HRERERERERE

Jubbbobogtdootdotgbod
Jubotddootdbootdbootdtdn

odod oo ogdgd
o og ogdgd

oooobb bbb oogoo
0180000 181150160

HRNEE

0d220 20 80



0 O

1 0oOoo

2 0Ooooo

2.1
2.2
2.3
2.4
2.5
2.6

2.7

00000000000 (@UOooog) ...
OOD0O000000 .. .. e e
0000000000000 00 « ... 0o e oo
0d0D0doOoooooooooogg ...
000000000000 .« ...
DO000000000 ... ... e
2.6.1 O0O0O0O0O ... e
262 O00O00O0O0 ... .. e e
263 000000 ... . e e
OOO0 ... e
2.71 Dikstra0O0O0O0OOOOOOODODO ... ... ... .. ..
2.7.2  Multi Stream Pipeline Broadcast . . . . .. ... ... ...
273 OO0 ...

3 0OOo0Odg

3.1

3.2

3.3

3.4
3.5

4.1
4.2
4.3

0000000000 ... ... e
3.1.1 O0O0O00O00 .. e e e e
0000000 MSTOOO ... o ..
3.2.1 PrimOOOdOOOO ... ... oo
3.2.2 KruscalOOODOOODO ... ... o .
O0O0oOoOoooMSTOO ... o .
33.1 GHSOOODODOOO ... ... o ..
3.3.2 O0O0O0OOO0O0 .. .. e e e
3.3.3 O0O0O000OO00O0O00ID ... ... ...
3.34 O0O0O00O00 ... e e e e
335 MOEODDO ... ... o
3.3.6 O00O00OO0OOO0O .. ... e
MSTOOOOODOO ... .. e
OO00O000000 ... .. e

I 1
I
UO0opbDooDooogg ... oo
43.1 0O0OO0O0O00O0O ... oo



432 0000000 ... o oo oo
433 0000000 ... o
5 00U
5.1 U0 1. 00buoboooogn « ..o o oo
0. 1.1 ODODODO .« oo oo
5.1.2 00 1I-1: DOOODO ..o 0o oo o
5.1.3 OO0 12200000000 ... ..
52 OO 2 GHSOOODODODOOO ... oo
521 0OO0O2-1: 0Ub0bboboobooobobog ..
022 0022 00000000000000 ... ...,
5.3 UDO 3: 000000000 ... oo
5.3.1 OO0 3-1:. 000000 ... oo oo
032 OO 3200000 ... oo o .
6 UUdn
ERN
gooo

11

19
19

20
20
20
21
22
25
25
25
26
26
27

28

29

29



1 0000

gobobbboooobobobbobuobodbooobobboboooobo
gbuodgogbodobbdobbooboobobbuoobooboboboobooan
gobbobbobobobooobobobuobooooobobbobbobon
gooogbaoogugobboboobboobbbobboboboodadad
gooogoobooboobbuobbtiodouoooobbbobbouooogogd
guobobbodobobbbouoooobobad

gogouboboooboobooobobboooobooooboobooboo
g200toubdgoobouobboooooubobpbbobboboooobo
gobbboobboogoooobbbooobobbbbooooboooon
gobobobobbooubboobboboboobbdogo 200000000 bon
gguobogouboooooon

gbbdgbobbobougobobobbbboboobooouobobbogo
goboodooobooobuobbuooooboooboooobbobob 1
gbggobbbbodoogobobobobooouobooobboobobo
gboobobooboboooooobobbbuoouooobooboboooon
gboboubboooooobobbbbuoobooobobbbooooooonn
gobbooboboboooouobbboooobboooooooboo

gobbbuoooooboobbouobbooooobbobouooooon
gobobooboboobooobobboobbobuobobooboooobogon
0000000000000000 (000)00D0o0o0oo0oooooooooo
gboobouobogogbgooboobobbobbboobbooboboooooon
gbuogboobobbbooogobobboouoobbbbobobobbbodao
gboogbuodgbogoobobbobuooooboobbbooobuobbboo
guddboobodbbooooobbobobdoboobbobooobbob
ggbboobbbbobouobgoobobbboboououoboboboobood
gudgbgbbobouoboouooobbbobboooobboobbboo
guobougboouooooobbuoboboooooobooobboooooa
gbobboooobbodobobbuoobobbobobuooobooooaon

goobob20bbboobbooobobooboubbboboooboogoogan
ooO30booboobobooboobbboboob4bboobbooooboon
gosbgbougbbogboboboboougbbuobboooobdubebd
gbogogooooon



2 Oooon

2.1 0000O00ODOOOO0O@ODOOOO0O0)

gboouggbubobobbbdgobuobbobuooobobuooboobon
gooboobbodbooobbobboboooobbbbboboooooboon
goouogbobbooudoobobbobbouoguooooobooooooo
gobobbooobodbooobobooooouooobobbobboobooon
gobbbuobuogooobbbboouooboobbbuooooooboon
000000000000 0000000000DO0oUoooDoooDooOD (o
O00)00D00DO00000 (00)Dooooooooooooooooooog
gobbobooooobobbobooogobobbooouboboboobbobo
gbobboobbodoooooobbuobbooubbbobbbouoooooo
gboboobbooggobbobboooooobobbboobooooon
gobobubobduougboobbuobboooobbobooooobbo
gooogouoboooggd

