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gogobboobbbooooooooobboobbboodooooo.gg,oooooon
gobboboooobbb,oobbboooobbbod.

gooo

ooooco,00b:0b000obogbooobooboboboobo,coooobobobooboo
000000 Ly(o)boooOoooooooooooooo.

b, cb0ddggggoobbbbbo,bbuooooobbbbbbooooaan
gbobo,dbbodgbbuogoboggbbooob.bbo,bbogbboobobood
gboobdb,bgbooooboobobobooobo.ob, NOODODDOOOODODODO
O00.00000,0 (3.2)0000000000000000000O0O0ODOODOD.
gbob,g0bbogboboooboboodobbooobbooobbooobboon
oooooo,07000,0(32)000000000D0UO0U0DOOOODOODOOOOO
uo.

3.22 0000000

gbobooobog,boboboboobgoobobooboobobbooboobon
gobbogobbbooobbooogbbobooob.obbbooobbbood
gobbooog,bbouoobbboooobbobooooboog.

e JOUOODODDOOOUODDLDOOOUODDLDDOOO

e HOUOOUUDLODLODOOOODLDLDODOOOODLDODODOOOOD
gbobobooggbbobuoooobbboooobobogo

15



gboboogobbogobbooob,ggobboobbboonobobooobbod
gbbuogbbuooobooobb.bog,boobboa,boobbuoobbood
gogobobboobboodg,bogdoooooobboobbbooooooboobooD.d
g, gobbobbbodgooobobbo,buodggloooooobbobboooooon
gbobooboobob,oguubuobobobuooboboboboobobbobg
gooo.

3.2.3 0OU

ggogoooobobobbbbobbobobobobobbbbbbooooooooooad
gbo.ggb,buooobobboboooobobbbouoooboboboooobobbooon,
gobbobbbuoooooooobbobbbobooooooooobobbbb.obb, d
ooooooooboobOobob,b0b0obobooboUoboUob.boboooboOo Go
gbooobooborp0bOO0bOoobDOonon.

ooooooo G

Ooo0o0oo0oo0oooobobOob0obOobOobUobOobDooDooDoooo Goog
guo.
N’
G=— 3.3
N (3:3)

000, NOODODOOOODODOOODOOO, NOODOOODDODOOooDoooooooo
gbbbuod.ggbbbuoodgbbbooobbobooobbbooobbooon
gooooooOOobOobOobobobooobOOooOo0.obooo,Oboboboo0ob0 OO
gobobooblogggoob.bob,goobbbooooobbo,odg1iobooon
gobooobooooboooooboooobooooboooobboo.coboo EUo
goooog.

gbooobooog e

OooobO0o0o0odrpOO0O0000000y0000e;000000000.00 20
00000000, 000000000000001/d;000000.000,00
Uqgobooboobbobobooboob,obbobobob0.0boobOoobod
00000 EFO0000O0O0DOOOO [15].

1
E=——""Y e, (3.4)
N(N—l); 7
000NOODOODOOOO0OO0OO0D000.00000000000000000000
0000000000000,00000000000000000000000000

gbobobgoooobobo.oo,bob0oobobobgo epDUObD,0b0bDOD
goboboogobbobuoooon.

16



3.24 U0O0O0OOOOOOOOOOO
gobbobooogbobboooobbbooooboobuooooboog.
Step0: OOO0O:00000 C;00000O.

Stepl: 0000000 (D00DO0DO00O0OQOOOODOODOOOO)ODODOOOOOOOO
goo.

Step2: 0000000 L,00000O0.
Step3: 0000000000000 0OO0O0OODOOOOOODOOOOO,
Step4: 00000000000 O00 Step2, Step3 00000 .

Stepb: DU0O0O0OO0OO0OO0OGUOOOOOOOOOO FPOOODOO.
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40 UOoodbobootd

gboboboboboboboooobob. oo, 4100000000000 00
gogobb,420000000oboobbbodoooooobobobooooooon
gobbooogbbbuoooobboboood.

4.1 0OO0OOO0O

4.1.1 O0O0O0OO0OOOoobObOoOogod

00000000000000000,000000000000000000000,
000000000000000000000000000.000000000000
000000000000000000,000000000000000000000
D0000000000000000000,000000000000000 MotterO
00000000000 [4.
MLOOODOOOOOOOOOOOO0000,0000:00000000000 Lf0
0ooooooo.

