f& L

AT BB A TDEY 2 — IVREED XY b7 — 7 Oz 5 2 52

FI%, #h’E

EHEHE Mk Sk

ALBE eI B B R RS BIRKRS
(At ARI)

A6 3 H



Abstract

Scale-free networks are observed in various real-world systems such as the internet and
social networks. These networks consist of hubs with a large number of links and many
nodes with fewer links, and the growth of scale-free networks is significantly influenced
by the mechanisms of ”conscious preferential selection” and ”unconscious replication.”
Consequently, the network evolves over time, developing a highly imbalanced structure.
However, this structure is extremely vulnerable to hub attacks, and it is known that
damage to critical hubs can substantially impair the overall functionality of the network.

Traditional studies have suggested that the robustness of networks is associated with
the degree of correlation between nodes. However, recent findings have revealed that
"loop structures” and other characteristics are crucial for robustness. In particular, it
has been shown that the size of the Feedback Vertex Set (FVS) in random graphs is
strongly related to resistance to attacks. The F'VS is a set of nodes that must be removed
to eliminate loops from a graph. Yet, calculating the minimal FVS is NP-hard, and it is
particularly challenging for large-scale networks.

To address this problem, different methods such as probabilistic propagation via the
Cavity method, link redistribution through the Wu-Holme method, and an increase in
the number of spanning trees are being used for loop reinforcement. These methods have
revealed a strong correlation between the minimal FVS size and the robustness of the
network. Loop reinforcement has been shown to homogenize the degree distribution and
significantly enhance the network’s robustness.

Furthermore, the modular structure of a network also greatly impacts its robustness.
Networks with low modularity may be vulnerable to specific weaknesses. However, it
has been clarified that enhancing modularity through rewiring from inter-module links
to intra-module links makes the network even more vulnerable to attacks. In addition,
to explore the impact of modularized networks on robustness across various degree dis-
tributions, improved methods have been used in this study to minimize the impact on
degree distribution, as traditional rewiring methods significantly alter it.

In this experiment, we evaluated the robustness of networks based on scale-free net-
works, EXP networks, and networks using the IPA model with inverse preferential attach-
ment, against degree-based attacks, betweenness centrality attacks, and module-based
attacks. The main findings are summarized as follows:

In scale-free networks utilizing the GN model, as the rewiring parameter w increases,
the network’s robustness against node removal decreases. Networks with a higher number
of modules are more robust against node removal compared to those with fewer modules.
While networks with more modules can withstand partial isolation, if there are a few
large modules, the entire network is significantly affected by attacks.

Furthermore, examining the impact of degree-based attacks, betweenness centrality
attacks, and module-based attacks on EXP networks revealed that an increase in mod-
ularity Q(W) tends to decrease the network’s robustness against these attack methods.
Networks with fewer modules exhibit a more significant decrease in robustness due to in-

creased modularity. This is believed to be because attacks on a small number of modules



have a significant impact on the entire network.

Moreover, networks with a narrow degree distribution (generated by the IPA model
with 8 =100) are more robust against the three types of attacks. In such networks, attacks
are less likely to concentrate on specific high-degree nodes, enhancing the network’s overall
resistance to attacks. As the number of modules increases, the rate of decrease in the
robustness metric also increases. In the case of a narrow degree distribution, this decrease
rate is distributed across the network’s degrees uniformly, dispersing vulnerability to
attacks.

These results suggest that in designing networks, it is crucial to consider the balance
between modularity and the number of modules, as well as the characteristics of the
degree distribution. To maximize robustness against attacks, it is essential to not only
focus on the level of modularity but also take into account the characteristics of the
degree distribution and maintain a proper balance between the two. In networks with a
narrow degree distribution, even with fewer modules, the network can maintain a certain
level of resilience. However, in networks with a wide degree distribution, increasing the
number of modules can enhance resistance to attacks.
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L Bk DR D /) — RED Y v 7 BRE. TNo6HR/ND / — R v 78T 5F
% [15].

