U —%y hU—7 ETiX, k0% MR 2 BUE I 30 T LAY 20 i
BRI R SN DML F — 0 LIZRE R T — U INVEREN D, TD X9 788 — U P
> MU — 7 ORI E 4 ) — NIZB T 2 OMEBERDERTCLE A 7 At bt
HIEICLVHHREITHMCTELI L, o, ZOZEBRAT—ALT I =Xy hU—7IIB
JABERWE CTHDL T TSI UT UEANRYT NAVOREEEBGRT S Z LR EEBHT S,

g A-3
[EH) KSR A F I 7 2SS Ry MU — 2 EEOE R
[F#mE] HAEH EIIKFEEE )

[BHE] *v NT—27 20 LI2WESN®R - & NMe COFMNE RS 25 2 L1k, KBER v b
U= VAT LOiREr c BPDOTZOARTRTHD, ZOEMEE 2oWHERE LT, Xy MY
—7 LOWHORREN S 5, AT, MEBEFIEFECADISCTELT S LT, *y
T —2 EERLHT 2&E (WECREH - & hOBES) IWRIE LRy MU — 7 A #i - 10E




ANT5B, ZOX>7Fry NI REGOEIME L i, BIROIEHEZ A T I 7 AR
T2 LT, RE LTI 5%y NU— 7 BERTEE S NEREL S BT D h, F0
Turv A FEETNELTERLL, *y N —JEEORKIEEZ AT 5,

v g B-1
[BEH] WEMEBEITR Y NV —7 OREE LRI ED L ) B E LT )
[FEEE] Bl (Fa T ¥EEERMERERE R TR

[EE] KRR - OB T 5 B @BILR - AREEIEEHE - W EDOBLFEDOR Yy T —27128WT
i, /= PR EICER TS Z L0 TS RWREIHEN RN D 2 EBbhr> TS, Ll
e, Oy N7 IXFABREORKD ) — RELEXFEEGT 5 (assortative 7¢) A1 ZFFH,
Flo, BHFAY MU= IIRESORD 7 — FELEMRFEAET S (disassortative 72) A% Ff
DDNZONT, fEDTEHHBRFTHITEZTNE > THD. Hlix v NU—ZHRIC
BWTIE, THET, REGAOHE VT EEGELEN L o120, B, 7 — RS
DU 2 B Adviz K0 3BT 3T DOIUL U TV D, A Tl KA
BHER v DU — 7 OREEREIRIESC SR v N T —7 EOF A F I 7 A2 58O\, T
LR MBI FIEEZHNTELZL, BEOR Y N — I RS EIERREABEEZ S - T
BHONDDNIZHONT RV ESEFEL THE .

tyva B2
VEH] BMEX > bV —2 EOMIRE T L O R OB/ —k
(GEEHE] RA)IHER GRALRZIRZFGEE R AR SER)

[EE] My NV —27 LOBERET VOMBEBBRITRAITE SN TWD, B HES
EWno e HOLE—DER R ZEICERFHENORFH~EB T 2282 A -T2,
L LESHOEMER v NU—27 7V TIRERA 87 TR, B 9 ofA (B
R O)DBIFET D2 EBRHEMNTR o TETZ, ZHUTH D /3T A—ZHIBIZBW T, ZNHE
ICERSFCRIBICH 2 Z & 2 BT 2, ZO &5 REER M ORISR 7 T 7 CHEERICEE
HEnTW5, LaL, *v b —27 EOKEETT VO REOE M/ IEE 2 RET D 3
v U — 7 EEDOFMHIZE AL NITIE AR o TRV, ZOME T/ S—aL—ra VET L
VT, BES HRT AL D Brar s O R & RS O MM/ FEH AR ET Dy Y
— 7 OREEIEE IOV T D,

vl g B3




[ER] @amcks/ —FRGBL Ry MU —7 OBk
(REBE ] RAMREI (LB R R T2 JERe)

(5] EMEx Y U —7 iRt - lEStEoMEIX, *y FY—2 LEoR—ab— g U
MELTURMN OB IS N TE e, ZNETIEH, FU XA —TEERE TR —
RZHIBRT 2 T o & DD RO mW—ERD ) — 23R IR 28K &5
SONIRIT AMMAMETZ T NE R SN TE T, LLRRL, A ¥ —3 vy NOEBERMER L
AIEPOAFELZIZLY, IEUDICHRESINTEAWEID bEWARR»NDHZ & T/ — R
BEZZ 5 X 5 BRI T COBREIZONWTIE, E VRSN TR, K
I TIE, 20X ) RiBAMKIEIC LD/ — FHIBRICH LT, EOXH%xy U —7 )3k
THDMNTHOWTHIZE LT Rk~ 2,