L =) (Di; +1) (4.1)

J

ooo,D;000dyoooooooooooob0.0000b0b0b00o0ooog,ooo
000 L, 00000000000DO000 LfO00ODO0O0A=L;,—-L00000000O
0000 f00000000000ODO (intentional removals:IRs) 000, 0000000
goobobboooooon.o410 N=100,m=20000000000O000000,
[Rs000O0OD0O0O0DODODOOO0 (DOOOO0UO0DOODOOD)0DODO. ADODDODODOOOO
goooobog,IRsibooboooboobbuoobbuoobobuoobob.oon
gboboooboboooboboooboboo,bobooboboobobDooboog
O0,IRs0000D0000O0O0DODO0O0O0ODODODOO0O0ODD.ODDO,000b0bOO0O00
00o0oo0ooboobooboo,0odbooobooobooboooon.

goboobo,j0obooboobobooboobuoobobooboobOo,obooo
000000000, 00000000000bO0OO00bOO0obOO0oO0DbOoboDOoOobOOoog
O0.000,000000000DO000b0000bO00ooDbooobOooboDoOoooDo
gbobooobobo,0boboob0obooboobooboboobobDuooboog
O0000.00,00000000000000DO00DODO0OOOO0ODDOOODODO
ooooboooooooo.
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041 0000000D00O0DOO0ODOO

; v Rewire

Failure ‘--—d |::>

’
/

\
// \
’ \
:/ \

U42. 0000000000000

4.1.2 0000000000000

gbogboobo,goboboobobooboboboobobooboboon
gobbooooboboooo.bog, b 42000, 0000000000 bobDOO
gbbouogdgbbuoodgbbuoobbuooobbuoobobboob,ooobbood
gooboobo,0b0b0bobobob0obobobob0obOob. Hayashio D o
gobobobboooog,bbobboooogbobobboooooboobboooa, d
O0000000000000000000 [(5.0000000,00000000O0O00O
gob,bbbdggoobobbodogoobobboooooboboobo,ooaon
gbbodgbboobbuoobboobboo.gbbuoobobooboboooboon,
gbobooboboobobo,bobooboboobobooboboobobo
ggobbooboboooog.bbood,oggogoooobbobbooooooon
gboboggboboog,bbuoogbbuoobbbooobbooobbooobbood
gbobobooboobo.obboboboobooboboboboobuobboboobo
goboooogd.
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4.1.3 O00O0O0O0OOOOOODO0OO0OO0OOn

000000000000 00000000000,000000000000,00
000000000000000000000000000.000000000,000
0000000000000 0000000000000000000000.0000
000000000000 000000,000000000000000000000
000000000000000,000000000000000000.000,00
0D200000000000000,0000000000000,000000000
00000000000 0000.0000,0000000000000000000
00000000000000,00000000000000000000000,0
00000000000 0000000000,000000000000000000
0o0oooo.

Zhao 00 O00OO00O0000OO0O0O0O0OCOOOODOODOOOOOOOOOODODOO
00 [6.000000,00000000000000000000000000000
0000000000000000000000.00000000000000000
00,000000000000000000000000000000000000.
000,0000000000000000000000,0000000000000
00000000000000000,%ha00,00000000000000000
00000000 O0000000O.

000 s00¢000000,000000 P(s—t):=5= 20,21, ..., Tn_1,Tp = t 0
0,00000000 W(P(s—t):q)00000000000

n—1

W(P(S%t):Q):Z(l_Q"‘qk(Ii)/kmaw) (4’2)
=0
000 k(z;)00OO0D0 000,k 000000000 0O0O00O0,0<¢q< 100000
O0000.0000000 ¢O00000oooooboooo,0boooooooaon
I I A A A I
0100000000000 00000O0000o00o0oooao.
Jdddo,00ddd0ddooboooobod00o0ooooooDobooooooooa,
000000000000 000O0.000,000000 42)0o0o0O0O0DO0OOOOO
ddddddddddddddddO0, 000000 fd0d0000000O0O0OoUOOoOoo
00 (000000)00o0O00o00o00o0ooO00o0ooooUooooO,0000oo0
dodooooooooooooo,e2000On.
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4.2 0OOOOOO

4.2.1 0O00O0OOOOOOOLOOOOO0OOOOO0O0Od

gbboogbbooobbogo,bbuoodbboodbboobbooobbod
gogobboobbooogoooooboboobbboodooooo.0gg,oooooon
gbbog,bggbbuogbobooobbooobba,bboobboobbooo.d
gbbogdgbb,gbbboobboodobbbooobbooobbooobbood
ggoboboooboobo.obbo,bbobbboddooooobboboobobboooooaon
gobbobbooogo,bbobbouoooobbbbooooobbob,boooan
gboogoobo.ogob,g0bbooboooboobboobbooboonbobo
uo.

gbboggbboodb,ggbobbuoobbboobbboobobooobbod
googbooobogb,gbooboobbobbobobooboobooboo.g
gobobobh,buggoobobbuooooobobobboooog,bbobboooan
ggobbbobbbouooooooobbooboboo.bbbbbo,bbouoaooaad
gboogoboobuodboobboobuooboboobboobuooboobobon
gboboogbboooobog,bbugobbuoobbuooobbuooobbood
gbbugo.oobog,bboodbbuoobbuoooboobbuoobboo,bood
gobbobooooobobooooboog.

gboboboooobbooogoboobo.

EEN

e U UUOOOLODLOOLDOOUUOULOOUUOLDDLObLOLDDOOUOOO,00d
gboboboog,bbogoobbbuoogbobbood.

e HOUOUUOODLOD,000DbOLDOUOOOODLD.

