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Abstract

Cascading failures may undergo in real networks considering flows such as pack-
ets in telecommunications and logistics on the road. Failures of one or very few
nodes propagate and cause the network to malfunction entirely. Models and mea-
sures for cascading failures are discussed for SF(SF) structures that exist in the
real world. In particular, further selective removal of nodes and links, reconnecting
links, and routing strategy are investigated as measures against cascading failures.
However, the measures are impractical, because the normal nodes and links are
wasted and it needs that the network structure can be changed immediately. Fur-
thermore, recent studies interest in cascading failures of interdependence networks.
We believe that the essential solution to reduce the damage of cascading failures
is to find a more robust network structure, rather than the measures.

By the way, recently been known that networks become loopless at critical points
where they are fragmented. Here, the minimum set of necessary nodes to be
removed to make the network loopless is called the feedback vertex set (FVS).
Therefore, the size of FVS must be increased to enhance robustness against at-
tacks. Onion-like networks that focus on positive degree-degree correlation, are
proposed as more robust networks with a larger number of loops, compared to con-
ventional SF' and ER networks Analysis of the generating function and numerical
simulations have shown that when the degree distribution is fixed and the degree-
degree correlation is varied, a network with an onion-like structure with optimal
tolerance emerges when the positive degree-degree correlation becomes somewhat
large. However, higher degree-degree correlations do not necessarily lead to higher
robustness, but robustness is maximized at moderate positive degree-degree cor-
relations. There have been a small number of studies against cascading failures,
and onion-like networks have been found to be more tolerant than SF networks.
However, since networks with extremely high positive degree-degree correlations
are not optimally robust, there is room for an approach to enhancing robustness
that is more intrinsic than degree-degree correlation. Therefore, recent research
has focused on enhancing loops to improve robustness. The results suggest that
robustness and FVS size increase substantially as the variance of the degree dis-
tribution decreases. Thus, we focus on the variance of the degree distribution to
improve robustness against attacks. Recently, the IPA model has been proposed
as a model for generating networks by varying the degree distribution. In IPA
model, the network is generated by inverse preferential attachments, the oppo-
site of preferential attachments in SF networks. The degree distribution changes
continuously with the parameter § that controls the degree of inverse preferential
attachments. Consequently, the variance of the order distribution decreases as the
value of f increases. Recent studies have shown that networks with small variances



of the network degree distribution have optimal robustness against attack.

Back to cascading failures. The load of the initial failure node that triggered the
cascading failures must be borne by the other nodes. Because the failed node can
not pass through the flow, therefore the flow passes through a detour that passes
through another node. In other words, the damage against cascading failures can
be reduced by distributing the load among multiple detours if many detours exist.
Since a detour is a loop, an aforementioned network with a smaller variance of the
degree distribution is expected to be highly tolerant against cascading failures due
to the presence of many loops.

In this study, simulations of cascading failures are performed for BA model
generated by preferential attachments (PA) with a SF structure, and inversion
preferential attachments (IPA) model with a smaller variance of the degree dis-
tribution. The general method of generating a network with attachments is as
follows. A new node is added to the network and connected to m existing nodes
at each time step. Self-loops and multiple loops are prohibited. Here, the prob-
abilities to choose existing nodes are different in each of the two models. First,
the probability to choose existing nodes of BA model is proportional to the degree
k. On the other hand, IPA model employs probability to choose existing nodes
proportional to k°. The degree distribution can be varied continuously by adjust-
ing the value of the parameter § in IPA model. However, the network efficiency
decreases as chain structure emerges on the network as this [ is increased. There-
fore, configuration model is applied after generating the network to randomize the
network structure in order to perform an analysis focusing on the degree distribu-
tion of the network. In addition, this study uses the most basic Motter-Lai model
for cascading failures. The load Li is defined by betweenness centrality on the
assumption that flows are supposed to exceed every pair of nodes and transmitted
along the shortest path connecting them. This is attributed to the flows such
as packets and vehicles in communication and transportation networks generally
transmitting along the shortest path. The capacity C; is defined as a value propor-
tional to the initial load L;(0). Where « is a tolerance parameter. As larger a, the
less likely it is that cascading failures will occur. However, it should be as small as
possible from the standpoint of capital investment and other costs. In cascading
failures, if the load Li exceeds the capacity, L; > C;, node i is removed from the
network. After node removal, the load is redistributed to the remaining nodes
throughout the network. Here, nodes with L; > C}, are further removed from the
network. Load redistribution and removal of overload nodes are repeated until all
nodes are removed or L < C. The method to choose initial failures that trigger
cascading failures uses random, max-degree, and max-load node removal and lo-
calized attack. Localized Attack assumes damage from tsunamis and earthquakes



in infrastructure networks. The damage against cascading failure is defined by the
relative size G of the largest connected component before and after the cascading
failure.

The results of the simulation show that the network generated by IPA model
is more tolerant against cascading failures than SF networks at the degree distri-
bution is homogeneous according to the parameter 5. Optimal tolerance against
cascading failures was obtained at g = 50 is also suggested. Furthermore, net-
works with homogeneous degree distributions were found to meet the small-world
property. In other words, achieving both tolerance and efficiency against cascading
failures is possible.



=N

FT1E LIS

F D 7 = R
1.2 WEEEBY . . .
1.3 ERSCORERL . . .
PF2E PIal—arEISRYMI—JCZEDREH
21 v MU—IRRICBIEARHECEE ...
211 KEL .
2.1.2 WEATUOME L
2.1.3 bReI-—mrmEE ...
22 TEYFRAXYMIEBAAY VI—=THERETV . .
2.3 UYZOBEAFOES .
24 PHEREREE ...,
BTIZE HRT—R#E
3.1 Motter-Lai BTV . . . . . .
3.2 MHAMRE ) — ROBIRAGIE . .
3.3 ARy — FEOFHEEZE . . . ...
B4E BR
4.1 PESERNEIIC X B 0 A7 — RS AmtEomE . oL

4.2
B5E

T & A

SHRMEE O IRINIC & 2 OB AL G LK E A

FEH
h 27— FEEORER

11
11
12
13

15

19

21

22



2.1

2.2

2.3

3.1

4.1

4.2

Al

A2

=N

J—R¥N=10°, BRZIDOV VI8 =208y k7= DRK
O . . .
J—FREN =10, BB VI8 m =20y FO—2IZET
BUDODENROMERT . ..
J—FREN =104, BFHDO) VI8 m =20y F7—=2IZET
DEHRIEEER (L)) DA LLOBEICL IR () 7 v X
MEDY, (B) SUyRAMERL

Localized Attack DRI (a)p HDFRENR ) — FHFHRS N 5.
MR —FEL—F—F2olak b, BiHE —F, RO —
RO TGEINS (FHL— b —F, BB ZOMMoREINS
J—F). b)BERLE/ =RV VI %RETS. L—b/—F%
HD Y LR INERBTERE NS, (c) BATEFE K7 D A2
ezt L, 2y P —2ICHERIT 5. (d)2 RITIETHEFITHS 5
Localized Attack. N —> o0 @ 2 XJCIEHETDEGE, *v h U —2
PHBEIE 720132 TO /) — FERBT 208X H 5. [24] &
DB,

J—FREIN =10° cEBBEAD) Vo8 m =205 Z LMbEELE
2y bI—UICEITBRAERHALLE G (£) 7 — FEREB AN =1,
(f5) / — RBREBLAN = 50, (k) 72X L7 —FRE, () &K
K — FBRZE, (NLAZY&XL/—FRBRE ... ... ...
J—FREN=10 cBRZDI VI8 m =20y FT7—0ICHE
ITBRARE/ — FIRERDORKERBHALL G EHMREF DS A
LALDBEEIC & B8 (/) Configuration 7ML 5 T ¥ X L1k
HY, (FH)Configuration ET MK S T X afbiz L, (L) &EKH
WG, (B)BEDERE ... ... ...