22 OJ00oonooood

gobobbbooboboobbbobdoobobbobboboobbbb
gbooboboooobobobobobbbod 100 20000

BR{EY—N
/ FHRADERLEL

REILRYH

Q000

Ul ggboboodgan U200000o0g0bobodaob

Uilgoobooobodobobobobdbooobbobbodobbooobab
ggoobouoboobboobtboogubbouoouuo 1bobboogogd



0000000000000000000000000000 000000000
00000000 n0000000000000000000000000000
0(000)0 1/m0000000000000000000000000000
0000000000000000000 10000000000000000
000000000000 000000000000000000000000
000D0000000000000000000000000000000000
0000000000000 00000000000000000000000
00000 200000000000000000000000000000O0
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000000000CO
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000(6[9)[10)00000
0000000000000 000000000000000000000000
0000000000000000000000000000000000000

23 OUOOoobooouoobobooud

goboobbdoooboobbbbododooooobbbooboog
guooggbbobbuobooooboooobobbbboobboobobbo
gobobobobuoogooooobobobobobboboobbbooboogoooobn
gbobodubbuodoobobouoooouoboooobbbooobbodob
b bgogoboobobobbboobbobbobobuobbbooobobbn
gboboboudoboobodoobbbooboobobbboooooooobo
O0000 Qoooooooond
goodbobobogooooboobbboobboboobobbbboobn
gobodubogoobobbobbbooooooooobobooooboon
gbboggobbbbodgbobbbbbbooodoboboobobooboo
00000000 (H)OooooooooDoooooooOoooooooooooo
goood

T.-00b00oboobon

w.0oooooo

D:000o0n

B:0000O

T=W/B+D (1)



O0(1)0D00200000000000000000 TOOUOODOBOOOO
gboobobogbod W =100 MB OB =100 Mbps D =50 ms D OO O'0d 09
gbobodgbbooboooboboodad

gogob1bobbobboobngdgoobuoobobobboobod
0000000000000 000000000O0O0DO (2)Doooooood

T7.0000000000000

w.oooooooooooo

D:000o0n

B;: 000 i0000 0O

n

T'=> (W'/B;+ D) (2)
=1
00d0o0bO0bO0o0bO0oo0obDO0o0obOoOo0oooooOoooOoro Bpoooooo
gooooooooooooooooooooouooooooooooooog
goodoooooooooodooooou oo onooooogoon
oooooooooooooooooooogoo

24 DO0O00o0oooOoobboobnboo o

O30000booooboobobbobooboboboooooobon

@ 40‘ 50‘ ‘ o)

ZfErL/—F 40/40 + 40/50 + 10/10 + 10/40
03 000000000000000000

03000000000 SOOo0DO0O0 biob40OobDOoOooOoDOOOOOn
oooooogosbh biooooobboooobosSooboboboobooDblo b2o
O000o00oonD D20 D300D30 D40 O0O0O0OO0OO0O0OO0O0O00 D10
bs00uodoboobobOoOobbobbboboobbobobooobooboogon
gogoboggoobooobooboooobboob sboboobobo
goob40+40+10+10=1000000000 D10 D30ooooooooO



Ooboboboo400 100000000DO00CO0OO0DLOODOOO0OOOOD20D4
goboboboobboobbooboboobobobooob20b00obboOogn
oooOs00b00b0oooboobo40bD4b0b0ooooobo40DOOOO
godbogdaiobboobbbobobobobobogbobobbuouooooagnn
ggobdoobbooboobbbdoooboobooooboboood

25 DOOO0oOooOooOooob

gbgbdogbboobuooobuoubobooooobobooboooo
ggbbbobuooooouoobbaobobooooooobbbbooobo
400000 40000 SOOOOoODOOOODbOD piobsoooOoboooooOo
gboboooobo bigobobobobob o oobbooboobobboobobobo
OO00oo0obo0oooogobob socoooo b wobbobooobooooo o
ooodboboobbboodobbogo

100

L
@J&

B/ —F

0 4. 00000000

26 O00O0OOOOOOOO
26.1 OOOOO

gboboobobobuoooobbobbbuoobgogoboobobboouaooo
ooooooobooooobooboooooooGoobobbooovooo oo E
goobooboobbuoooobobbbbobobooboboboobooo
000000000 GO G=(V,E,c)000000cO F- ROODOOOROO
gbdcobbbooobooboubogbbobbbooobbiboobbbo
gooboboobodd



gboboboooobooobooooooboobooobboboooboobo
gboboboboooouoibobobobobbdogooobogboooooubobn
gogobobobooubboboaobbb

e 000000000 =000000000
e 000 (000)=00
e 00000 =0

o LUUDO =00

262 OJOOOOO

000000000000000 G=(V,E,)00000000V0O 2000
000000000000000000000200000000000000
0000000000000000000000000000000000000
D00veVOOOOOODOOO000000000000000000000
000000000000000000000000000000 Dijkstral O
0D00o00[RDo0o