EEN

e JUO0ODLODDOUOUODL,DOO0OLDDLDLOOOO0DLDbLDbOUOUObLDLDDOOOn.
gobobboboouooogobbbbbboodg,ouooooobbbobbbodd
gbobbbooodgbobboooobbbooooboobooooboboog.
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4.2.2 O000O0O0OOO0OOO

gbboodgbobbooobbbuoobbuooobog,bbooobbooobbod
g,0b0oggoooboogoon.

gobo

000070000000000000000000:0000 L(T)/c;0000,0
0000000000000000000000000000000000000000
0.000,000070000000s00+¢000000,000000 P(s—t):=
S = 0,21, .., 1,2, =t000, 0000000000 W(P(s—t):T)000000
ooooo.

LWP@—myY§:§i1+Lg?% (4.3)

go,bogoobbobooooboboooobobobooooobooog.

Ot (xz)
Ost

Lo(T) = Lo, (T — 1) + (4.4)

000,0,000000 s0000000¢0000000, ou(z)00000000
000 0000000000,

googd

gobooooboooboboboobbuoooboobo,bbboooboooboboa
googooobooobooobooo.obbo,obbooboobboonb, 3240
O00000000000000000000 (Step2)0000,00000000000.

Step0: ODOO0OiIODOD0O L,0000000O00.

Stepl: J0O00O0O0OOODOOOOODOOOO sObObDOobOOottboboboobooooo,
0(4.1)00000000D0000O0O0O0.

Step2: 00000000000 OOOODO (42)0000000.

Step3: DUO0O0O stODO0DOOOO0OOODO Stepl, Step20000O0.

gboboogobbodgbbooa,buoggbbuoobbuooobbooobbod
ggoobbbbbbbbboobotbudgoooao.bobooa,bbobbbooodaaad
gogobboobbbouodgooooobb.ooobob,obbbobbooooooog
gobboogobobbogg.
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st Ubbotdubootddood
oo

0000,420000000000000000000000DO (DO,00000O
00000)00o000000oooo0000ooooOo00OUooDooO,0Doo0O0O0o0o
O0o0oO0o0obOOooDbOoO. 510BADODODODOODOODOODODOODOOODOOO
gogoboooboo,s20duobobobobbodoooooobbbooooooon
goboboooobo.

5.1 UUOUDLOUOOOUOOOOLOOUOLOUOLOOOooobLgn

5.1.1 000000 OOgdg

0000 N=1000, » =40 BAODODOOOOODOOODODOODOODODOOOO
0000000000000 00000000,00000000O0OoOODOOO (load
based routing) 0, 00000 OO (shortest-path based routing) 0000 O0O0O00.00,
gooooodoooooooooooooooboooooo.oooouoon
0000000000000 00D0DooooooOooOoO000 (wwb)0OOOOOOO
0000000 (lead)DO0.051000000000 0000000 0O0O0O0OGO
oo FpO00O0O0OO. «0 0000 100001000000 DODDODOD.O0O,
oo iooooooooooooooog.

Os5100,00000000 0000000000, 0000000000000
000000000000, 00b0b0b00 GoOoobOOoOo,00b0ooDoooooog
godooooooooo.oog,booo0oooodoooooooooooon
0odoooonoooooodoooonooooooooon. oo, ooooogoon
god,ddddoooooobobbbobbo, oo oobobbbb, 0000
googooouoooooooooooobodooooogooono.obogoao,
oo0doooooooooooooooon,bgoobddoonodooooooon
dodoboooboooooodoooooooooooo.obo,o0ooooooon
0goooooo,djgoogooogo20oooooooooooooo 1ooao,
oooooooodonoooboodonooogonoouoboodooon
doddoo.0ogo,0o000ooobobo pO0O0O0O000000oooo,oooooad
0oodoooooooooon.ooo, oo onoooooogoooon
godobooooobooooodoooon. oo, doodooooooogon
goodooo,0gdoooooobooooooooboooooooooooon
oodoooodoooo. oo, gdooodooooooooooooboooooon
goooooooobooouoooooon.
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shortest-path based routing (hub) —+—
02 L shortest-path based routing (load) —»— |

load based routing (hub)
load based routing (load)
I |

T T

0.3 i - e N

wo.2 B
shortest-path based routing (hub) —+—

0.1 | shortest-path based routing (load) —*— -

load based routing (hub)
load based routing (load)
I |

1 1
0 0.2 0.4 0.6 0.8 1
ed

gsl:000000bbbougubobboooobbbiudd «bogg
Ooooo0oO0oGoooooooooo e

5.1.2 00000
gbogoboobo

gobboboboogo,obbobboooooobo,bboooooobobobood
gogobobbbougooooobobb,obbbbbbbouodooooobobobD.d
go,0b0bbooboobooboobobbobooboo.os20,0b00000
0(OO0O00000)000O0ooooooo L/coooo,00ooooooooooo
gobbooggbbobuoo.og,bbobugdgub g osbbogg.

gs200,000000000,000000000O0DO0ODODOODODOOODO
000.00000000000000D0O0,0 1% 00000000 10000000
gobbbuoooob,bbogogobosbooonobbbuoooobbobboooon
007%0000.000,0000000000000O0O0O0O0O0O0O0O,0000OO0O0O
goorbuooogbbobboooobobob,ggoobbbooooboobobboooad
goboobbbuoogo.bbuodooooooobbo,bbbbbbouoooooon
O0000,0000000000003%000,0000000000000000DOO
uo.