SUALEEBLIcm =203y bT—JICEITBZS AL/ —F

RERDONDRT— FBEICN T 3RAERUILLEG &3 E . . .

SURLEEBEIBEVM =20y b T—TIZHIFTE5 R L /) —
REREBDH AT — RBEICN T 3RKEZRDLE G EHRE

24



A3 FUHLMEZEELIEm =4DRY FT—DICBITBFTH L/ —F

RERONDRT— FBEICNT 3RAERBHALLLEG L3R E . . .

Ad SUBLEESBEVWMm =4DRY FI—=DICETZS AL/ —
RIRERBDHD AT — RHEEICN T A3RRNEZMOLE G EHRE

A5 SYUALILEBLIEm =202y F7—2ICEII3RRRE/ —R
BREEZEOHRT—RHEICHTI2RAEGEHROLE G E3IFRE . ..

A6 FUBLIZEESIHEVWM =20Ry FID—=JICETIRARE/ —
RIRERBDHD AT — REIEICN T A3RRNEEMOLE G EMRE

AT FUHELMEERELTEm =4 DRy FT—DICBITBRRARER/ —F
RERDDRAT— FHEICH T 3RAERZHDL G EHERE . . ..

A8 SUALILEEIHEVWMm =4DR Yy FID—=DICETIRARE/ —
RIREBDHD AT — FHEICH T 3RKERRDLE G EHRE

A9 FUHLMEERELTEm =203y FT7—2ICBITBRKRETH/—F
RERDDRAT— FHEICH T 3RAEFHDLG EHERE . . ..

A0 SYELILZERIBEWLWMm =203y I —JICEIT2RKETH./ —
RIREEZOHD AT — RHEICH T I3RAERERSL G EHhERE

A1l SUELEEELTEm =4DFRy FO—0ICBIT2RKEHR ./ —F
BREEBDOHRT— REEICH T 3RAEZHOLE G EFIEKRE . . ..

A12 SR LMEERIBEVWM =4DRy N7 —JICBIT3RKER ./ —
REREZRDA R — FHEICH T 3RANERRDLL G EHERE
A3 SYVALILEELIEm =203y FI7—JICHBIFTB LA SVH L

J—RBREEDHRT—FBEICHTIRAEERDLL G EHERE
A4 SUALMEZEEIBVWm =202y FT—=2ICEIFTEZ LA S VA L
/—RFBREEBDHRT— RBEICH T I2RAEREM AL G R E
A1 SYALILEBLIEm =402y FI7—JICHBIFTB LA SVH L
/—RBREEBDH R — RBEICH T IRAEREB LG R E
A16 VA LEZEESBVWm =403y FT—=JIZEIFTEZ LA S VA L
/—RFBREBDOH R — RBEICH T IRAEREM LG R E
AT SYALILZEELT-m = 20%y FIO—2I1281F35 LA BRI
J—RFBREEBDOH R — RBEICH T IRAEREM LG R E
A1 SUALLEMIBVWMm =20FRy FT7—2IC61F3 LA BRXRE
/—RFBREEBDOH R — RBEICH T IRAEREM LG R E
A1 SUALILEELI:m =4 D%y b7 =228 LA BRI
J—RFBREEBDOH R — RBEICH T IRAEREM LG EHERE
A20 SUALLZEEIHBVWm =403y FT—2I28F3 LA AR
J—RFBREEBEDOHRT— RBEICH T IRAEREMAILL G EHERE
A2l SYALILEELTEm =203y b7 —2I1C61T3 LA BXKEH
J—RFBREEBDOH R — RBEICH T IRAEREMAILL G EHERE

25

26

27

28

29

30

31

32

33

35

36

37

38

39

40

41

42

43



A2 SUALMEERIBEVWM =20%y FT7—2ICE1T3 LA BKAEH
J—FREBDART— RBEICHTI2RANEEMDLE G EHEE 4

A23SVALILELTEm =4D3%y b —2I1IC61T5 LA BEXKEH
J—FRBREZBDHRT— FBEICHTI2RAEEROLE G EHWEE 45

A24 SUALMEERIBEVWM =4DFRy FT7—2ICET3 LA BRKAETH
J—FREEBDART— RBEICHTI2RAEEMDLE G EHEE 46



=B R

41 HAT— FHEOMMEICE T 3 8ELM I k2R ... ..
4.2 SHRHSEICEE T2 8BRS R OB .

Al ERCEEEH T AR —E & Z D&M



F1E [FL®HIC

1.1 HEEE

HEWCFET AR AT LI, ZOWMREREY ) — K, Ths0BRER
VY72 LTRRTAIETHAY hY—2 2 LT TE S, flxiX, SNS&E
J1fE, ZEME, ReREEE, MREN O & 7By N — 7, BEGYEEH
3w b7 =27, IEECZLDIRAT L% — RV Y7205 IEFEICHMAR
RATHARTES. ZNODEEDKAED TRICERDIAR S AT LD/, B
ECHET 2 HHELMEENTFAE T 2 2 5 1990 ERBPICERFER SN, K
12 1999 FEI2lX, —HODED /) — KRB ZDMDKZED /) — R Db —7,
KEZRD ) — RETLAED 7 — R Lo o>TWRnE WS SE 2 w5 %
WMo Z AL R 572 [2]. T D Scale-Free(SF) %° Erdos-Renyi(ER) 1 v
=2 [10] REDFFED R v bV —ZIZDWTIE, H5HRiE BE 0TS
% D7 H D OEEEMEHIA K FEBTHONTED [1, 5], FHCSF Xy b -2 D
K7 B F B asstEsRI o Tn 5.