N
UEH] BEENREEBE LIEM R Y NY—7 OBENREET L
(GhEHE ] =it OO TR REBEHR G B T2 AR

[BEE] BMER Y NI =7 DR =17 ) —HE2BET LIREET LV E LT, BA E7 AR EL
MHNTWD, AT/ — ROAERIIMZ, /— FOHBSLEERODREEEALT, /—
REUIHE D <Y, U U 2 BO AN REUTER L 2 DT VEEANT H, ZOET VT
THERRTHY, /— FOWREMEEN/NE S AERPEITE Z 2P FICBWT, ki oiEg
RENREDLWOTIE\NE, BVEEEZFOZ R olz, ZOMWEIZOW TERESCTHEAE B
B Llev A2 —HEREEAL, ZONHERICOWTHIT 5,

Ty aB-b
[(EH] VA v ¥ — LOWERILE L R L85
(REBE ] JIAGER RO R AR AR B R/ TE R

[BE] ~f7u7n 7L LTHARYA v 2 —TlE, VYA — FEMENDBREIC L - T,
Z4AuT—foOxy NT—7 ETHERILHMAAET D, TO XD RILEOZRT, UV A — "R
1000 ZHE 25 & 5 BRI ZRILEMNFAE L, —fRIC TR E] (b LIFARZXD) LV HBIRL L
THOLNTWD, ZOXIRBRET, 74V —HOZNa2—F—ZXoTIVA—FEd
ZENFER ERGIIEBEIND, LrL, 74T KR 100 TEBXLEIRT ATk
THUYA—F31000 BLEEARD Z EIIREE L, BT TIHEMTE 20, ARFHEH T,
VA B — ETOERIEHN T v X LREBBEL L TELETMETE, ZOILEBRRIC) Y
A — NREOHBEEBET 5 LM REN L7220 (Thbb R E] T2)BBRAN IR L

10




% 7T_\.‘j_0

tyiaC-1
[EH)] fRE@tRy N~ O a—AMEIED LS ICEEIND DM
[FEnag ] VrARTA JUN T2ERPIE R T A i ) T8, JST S & 081))

[EE] R#txy N =2 2E804EMFy NI —ZIXEEICE Y 2 — bR TWEH R, 20
KO BREFIEIZ E D LD IS SN DTES S i, BB R B SOH 3 Y 72 7 — S BT ORGSR I
ZOEIBREY 2= VEDOBRICOWTUIEBTREDOR (A7 ANEBT & BHDZELL)
WEHEETHDLLHEMLTND, LLRRL, EFEOWLS DT — 2 fifti b3 2 o] &
BVIEIHRPEOLNTEY, BV 2 — A MOBHRIZITHO LT U AOFENREIC > TE
T R TIE, Ry N7 =7 BRICK T 2BIET LV ERETHZ T, K@ity MU
— 7 DFEY 2 — VIENEMRTERIBRN OSSN D D 5 2 EAERMIIRT, ORI,
TV a— OB, ABFREORE VD L0 b, HbA R N & U CHEBL L R
FOSDBRIZE > THHAEND Z L 2ERT D,

v g C-2
[JER) 2fliEF Yy NU—2 DX A F I 7 RBIT HIREEE T
[FEEE] 88 EAL CERR R T2 R 5e R

(ER]12MEDT— ) T Vv HF T LIS BRFETNHRDT UH LRy N T —7 OFEFTIZON
TN D, 7T VRIOERIIA T 7~y - Xy NIT—7 L EINS. £F 7N 1 £
7 -l OELLNDOEEEDDT, Xy hU—7 ORIEE, FIHOKTLELD 2 ER7 K
MTHIET D, Ry NU =7 DX AF I 7 A%, BERFFFOIREED SARBE~DEBE D B D D
T, KL/ —FE L, HRENX 1 THL L RAMI I 7L LTREND. TDOHRMT 77
OWEEZFRDZLICLY, Xy NT—T DHAFTI T AZONWTOEMBHELND Z LR
FFEND. AFEERTHE, NREOEFE (state concentration) | WIS EEAT L LIT
FV, FAFTIZAPNKT 2EFTORS (L VRS ZeRHLVWEEZHND) (T
DWW, —EDNTHIZRERGHND Z L E2RT. 7=V T 5P, BLY, oo
B, O2X2=4 DOREERRTH. oL, REE ) —RFETIHMT T 7120 T, BiE
TXE IR SR FTOFy NU—T L, BT =T UHFOFy NT—7 TiE, ARENR
EHl (R —n7 ) =) 22 &mrd. £z, ADDEED L, BREKIRFETFOXR Y b
T—=0 DHN, FAFI7 AORS LML TWD Z L aidEmT D, AL, H
Rl —IC, RHROLRIK, B KT E OILFEISE TH 5 (arXiv: 1202. 6526) .