gobobo,bbuoogoobbbbuooooobobbbboooooobob,bobood
gboodgboogbogbuogbuoobuogboob.ogboobo,booboooag
gbbogobobooobobuooobbooobbuooobboogboo,bbood
gogobbbobbouodoooooobobbooboboo,bbouodooooobb.oo0on
goboobobbooodg,obobbdooooobbobbooooobobob,bboooon
goboboogobbobuoooon.

gobbbooooobbbooobobobooodon

gooobbbb«bbbbbbobuugguoobbbbobobbbbooooad
gogobboob.oobbbobbbdbduooo,oooobobbobobboouoooon
0000 L/C000000000.0530000,0000000000000D00O00O
gboboggbboogbbuooobbooobbog,booobbooobbood
gogobbbbuouoooooobbooboboboag.obo,bbbouooooon
gobo,bbbodgooobooboooooobb,booooobobobboooon
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p(L/C)

0.35

0.5

shonest‘—paths based routil‘wg a=0.5 —— u=0.d —

load based routing 0=0.5 —=— a=0.1 ——
045 - a=0.2
0.3 B a=0.3
0=0.4
04 - a=0.5 —o— |
a=0.6 —+—
0.25 - B 0.35 | 0=0.7 —— |
. =08 ——
=09 ——
0.3 a=1.0
0.2 -

0.25 -

p(L/C)

015 0z L

0.1+ ] 0.15 -

0.1+

0.05 B
0.05 [
. - ‘ ‘ ol ,L e

0 0.5 1 1.5 2 25 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

e e

0.2: g bobuoobobbod gs3: b0bbougoobboouoooobn

gbbobooodgbobbod bbb «dbbbooaobbo
(00O0O00oooooooon) (00O0O00ooooooon)

gboooo.obooobgoobbooboo,0obuoobboobbooboobbo
goboobbboogooooobboobbobodooooo.oug,uouooaoo
ggobbbbouoooooobbbbobbooooooobbbobb.0o0,000
goooooboo,o1booooobbobbo,goooobobobobbooo11ogoon
g,ggggbobbobobbooooooobbobobobboooo.obbooooon
gbboggbobodg,bobogbboodbbboobbboogbbuooobbood
gog.ddd,dgoooooboboobobbobooooooboboboobbbooooooon
goboobh,buogogobbobbooooobbobooooooboboob,buoooan
gogobbbbbboduodoooodoob.ooooob,obbbbbbboooooaon
gogobbooboboooooooooboobooboo.obb,bbbbooooooon
gbobo,0b0buogobbduoobbuooobbuoobbuooobbuooobboon
gobb,odgbobbbooodobbbooa,bbbooobbbooad.

goboooooon

gobobobbogg,ggbbbobouoooobbobodag,ogobobobood
gbooggobuooboobboobooboobooboobbooboobooboo.
gobobobooogg,obbobodooobobobboooooboboob,boooan
ggobbbbboboougooooobobbooobobo.bbbo,bbbobboooodn
gobogobobooobbooob,oobbbooobbooobbooobboon
000.00,00000 (0)00000,0000000000C0OO0DOoDooOOOO
(0)ODOOOD 100000000000 oogoooo.

gogogobooobooboobbobbbbbbobooobooooooouooooooaa
40 00.000bb0O0bLbUO0ObLODbOOObOOo0bLbOoOobLDbOoOoDLDbOoOoOD
gboo,1ogo0boobobooboboobo.

gs4dd,dggooooobobooooobbboooodugooog,oooag
gbobbuoodobbbuooobbobuooobbobuooo.ggobbbooobbobood
golioooboodob400030000000,0000000000O0000O0ODOAO,
gbbodbbdodglobggbbodgbobogbbog2000goo.og,boobbo
gbboggbboodobboodb,goobbuoobbboobbooobbood
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shortest-path based routing (hub) —+—

shortest-path based routing (load) —*—
load based routing (hub)

6 - load based routing (load)

propagation count

(e

054000000000 ((@0DO0OCOO000OO0OOoOn)

gogobbb.oggoobboobbo,bbbbodgooogolgooooog
g,buogdgbbbugdgbboooobbuooobbobuoog,buooobbooon.
gbobooboboobobooboboobobooboboo,oboobobg
gbbogbobogoboooobb,gbboobboob.oob,gobbuoobobood
gbogbobuodgbgbuoobobobodoboobbooboobbooboobobod
goobobo,bbobbbotbdgo.bbodgooooobobobobbbooooooon
goboobogo.