EoZ, BEOAY VY =27 LOBEMIBT 287 v MOk ERE T E
Wiz oo — BT 2MHEERST 2 L, AT — FiE e MR 2 i & A
2 & ZHEBE R 2 D158 5 [20]. A R T — REFELE, v PV —2HNO—
D/ — EPEBAMYIES 2 & 200 HEEHL, * v MV =27 2R EEER 215
METH 2. H AT — FifEZ, BROTEEEREL, —EoikkE, — Foa
FIDEWGEE, FAET 2R R S WEPKE L R BMEMDDH 5 [20]. EK
DSFRERBEDIR Y b7 =271 LTI, H AT — FIEEDE T AL RN
HamS LTV, FHIXRIicoWTIE, A&NR 7 — FEREIC K 2519 Y
VI DBEEZITK BT [29], EORRKEPARICEDIVWIL—T 4 Y 7Tk
BRI (28] M EDPRRBRINT WS, L2LAEDYS, INULDAHETIE — KR
V7 DEEDFET B ER, Ay V=7 OWERRIRFICEETE 3 Z L A5
Lo TED, BEMNPOERAMEITRIIFAELTWS. 51T, EETIIRHIC,
WERY, EOM, BEMZEORBOBRLRIEEO Ry Y= HEWCEHE L
BIOMAEMIFIIZ A Y V=218 23 H A7 — REEDOILE (7, 9] ICBIL2 %
Do TW5D., Frirl, AT — FREOAREWNRBEIRIIERDOER R /) —
RERESRY V7 OBELEZ 2 EDOXMETIERL, XhEVitEEFo>xy v —
IREERRT A THEHLEZD. 22T, Mk BEMIC X 28R
WP AR ER S 5. AT & EBE I T 2RI R R 2 icd iF



=L72w.

Y IAT, HERY N —IBNTI NSO M NSRS TIIN— TS S T
WCREZEDBHLPIZTR>TWS[4]. TZT, 3y NI =%V —THIZT S/
DIZRET 2RAND /) — RES % Feedback Vertex Set(FVS)[13] £\ 5. fE- T,
WEICT A E REICEE T 2REIE DO FVS 20 KEL T502 05
MEICIRES 5.

—H, TERDSFRER Xy by =2 R LT, XhEERry P T—28 L
T, RBHEBCEBH LFEER Ay vV —2235H % 21]. 203y bU—21%, X
Bz EE L CREBMEE 2 2B =12, EORBIHBELH 2 FEE K E L
25 bR Y —NCRERFEENE R - 2 EAMSE R R oex vy VU — 25
C2ZeDREROMBTEBES I 2L —>a iZE VLI > TWS [25,
23]. IEOXBHEENZ, KEBE N — FiZEw/ — R, FREED /) — RigHhiE
D/ —Fe, NV —RIhaw =R, ZAPhREDLFEREED /) — F
B LR TVWEETELS. 2L, REHEBEPSHROIZ NS RS b
TR, EEREHEE R IR AR 72 B [25]. RR LAy P —2ITB
WThH, BRZXD /) — FRITL—THZLFELT, HEEHICHFSLTWS
YEZBNS. £, VIZAYY A Lo TREHEEZED, FReY -k
FEEVEZ ] L X 2 EDIREI N TV S (26, 27).

H AT — RIS LT DR SN —F 4 20T & 2R ¥ DFEH &
D, EXREXY b7 —2ESF 2y bV =27 L TEWIMEEZROZ 2D
Do TWD [12]. LA LR S, REAHBEMERGICE Wy T =270, WEIZ
X3 BFEAEMEL U TREREE RO IFE ARV e s, KEMEE LD D
RERREBERILD 7DD 7 Ta —FNEET 2R/ D 5. £ ZTHETI,
N—T%ET 2 WCEHLT, PR Y —[REENE 2R L X8 220
FEBTHN, KEERIFET 25715 RF LR WATED 2 FEOMHERN RIEIE D1
REINTW3 8. TR, KBEREFELRZVWI 74 YY) U2, kL FVS
P A X% KIBIZHEIMXE2 28 0hotH. K, KR ERITDRWITIETH
NEETDER Y PV =7 IZBWTIRARIILE B NI DA /NS T AL D
52 enahol. THHDRRIZ, KA MDOTHMBN/ NS LB IZOoNT, H
fEE Y FVS D% A4 X KIS 2 Z 8 ZRIELTWS.

DX, RAFHEBIINT ZEEMEZ A X2 27018, REGHDITHE
WEHT S, BT 2Ry b —ZREOMRIE, TNETREESMHD
SF ¥ Poisson 0D ERICE Y KA ¥ b TEFALTED, KE 0 OGN 72
LIIMET SN T Z b o7z, BISMNZ, OGN ETFATREIRE AR H R EFR
WHFINCEL T 2 DHDH 5 [14, 15, 16]. L LA S, FEEHICOWTIER
MINTVRY. IEFE, RBOMEEMIE Ty b =7 24T % GN i
BIRLZETNVELTIPAETADNEZLNTWS [17]. IPAETILTIE, SF A v
U — 2 OBFERGEER C 3R O, WERRERIC K > Thy VU — 27 24T
3. WBEDESWERIETT 287 X —& I & > TRE bR Eb L,

1]



B DENRKEL BBIZONKEATHEDTENINELKRD. v MT =7 DRI
MDDEANZI NIy b T —21F, WBISH L TRERESTEE RS 2 & 2%k
FEOMAPHLHOLPICHR-TED, MR —ICIEFICHEETDH 5 (17, 18].
HAT — FBRICEERRZ 5. A7 — FREDGE X, WA DR AR
WKHEL: / — FARABEBE L CWEAmMEMD /) — RABAET I2LELD 5. 8
s, WE — R 7o —%2RETE2I R/ TERVWED, /) — FEEHT
HZEEREEHS> T 7R —2MT IR E2DPOLTHS. Tbb, ZOITMEEEH
ZLFETIUR, BEOTRECEMEZ TS 2 28 TH AT — FifEOHE%
flgazenTER2EZILNS. THELEFITROBL-TDIETHED
T, BB U RO DTN EL 224y VT =213V —TWELGFHET S
Zeme, AR — FHEICHLTHEVMMEZEOZ e THEINS . A%
T, ZOIPAETNIEDE, REDMDAHDHEZTRS572DIPAET LD
EIRMELZELS T VR bR LG 2 ED T, KBOEDTHI/NE K
5223y b= L THRT = FEDY I 2L —a y2FEML, @Ot
ERONEIDEBES I 2L —2a v HARNS.

1.2 H®HZEEm

AR TIE, 2y NV =27 DL —THEINOBRE»S, LFELXY PV —2D bR
0¥ —HNC RS S OFEEE 2O 2 e AR I N A OB E- L,
H AT — FFEICN L ThEmWittEz oy v —2dEzHs s 5. BIK
HNZIE, 289 X=X DOFARIZ X D KB DTED/NE LT85 IPAETMIT L -
THERINZEER Ay b7 =212 LT, IRTF—FHEDS I 2L — a3
BERIETS. BHECZEET 2IEEICHTTRSF * v bV —27 L HBZEITWV, X
B DTEDNE L R BIZONTH R — RIS 3R EL s 2
AN

1.3 ERX DI

B2E 7, Ay bV IR BT 2EAHEE L O 2 R 2SR
. T, AMRTHRET 24y P T =2 DERETNVEZHAT 2. &
BIZ, ZDFy b T7—=2 DY ¥ OBEATLHEIC OV TORHERN, &2
o — RIS L TRV E 2 & PET 2 il e85,

BIE WL AR — FEDET NV ZHHT 5. S S ITHIHIETE ) — N o
Qe AR — FEOFHH O T 52 AT 5.