11




vl g C-3
[EH] A v 7 AT =2 O@EGIZESL FRIMEAEER XY T —27 O T
(R ] IvE 258 OUM RS A IR A = A 22 i)

[ZE] AR N7 LWRTIE, Hialos+ (B, 278, LW L) 2T 57
SO RTUAZ VT h—=A TuT A=A AZRB— LR EOMENRT — 2B ND
L0l T& e, ZhoDtkaRifMzma L, Ay AT LRI FRMBAIEMNR Y b
U= (Z R 7EEHEAERA Y V=27 @Ry U =7 #K - BER S o] 7 BRI A
ERAR Yy FU—=272L) ZFT 270 DOfEFIEZRBNT 5,

Ty gDl
[EH] Web EDa—F A ETITESSEHER v b U —7 ZISH L7z SR B
[REEE] FHM—8 (1 =7 )

[EE] BEAEESETETITA 7 ZITRAFT 2BUE, Fx OHBEHECAERESE), H25
WEa R a=r—va VR EOHAMENL, SEIERBTITHBEL LTT—¥X—2I(C
BHEIND LD oTe, Ax OBBREDFER L LTEL 2ITHBIEICIE, AT 22
FET &2 R TWTEG DB BRI S Y — ORI E R BEE L T D, Zhba %
REFEBEORBMEICER LIy NV BFZORENOMEE, LaXtrTF—vard—b
ARG =TT 4 TIRERE . GO R A SR U728kt Web h— B2 2B 5,

v g D2
[EH] KEEtHER Yy NU—2 D7 5 2E ) 7L Afb~D G
[FEEE] W R TR - GRS EL)

(BEE] 7722V v 73N>, 7776 LTRIINDI KBIBAREAR Yy NU—7 %,
WEITHED LI/ NERIC BT D FETHD. 7T AZ VU 71E, E2FEDERADRPID
Ra=T A HRAET DD DOME RGN, 7772 HOTHEZE LT ED SRR IZ
HRTHZEERMTZENTED., KEHTIE, 23Xy NV—2 DD I T ALY T
FikE LTEA R Newman DT Y = — /WS W A0S, TOFRELIGHLR EERMNT
THLEBIT, WD T T 7 aHEFiEEMAE DRI KB R v b U — 2 O BUEFEICE

M LT 2/ 5.

Ty a D3

12




[EH] EADOENRY & sk FZREFIA (supported by CodelQ)
[FEma] Kkl BREEHEY 70— 1)

[EE] EADENY BNEREOTWEEICE DL I REELHE X 500 T /7 — M2 X 5 EREH
BEIT-oT-e KEOH., BRRICBITA2Y T, FHERIIBRT L2000, 2dxy NU—7
TEMILZ L &, R RREBRERICERN D O0T VR Yy h T — 27 O/ % — U SEE IS RT S iz,

vl g D4
[EH] BN MBI KT T AT TV 0 N— R NURITEN Y — 2 DOhF
[FEEE] m 0 KB G RSFERFEBEE B T R 508

[HE] B A VOREZESLME CORFEREDII 2=l —va UTEIOREIE, / — K
MDY 7124 Xy MBARAOMIMENTZT Y ARIN - 2y U —7 LR TZLRTED,
TURTN Xy NT—7 ETORPYERHERBREDO T I 2 b—ra 2k v BLEOITEIH
PEDEREBIRIZE 2 DB, TRETITHIRI N TN D, £D K5 RATEVRHEDOREFIL,
A N PRI AR OR WM ) N—A METH D, =R MEDRERZE~D
HEIZOWTIL, AT RICB W TRER MNP T O, O DITIEE bR 505808 %
EThD, RERTIE, PO LT S0 A X NBERIKET 265841 I 7 2A0E
TNEEBANT D, MBEETNETVRIN - Xy NT—IDEFT—F LTy Ialb—a L,
ZOFRERIZONWTHET D, 7l ABFRITHEHER CGRRKFRFBEE I T RFEE |
Petter Holme (Umea University) & OI[FEAFFETH 5,

vl a2 Db
[BEE] HEREEOWEGE N7 b v 7 128 2 0(E o kB R & A A B4R
[FEEE)] NEEHAT (BRN& 4L KDDT AFFEFT)