2. Cavity #EZ2 AW EREBETHEINDG S/ — FOR/NFVS BT DR ¢ %2 f
9 % F1L[13).

3. ANy — DR T FIL 14 TH 2,

FEDRER? S, BRI 100 57, HEEEM: L H/NFVS 3+ X & DX
IR OEEMEDRGFET A I EVBIHS I 572, UL S, ZNETEZLSNT
S T RBHBE & M ORI, B/NFVS 1 X OBEHEM X D £ 5502 L ANBH L,
FRIZIREBZAL T 2354, AORBHMHETE BWEBMEDSZR AR TH D Z LRI N
7= [15]o

D&, W=TEEbT S L TR T AEEN A [ E XSS FIEN RES
NTE72[15], Rz, V=T Oz & D IREAA BB I NG Z & T, NS KIE
21 B3 2 A S MR ST WS [16], MM & 2L — TOibic & > TERI WD
ERERIY b7 —=21F, BWHEEHZRORESOETIER L, XD PRWHEPHORE D A



ERUTWS [11], 72, EMPEATZ0—TL) 74 ¥ ) 7Tl IR
VRENZ BT B WD I AL U, BB BN & /N FVS 31 A0 W AR
Mz B2 2 L BRI NT WA [15], 612, VY ZBHNKIZEWTE, BruIMNREE
&I & > TIREI A DDA U EA T 5 2 & T, WBITH T HmEf@tEsm LU T
W3 [17].

INoDFER (11, 15, 16, 17) 26, Iv— T ORI & 2 BBz 3 MO EiZ
X, IRBAAOIEE WS @D DB, Lizd> T, IRBDAPEIETH 5 I1FEHE
N UTHETH S L PRING, R, MBAHEDORBPE/NTHE, TXTD/ —
RAFE U ROV ¥ 25 —2'5 7H e TH 2 REENRIB XN T WS [17),

3.2 RYKNIT—UDEKETIV

HiA U 72 G St 2 LT, B A OEEME e 2 v MU — 27 QBRI 2 gk
E DORfR%E I SITHEIZEER T 272812, Growing Network € 7V [18, 19, 20] B & U3
BRERBERE TV (6] Z1EHT 5, 2 51E, £ E N Barabdsi-Albert € 7V [1] % HL5RE
L7ZbDTHD, Fy M7= BREICBWTHEGEROR LD A=A L% kT 5, B
RIIZIE, Growing Network E 7V CTIXESHER D p; oc kY (v > 0) EEZSI N, WEL
(EIRE LTI p o kP (3>0) &35,

INSDETNEMEUIRNHT S LT, BRABIRBAHEZFEDHRY b7 — 7 B HE
TEZ 5, BAMIZIX, REFEDMHNPSHY DA T EREFNM, BEOMA, S5ITIF X
DERNIRE A& BRI LS EB Z D ARETH B, HlZI1X. Growing Network
ETNEHAWS L, NT A=K v ED0IZED AT DN TR D BT 2 MH
DR TE 5, —f, HEERSERET LTI, SHEN0DOREL LB IFENEX
SIZHDNE KB 0, PRI s Z i3, 5 —EMHEFIZIEEDLane
WOREP BRI NG, ZDXDIT, IREGADEENE 2y T — 27 DBBIZHN T 2
FEAEVE E ORI BERBEBRYE DD ENPRBINE, ZNODERKETIVEBE L TE
DRfR%Z K OESHMET LI LD AETDH 5,

LIAT, KER [MEOYERIEINE SV TEBRINZ 2 Y T — 213, SURRE
EROIEDHIONT WS, ULnLAWNS, KETITIRBSHOEALHHEEEIZG 2 5
MRICERZL T TS D, TOXD BHEIEER» SBRINL 720, BARIIZIX, 2
V74 Falb—varvETIV23, 24| ZFHLTAY N =2 % T X AMEL, BERIEE
ZHRT 5, ZO@EAIZLD, HIREEVLID RNy NT =R "R o5, HilE
FHEINE 7O CHIREEEDREHN S DX, B — co DA, FH/ — RBRNIED /) —
RIZEfi T 56720 THbZ 2 LTEL (6,

3.3 Graph-tool & &

Graph-tool iZ Python DF 4 75U Th H, Eiftexy b7 — 27 OWHE, 75Hr, "L
B0 N Y —VTH5 21, Z2OT14T I VIESERNLRT—2fEEL 71T
VDALZHWTED, KBRS 7 OEIEIZHE L TW5, Graph-tool 1% C++ T X
NTH O, FEILENE D, Python D WP T I LASELE T, 7T 7HimDMRER
B2y VT = fRITICIAK VWL TWS, Kz, #idd MO 21X U,
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Ay U= DFEKRWILIEEETH IR, 757 AR ) V7R, RIERHER, 332
ST AR ER AR TH S, HU, —HIINTHREOPD, TOREEFDIZOW
TR TER D,