FAE AMMKEDARY bT—ZICHUTERMMLI2HI AT — RiEDS I 21— 3
VORMRERT. By P T =2 R — FFEDSM T v IRV,
EREERT S,

FB58 AEDOF L DHEABRS.



FB2E 2Zal—2ayETIo>RY
D —0 X EDRE

AETE, 9 21HITTHy 7 —FZREERICBIT 2 BEARGE L #mIHV 25
MEZHHAT 2. 22T, AFETHRE TS BAETLV[2JICLESF Ry b
77— IPAET NV (ITICK2EER Xy V=27 DBRZNGEME 58/ —
FORBREFE/ — FANDOFIEIC K 2ENET VZHINT 5. %72, IPAETLDE
BAETH U 2 8IS 2 H T 2 72 D Configuration 7 /L [22] IZDWT b §iH
T5. 23HICT, Xy b=V 7 DENFILE 3] O ERL, RFSE
TR T2EERLY VT =00, A7 — FEEICH L CTEWEE RO
TR 2RI EIARNS. 24HTlE, v V=27 OVFEREERELYRT. ZC
T, SHIREEDMREICE D Ay VY= DRI EETZ 2, X HIIEFEICH
R SF 2w b7 =2 L HERLT, HERAY bV =B OREDORREZFE
DO EHLITT 5.

2.1 Ry bhrI7—IRRICEITZIERBELEFHEHE

AFFETIOW/S 2y VT —21%, /—RFROEAV =1,2,--- N2/ —F%8
RVYIDEBE =e; 07%5. ¥z, VY ZOMMARL/ —RFek3HD
N—TFe 200D/ — FENEB LY V7 TRSZEY) V7 22 L LHfS S
735, 2y b7—27OMEIX, NxNOBETI AL TRETBZen
TE5%. BT AT, /—RijBIc) Y IODPFET2HAEE, A;=1, 17
TELRWGEIR A, =085, /J—F%k, V70NN EERST 256 %2H
2727, ZRLURWGEIER S 7 eMIINS. KT, FRCELR
WR D [ 7o 785 5.

2w NI =2 R0T 58, HRARFHETHOTERI NS, LUNITARMSE
T3 2R EL LT, X, WAFOE, M Re o - Eicon it
3 5.



2.1.1 ¥

b5 —FiDXE kX, 2D/ —E»F2V) 708 THD, DLFOHK (2.1)
TEFEINS.
J

VY7 DM ENS ) — KPR ETL2DT, VY IP 125842y b
T — 7 2RKORENE 2 OOMEINT 5. v hU—2 R0 T 3 LTI, H3KRE
k ZHiD / — F OIFIEHER P(k) Oz HOWTHEmR SN2 ZehZv». o1
XA E NS,

2.1.2 WO

B [11) 21, REREICES P OEEETHS. 2y PV =D
%7 — ROHAHFOEZ, EED 2 REOREERON, ZOTHSZ @il %48
BoOEGETRIND. ZRENFLEE, VY22 80RERBICEEIRZ S
T, VY IADILRDAIRET H % [3]. AWML TIE, UTOR (2.2) TERIND
Y > 7 DEAFEE VTV .

enle) = 3 Zetle) (2.2)

s,teV U<S’ t) ’

ZIT, VId/—FREE, o(st)iF/ = F s bt ETORIREEEL, o(s,t]e) i
Z DRMREIEDNY ¥ 7 e ZHEHT 2REBKOBTH 5. Hle LT, @EMIHBNT
&, BAFODENENY Y 21E XD ZL DIEWRHBZDOV VI EBREHT 720, 2y
PV RZBWTEERY VI THHLWVRS.

2.1.3 ;RO —M4LEEY

Iy b7 — 27 OFEEEZRHE S 2f5F & LT bR e S —RZgREMER R 2
JRKHWSATED, UIFDOHK (2.3) TERSNS.

R=~ 3 sta) (2.3)

ZIT, Nighy b7 —2OREHOR) — R, s(q) 13/ — FBRERN oL &
DERKEMRTLTH . /= FRERq=1,g=2,9=2,... ¢="H ¢=x
t?k?é.Z;wwi:§/~F%i%qﬁﬁﬁ%%ﬁ@%&ﬁ%@ﬁﬂ%%%
T3, 2O MRaY —RIBEEICEDSWEIRIALfTbRTEY, v b7 —
IRPEDOGFICBVWTIEEREWVWZ B.




ARWFFETIE Z OE@EEREEIC X DFHMiiX A, P Red—fNgEETH 2 Z e
O 72572 IPA BT M X 2 KA DTHOVNEZ WAy b T =210 LT,
HAT— RBIEDY I 2L —ay2FE ML, £ORERIZ X 2 EENEIIN T 2
MitE 25l 2. H R — FEEEIC 3 2253 248 e, 2 omfdttts
EZERZDOTHEEIDETHS. H AT — FREOFHMEHIEICOWTIZE 3=
THiHT 5.

2.2 TRAYFAVPMIEBDRY D=0 ETIL

AR TIE, ZLOEMADOR Y VYV —ZICBWTIALFET % SF 72 FKRn
¥ — s % 57D Preferential Attachment(PA) 12X DA SN2 BAET L [2] &,
KIS 2 b S M 2 R0 2 & R X 417z Inversion Preferential
Attachment(IPA) E7 L [17] ZXR & L. BFEICZIFET M5 0MEETDH
% SF 3y b7 =271 LT, XOHEELMEZHLPITT S0, AAT—F
WIS L Ch @m0t zRo Z e DHIRF S5 IPA ETVIC K 288 v b
V—7 DB EITS. BRINGEME N8/ — R 687/ — FADKEIZ
£2%y b7 =7 DERFIRI—RICLLTDOED TH 5.

Step 0 it =012, FIHEAMER Y LT/ — FEDP mEDRES 5 7 2R T 3.

Step 1 HRZIt=1,2,3..12, mAKDY > 7 %D/ —F%E 123y hU—=71C
BN 5.

Step 2 BIMILZ/ —FioBHE, — KN\, ZOEN) V7 28T 5. 2Ok
ZHE ) — FANDHEETERIZ 2 DDET LV TENETNEL S, PA(BA) Tl
ki \CHEB, TPA Tl k7 icHBIT 2y LTERSNS. £/, HELV—7
LEZENL— T3 E NS,

Step 3 FIED / — REUN 12725 £ T, Stepl & Step2 Z# D iR 7.