Dijkstra 0000 0000000000 X ={s}00000 (s000)000
X00OO00O00OO0OO000000000000000000s00000 2000
000000000 dx000000000000000 2000 X0000
D00X0OO00000000000000000s0000000000000
0000000000000 00«0 X00000O00000we X000O0O
000000000000000O00.000000000000000000
00 du] + clu,0v)0 r ¢ XO0O r 4000000 rO0dp)000000000
Dv0 X00O00Odp 0000000000000 X000000000
O dfu] +c(u,v)0 r ¢ X0 dp]00000000 0000 XO0000 dfp]00
0 dfu] +c(u,v) 000000000000 dlu] +c(u,v)0 dp]00000000
dp]0000000000000000s00000X00000000000
0000000000000000000000000000 X0000000
0000000000000000000000

2.6.3 0O0O0OOOO

O0ob00o0oboboooobobobooo1o0b0oboboobobddDijkstrald
gbooobbobboobboooooboobboooooobbooooaod
gobbobboboobbboobbboooob 1ooaooouabooaaao
gobobbbooouooggobbboobooooooobbobooogg
g l1obooobooboboobooobbooobooboboobooon
gooobouobubboooougbobuobooaobibobobooooobogd



27 duoon
2.7.1 Dijkstra00000O0O0OOOCODOODO

2620000000 Dijkstra0 OO0 O0O0OO0OOODODOODOOOODOO
goobobobobbobooodoobobobbooobbooobbboouuobo
gbbbudoouougooobbobboooobbobouoboboooon
gogodoobbobobbboob b oboooboboooob o
goooobboobobbuodooooobobuoobbooouoobobobn
gooboobbobooobbooboobboboboboboobbooobnbd Dijksta
gbbobboobobobodobbooboooobobubobg

1. 00000000 Dijjkstra D00 0O0O00O0O0OOOO0OOOOOOOOO
gogodobobooooob

2.1.00000000000000 DijkstraD OO0 OOOOODOODODOODO
gogbddoodgbboood

. oo obooboobbobobouad

gooobodoto20bobouobbougoboooobobobbboobbo
gogobbogobobbdgbbuooogbbbobooboooooooobo
gbboobooggobboobbboobboooooa

gboodgbbbobogbooouoboboobooooboboobobbod
O0000000O0Djjkstra0 000 0000000 OODOODOO0OOOOOOO
gboogbouodgboooobooooboobgoobbbooobooogn
guooobouooogoooo

2.7.2 Multi Stream Pipeline Broadcast

Multi Stream Pipeline Broadcast[9] 0 FPFR(Fast Parallel File Repli-
cation)[6|0 000 000O0COOFPFROOOODOOOOOOODODOOOOOO
O0000000000000000000P00 FPFROODODODOOOOOOO
JoooooobUOFPFROUOODOOOODOOOOOODODODOOODOOOODO
googoobbobgd

e OO OOOOODLODLOOODLODLOOOOODnOD
e HUUDOODLOOOODLDLODLDOOOOODLOUOOOODLDOOOOn

e OO OOOLOOOLDLOUDDOUOODLDLOOOOODLOUDbDOOOODLO
gogobooobboobbobobbb



gobbouoooougobobbbbbodooooobboooouooboan
gooboobuoobbdobooobobbboooboobobboobban
guooodgbobbbbbodbuoooboobooooooboobobobodad
gobogbboobobbooubooboboobuoobbooooobooobobo
god

1. 0oboboooobooobobobobooobooboooobobbob
gobobobogd

2.0000000000000000DOO0OO0OODOODDODOOOOD o0
goboogbd

. 0b0gobooboboobboobon
4. 203 00000000000000O00O0OOODODOOOOOOODOO

000o0bOO0o0obo0ooobOoooooOoObO0ooOOoooboooooboooog
0000000000 00o000O0 (oOoooooooooOoo)oooooo
0 (0000000000 000)0o0o0o0000o0O0O0ooOOoOOoODODDOO
Jd0oo0dooodoDoOdo00ooooooDoooooooooooooog
000000000 o0ob0oo0oooDOoooDbOoOoboooooOooOoa
Oo000doDOoooooooooooo

000 O Multi Stream Pipeline Broadcast 00 00000000 O0ODOO0OOO
00000000 odoooooDo0ooooooooogooooooon
OO0000O0oooooo

273 00O

obodobobooobbobobobbooooouoooobuoooon
ggobobobboboooogbobobobboooobobbobbooboonn
ggboooobuoboobobobooboboobobooooboobbob
goobobbbbobuoooooobobbobbouobbobobboood
obgogoobobobobobobboboboooboobobooobbbooooo
goboobboboobbobooobbbboboooooobobbbbbood
odoobodoboboooboobobbobobbobooooooooobbon
gboooobouoobabboobuobgbobobboobbobouboobobo
gboobboobooobobboobooooboobobobooboboboob
goobbobbbbbboooboobbobbobooubooboboobobod
gooobbod