3.4 WELEFNBRIRETILD Graph-tool IZ & %R

AR THIFE L7z — A3 — K&, Graph-tool % HfE & U T EEHLEIRE TIVIZHE
EENTW5b, ZTOETLOEREL, BEOEETTOxry vV —2E2YIal —
NTBZEIERZYTTWDS, T, ZOEELRATY ITTHD,

1. IR Y D=0 DERK: 5620 7 723K, I — FEORBREI N2y T —
O EERRT B, ZORET T 7IE, TRTO/ — NIz VWREFELET L0275
7?%60

2. /J—RDBM: €HELEZ/ —RNBIZETZET, LW/ — K&y M7 =228
LTWL, BATY T T, 120H LW/ — RHBRBEO mED ) — RizEkixnb,

3. MEBENES: MEDR// — NOWEZE FRLUMEOWEEZIRD, ZHuiHEINWT
LW — KD SE ) — IR SN MRE2EET 5, ZOMERIX, IREHME
W/ —=RIEEHLW/ — RIZERINP T RB LI ICHESN TS, HL, %
YV DERKE<,

TDFEBEIZID, IRBDPMEN — RIZH LW — R ERI NS Z LT, IRESAED
Y —ALAMEE X D, Graph-tool DR NI4T 7 MUERHERE VR L T, R T — &
g ZHWTABEZ R Y P — 27 2008 IZAER T 5 Z EAARETH 5,

3.5 FEYa—)UiEsTEEM

3y NI =2 DEY -G IR, HEEMICRESREER T TEHELRERTH S, £
Va— IR EWRY b =21k BN R Y T = REYEN Ry VU=, Rl
FY NI =0 CBRRIZELFET S, Fv N =7 O EBEOBS»SIF, TV a—
WIEEDFAEN 2 Y T — 7 OFEATMHECRE I ED X S 1T EE2 5 2 5 0% HfiRd
52N RTHD, IRETIE, EVa—IUEER 2y b7 — 27 OmEEMEIZED XD
B RIET RO L, TOREZERT 5,

EVa-WEQIX, 2V FNT—=ZHNT/ —RKBRENFEIITIa=FT 1+ NTEITERZ
NTWA22HUELT 2EETH Y, MRATEHEI NS,

ik
Q = i Z |:CLZ']' — i] (S(Ci,Cj) (31)

[2¥}
ZZTy ay IBEEEATAIDESE, ki & kjld /) — ik —FjomEk. Lix) v ook
B 0(ciye) 1Z2ax v A—DTNVREBTH 2, EVa—IVERENZE, 2y T —
MW I I a=T 1 DFEREZFFO LRI NS,



FeATIHSE [22) TIE. EY a—J)VE (nter) V72 H6EYa—)VA (intra) Vo7
DVITAY) V72 BLUTHRRLZEY2a— VR OBAETILVOLY MU — 2 2 HEE
U T, RENEBCEE & A oo MEBCRIT N S Il KRGy & 2  H DS D DrE %
HFHARTND,
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248 ZTIITBDREDMICEITS
T a—I)likxy hDO—72

4.1 TV a—J)LME (inter) )V IDHEY 1 —I)LA (intra)
Vo o~AD) 4% ) vV IFE

Graph-tool Z HHWTCTHEK L7222y N7 =212 UT, MEDHDEED AR ZET S
b, AV T4FXalb—varvETINV2, 4] ZHHLTRY VT2 % T VX LML
B, Va0V EZ2EOLEEOIZEY 2—)L[H (nter) VY27 oEY a—)LIN (intra)
VYAV IAY )T RITS (22, 7770/ — KDY > 7 2HEMRT 5 Z LT,
EVa— VNI VI EEIEL, EVa—IVHY V22 FAIEL I EHNE LT WS,
ZHE. AV NT—2ZDEVa— I EED B I LI,

F9. MYPHREL LT, &/ —RNIZ1 25 my BOEYVa2—-IVESE T VX LIZEHD
LHTH, ZHUTED, BY Y IZBMADS B, £V a—)UH (inter) V> 271 (1-25) A
Y a—J)LA (intra) Y ‘/mimﬁoztx&tcz)o TYa—)V[E (inter) VI 56EYa—
VA (intra) V> 7 ADVTAX ) V7, ZOHEGAT AR wEPTT, (1- L)y
[t 7o s, ULALEDS, MEFEOEFFVIAYY V72T, 5.131I0RT &
T, VALY U IRIBTIRBAHERRIBIZTNTLUE S, TNEES. RS AEIC
X BB ERETH-DICWRERIRET S,