gboobooboboo pOobOOob0OoOonbO

gbooobooobobooboobodbbooobuo0o PFObDbDO0ObOODDbDOOD
gobbobooo.ugoo,buooooboboogoboog.
gbobooboboo,bgobobo20b0bgoboboobuooboboon
gugddoooooooo,bbbbbboobobobbbobobobobbbobbb.oog, g
gbboogobobuooobbo,bboboobobooobbuooobbooobb.b sl
gbboodgbboodobboodobbbooobbuoobbbooobbbodob,ood
gbobuogboobogo.gb,20bggbbuoobobooobooobbuoobb1od
goboboooooboobod.
gs10db0,000b0o0booboobboobovsboobboobo.od, b
gogoboboboobboogoggoboboobbooog.ooboboog,bbooagof
gbbogobbuodgbbuooobbuoodobbuoodb,goobbooobbood
goboboogooboboooobooboooobo.
gbgbugbogbobodgboboo,gbobobogboooobobi1boog
gbbou,bbugbobooobboobbuoobobbo.boobboob,uobood
gbobogobogoboooobboobb.buoobo,ooobooobbooob, o
gbbbogobbooobbuooobbooobbuooobboa,obboobbood
gbobbuoodgbbbooobbbuoodobob.bbbuooobbboooobboood
gbobobogobbuogoboboboog,obooobbo200bbooobbboog
oo0o00o0 (10 L/o)000oooooooooooooooO,00002000000
gbbo,bbudbooobooobbuooobooobboobboo.og,o0d
gbobbogobobooobobuooobboo,bboobbooobbooobbood
gboboboodobobb.bbuooobbbuooobbbuooobbboooobboood
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051:00000000000000000OO0OO0(OOUDO0DO0DOOODODOOOO)

Oo0Oo0boO0b0D || O0D0O0DOOO
0.0 0.94506
0.1 0.94506
0.2 0.94507
0.3 0.94506
0.4 0.94506
0.5 0.94507
0.6 0.94507
0.7 0.94506
0.8 0.94506
0.9 0.94507
1.0 0.94507

gboglogobogboooboobboobuoobbo.obbob,oboboood
gob,dgdgobbbouogobobb,ooobbbuoooobbod.

5.2 UOOOOODOODOObDOObOObOUuOooOn

5.2.1 0UOOOOOOOOO

gobboooboooubooobooo,bgobbooobooubbooooboog
goodddododddoooooodddddddUu, U UU 4
(load based routing) 0, 0000 O OO (shortest-path based routing) 000000 00.
0000000000000 00o0O00ooooooooooooooooon (hub)O
O00000000ooOoon (leed)DOD.00,00000 N =1000, m =400
goobbobbooooobobobbooo.bshooobobbobbbooooon
0!(=35700000000000000000DDODO0O0DODO0O0DDOO «OO0OO0
godobobo0o Goooooooob FOO00.DO00O0OO0ODOOODOO 100001
goobobooooob .bo,gbb cgobbboooobbooon.

O000b0o0bO,0b00d0b0od0 GoOoooooobooDbOoobOooboOoooo.s
guoddodliooooooobobbbbbo, bbb ooooaaa
g0, 0000 ooooooo
0O0.00, (), (b), ()0000000000000000000000000000O
gobob,jdobbbdooubbbddtd b olbbbbooonbbbooog
0000000 GoOOoO0DOO0OO0.0b0O00bDDbO,0b00b000DbO0o0obOOoOooOooog
gogobobobboogouonobobboooooboboooooboobobooo.bo,0na
gooboob pO00bODO0O0O0O00ObDbObObO0o0oOoobbLbbbOb000o0n
gooooobbooooooobobboooobbbooooobobbbobooa.
guoooobbooooooobbobouo,gogbobobboooooobobbbouo, g
goobooooboood.
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- load based routing (hub) r load based routing (hub)
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shortest-path based routing (hub) —+— 4 / shortest-path based routing (hub) —+—
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load based routing (hub) load based routing (hub)
0 ‘ ‘ ) load based rout\qg (load) 0 : : IIoacl based routinlg (load)
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shortest-path based routing (hub) —+—

0.2 L shortest-path based routing (load) —%— |
: load based routing (hub)
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load based routing (hub)
IIoacl based routinlg (load)

I I
0 0.2 04 0.6 0.8 1
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055 0000000DO0O0OO0ODOO0OO0ODOUODOO0 b0 OODO0ODbDOOD GO
oooboooobdd e

5.2.2 0O0OOOO
gobbooodn

0560,0000000(000000O0O)00000OOOODODO L/COOOO,D0O0O
O0000000000o0o0oU0Dooo0ooooUooO (=5000).00,00000
bbb os500000.

gsetg,0bogobobog,bbooobbuooobbooobobbooo,od
googboobobooboobbooobuooboooe7ThbooboobbOoOoDO
gogbob.ooogobbbbbbbuoduoooooobbob,bbbbboooodn
gogoboboobbobodogoooooobooobobo.ob,0obbbobbboooon
gboboggobobo,0bbuogbobbuoobbuoobbuooobbooobboon
gobbooaobn.
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56: 0000D000000000000 O67:0000000000000000
0000000000000 0000 00000000000
(0000000000 1=5) (0000000000 1=5)

gbgobobboobooboobuooboobo

s70odgupobobtd«tdbbbugoo,bboogoboboooonoobobod
00000000 L/codoooooo ((=5000).00000000000000
gbboud,bboggbbooobbooobbuooobbooobbooobbood
gogooobbboboobbboobooogo.oo,oobbobboboobobbbooodgga
gbobobuoodobbbooobboooobbooooboo.obbooobboboood
gbgoobolbooboiloboobon.
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058000000000000000D0000O0ODOODOOODOOOOOOOO(I=5
000).00,0000000000000000000OO0DODDOOOO0DODOOODOOO
gobooboo,iouogobboooooobobod.