[HE] #HEEORM AN Kk, 2—VREANTHBEERKZ RE T H8REICR > T
Wo. ZORE, FTky s ERLA—PEREFRERFEY - ADOEMT —ZI1TiE, ADOEENR
VERTHEFR Y NV — 7R E NS ORERRKBMIN TS EEX NS, ZDX)
RIRBUZENT, EEHITINE T, RRLBHREEY - ADT =220+ 52 LT, 7
—HOERIZH DO Ty NI — I EEOMRA A BHE L C& 7. AEE T, HHELS
WCEDBEFEFLEEA—NVOBENI Ly 7200 L, BEFEROEWVCLY R 5®EkR
BOMPBIRISND Z &2 d. MR T, B2 B HBLI D B R & ORI O 18 A.BE4R
ZOWTHT 5. F72, HOLDIC LEBROEEMEICONT, RlT — & OfE R % FICHGE

Z179.

13




M E (KA —F v g V)

v aP-1
[#4 vn] 757 EOBFT+—7 OBEAMESA & F DZEE)
(G )i CRAE RS2 SR 2 AF2e L)

[BES] EBHEBESHAO N, ST F LT r—7 ORFEIHNPORELEF T +—
I DY TRZONWTRINT D, ZO7 T AR, WELEBDO2—7 )y RESOFELWEF VT
TbHET, EBICXNGT DT U H LT A — 7 OFRME. IEFIREND ., BT 4 — 2 ORI
RMED—DThHLRENTRIED Z & 2RET D,

v a P2
[# 1 v ] BRRHIPGHE & Aty hU—27 B hL— R4 7 8%
[FHEE] B4 K— FhE KRPERFFRELAFIER)

[BER] AWOxy VT —ZIZH LTI RICZOOED FRBEZLND, HB—OFHNIEY
Tk, Xy NI —2713Z0 LEFEA DN OEERE TH D, B _OBMEY FTIE, x> b
V=3 AT LOWMBEEROIEHZAEY GhE TR ENDINF—Thd, Zhb 5D
120 H I3 EFRABOHE (BEFERIRR) & BIfRDT bal, 2RI s T 2 BR Xy NV —27 1
E=RR LS E GRS 1T D FEMED HEMN TE 5, ZRENORBBLERIT KT 5 RKHIO
OPEZ AR, B FHEREHIE, ERRR DA REN XY NU—27 THRRTZEZ A, WED
U =A@ I G RN E WD N — RAT7EER S L Z LAl EShiz, 22T, &
DEIRPL—FETEENED L IICLTEAHENDDONERRDLDICF Yy NT—27 D
RELET NV EZRET D, T LT, BT OIRE(LET VBT, EBEOBRE ) & v D 8l
ROPDITEZOBRIIEY HFS hL— R T7BEROERICHFLE L TWDZ L2 HHEI I 2L —
VIZEORT, £, ETATHELORIE R Y NI = BREEOEY R Y NU— 7 TR # D
NWHEMERIMEEZFF>Z &2 bRT,

vl g P-3
[#4 b] &R T BRI BT 2B L0k AAERBE R v N T — 2 OfiftT
[FEEE] AR CRAE KRR R i 5e L)

[ZE] 2 0% 7 EIFESFLEY L MBEFERICHAERER T2 2 L T, ZOMEL R
B, ETHET 5, ABEEITEN LT X N EICHEN R E b b TR b E
BT OEATH LN, HEmiICAIHATRERME AW DN Y = — 2 03 10760 FRLL L b fBAH

14



LHONTEY, ZOFNLRVWHEEZ b AW ERTFIINELBDO D, £ 2 THRES -
TN D Z X7 E RS FAL B O AR Z2 AR BT 3 5 2 & TIRMRIIC € O A/ER
DFIRZ PR L, AFKICRICH I ENEEERD, R TIIO L SO X 7 E-ALEWE
BRICEB T 2B AEER Z Ry U= L LTRBLL, EHIZEDOFR Y NT—7[H
TRy N — 7 BEE LT, ZivE O TIFIREO R BT 21T 9 2 & T, ZALE TITA
LILTW Do 7o 2 X7 B L AL B ORT T 72 B FAAEH OBAIMEZ RS 2 LT
L7,

Ty g pPA4

(4 "] AT DTN TFGRAZ ) o THBIED Y 3 BB Y 8T — 27 ~Oj# ]
(REBEE] kB O TR PR PR L0 7ehe) . B 2 Oul TR R PR
WMILFZERR, NA T AT A INA T H~T 1 7 ARFEEFE L 2 —)