L BREFEOVTIAYY VITDA A =T
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41.1 TFTIOYXLDHEWEEEFERTY
Stepl. / — K7 —4 QOEG & B8

o VT 7 gD/ — FilZBHT 2 IREk; D% NumPy lidsl& U THEd 5, 20D
BeHizid ) — RID EEVa— LB ENEETNTWS,

Step2. VYo D) 74+ v OWEFUIE
o NumPy fid#lZ T/ — KT =X Z2RHL, T—X 7L —LITEHT 5,
o RIZ, EVa—LEY VY Z2OEEVIAY) vV IEEwWIZHEDE, HIlRT B2 VY
D% EIET 5,

Step3. EYa—ILREY v 7 DHI

o BINXINZEODEY2— LMY V227V XAIHIBRL, Thhon) v 7 2T
%5 /) — RDEHRZRLHBRT 5,

e V—bhINZ/)—FIZHULUT, AIUEYa2—NVIZETAMD /) — N&eDHm) >~
IR T AL EZHET, ZOB. TV VY IREET S ) — R n s,

Step4. ') >~ U DEM

o Bh T B421 VY IEMDIBEBEEIETIHL S ARRS,

Step5. &N w DEZEFTE

o BHAMIZV T A VY LY v DElG (final_w) ZFHEL, €Y 2 —IVHY
Y DD T B HEER LT S,

4.1.2 Y UEMND 3 EREFIE

Step4.1 A—EY 1 —ILRTDY > 78N

o HMWDATYTTIE, /—RIVAMDPSEILEY2a—VES2ED/ — FNETH-
) v RERT S,

ID7TatATIE, HOV—TXLE) VI2PEBRINLWVWEDICEET 5,

o EIRNIN//—FNHEITY VIR ELFELBZWVWGEEIZDOA, HrLWY 27 2B
35,
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Step4.2 FED / — RKRF7ZFALELY) ¥ U OBER

o /J—FUAMNTAT 2N Lo, Hilz) v 7 DREITIE & b g2
FIERBLETH 5,

e TOAT YT TIX. U FD4DD /) —RZ2HET 5 :

— la: J—FRYVAMIEENTVWEREY2—LEE1D/)—FK

— 1b: /= RUAMIEEINTVWERWVWDS, EV2—ILEBES1THD, la&DHIZ
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— 2a: /J—FRUAMIEENTVWEREYa2a—LEE2D/—FK

— 2b: J—FRVAMIEENTWVEREWVWD, EVa2—IVES2THD, 2a & DRI
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e b 2b DRNZH BV 7 ZHIFRL., Hi/ziZla & 1b, 2a & 2b DEIZY > 27 &3EH
35,

Stepd.3 /—RYZ McBEo7/—RETOY v @i

o REDAT Y T TIE, /—=FUAMIEST /) —FETVELIRTIVIL, %
NoD/— R v 27 %2BNT 5,

o ZOEMTE, HANLV—TRLHEY V2R LLEVWEDIIEET S,

4.1.3 final. w D&EE| & EFEEMH

o final wit., 7NVIV ALDREKEBCHEINS, VIAY) V7S NZEY 2—
VY v o2 DEETH S,

o LA DFHTIE, REDH B wIZEDOVWTEY a—VHY Y7 ZHIERL, Z14R
DEZEVaA—IVHY VI RIEKT S I EHREMINT N,

e final wid, 7NV IV XLEITHEDOERDY 7YY v IEGEEZRL, BANIZEHE
INw LRI NS,

o TN XLDEFHIZTEEDIZY V7 DEEMEIPITONZNI XD L7720,
w & final_w ORNIZIFEEDE U B AlgEtED D 5,

o ZDiEAEIF, Ay MUY= b FRaY—, BFDY VI DOfE, EY a—IVEDY
VIDRARYE, L DBERIZES>THEHIINDZ LD D,

o final wDfHIX, 7NV ITV) XLDRBEZFAML ., HEIZ)HU CHEDWRELZITD -
ODEERIEETH 5,
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4.2 3DODHMEFRE