3 0o

goboogbobboboooobbbboooooooboobooobobon
gbobbobooobiboooobooobgobboobboooobuoooono
gbddoooobuodoogooboobbbobobooobobooboobo
gbobobouobobooboboo27r3pboooobboooobobboogo
gooo

goobobbooobbbobobobuobuoogboboobbobooaood
g2eddbooooboobobobobooobbbboobbbooobonbbda
0000000000000 00000 GHSOOOOOO (Gallager,Humblet
and Spira ’s Algorithm)[3]0 0000

3.1 Uoooooboon

gboboooboboogbboobbbbotuooooooboboobobooan
obbooobooboobooobbobbooobooboooboobobon
goobobobboooubboobbbuobuoooboobboooogooobon
oooboobooobobbgo

3.1.1 0000000

gobboooboobooooobboooboooooobooobo
gbogbbboooogbobbobobobbobbooooubbooooon
gooboooobbobbobooobbooooobubb s0ouoboobobbooon
000000000 6000000000 (MST: Minimum Spanning Tree)
gopoogd

O0oo0oboboooooobOoboboobbooooooboooooog MST
00000000000 DO0DO0DO00DO0OOOOo MSTOOODOOOODDODOO
J00o0ooboooboboooobooboMSTOOOOoOoooooboooo
goooooooo

3.2 00O0OOOO0OOMSTOOO

0000000 MSTOOOOO00O0O0000000000OPrimO0000
D080 Kruscal 00000007000 2000000000000



10

gs ooboggboooo 06 00ogn

3.2.1 PrimO0000ODODO

Prim0000 0000000 MSTOOOO0O0O0OO00O000000G =(V,E,c¢)
oooooooooT=(V,E,c)OMSTOODOOOOOOOOOO

1. T=¢000
2. G0O0O000O01000000V'O0O000

3.veV'DueV-VIO0DOO00D0DO0wO0O00000O{wu,0}00000
0000000«0000V'0000

4. 2000000V =¢o000000000O0O0O00OTOOOOOOOOO
gdd

3.2.2 KruscalOOOOOODO

Kruscal 0000 0000000 MSTOOOOOOOO0O0O0O000O0O7TO00
00000000 F=(V,E;)0DOO (B, CE)IFOO0OOO0O0TOO0O0O0O0O
000020000000 F,0000

1. F=(V,¢)000

2. FOOOO c(e) D 000000 e000000e0000O000w,veVO
O0w¢ F,OOwv¢ F,0000000000000e0 EFODOOOO



11

3. /O F,0 F,0000 F,00000000000

4. 203. 000000070000 0boo0oobobo0oOooooboroobooon
goobggo

000000000007T0000000000000000000000000
0000000 GOO0O00O00000000000000ec E00OO ¢(e)00
000000O0MSTOOOOOO0O0O

0020000000000000000000 O(E|leg([V)))000000
0000000000000000000000000000000000000
DOMSTOOOODOOO0O0O0O00O00000O00PimO000 0000 Kruscal
000000000000000000000000000000000000
D000000000000000PimO00000000 Kruscal D000 OO
00 27300000000000000000000000000000000
0000000000000 MSTOOOOOO0OOO0O0000000000000
0oo0ooo

3.3 U0O0DOOOoOoMSTOO

00000000000 000000 GHSOOO 00O B|0000uGHSO
OoDoDoOoOoOooOoooooMSTOODODODODODDOoOODDDODODOO
000000000003220000 700000000000 DOOODOOOO
gogbooboooobbboooodoboobbbboooobboood
googbboubobbouuguooooboobbobobbbaobobad
OO00o000ooooooooboooobbooooboo GHESsobooboooDO
Oobooopoobobooobooooooobooboooooo MSTODOOOOOD

3.3.1 GHSOUOOOOOOODO

GHSOOOOOOoobOooboobobo rooGHSODOOoooooooo
0003220000000 G=(V,E,c)000000000F=(V,p)00O0O0O
OO0fFO00000TOOOO0ODOODODOOOGHSOOODOOOODODOOOO
gooogbboboooooobobibooobogobbooobobobbon
gogbdbbooboououdgobbbobobboooooobooboaaon
OO0 7000000000000 oooooooooooooooooo
000000000000 00oooooooooO (MOE: Minimum-weight
Outgoing Edge) 0 000000000 O00ODOOO0OOOOOOOOOOOOO
goobboobooobobboboobbooobbo20000b00000000d
OooooooMSTO OOOOoOODOoOoooDo



12

HLLVDIST Ak

HLWHMa7

O 7 GHSOODOOODOOoOoo

gobdgoobououbbdoboouoobooobn

O0bOoODOo0obogoooMOoEOODODOO

OOobooDOoobooo MOEOODODUOOOOoooooooogoo

goooooobo MOEODDODOODODOOOODOOOOOODOODO MOE
gooon

o0 MOEODOOODOOOO 2000000000000DODOOODOO
OO0 MOEO MSTOOOOOOOOO

e MOEOIDDODOODOODDOODODOODOODO MOEODOODOO

obooooooobooboo MOoEOOODOOODOODOoOooooooooo
oboobooooobobooooboobboob 10cobboooooo MSTOOODO
goodad