%9, BAETLTEH/ — FEBHE/ — N i OFEETERDE L Tl L, K
FHBREZFANAGED. ZD XD BRXBAMZROSF 2y bV =21, NEDH
WDEX 577 XL — RRRECHR L TEWEEBEELD 3 Z LRI ATWY
5. LPLENS, BRED /7 — FEIH- BN ZKE I L TEIER I/
TH5. —HTIPAEFILTIE, v b7 —ZARERC kP cHBILz ) — Fin
DIEEHERERAT 2. I X—X DEEFET 2 2 TRES it Zb 38
LM TES. K211, BAETNMZESSF Ay P —27 2 IPAETIICK
L8ty NI — 7 DX ERT. MHEODSF Xy NV — 7SR EI5ED
QIZONT LDENKEL RO HELEDOESVLE VY VT =T 25, Tkt
W7o 7 TCEREBEDLSF Ay NI =I5 REBDE=100FT, +v b7 —2D
BRI L TEBD, KBAHOIER/NE L IRoTWDB BT h 5. FRHZ
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B =150,100 TlX, ki =3 TE—ZIDET-TED, v PV —2HDIFIFEZL D
J— EDRFE X ER->TEBD, IEFIHTELR XY VT =2 BoTWB Z e
5. L2LEDNS, IPAETNUICBWTABDEEZRELSTSE, 2y N -
EOFRICR Y, 2RREEEME RS 5 [17]. 22T, IPAETAVTAERLE
Fov b7 — 2120 LT Configuration €7 /L [22] Z#H T 5. Z 2T Configuration
ETUE, UTFDOFETAY V=2 0EL2 7 X35, 31y V=2
MOETRTOY Y7 EWDRE, &/ — RilZX k ORI > 7 2T 5
CEMTERRRTEHZ5. KAy VT =IO DPBE2DODAR TR T VR LI
B I RERT S, TRTORXTITPERINEETHEYERT. ZoBEIC
Ko THIKMEDREBEZE D FRNT, KRB MICER LRSI rlRE L 12 5.

10 1

P(ki)

10 1

10
ki

— SF — -1 -10 -50
— 0 -5 =20 — =100

X 21: /J—R#EN =10, 8BR0D) I8 m =20&%Yy NT—0DXBSH

2.3 U2OOBNFEDR

AR L7z & 512, REOAHPHEN Ay b7 — 21 bRe Y —RERER SV
Z e EERE N (18], [FERIC, H AT — REEECH L THEWtEz o 2
CHOHABTE L. AR — FIEICBWTIE, MY H— R 3 0HAEE ) — R
HHLTW 7 =3 ftho ) — RPHESBEND S, 207 -3 %R d 2 RE
REEFEZLLTWVWADT, 3y F7—27HNIEED ./ — FEORERRKE LT
ZROTRBENPFETIUX, 7 =20 L IR — FifEE2IIGcEx 23 & %
L5, ZORMEEE UL TEZHBOIERROFEEX, V7 DS rHESRIC
FoTrMEhs., M221Z, BAETFTATHERLZSF 2y bV —28, IPAE
FTATERLZEDEER Ay YU —2 D) v 7 OEEAFRIMESfZ RS, fH
DSF v b7 =205/ E0DIPAEFLD [ =100 T TELT 20T, 7
FZI7DE=IPHRIZBELELRD, DHOEIHEL LS. V> 7 Ol rHuLE
THDMEPFENE VWS Z X, TROEZL DY Y IHFET & 5 BRENHOMEZE
FoTWaZeZEKRLTWS., 2% D, REDKKICARMIERT S Z iR,
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ZLORBTEMZDHET 2 ZENARETHEEEZIOLNS. ZHUTLD, AR
r— RIS 5 2 @O AF T & 5.

P(bjj)

—
50 075 1,00
10
— SF — 1 10 50
-0 5 20— 100

22: J—F8N =10, BRZOIV I8 m =20y kT—7ICEI1TB) >
7 DENFROERT

2.4 FHREERE

Configuration €7 22J 12X 2% v bV —7HED 7 » X L{LT, IPAET LD
BEIRMEIE [17) DRIE I N Z Z e R T 729, K23 1283y MV —27 OV RER
BEZTRT. X2.3DEHD Configuration EF WL 3 7 ¥ X ALt L =55
T, AT X abE LBRWEETHS. WINDry b7 —2Td, /—FH
P Z DIZ RSB REENT 2. K23ED07 X abd b DBFETIE, 2T
DEFRT, Bl logN LMt (L;;) DR M2 7ICBWTEREL->TED, 2y
N7 =213 (L) ~ O(log N) @ SW k&7 e hn»d. /— RN =10
THRERREPRE L 1257 SF 2y b =2 Tl (L) =5 Tho7z. —/HT, &
ReBRZIPAETUCELE B=100D%y bV =2 DHFAETIE (L) =8 THD,
ZOEZENTH S, LrLEDXS, K23HFD7 X2t LDOGEETIX, BIC
& D HESEDEEWIIENT 2 IO TR RIITEBBIANEM 3 5. Fhc
IPAETNLD B =100 DFETE (L) =316 £7& D, SFAxy Y= D (L) =5
YT 2, RERBENPE LML TWS Z e 309 5. BEENMS %
I THEREDORERTRET 2/ — NEDHEINT 20T, $&bbxy b7 —
T OMBRPENTZ2ZERT 2. ZOXSIWCIPAETMZE S Ay b T —2
X, BOHWEMUBELDOESWHIKREL kD, HIRMIENE U THRNIEFIC
BTz vickhbd. LaLEAS, Configuration ETF M & % 7 > X L{bE i
T T, RERBENSGEINS Z LR ENT. IEFICIERNTH S SF v
P2 HIRLTY, FFEOREZFREOZ b0 5. ZHITKD, TPAE



T X DR 7253y P —21I2BWTH, HRAT7— RIS
AMPEL IR EZWAL T2 DA[ETH B L FRHINS.

?16 200
=3
) /
2 '3 4 0 2 3 4
10 10 10 10 10 10
N N
— SF — 0 — 1 5 10 20 50 — 100

X 2.3 /J—REN =10 BRBROVVIBmn =202y FT—2I ET3FY
IR (L) O A LMEOBEICEDLE () 7 v Zafkdbb, () 7>
v N (/AP
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EI3FE HRI—FHE

HRAT— REfEE X, *y VY — 7 TRAELBAEASENGEL, ry F V7 —
7 BRI AMETHS. P ReY—oEEFIcBI Ay b —2
DOREEICMA T/ — FOEMEEZ, BEREZRN2EEECERZED R
REDAy V=T Oy n—%ERTS. HEOEITWELEEDAY U =T
X, EBRICKHBEENIFRE L TKEEE 2o TWa, 31HITH AT — FiRfED
REMZET L TH S Motter-Lai ETILZFENL, BIERZS I 21— a3 >D
HiExmnd. 328iTlE, AR — NiglEE 5| SR IHRRE , — ¥ OER G
ZRT. ERD T XL — RBRE, BmRKE — FRE, KAM, — FRRE
WKMZ, 4> 77%y U —27 OERSCHIER EADMEZFANZ 72012, 2]
(72 43 %2 A85E L 7= Localized Attack diR%. 3.3HiTlX, H A7 — RIEDHE
EDFHIfEIE L EFET 5.