4.2.1 RENEHKRZE

DHEAEE [3, 10] 1£. 2y N —2NTERBZLDEREZFED/ —F (NT) 2EL
PHNZRET DREFETH S, ZOFTIEIE. 2y MU =27 ORREHEREMEIZ K & s
525 — R&EEMNIZTE, REREW/ — i@, 2y by —248kna3az
T—2a RBEHROTBNIZE WWTHLNREH ZRZLTWSEZH, ZhodD/ — KD
REERY PV =2 DORKRE2Z LB TS558 RHS, ZOREIX, 2y M7 —
IDFRAY—ITRFEL, EIREL — RO & REFIZEINTWES,

4.2.2 WO MHERE

BEA OB [25] 1%, 2y MU =2 D/ — RO RIEREE 23D < A i [26]
DE ) — RANOWEETTS, WA OMERE W — ik, 2y NI =T HND R B
EAESEHELBE LA UTEELTEY, Zhed/—N2RETHZ T, xv b
7 — 7 DM R IEROBNDOEM A SR IND, ZOFEF. / — FORFEHRKRIK
BTIEmL, 2y b7 =2 2K0E BT 5 ) — KOOI 2 EICE R 2 LY TTY
%o BWAFOEREIX, 2y N7 =20 EEYII a2 -2 3 VORIRIZKE R
BERIZTAREMEL D 5,

4.2.3 EFVa—JLICEDHE

32y RNT—ZHAOII 2T A HEEICEHL, 33227 1 MoBEc BEA%E %
H5 ) — RERRETEEY 2 — LT HRIE, ROFIEIH > TN [27],

1. 33a=T4lZ2EHLTVWSE ) —FR2EEL, 2D/ —KDY A b 2ERK
ER

2. fE L7z A %/ — RO MEIC D S @IRICY — b9 5,
3. V= h &NV ARPSEED /) — FZJUTHIERL T <,
ZOBRBFRIBIL2EEMINTOED TH D,

o /—HNHIRIZE ST, DHAIa=T4HDY) VIIWI-NEGE. D/ —KH
D3I a=F 4 BOEHIZSIMLUTWEWEDD, VDAL AXYy TIN5,

o WEBIIRATERERDIND ) — NIZBRESI NS, Thbb, VANKNDIRD . — KRN
BRKNHEAERDIZBEL TWRWEEIZ, £D/ —RI3Y X bDEIZEIENDS,

BRI L LT, HIREINE / —FDV 2 MIEHEE I DDV, ik, Bl
iz txy b7 —2128\0WT, VA MNODHHEIHEKNTRW-DTH 5,
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5E 28R - FMM

ANil%y
JiT

AHFETIE. GNETIIZEWT, IREK I U 72852 & > THERR S 7z SF
Fw hT—=28 KOIZHBIL (—BET v X LEIRD) RN DAL 15 5w
N7 —20 RO, HEERBEIRIZ L B IPA EFIWVIZ & o THERR X N IRED A DN R
V—dagxw N7 =212 OWTHEEMICET 2882 T-72, HL, ThH5DERY M7 —
BB P(k) DFEBENREELZHONIT L7720, xY NT—0% T VX A
fEU. IPA ETWVIZKEAE OBPIRIEE D & 5 Rk & 2 R L7, 51, EYVa—
NZEEDZBZDIZVTAY) I 2EL, TOMEBEL UTELEZRAY N7 =21 L
T3MHEORBFEEZH W ZYIab—Ya vy a2 EMLUT,

VIial—=vaviZ\nWTik, xv b7 —=2D% ) — N%E N = 104 KA T Y

BTV I EEm =2 RE Lz, EREATY FITHIFH) V78 m &id, i

~F‘7§: 1979“0L7JD79L%> ZLIWZEoTHEKRTAAY NPT —=2I1Z2B8WT, /— KWNEINX
NBE-CEMEIND ) v IDOERBDZ L 2T, 32Tk, GNEFIIZEITS
BEREHPEIRDOESWETIHT 2855 A =X v 130 & 1. IPA ETIVIZE T D (B ER
DEGVETHIEITENT A= 31X1,3,5 100, EYa—1WE2GHTENTA =X w
1%0,0.1,0.5,0.7,0.9, 095 & U7z, £/, 2 NI =T DEY 22—V mg L5, 20, 50,
200, 1000 & 3&&E L, HEfHIZZ T 2Bz /KO3y N —2ZH LT, EYVa—
W@%%@Téw\%91~wﬁmméﬂﬁx RE LT, /— R (N =10, &IFH
AT TNZBTFBEZNV VI m=20%fEFTcYIalb—yarvezEmMLEZ, sy