3.3.2 OO OgooO

GHSODODOOOOOOoOoooOoooboobboooooboooooooooo
gbobooobooobo3gbbobbon

Sleeping: 0000
Find: MOEO ODOOOOO

Found: MOEO OOOOOOO



13

oboooboOo3boobooonod

Branch: MSTOUOOOODOO

Rejected: MSTOOODODOOO

Basic: BranchUO RejectedU0 00 O00O0O0OODODOO

OboooboooboooboooooboobbO0d FoundOOOOOOMOEO O
gbobobbobuoogbooobobbooogooboooboboobooooo
Branch[0 Rejected 00 OO0 O0OO00O0O00O0OO0OOO0O0O BranchOODOOOOO
ooooMSTOOODOOooOoDOoooogoo

3.3.3 OO0OOO0OOOODOOO ID

GHSOOOOOOooOOoOooboooooboboooboIiboboooIboogoo
guobuogbbbbobdoodgbbodootbooooooboboobbobooad
gogoobbbobbouoougobbboboooboooooobobbobn
gbbbooobobdobbbboobbodooooobobboooboan
gbboogooobgoobboboboobgbbbubboboboooon
goouobbodgbobboooboboboobodgooon

3.3.4 0OU0O0OOLOODOO

GHSOOOODOOoOoooooooooooooobbooboobooboooooo
gboooobooooobooooboogod
gboooobobbooooobbooo

Connect < L > 000O00ODOOODOOMOEOOOODOOODOO

Initiate < L,W, S > OO0 0000O0OOOCOODOOOOO0OODOOODOOO
OOoooobogobobobobD Lobobooobo Iboboowoogoob soo
Ooooooo S=Fmnd0000OOMOEQDOODODOODOOODDOO

Test < L, F>: MOEOOOOOOOOOOODOOOD L,pOOODOOODO MOE
oboooboooboobgn

Accept: Test 00D O0O0O00O0ODOOODOOMOEODOOOODOOODODOOO
gobgo

Reject: Test OO O0O0O0O0ODOOODOOOMOEOOOOODOODODOOO
gobogo



14

Report <W >: OO0 MOEOOO WOOODOOODOOOOOODOOO
gdo

gbogobobboobbboooooboobuogouoobobobbbbboo
gbobuoboooboooobbooboooon

3.3.5 MOEUOOO

00000000000 MOEODOOOOOODO 800000 800000000
00 ADOOO Initiate < Ly, A, Find>00000000000A000000
0ID=A0000=L,00000000000MOEOODNDOOODNO O nitiate
00000000000000 MOEOOOOOO0O000000000 TestOO
000000000Test00000000000000000 BasicDOOO0O
0000000000000000000000000 80000({a,y}000
0 O0{e,z}00000000000000 a0 O{a,2}0000 Test <L,A>
000000Test< L, F>0000000000000 0000000000
IDO ADOO0O0000000000 Reject 0000000000000 Accept
000000000 «000000000 :0000000000000000
00000{ae,2}0000 Rejected00 00 Accept 0000000000000
0 Report <W >000000000000000 MOEODOOOOOOOOO
00000000 Report 0000000000000000000 MOEODOO
0000 MOEOODOOOOO MOEOOOOOOOOOOO Connect < L >0
00000

3.3.6 UOOOOOOOO

0000000000000 00 900 100b0000000O0CConnectdO
OO00000000booDoob0 A0 OOD 00000000 BO OOO OO
Connect 000 000D0O0 Initeate 00 0DDO0O0O0O0O0O0O ADBODOO
goooougguboboouogoooooboboobooobb

1. (Ly=Lz) A0 BOOOOO
2. (La<Lp) BO ADDOOO

3. (La > Lp) BO Connect 00O OOOOOOOO

L.goboobo9bob2.00000 100000000000 1.0000000 b0
O00 «O0O0O0 Connect < B>0000000000000DO0O0 OInitiate <
A+1, W Find >0000000AQ0 BOOOOOO2.0000000 6000
O «0000 Immtiate < L, B,S >0000000000BO A0DODOOOO
O00S=Find000OO0O0O ADDOOD a0 BOMOEOODOODOOOODOO
S=FoundO0DOOO0O0O0ODOOODOOO



15

TS5 AURA —
ST AURA
Rejected
Initiate<A> Y Initiate<A> ~< Test<L,A>
7 : ®
a7 AL, |: 15
\ S AP ~  Basic
Branch 10

Initiate<A>

TS5 AURA

Report<..> Report<15>

Branch

O & MOEODOO

3.4 MSTOUOOOOOOO

GHSOODOOOOOoOOoooooo MSTOOOOoOooooboobooooo
3.1.1g00oooo MSTODOODDODODOOOOOO0OOooooDoooooMST
goobboogooobuoooooooobooobboobooooobo
gooooboobobubbobooboboooooboboobooooboo
gudboobboobbooouogobooboboobogooboobboggo
OMSTODDODOOOOOOODOODOODODODOOOODOOOOOODOO
gboboooobboooooobbuoooobooboooboogoad

gbobodoboboobgoboboboboboooobboobooboooobo
gbodggboboglibboodgbbgboogobboboooboboogn
goooboogboobboobobboboboobbobooobobobobbob
gooboogooooo