[BEE] ¥ VBT LA ENFEMTHAEET 20 Tide <. HEEPHAERL THEEL T
HITEBMBNTEY, LY V7 BHEERAR Yy NU— 7R CIIERERE 255X
BB, Fv b= DOAERBIEE Y 2 — L2 RERTHEODHEL LT, A7 hF L2
TAZ) T ORBEERE L, BEEILY TAZYA XD DNINSNT TAZEREL,
RF SN 7 A7 LBEFRIOEMRERE & OMBERUEKRIE L TR o T,

Ty aP-b

(71 bVl 777 LDt d Hodge 53D FEEL & BJRAT T ARERII~DIE

(R ] =i GRAERZERZEEEE SR AR . BEHEE  CRALK IR B R
e ST SRR

[EE] £7° 1777 Loliiiud Hodge 53] 13, fERM BN TWD, T Eofiitd Hodge
O3fRE ZANENC LY BRI L-ER k) L3RR s 2 2R, Thabb, 7T 7X@
RN, R R DIFEZUE LTIERDEAIL L IT R R 5 AP LEL 70D, RIC
HEREEELET L, RIROFHEDOZDIZ, /—F 3 SOMAEZETRELERHD | KIKT
b NRBREDAEY LHERMBIND, By 77 —2TRINENA I CCEHATEIRED
BHESTHILELEZD, BB, @R TT7 A0 T 7o —BEHE 2~/ 2 78RR L
72 7°Z 71Z%F L C Hodge 3 fi# 4T\, IREEERB DN — T EE2 KT 5,

vl g P-6

[EH] % v hU—27 Eo SIR & F /A OXIHR BB LA

15




(GEGE ] A HE Rk OREUORFR B & SU e IERL)

[ZE] x>y V=2 EOSIRET VL, S & MEEZRREE], T2 EERL2RE], RE2 A
ST 2L LRV IREE] &L, B — FHICRRZBIREE 23y NU—7 Lo X AT
R AETATHD. N/ = RbRDHLVFaT =T A AT TR LT, BPRERED /T 2
—ZHEEL, PHERRERIZT 2B TRARETO R/ — FEEBEER TR~ &, #)
HIEGEEHS e N (e 0)DBFE L NIZEIORWARB ¢ (BIZIX c=1) OBFE L TIE, B
PR (N —> ) ITB T, BHICRRDEOBONEL D Z L2 R L, ST 2 TR
ZHEERIICHEAT U, B SN IR D B2 B L 720,

v a v P-T7
[EH] DAARCHDIATN TWDE Ry U — 7 1k
[FEEE] I ARER (ALK WPT-ATMR)

(BEE] PAANRIRELENE, BUERT b T 27 Z OFICHDIA E 72 R E B BLER %2 7
HANCEB T L27-OICEZ5LEA LN TND, ZOEXZHHMBRBERTLE LR H7DIT,
REERAHYEE Ry T —27 LD/ —RERR LRy MU =7 ETNVEWRT D, AR A
Z—REXTIE, m—L YA AEHNTEENRR Yy NV —27 OMiEERT, £LT, #
Sniexy NU—27 OBLENO R — L Y A AOWE BSOS 5,

v 3 P-8
[EA)] BErRETa 77 A VERNT VYN~ —J{D % BT — 7 fijhr
[Ema] 49 M RO RN B R KRB I e AP 7R

(ETB] H22 R EPRNDEDZ T EEMAENT 20T E > Tl mT Mok iEIx
BRI D (BRI EEEERRLY T TV T RAT = A 72 8), FIZITHREIREE LV 5 OITIEFIR
BIZB T DX AN IERLEOORB O PHFET 52 LI Ko TEPND EEZ DT LMK
Do T TCHAIITNINA Y —I{EET VI, BRDFEETAT — P OBILFHBERE
MHABEDEDL ZETHEAT =V TOX AN ERMBAENA Yy N =27 ZFE LTz, £ DN
RERFIE EBIZEDIIITENTDNER Yy T =7 Lo Y a— L LUV TRIT 24T,
ELICRBERNRE Y 2 — VORIEZ{T- T2,

Ty ralP-9
[fEH] Discontinuous transition of an extended SIR model in complex networks

(REAE ] ARASE R (i K2R A2 S . R A e S CRALR 2R 22 Be s Spt 20t 5e

16




)

[22'5] Recently an extended SIR model having more than one S state (a. k. a. the fad model)
has been shown to have a discontinuous transition to epidemic phase within a mean field
approximation by using the rate equations. We propose a bond percolation model onto which
the fad model can be mapped, and apply a tree approximation to our model in complex networks
to show that there are a region of transmissibility parameters where the model indeed
exhibits a discontinuous transition. Numerical simulations also support the present

result.
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