Jalb—Ya URERIE, HERFEOEEITIE U2 100D 3y N7 — 2126 U TEREL
Joniz7r — XU CRoKERE K. B ORI DO W T o LTz,

51 EVa—I)lbxy No—9AD) 74 )T
51.1 EYa—I)LMEE wOX

FEEBRTIE, 9. wOEIHIZEILKV ALY Y VT EFW, 35HITHRRZEY 2 -1
MHQEMEIHER, R51561%, BIRBOMAZFEORY NI —22FEVa— VBT LI
wDHETYVIAY Y VI 2T oBOEY2—-WEQ L wDRIGRTH 5,

EVa—IVEBREZWEERIL wiZd$T5EY a—0MWQ DIEDEWEMIIZH B D3, €
T a— )V 1000 DBERBINTH S, ik, VT A YY) 2T ORRIT EKEKE R H

ﬁﬁ”bfbiot/— RDBGFEHET B2, * v l\'7—&0)ﬂe\‘/“1—}1/'l‘élz7b§ﬁ;€< 2o T
LEosZeNnEZO6NS,
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w 0 0.1 0.5 0.7 09 095

mo =95 |-0.003 0.077 0.398 0.559 0.719 0.76
mo =20 | -0.001 0.094 0474 0.664 0.854 0.902
mgy = 50 0 0.097 0489 0.685 0.88 0.929
mgy = 200 0 0.096 0.488 0.684 0.881 0.931
mgy = 1000 0 0.077 0427 0.592 0.75 0.788

%51 v=1DGNEFTILVTERLUEAT—ILT7) —32w NT =220 U T, BEFE
TVIAYI) VI UEBOEY 2=V EBmy 28115 w & Q DRt

w 0 0.1 0.5 0.7 09 095
mo=5 |0 008 04 056 072 0.76
mo=20 |0 0.095 0.475 0.665 0.855 0.902
mo=>50 |0 0.097 0.489 0.685 0.881 0.93

mo =200 | 0 0.097 0495 0.694 0.893 0.942
mo = 1000 | 0 0.084 0479 0.671 0.857 0.902

# 52 v=0DGNETNLNTER LY b7 —=2IZ0 LT, BEFETITIAIYY v
TUBDEY 2=V Emy 2815w & Q DXk

w 0 0.1 0.5 0.7 0.9 095
mp=5 |0 008 04 056 072 0.76
mo=20 |0 0.095 0.475 0.665 0.855 0.902
mo =250 |0 0.097 0.489 0.685 0.881 0.93

mo =200 | 0 0.097 0495 0.694 0.893 0.942
mo = 1000 | 0 0.085 0.483 0.682 0.879 0.928

%53 B=1DIPAETINVTHERHLEZLY hT—=21Z/ LT, BEFETIIAYY v
TURBDEY a—NV8lmg 28175 w & Q DXk
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w 0 0.1 0.5 0.7 0.9 095
mo=5 |0 008 04 056 072 0.76
mo =20 |0 0.095 0.475 0.665 0.855 0.902
mo =950 |0 0.097 0.489 0.685 0.881 0.93

mo =200 | 0 0.097 0.495 0.694 0.893 0.942
mo = 1000 | 0 0.086 0.484 0.683 0.881 0.931

# 5.4 B=3DIPAETINVTHERKLEZLXY hT =212 LT, #BEFETIIAIYY v
TUEBOEY 2=V mo 2815 w & Q DXk

W 0 0.1 0.5 0.7 09  0.95

mo =5 0 008 04 056 072 0.76
mo =20 | -0.001 0.094 0474 0.665 0.855 0.902
mg = 50 0 0.097 0.489 0.685 0.881 0.93
mgy = 200 0 0.097 0.495 0.694 0.893 0.942
mgy = 1000 0 0.086 0.484 0.683 0.88 0.93

#£ 55 B=5DIPAETILVTEHEHKLIZEY N7 =212 LT, BETFETITIAVY
TUEBDEY 2=V Emy 2815w & QDXfnk

w 0.1 0.5 0.7 0.9 095
mo =95 0.08 04 056 072 0.76
moy = 20 0.095 0475 0.665 0.855 0.902

moy = 200 0.097 0.495 0.694 0.893 0.942
mo = 1000 0.086 0.484 0.682 0.879 0.927

0
0
0
mo =250 |0 0.097 0.489 0.685 0.881 0.93
0
0

#5.6: B=100DIPAETNVTHER L2y b7 =212/ LT, #EFETIIALYY
VI UBOEY 2=V Emy 2815w & Q DXfILE
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5.1.2 Y24 %) v IDrE{EH