16

TS AURA J59J A28
O Connect<LA> O
O — 0
O Connect<Ls> O
O © C ©

gobboooboogn

TS5 A hA 757 * b8
O Connect<LA> O
O — 0O o
O O O Initiate<LB,B,S:> Q
O ©

0 10: 0o ogooao

3.5 UUuooooon

00000000000000000000000000000000000
00000000000 0000000000000000000000000
D00000000000000000000000 MSTOOOOOOOO0OO
0000000000000 0D0000000000000000000000
D000000000000000000000000000000 GHSOOO
0000000 MSTODODOOOOOMSTOOOOOOO0O00000000O0
00000000000000000000000000 00 0Self-Stabilizing
Algorithm(0 00 0000000)00000000000000000000
00 MSTOOOOOOOOOOO0O0000000000 [1][4]p5)0
0000000000000 0000000000000000000000
000000 G=(V,E,¢)00 MSTOOOT=(V,E,c)000000

e 00 u,veVD c¢({u,v}) 00000000



17

w,veVOOO{w,v}000000000000000000000000
0D0O00c({u,v})00O0O

gogbobbbbobbboobbooooobbooobobboobo
gbobboooobooogn

gboboboobboobudbw,vdooobobod c({u,v})DDDDD

c({u,v})DDDDDDDDDDDDDDDDDDDDDDDDDDDD E’
gbooboooobboobodobn

gooouboobobbbbotboodooooobobooooboobobobobo
gogbgbobboobboouobodoboog1gbogooobobuooooobn
gobobbobbbgooobbobobodooooboobbuobooooog
gobdbobboooougoobobbobboobodobbobooooboogn
gobobooodgoobooooobbogboboooon

ggodgobbobouodgbob b etbbboooboooboooboo
00000000 «0000000000000000000(0000DoooO0
0)00O0000000000000000 000 o0 MSTO D{a,b}DDDD
DDDDDDDDDDDDDDDDDDDDD{a,b}DDDDDDDDDDDDD
MSTOOODODODOOODODODOODOO OO0 eODODDODOOO0OOOOOO0ODO
gboooobbodgogboboboooooogbooboboboobuaoooon
gbobdoogoogdo

4 00

4.1 000 O0O0O0O0OOO0O0OOLDODOO0O

3320000000 GHSOODO ODOOOOODODOoODOObObOOoOoooooOOoo
OD0DO0OMSTOOOOOOOOOODODOOODOOODODOO BranchO O Rejected U
O00Db000o0boooooboOgdBranchOD0 MSTOOOODOOOOODOO
Rejected D0 MSTO OO OODDODOOOODOOODODODOOOOODOOD
goubouogooouobooboobbodgobbuogobooooboooogon
gobbogoooobobobb b Ibogobooooooooobbob 3gbd
gbbboooooobobooobbooobbobuoouobooobooon
OoooooMSTO OODOoOooOooboobooooooooooboooobobo
O0ob00od BrenchODOOOOODDOOOOOOODOODOOOOOOOODLOOO

OooMSTOOODODOODODODOOOOooooOooooooooobooooogoo
o000 10bo00oobo MSTOh OOOOooOoOOoOooobDoooobooooo
goooodnd



18

4.2 OO0O0O0OO0O0OOOOODOO

gbgboobbodoboooouobbbbbooooooooobbaobog
OoooOoOoOoboooooo MSTOODODOOOOoOODOobOOoboOooooOoDOoo
O0OOoOO0obOO0ooobo0o0oboobooooooboobobooon BranchO
goboouobodgobuoooooooooobn

OOooOoO0obOoooooboobooobobbobOooOoobO BranchOOOO
b l1oguoudgduboobooobodouooooobooooboboon
gbobbooouguooooobboooooooogoboobbooooon
BranchOOODO0O0O 20000000000000000O0DODOOODOO
gobboobobobbobbbooobobooboooooboooboobbbo
gooooboooooooooboobbooboboooooooboboOobgd Branch
gooboouoobbbooobbboboboooouooboobobbobbboo
goboboboobbobooooboboobobobobbbooooooon
oboooooobobobobooobooooboMSTO ODOoOoooooooo
gooooooobooboo

4.3 O0OOOOOOOOOOO
4.3.1 0OO0OOOOO

goobobbbbboooobouboooogbobbobaogooogo
goobobogoboooooooooobooooon

Remove: 0000000 O0OODOOOOOOOOOOOO

Allow: D000 DODDOODOO0OODODOOOODODOOOO
ChangeConnect < PRI >: 00000000000 OOOOO

Commit: 00000 DDOO0DOODO0DODOOODODOO

Abort: OO0 ODO0DOOOO0ODDODOOODOODODOO

Insert: OO0 0O00000O0O0OOOOODOOOOOOOODOOOOO

PRIODDOODODOOOODOODOODDODOODODOODDO PRIDDOMSTODOO
gbbboooboobboobboubooobouoboououoobboooo
goboooobobobobooboboobooboobo Iibboooobobobobboboboo
goguobbboboobobbooobobbbobooubobo