3.1 Motter-Lai E5JL

AW TIE, B A7 — FIEED BN 7€ 7L TdH % Motter-Lai £ 7L [20] &
BATS. B L%, 70— ZE/—FORTZEIZREL, Zhb 2N
BRI I TIRiE &5 ERGE L, BAHOEIC X > T TR (3.1) TER
XN, ZHUuE, BE - EHEAY PV RXBIAEERPRERR YD 70—
Z, —RICREREZES XD IEEIND 2 EITERT 3.

M:}j%ﬂx (3.1)

sAEt£i Gst
7o, HECHIIKEDE E 2 AIOWIHER L;(0) 1ICHtPls 2 e L TERT 5.

C; = (1+ a)L;(0), (3.2)

TIZT, aldMABART X=X TH2. aPRKREWVWIEHRT7r— FIFELIFEE LIC
BB, 7—FNIGEERMEHLROWRBZF8 2 -0RHRESCEH Lo
RABARNDPREERBZZe0, AJRERED/NELSTE2ZEPEELV. &
A — FWFETIX, B L WEREEBA 56, Shbb L, > C; 2 lhol=5,
J—Fity b= ERIrNE. ) — RBRER, Bty bV —24%
KDY D/ — RICHAELENS. ZZTL; >Cj o7/ — R, E5ICHy
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N = SHIBREIN S, ZOBEMOBEIEE BER / — FOREX, ITXTO
J— FDREZINED, /23 L, < CLiCR2FEFTERIIREING. ZDXHIRR
HZRXLIWZED XY V=230 R — Rk 5.

BRI — FiEDS I 2L —3 a VIZEERINCLTO@ED E75 5.

Step 0 %/ — F i OFFEEM C; X 3.13.251H T 5.
Step 1 FIHHE ) — Fig 23y NI —I 0 BRET .
Step 2 LidDkRER, &/ — Fi0&M L, 3.1 HiET 3.

Step 3 AMMHFREAREBIIL, >C, %3/ —FKi%, BAMTHKIEREY
HolzbDrARKL, %y NI —IMoRET 3.

Step 4 BRE T2/ — FD372 <72 % % T Step2, Step3 Z#EHiRT.

Step 5 W A7 — FIEDOHE G 3% E ZiHii5 5.

3.2 {IHAHPE/ — FDFERAGE

AWML TIE, WIHARIED ) — FOESHT e LT, ITFo 3EOAEZHWS.
TV RN — RRREC BRI — FBREX, b Roa o -t omse i
CHusNTWS. £/, PR r—FEIEIRy V-2 LR b 70 —%2%
L, &/ — N3ERMZEODOT, RRKOAMZRD/ — FZ2RET 25505
Z%. ZOERKRNKRT VRN —FRE, BRRE — FRRE, "RKAM/ —F
FREDKBIFTIEIIMAT, £ 773y N7 —27 OEESCHELR EADME L
N57DI12, 22N RHE %2 E L7 Localized Attack Z8I15 5.

o FNEDHEW: 7 XL/ —FIRE (6]

o FERIZBE: BAKE — FIRZ [20]
BB — FERZE [20]

o ZEM 7 E: Localized Attack[24]

7R L — RBREE, TEOFREEEL, *y bV =000 —K7 X LI
J—REFERT L. 98 EZIONIRARBSCRARER — FORERR, BN
FIRREICHY LT, £/ — RO bR AR KA ER>/ — REZh
FREIRT 2. 2y P —2Z0EPS I 21— aryO&MHIck-T, mARX
B — RemKAR 7 — FIZFEIC S DI 2A[EEED D 2. BHIZ, AFETIEE
WAy N =2 D7 a— 2R E S EEECREER YDA Y7 Ty b
V—2%RELTVWAEDT, TNHDFy MU — 7 WHIESHEH 2 ¥ D221 72
WEIGEBE T 25E8ICOVWTHRAET 2. AR TH R — FEFEO W E
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U TH72ICHW % Localized Attack 1%, 8D Z > XL/ — N, R/ — F,
RAKAM/ — FRETERS V= — 20T 2IHIC, — R2FRREAEL
TWHETH 3. K 3.11Z, Localized Attack DIEAX 2 /RS, AL TIE, ¥
IR, — FOREBIZ AN = N xp TitRHahs., 22T, NEZtxy tv—7
D4/ — FT, pld/ — FORERTH 3.

. <
.
N
e ~
, N
, N
R \
s \ N
D
! \ \
\ \
\ \
! \ \ \
/ \ 1 |
1 | !
\ / 1 !
\ N ’ ! 1
\ ~ R ’ r
v \ Se__~- 2 1
\ \ / 3
il !
~ P /
N ~Sa - ’
A I ———-- .
;
. ]
- (C) ( )

4 3.1: Localized Attack DB (a)p EHDFRENR /) — FEREI N E. MR
J—RELV—1 7 —=FrbiaEh, BE —F XROBHE, — Pt TEIZD
% (E2L— bt/ — 8, RRzofofrEansd /—F). (b)ERLZ/, -k
YO ERET S, L=/ = FEHLE LEREINT DR IS, () &K
G DAPERERHERF L, v PV — 2 CHERF S 2. ()2 ZOTIEAME T I
3% Localized Attack. N — 00 @ 2 XITIETDHE, 2y MV —27 ZHREX
HEDICRBETD/ — F2RB T 208N DH 5. [24] XD 5[H.

3.3 H R — RFHEDSEMISIE
Ao — RiFEDHE L, X (3.3) DA R — FIEEFZROBRAGHIER 7 G T
A S 5. .

G =~ (3.3)

ZZTC, NI Ar—FiERTOR Yy b —2 D27 — FET, N IZHRA7r—F
PR DI IGEE R DD ) — FETH 5.
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X5, TPAETADNRT X=X BIZ X 2HEBENERDEE VI X - TIEH
WS FRET 570, REBBEREOEIMI X > THRIRKEIEFT S, 22
T, Configuration ET/WICE > TT7 VX abEHL725E L LIEEWIEETHERD
ZAZ T 272012, *v b= DR E ZHET 5.