gogobobbo,bbbbbbbboduoluooooooobbboboobboodggge
g, dgggoooobobbgsuouuoobobobobooo.cobbbbobooooon
g, jgoogooobobbbobooobbo,bbbbbbobobboobbbO1I0
gbbuogbobog,buoggbbodgboltobbuodobbooobbobbo.ood
goboobooootobbbb,gogobbbboooobbbooooobobbooon
gobobobooooo,1ouooogboboobboa,ggobobbdoogo1ibobod, ol
gbobboooobbbuoooobbbuoooobbodooooobbbuoooob.d
g,bogobbogobbuogobboobbuooobbooobbooobboon
gobobodg,gobobbodoooobbbboooobo3dbuoooobbobbuooan
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T T
shortest-path based routing (hub) —+—
shortest-path based routing (load) —*—
load based routing (hub)
load based routing (load)

propagation count

0.4 0.6 0.8 1
08

058 000000000 ((@0DOD0O0O0O0O0O0O0O0O 1=5)

o
e
¥

052 0000000000000000O0ODOOO(OOO0ODOOOOOD)

oooooooo
oooooobod af =3 l=5 =7
0.0 0.99284 | 0.99527 | 0.9952
0.1 0.99284 | 0.99526 | 0.9952
0.2 0.99284 | 0.99527 | 0.9952
0.3 0.99283 | 0.99526 | 0.9952
0.4 0.99284 | 0.99526 | 0.9952
0.5 0.99284 | 0.99526 | 0.9952
0.6 0.99284 | 0.99526 | 0.9952
0.7 0.99284 | 0.99526 | 0.9952
0.8 0.99284 | 0.99526 | 0.9952
0.9 0.99284 | 0.99526 | 0.9952
1.0 0.99284 | 0.99526 | 0.9952

gbgobooboo ep0OObDOODO

gbbogobogbbogboooooboobboboobobbooboobooba
gbobo.ogg,uoggbbooboboobboobbooo,ooobboobood
gbooobobooboobboobo.gs2b00bboobuoobooboboobog
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gs200,00000o00booabbogbo,gobboobobuogbbooboobod
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gbodg,buoubbodbboobooobobbodobobbobbooboon.
6100000000000, 620000000000000000000 (0O, 0O
00o000O0O0O0O0)00000000000.00,0000000000000000
O0obooob0 N=1000,m=4000000000000000,000000000O
(D0D0OD0O0OO01=3,5,7)000. 00000000, 00000DDOOOOOOO00OOO
gobbooogbbbudg,ioggbbbuoooobbobood.

6.1 ODO0OOOOOOOOOOO0

000000 f=10.1,020000000000000 (intentional removals) 0 0O
O00000,000000000000000 (load based routing), 000000000
(shortest-path based routing) 000000000 «00O00000OO0OO0O0O GOODOO
00ooo0obo FpOD00O0ODO. 61100000000 0ODODO0ODODDODOODOO0O, 6.1.2
OO0oooDOoDoDOoooooooooooooo.

6.1.1 0O0O0ODLO0O0O0OOOOLOO0OOO0OO0O0On

gboboboboboboobooboobooboobel1bOD.

ooboobooGooooo,ooobobogobooobogon, f=01,020000000
gbbugobogdgbbdoolbugbobuooobuoobbuooobbuoobbood
goboooobooobooobbo.oob,oobbuoobobooobobooo,oon
gobbobuoooooboobog,gbbobbouoooo2bboooobbbooon
gobbooaobo.

0.8 - f - s

shortest-paths based routing —+—

02 L load based routing —%— |
: intentional removals (f=0.1)

inltentiona\ removals; (f=0.2)

shortest-paths based routing —+—
01 load based routing —¥%—
intentional removals (f=0.1)
inltentiona\ removals; (f=0.2)

I I
0 0.2 04 0.6 0.8 1
a

06.1: 000000000000OO(DODODOOODOOOODBOOD)
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gbbuodgbbogobb.bod,bgubboobbuoobbooo,uobbood
gooboobooooooobooboboob0l—-fO0bDOoOobDOobOobOOobbO.ODbDO, b
gbooboobob,gbooobogboboa,bbogbooobog,bogbood
gboob.ogbo,gooobobgooboboboo,obobobobooobobg
gogobbobobbooogooooobboobbboodooooo.ggg,o00oo
gbboggbboogbbuoobbooob,oobbooobbooobbood
gogo.

go,0d0bobooboooboobuoobboo PpObbOo0bL,00obboO, b
gbbuogbbuoogobooob.bba,bboobbuoobbo,bboobbood
gobogboboogobbooobboboooobooobb,oobbooobbood
gobobooogbbbuooooboboooobo.