19

4.3.2 0OO00OO0O0ODO

gbgbogoboobooobbobooboououoobbogoguboo
0000000000000 000o0odoU0 (Doooooo)ooooooo
gooogbogbbouoboobboobbobobgbbuooooooggn
gogboobobobboboo

1. 000oooobobodgg BranchD OO

2. 000000000000 RejectedD OO

gobdgblrooobobobboobooooo2.0bbobooooon
gbooogobod

4.3.3 0O00OO0OOOO

4320 1.0000000000000000000000000000000
000000000000 1100000000000000000000000 «
0O0{ec}000000000

0 11:. 0ggbobg

0000 «000000000000000 b00000Remove000000
00000000000000000 O0{a,b}0000 Rejected0000000
Remove 0000000000 OO0 Y000000000000000000
000000000000000 o0 Allow000O000O00000000 500
AllowO000000000 000 «00000000000000000000
00 000 ¢00000ChangeConnect(PRI)DO00000000({a,c}00
0000000000 a00 ChangeConnect(PRI)D O OO0 OO0 cO0O0O0O
00000000 000 «000000 O{a,c}000000000000 a0



20

Commit 00O 0O0D00O0D0D0OODOOODODOOO O D{a,c}DDDDDDDDD
000oD0o0O00do0 cOboooooooboooogag D{a,c}DDDD Branch
0000000000000 cO00o00o0oan D{a,c}DDDDDDDDD
00 PRIDOODOOOOOPRI, < PRI, OOOOOOOO cO0 OO0 «OOO
O Avort 00000000000 O0DOOO0O 0O D{a,c}DDDDDDDDD
000000 DO0o0bOOo0oOoDoOonDon D{a,c}DDDD BranchO OO OO
OO0PRI,>PRL,OOOOODOOO ¢O0 000 oO000O0O0O0O0OOODODOOO
00000000000 0000 OD00 «0000 BranchOOOOO OO Abort
0000000000000 00000 Aert00000D0O0OO0ODOODDOO
00000 (00000000000 D0)D0000000000 Rejectedd 00O
0000000000000 0 ChangeConnect < PRI >00000000000O03
00000000000 o0o0o0D00oDb000noO Insert 00000000
00o0o0Oo0O00000000000d0oD0ooooooooooooooonoa
000000000 BranchODOOOOInsert 000000000 O0OO0O0OO
00000000000 D00D00 Insert00000OO0D0O0ODOO0DOOODOODOOO
O BranchO OO OOO

0000000000000 000000000000000000oDoOoa
0oo0doOdooooDdDoOoOobobobOO00obO0oooooDOobOooooDoOoDa
000000000000 000000000 0000000000 oOoOon
J000dd0ooooob0o0oodDod0ooooDOoo0o0o0oOoooDooDoo
0000000000000 0000000 0000000000000 oDoOn
O0dooDoDoOO00o00DDoOoODOoOOoO0o0bOO0000oooooOOoDOoOgn
MSTOOODODODOOOOOOODOOODOOOOOoOOoooO

5 OO

5.1 U011l 000 oogoon

gb 1-1lb0d 12000000000 0bd0gbbabbobodgobobodo
gbdbuoodogbooboobuooboobooobooobobobobbbon
ggboboobooboooobobbodadg

5.1.1 0000

gb1-1000 1-2000000b00000000000040
o OO ODOONO

o OO ODOONO



21

gbobboobdgo1l

gboboboobobbiobdntdbbd n-l

oboooob 1odsobi1ood 300

gbobdgoboo

(a) 5000 600000000
(b) 5000 1000000000
(c) 100100000

0000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000 (000000000000000)00000000
000000000000000200000000000000 1000000
0000000000000000000000000000000000000
0(00)0 (a)5050000000(b)400500 00000 (¢)10,1000 000 30
0000000000000000 (a)<(b)<(c)000000000000000
000000000000000000000000000000000000
0000000000 000000 DepthFirstO RandomO Dijkstrad FPFR+a [
MSTO 50000 0DephthFirst 1 00000000000 000000Random
0000000000000 00Dijkstrad Dijkstra 000000000000
OO0OFPFR+a 0 2720 000000000MSTO MSTOOOOOOOOOOO
1200 1300000000000000000 DepthFirstd Random0 Dijkstrall
FPFR+a OMSTOOOO00O0O

5.1.2 00 1-1: Jguod

gob1-10booobbboobbbogdgbbobouobobobbbooo
ggbboobbooobbobouobobooooooboobbooogobobobod
gogobobbbboobobooobuubg 1obobobobbobood
gobboboboobbbobbbanbbO00n-10000000000O0O00O0
gbobbogouboogoboboooooooouobooboboboooon
gboooobooboboboobbbbobobi1bi1ooooboooooboboboo
000000000 0DO0O00C0O0 LANODODOOODODODDODOUOOoboooooo
gbobobobogobobooboboobobobbbobboobuooobooood
gbgboobboooouooboooooooboooboobobbobbob
gooo