1 1

E:NUFTEE;E’ (3.4)

ZZT, NiZxy bv—=2D/ = RET, d; I3ETD/ = FRT7ijEDKRy T8
ThH5.
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F4EZ FHE

BAEFNLTHERLEZSE 2y b —27 2 IPAETATHER L L DEE R % v
MY =21 LT, DRT—FEDY I 2L —> a Y EITo 7. REDT Pk)
DEEMBHERTRD=DIZ, 2y vV —20%F7 v Z2MET 2/ LEVOfGEEE
EOTHETS. X2y vV —20D2/ —FBN =103, &R T v FI12Bi1r3
Vo Z78m =24, IPA ETVICBVWTHBHLEOESVWERIEHT 287 X —X&
S =0,1,5,10,20,50,100, &R — RIFEIIH T BMHANENSRNT X=X alZ 005
1 £T01%A, AR — FFEDOFIIASIE  — F OBRER AN = 1,50,100 & L
TyIal—yaryaEMELE £/, h A7 — FFEOERIZ 100D+ v +
V=7 Ty¥Ialb—yaryrEiTwn, FHLE DTHS. kB, HELIERD
FREZ )T X —& B DMETELZB7I5E DRAEIER T L G NDFEEE TN
721z, REMLE m =2, AN = 1,50CBIF 27X L/ — K, RRXE — K,
LA S V&L — FREOHRBERT. mKEM/ — FIRE, LARRXRE —F
RE, LARKER / — FBREY, m =4, AN = 100 D7 — 238k e LT
20, INICTHBRZI|ARTEL /) — RIRE L IR KEM / — RRE L, £TD LA Off
RixzhzhFkke RoTW5.

4.1 WEEREIRICE D DRI — REFEICH T 3MED
[k

K4.11F, AN =1,50D7 > XL/ —F, KX/ —K, LAZ>XL/)—F
REZRDOBRFHERER LG EZRLEZDDTHS. MHEDSF v NV —7 2D
LT, &7 7 7DBOENRE»SRIENT BI1I2oNT, IPAET LD [ DIE
MWRELRBZZEZRLTWVWS., F3XK4.11Z, LR HBRNBERICOVWTE
HTW3,

WU OIZ, B AT — FIEOFHIREE ) — RELAN ITOWTREREZER T 2. K
FPDOAN =107 V& L7 — FRRETIE, BREMKTHEGIXIZIZ1.0THD, SF
2y b= IPAET VDL BMHEIZE D2y PV —JRICITE AEEITET R
Moz, MAMENRT X =& a=0.0DGEEE, &/ — & KaRhnizy, B
—®D /) — FRETH > THRAERK DL GIZHALIKTT S, —F, GLO
AN =50DF YR L/ — FRREDHE, 77 70fttarokED, SF Ay bV —
Y ZFRTEVWE =0,1DIPAETIICEZ 3y bV —21F, ZhED BER
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1.01 —
E — (]
los 05
= &=
0.0- ‘ ‘ ‘ ‘ 0.0 ‘ ‘ ‘ ‘
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1.01
3
= (]
-%0 o5 105
= =
czv <
0.0t i i | | 0.0t — i ‘ !
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
g 1.01
el
= o //‘
=M< 0.5
.g 5 0.5 2
= <
8
— 0.0 0.0+
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
(04 (04
— SF — 0 — 1 5 10 20 50 — 100

X 4.1: /J—FE8N =10’ BRIV I8m =205 4 LbzELT=RY
FT—ICBIFBRRAERBOLL G () 7 — FRER AN =1, (F) /7 — FRE
BAN =50, (k) 7v&47—FBRE, (1) BRXE — FRE, (F)LAZ X
L/ — FRE

K41 ART — FHFEDOMEICE T 2 {FMFICL2HROF LD

FEEA (SURL)—F | SUE L —FEEICHLUTIESF 2y PV —21%
FRED AN =1, AN = 50) | ®3EEEVITEZ R,

et (RAXKE —F | SF 2y b —2 LT, fAKEL R3O
FRED AN =1, AN =50) | L CiENE 2D, =50 TIXIHREL 72 5.

NEfEA (LAY &L/ — | SF v bV —271% Localized Attack 1Z%t U CIEH
FBRED AN = 1, AN = | X595 TH 3. — /KT, ¥WHEZAXy PV —213EE

50) RO .
Iz (%7 —FBRE) O | RXE — FRREAEM & ERTIEFIZH S TH
g 5. LA L THER LAY b7 =21, SFA v b

v — 7 ¥ L CIEEICE O Z .

16



FOIPAET ML D3y b =2 2L Ta < 04 THAT — PRI L
T EWVIEERESZ bbb, U, SFAy NI =BTV Xl ) —
FEREICHN L TEWIMEL D 205 TH5. L LEDS, IPAETILTERI
Nty b —7 DRFERM T CGIE, a <04 TREL BTV, WA
FA—RaB TR REVES, IPA BTV ERINEE LRy v T —2
X7 VAL — RBREIH L TEWINEZR S Z e 3bh s, ZOMERID, IPA
ETUIZBWVWT =1 FTIESFITEWEEZ RO, 8 =5 ETIEXRBI D
YBrhbdxy bu—2 LTORMERHENEZ L EZ NS, 72, KEDHOD
TEDNE L 2B Z L D/ — FBRER U EFFODT, BREINE/ —F
DIBNC X BB/ NS, O — REBRER, A7 — FEETRER2ITH Y

N — I DRHEET 5 0, FIEABED A THE 2T X 258109 0 B EAID
HdrrEIONS.

RZ, 77 7HROERIE — RREDGS, /7 — FEREE AN = 1,50 O
BT, SExy b7 —27 2L TIPAEFAD BHEARKENER Y b7 — 27 THRA
HAER T G 3E K 1B Z e dRE Nz, Bl AN =1 DA, HETRENn
ZSF 2y b7 —ZR@MAMARATA—Ra=10%&/ —FRIZ2EORERZE X7
LLTH, RAHMERDLG =08 BE LS THS. —HTIPAETNICLS
2w FT7—2TiE, WTFhOSETH->THSF 2y b7 —27 L T 2 LB S 7
TEWIMPEER RO, FHT B =50,100 D%y b T —212BWVWT, a=0.1THKHE
RO G =10 2D IEFICHEIBETH 2 2 b5, 72, Allo ) — FiRE
AN =50 D335, SFAy b —Z L IPAETAMZEZB=0,1D%y F T —
7T, AR T XA —%a=1.0THoTHERWLWEEL Lo, ZhLED
BIEDAY VT =2 T, f=5DFxy bT—2ITa=09, B=10D%y b7 —
J7TCTa=07 =200y +7—2Ta=06, f=>50,100D%y hJ—2T
a=041IZBWVWT, mAEERDLEG =104k ZoZen»s, IPAETIL
DRTRXR—=R BIZE o THERDESEVDIEL RBIZYE, A7 — FREIXTL
TEWEERFS Z EBHL 2 Y 725 72,

F72, IPAETNMICES B =50,100 D% v b7 — 27 ORAHERER S GI13IE
WIZLLUE-> TWVWB Z AR HFHARNS. ZOZeh5, IPAETMIIBWT
X, B=50RETKEHEN B LR, HAF— FEEEIC U CHREE 2
HEREOZ RIS, SF v b U —2 LD S BRI, — FERE T
LCIERICHETITH 3 Z e I 5T W=D, IPA TS X o TREG i %238
BIZT 58T, AR/ —FBREZ M)A - LD AT — REEICH LT
MR E L 22 ZENHL IR o7, L LS, HEAED AN =50 DGE
WBWTIX, RBMELEL Lo/ 8=100D%y b7 —27 THMAM T X —
Ra=04 TCTRNEERDLG =102 5, HAT7— FRENH O
DI, &/ —FZHIEEORBPVBETHS. Tz, WEOHEIKE KX
5 EHITRKREVITAE NG A =R a PP BEE RS, 51, HAHHEM EICKHE
DN RKEL BB IPAETNVCEEEERAY P —=2IZBWTHH R T —
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REFROWERZIHIT 2 2 L 1IN 22 2 e A TFHEINS.