6.1.2 JUOU0OODLOOOOOOOOOOO0

gboboboooobbbuooobobbbooodobe2000O.
gobbobuogodgobb,bogoobbbbbooooobbbooogorbbod
oooooboGoO1—-fO0000000ODOO0ODOOODOODOODOO.ODO,DO0DODODO
goobOobOobOoboboobooboOob,!l=3000000D00DODbDODODOD,
[=5,700000000000o020000000000,b000000D0o0100O0
gbobuogobooobboo.gbob,0ooboobboobbuoa,boobboog
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gobbobbooooobbobb,ogooobobbbbooooobobbbo,od
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intentional removals (f=0.1) intentional removals (f=0.1)
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gobobogd g 05000, 621000000 ououooboooooooobooag,
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063a)00000000000000000O0O0O0OOOOOOOODOOOOOO
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- load based routing —»— : load based routing —¥—

degsee haseg routing " degree based routing
0 I — t 0 L L 1 1

0.1} shortest-paths based routing —+— 01 shortest-paths based routing —+— |
load based routing —*— load based routing —%—

0 degree based routing 0 : : ) degree baseclj routing

0 0.2 0.4 a 0.6 0.8 1 0 0.2 04 o 0.6 0.8 1

() 0000000000000 O00O0CODOOOOOO (bh)OOOODOOOOOoOoOooooo
O

O

063 000000000000000000ODOO0OO0(DO0DO0DO0DODOOOOOOODN)

(1)00000,0000000000000D00C0000D0OOO000ODOOO0O
gboboboo,gboboobobobooboboboobobo.ob,bobg
gbobbogboobobuoobbogboobboobobo.oobo,boooobo
gbob,g0bbdugobbuoobobbuoobbuoobbuooobbuooobboon
O000000O0000oooO0ooUo.oo0, ()OO0 0D0DbODODOOO0OObODOOO
gobobobboo,gggoboboduoooobobo,goooobobboooan
gbboodgboggb.boooboo,bbooboboogbolbboobboobood
gogoboboobobobtoddooooob.oooooobooboobobo,bbooooooon
gbbogoboboogbboodg,buoobbuoobbooobbooobbood
00000000000000.000,00000000000000000, (a), (b)
gobobooobobobooooooboo2bbbooobboooobboooo.og,
O0000000000O0D0OD0ODOD0O000 (00000000, 00000oooDo.20
gb,buogdgobobooogbbobooaobn.

6.2.2 UU0OOLOOOOOOOOLOOOOOO

0 6.4(a), (c), ()0,00000000000000000000000000000
000000000000000000,((b),(d),(f)0,00000000000000
oooooo0ooooo.

(a), (¢), (¢)00,0000000000000000000,00000000000
0000000000000 010000000000000000000000000
000000000.00,0000000000000000000000.000, (b),
(d),()0000000000000000000000,0000000000.1000
000000000000 GOOO0000,000000000000000000.0
000000,000000000000000000000000,00000000
0000000000000000000000000000.000,0000000
0000000000,0000000000000000000001000,000
000000000000000000000000.
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0 T b E— L
0.4 T T
03 B
wo.2 -
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0.6 0.8 1
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0.6 0.8
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000000000000000,0 (3.2)0000000000b0oooooooo
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c,000000.

C; = Li(0) + aL;(0)" (7.1)
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O00,000000 32)000000000000D000CO00O0O00.O07400000
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U8 tUoobbubootd

gbobo,gbbuodbbuoogbboodobbboobbboobboobbod
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gooooob. oo, gboooboooooboo0ooobobOon N =1000,m=4
000000000000000,000000000D0 (oooboo!l=3,5700
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8.1 UU0OUOOOUOOOOOON

gbogobdobogboboobbooboobbooboobbooboonboba
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a) 0000OO0OO0O0OOOOO0OO0 ANDODOOO.
b) 000000000000 ANDOOOOO.

c) 0000O0O0ODOOOOOOO,0000C0OOOOOOOODODOOD,000000
O00O0Co00oDOOoO0.0000bbo0 ANODODDOOODoOoo.

d) 0000000000000, 0000000000000000O0,000000
Oo0oooooobooOo.0ooobbo0o ANODODOOODOOo.
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8.2.1 U0UOLODLOOOOOLOOLOLOUOUOOOODOO

00000000 ANDO 2,4,8,16,320000,0000000000000000
O00oobobobdeOobobobboboo GUooOobooboono FOO08IO0ODO.
00,000000000000000000a),b),e),d00000000O0OODO0O
0000000 (load based routing) 0 0 00 00000 (shortest-path based routing) O
goooo.

gbgb,bugbgobobogsubugbgoboubobuobooobobogbobg
gogobbobobbobodoogooooobobooobo.obb,bbbobbbooooooon
gobobobou,goggobbbuogooobbbbouooooobobobog, oo
gbobog32000o0bobodobobobilooboobobooboboob.d
g,0boogooobobobugooobo,gobbbuoooobbboooooon.
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o : : : : 0 _ e pe=
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1
a a
(b) AN =16
1 1 T T
0.8 - 0.8 | B
0.6 - 06 [ B
(O] o
04 - 0.4 | 4
0.2 + 0.2 | B
0 0
0.4 04 T T
0.3 - 03 | B
wo.z + wo.2 | -
0.1+ 0.1} B
0 0 o
0 0 0.2 04 0.8 0.8 1
a
(d) AN =32
1
0.8 -
0.6 -
&)
04 +
a) ——
02 shortest-path based routing :; e
0 d)
0.4 T T a)
b) —e—
load based routin:
03 | 9 C) ——
d) —t—
wo.2 -
0.1}
0 _
0 0.2