X2,3,4, 5% /—RNE1000Dv=1,0DCNETIVTEKLEZAT—IL TV =%V
T — 2 LHESEIEIND B =5, 100 D IPA €TV THEK L2y h T =212 LT, my
=5 LTEVa—NMEDITA YY) VT 2T BOREEKOBITH S, wDERIZ
WoT, EYVa—IIUMEEDPHEFIZRZA T I bbb,

0 0.1 0.5 0.7 0.9 0.95

1: J—FE1000Dv=1DCNETFTNTEBRLUIZATr—ILT71) —%v b7 =271k L
T, BETFECTmMy=52LTVIAY) VI UEBOAEN, wDE&%0,0.1, 0.5,
0.7, 0.9, 0.95 & &A1k,

0 0.1 0.5 0.7 0.9 0.95

2: J—KRE1000Dv=0D GNEFTITEKLZLXY T =220 LT, IEFET
my=5&LTYVIA¥) I UBoaEX, wDE&%0, 01,05, 07,09, 095 &
24k,
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3. J—RE1000DB=5DIPAETFTINVTERLEZLY b7 =212 LT, ERFET
my=5&LTUVIAYY I UBOAHEAN, wDEE%0,0.1,0.5,0.7,0.9,095 &
24k,

4: 7 — RE1000 D B =100 D IPA EFNVTHEK L2 Y T =212/ LT, #B#EFE
Tmy=5&LTIYTAYI VT ULEBOAEIR, woE&E%0,0.1,0.5 0.7,0.9, 0.95
& 24k,
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5.1.3 BIGEFERLRERRFEZREDH TLR

ZIT kDI TAYY VI FRERELIZVTA YY) VIR DRI ETT S,
691, TNENv=0, 10 CNEFLE L =5 100D IPA EFLTER L3y kT —
J%EVa—NVEBm=5T (a) BEFE. b)) REFETEYa MYV TAVYY T
BT oTBORBAHTH S, WEFIETIE, VIAVY VIBRERBAAEVIELEAL
BH5ENH, I EAT IRBD ML EY 2 — LD EDATERY hT—2
DFEEMEZTIRNE Z LMW TE B,
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0.5 —— w=0 0.5 —— w=0
—— w = 0.95 —— w = 0.95
0.4 0.4
—~0.3 —~0.3
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Qo Qo>
0.1 0.1
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k k
(a) A7 TF 15 (b) $RETik

K5 v=lOGNETNVTCERLEZEXAY VT —2%my=52LTUVIALY)VITHDIX
Gl
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—— w=0 —— w=0
—— w = 0.95 —— w =0.95
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o o
1073 1073
1074 1074
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k k
(a) BE1ETF1E (b) BRETF

X6: v=0DGNETNVNTCHERLEZEXAY NI —2%my=52 LTIV IALY)VITHDIX
Gl
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10° 10°

—— w=0 —— w=0
—— w =0.95 —— w=0.95
1071 101
g 10_2 g 10—2
(a (a
-3
10 10—3
1074 1074
0 10 20 30 40 0 10 20 30 40
k k
(a) BEAF 3% (b) #ETI4

M7 B=5DIPAETILTEKRLEZLZAY NV —T%Zmy=5&2LTCIVT714Y)IHD
IR A

10° —— w=0 10° —— w=0
—— w=095 —— w=095
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1073 1073
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0 10 20 30 40 0 10 20 30 40
k k
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8 B=100DIPAETNTEK L2 Y NV —PZmy=5&2 LTV T71Y) It
DRI AT
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5.2 KEBICLDZHRKERND & 2HBBDEFEXD

10, 111&, v=0,1 D GCGN EFNTEKLzXY b7 =2 & B=5, 100D IPA EF )
THEELZZY NT—=2DFEYa—)VEmy =5, X 12, 131E my = 20, X 14, 15 I m,
=50, 16, 17 I m = 200, X 18, 19 1 my = 1000 DEED V) 7 1 ¥ 1) > 7%, MB K%
w52 -BORKEMERS L 2 BHOEIER DD T 7 TH D,
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