757 RDLA 7Y RL)— FRBREICOWTIERRE. ERD AN = 1 DEE,
Localized Attack DL — k) — RDAFREZXNS. THHOLEZDFEEIT AN =1
WKBIIZI7 XL/ —RRELERILTHS. HRD AN =50 DFETIEX, VX
L) — RREDEA L EELD, SF Xy MY — 23 RAERR DL G2/ E ko
TWb. ZAUXSF 2y DY =2 3R BT B NEETH D RFEFEEIFE N
¥, Localized Attack IZEX D ERED / — EDRHEE ) — NITEEN BRI E L
257D TH5. —F, IPAETLTERLIzAY b —=27TIX, WIho [l
WCBWTHSF v b —2 2R L CTHH S ISR ARERGE L G 23E K o 7=,
B = 20,50,100 DIFE, WAM T X —X o = 0.2 TRAEERTLLG =10 &
5. =015D58TIE, &7 7BADHATYE R SEIEVIFY
MHERENEWZ 2., HEDA VT 573y b= REICBWTEZLIFET S SF
Ty b =21, BEMGEZ D182 ESLHIE R E ORI RHEELEE L -5
B, DA — FEICH U CIERICHETITH 2. —HT, IPAETLICES v b
7 — 73N W BAET D SF v b7 — 7 ¥ EREE U THA S 2 S Wit =
DT Mo T,

J — RBREBAN = 1 DBHITE0TND /) — RRREFEICOWTSD, IPAE
TS K BB I3y VU — 23 h A7 — FifEZIGICE . 200, Hlllo
J— FREEAN =50 DGAEWCHFER L TR — FREFZEOER 2D 5. B
FKICZLFETSSF Ay b7 =7 TlE, BRRXE — FRE, LAY &L/ —FK
RE, ZV&FL /) — RBREDIETHAr — FIFEOHENKEL Lo/, SF v
b=, = FHPM L THEST 2 NEOHEREHELT VX L — KR
FW U TEIEEITE O Z 00, 7 ¥ & 2 7kHED SHPNCHEILR L
TW{ Localized Attack 2% 2 7256, FHICHBHTH S Z e BHL L Ro .
X HIHRAIE — FIREIWCH LTS SF v bV — 71 35ERITHERE R 20§ 2 13
W iEZrizo72. Thbb, SFxy b7 —27 &) b EMERE0E e L
T, BATE — FRREL LA S V&L — FRECH L TEWMEZE>Z &
PRDOEND. FHOHERLS, IPAETAMICEEHE LAy bV —21%, FiC
£ =50,100 DIZFETIE, WITND . — FEREIN L THEWItEZ RS Z & A3
DIt otz. EBHIZ, SF Ay b7 — 7 BIEEICHESS & 72 o 7z Localized Attack
WX LTH, IPAETIVIZE2EER Ay bV =2 3EFICEVINEEZ R L. Z
NODEFRID, IPAETVIEEEERAY VT —=21%, SFAry b - % &
X DENARER B VY2 OMETHZ L WA 555, %72, =5k
T, BRIy V=2 LTORMERENS. HcZRED/NZ W B TIESFIZ
FEWRERR O Z 3otz EBIZ, F=50THRAY— R LT, 1F
LAY RBEIGEWITE R RO Z e R I Nz, DOFED Ry P Y- DK — K
DFEER, MAMERT A =R IZBI2REHRED X b, BIESCHEREDA]
BEM R ZMREL T, FICAy VY — 7 2RI TE30[EENDL D 5.
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4.2 SHRIEEDHBEICKZIRAERHDILL G EXXRE
NDEE

IPAET MK 2%y b7 =213, ZO BEPEMNT 21280, 24FITRLIZE
B O PRI EDEMLAIRIZ LK T 5. 2y b V=207 v X AliZ &
S TIRANEAER DL G R EicEEZE SN 5 Z 8 2R3 7201, Configuration
ETNVDERICE B HIREITS. K4.212 AN = 50128 2HRATE ) — FIREIC
KB N AT — FEED IR DL G 3R E %23, K 4.2 /1% Configuration
ETNMCED XY V=T % T VR LMELIGSE, K426137 Xk Linwg
BORIRTHZ. £7, GO F7 VX afb2fiZ 72 WHETIE, EARERERTL
GERMHEREIZ, 77 7DHEROETRINDS B=10FTIEEL R 325, %huhf
BEBIETT 5. XoT, B =10 IRRICEHIREEIREL, HEIELCHED
e#EZoNb. —7, Configuration E7 W ED Ay b= %250 X Aﬂf.b?ﬁ.
5E, B=10LIETH BDMEPKEL LBIONT, AHEMGERDILG EEE
WEL 5. oFh, SHIMEEOREZIE LRV bR b, T, mAEE
Bt G 3% E OFSRIZIEF I ER 2RO e 3905, Tbb, IR
F— FPEOWENIRELS LD, TS TAY PV =T DRRBIETNT S
EEZONDG. DD S, Configuration ETMIC L > Ty VY — 7GR
VR LMET B e THEIRED R <2 D, RAREFERTH G 33 E HdE S
N, L RZZe 0o, LEHOMREID, IPAET UL S Xy bV —
7134 R IZ Configuration E7MIC K> TI7 Y X LT HRENH . L LR
Mo, 3y b= DEBRICT VXL ZHT 21X, ETOORNBD ZKE
YD B IR T 2 RED D 2 7 OBHEN TRV, HHEZRX Yy bV -7 EDOH
FHOIRAT LANDOEHEEZTSGE, Ay V=707 X AL EE Liaw
MR FEITSHROMETDH 5.
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0 0.5 0.51

0.01 = 0.0+
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

iy 0.14 0.14
/—7_/
0.0 ‘ i j ‘ 0.0 ! i ] ‘
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
a a
— SF — 0 — 1 5 10 20 50 — 100

X 42: /—F8N =10 2BERAD) VI8 m =20y FT—JICHIT3 &
KR/ — FIRERBRORAERZR AL G CBREDF VA LEOBEICK DR
(7£)Configuration €7 /WIC L 57 Y X 2{tdH D, (43)Configuration €7 IIZ K B
Zrxuisl, (L) BERERRTH G, (F)BEDREE

F 4.2: PUIRRGEICPE T % &5 D LUl IR D 2Ky
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