(e) AN =8

081: 0000000000000 DLOODOOO(DODUUDUODOODOODOODn)
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8.2.2 UUOOLUOOOOLOOLOLOLOOOO

00000000 ANDO 2,4,8, 16,32, 64, 1000000, 0000000000 (I =
3,5,7) 000000000000 00000000000 GUOOOOOOOO EO
082 083 084000.00,000000000000000000 a), b), c), d)
0000000000000 000000DO (load based routing) 000000000
(shortest-path based routing) D000 O00O.

gboboo,gbbuooboodgbbboobobbooobbooobboobbod
oboobobooooooboobooobooboobooobo.ocoo,b8200l=30000,
gbogbobogbuodboobboobuogbobobobboobuooboobobon
gbbuogob.oo,0boodgbbuooboboooboo,bboobbuoobood
gobobooobobobooobobobooooobbooobbbooob.obbboon
gollobbogdooboboloooboboooobboooobbooonbobb,od
gbogdgboboebuodbbodbboobbooobbooboboobob.bg,bood
gobbbh320000b0bb000oobobboooobobbouoogn,e4dd
00000,00000000000000.0820!1=30000,b)00000O0O00O
00000000000000,08301=500840(=700d) 00000000
O00000000.000,a)0000000,0000000000000000.
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(a) AN =3 (b) AN = 32

(c) AN =4 (d) AN =64

(e) AN =38 (f) AN =100

a) ——
0.2 K 4 b) ——

i shortest-path based routing 0

0 1 1 d) B
04 . : 3

b) —e—
03 L i load based routing o)
d) —a—

0 1 L 1 L
0 0.2 0.4 06 08 1
a

(g) AN =16

082 0000000000 D0UUOUODOODOOO(ODDUODOOUODOOl=3)
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(a) AN =2 (b) AN = 32
1 + + + T
08 - B B
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0 0.2 0.4 06 038 1 0 0.2 0.4 0.6 0.8 1

0.3 - 0.3} 4
wo.2 B wo.2 | il
0.1 B 0.1}
0 02 0.4 0.6 08 1 0 0.2 0.4 0.6 0.8 1
a o
(e) AN =8 (f) AN =100

a) ——
7 shortest-path based routing 2;
; d) —8—
T a)
03| i load based routing :g
' d) —a—
wo.2 - -
0.1+ g
p
0 L 1 L
0 0.2 0.4 0.6 0.8 1
a
(g) AN =16
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o
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0.2 |
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ot oo

gbgbobodgbuodgbobbobodgbobbooboboobooboboobad,
gogddgogoooboobobbbbbobobobdogoobbbbb.go,bbbodaga
O0,000000000C0C00DOCOBAOOOODOOOODOOOODOOOOODDOOO
g,gboobobooboboobobobooboboboboobobuobobobo
goboboogobbobuoooon.

gboboboooobbooooboboog.

e OO OODLOODLDOODLODLO,00DbODDODLDDLOODLOObLOObLO0ObLOn
gobob.0b,bogogobbbbouooodgobbboooaob,bobod
gbboggbboggbbuogoboo.gdb,ggbbooobbuogobooa
gbbogoboodgbboo.gogbbuooboboodg,boobbooobog
gobbbbbood,ggooooobbbobbbouooooobobboodad
gbobod.gbbo,g0obobooboooobboogbboobboooobood
gb,gbbuoobbdoobbuoobbodb,obbuoobbuoobbuoobbd
gboooobogo.

e HUUDDOODLDOODLD,DDbOUOOLODLDOODLDDOODLDOODLDL,0bbOO0
gbobbogobbuogobbuooobbooobbbuooobbooobooa
goboboooogo.

e U UOUOOOOODLODODLDDLDDODOUOUOOOOOODLDO,bDLODLDOOUOO0O0O0OO0
gbobbooggbbbuoooobbbuoooobn.

e U UUOOOOODLOODLDOOUOUOOOO,0000DDDbODLODbDOOOO0On
gbooboboobooboboooboobbooboobboobo,obbod
gobbobooogobbboooobbobbooogobboooaobon.

e HUUODOOODLOODODOOODLDOODL,00bbOObLDbOOObLbOO,bO00
gboboogbbooobobbuooobbooobbbooobboooboog
gbboggbob.ba,bboodbuooobboobboodobbooobod
gobobooggobobuogoobobuooooboboouoooon.

goboooo,gggbbogobbuoodbbooobboooonbooobobooa
gbobbuooobobobooobobobuoogbboooobboooo.oobbbood
gob,bbbuoggd,gbbbbouooobbbuooooobobbbbuoooan
goboooboogogo.
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