22

D000 1200000 12000()0(b)0(c)000000000000 FPFR+
a0 MSTOOOOOOOOOOO0000O0O00000O000 RandomO Dijkstra
0 (a)0(b)0(c)000000000000000000000000000000
Dijkstra0 0 000000000 000000000000000000000
000000000000000000000000000000000000
0000 O00000000000000Random0 0000000000000
000000000000000000000000000000000000
00000000000 DephthFirst0 0000 000000000000000
000000000000000 (b0 (¢)00000000000000000
000000000000000000000000000000000000
0000 ()0000000000000000000000000000000
000000000000000000000000000000000000
D0000000000000000FPFR+a 0 MSTOOOOOOOO0ODO
0oo0o0o0ooo

5.1.3 U0 1-2: J0U0O0O00oon

00 1-200000000000000000000000000000000
00000000000 0000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000 512000000000000000000000000
00000000000000000000

0000 1300000 1300000 1-100000()0(b)0()000000
000000 FPFR+a 0 MSTOOOOOO O0O000O000O00OMSTOO
0 FPFR+a 000O0000000000000 FPFR+a 0000000000
0000000000 000000000000000000000000000
0000000000000000000000000000FPFR+a O MST
0000000000000 -1 0000000000000000000000
000D000000000000000000000ODijkstrad 00000 00
001-11000000000000000000000 Dijkstrad 00000 00
000000000000000000Random0000 111000000000
0000000000000

00 1-11000 1-200 FPFR+a 0 MSTOOOOOOOO0OO0O0O0D0O00000O
0000000000000 00000000000000000000000
000000000000000000000000000000000000
000000000



7000

6000
08 5000
“

4000
N
<3000
52000

O
1000

.I.

0 e

12000

o3 10000

=

“2. 8000

AN

2 6000
N

o 4000
O

2000

0 T

12000
10000
[]2:]
= 8000
2z
6000
o 4000
O
2000

0

(a) /32 K@ 50-60

B DepthFirst ™ Random [ Dijkstra
B FPFRt o I MST

10 50
J— R

(b) 78> Kg 50-100

M DepthFirst M Random [ Dijkstra
M FPFRt o O msT

10 50
J—F¥

(c) /32 K1E 10,100

B DepthFirst M Random [ Dijkstra
B FPFR+ o I MST

—_— ] -J:I]
10 50

J— K&

012 000000000 ((QCoOooD)

100

100

100

23



7000

6000
08 5000
“z

4000
A
<3000
22000
0

1000

0

.I.

12000
10000
=
“2. 8000
A
22 6000

<
4000

O
2000

12000
10000
= 8000
"
) 6000
<
iha 4000
4o
2000

0

(a) /32 K@ 50-60

B DepthFirst M Random [ Dijkstra
M FPFRt I msT

Bl
10 50 100
J— R

(b) 78> K 50-100

B DepthFirst B Random [ Dijkstra
M FPFRt o 1 MST

[ — L:I]
10 50

J—F¥

100

(c) /N> K1g 10,100

B DepthFirst M Random L Dijkstra
M FPFR+ o I MST

— ] -J:I]
10 50

J— R

100

0 13: 000000000 ({@oooooon)

24



25

5.2 002 GHSOUOUODOODOOO

GHSOODOOOoDOOOoooooboobobooooooo MSTOhooboooo
gbbooboboooooobuooboboboboobob 20b00bOo0obOoobn

5.2.1 0O02-1: J000obogoobobodgoo

0021000000 0000oOo0oooMSTOOODOOODODOODODOO
godobooboogbooouobbboooobbobbooobbbooan

e UL OODLOOODLDLDO
e NUUDOOOOUODDOODDDODDODLDUODDLODDOOODLDDO
e UL OOOOODLDDDDO

gboologobogubboogboboodgbodgbooboogbooooaboo
OODO0O0ooOoooooo2-100o0MSTOOODOOOOD 1000000DO
gbodougleobbouoouoobboouboobbobououooooobogd
goboobbooobboboboooobob bo 200 50000 20000000
goooo

obob0O0O 4000000000000 00DO0O0O000O0OOOODODOOObODOO
oooboboGHSOOOooooooboooobobobbo oboo NODO EDODO
O00O0ORFE+5N-log(N))DODODODO 140000000 NODOODODOOQOOO
0000000 N-log(N)ODODODODDODOOODOODOODOODDOOOOODOODOOO
gobgoboobboboobobbboobobboooooooooobogd
ooooooooMSTOODODOOOODOooOoooooooDbOoo

5.2.2 00 2-2: Jg00booooobgoogo

002200000000 1000000000000000000000000
0000000000000000MSTOOOO0O0000 1000000000
000 1000000000000000000000000

D000 14000000000000000000000000000000
0000000000000 40000000000000000000000
000000000000000D000000000000000000000
00000 O(N-log(N))O MSTOOOOOOOODOO0O0000000



26

J — R DB 94 2L
700

600

& 500

= 400

N

~ 300

* %

° |""
,ul

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
J — ¥ 20-500

N DEMICKTT B8 A 7 IV

oS O

300

250

$ 200

N

~

Q 150

V

P 100
5

250 495 744 991 1241 1487 1732 1987 2233 2478 2726 2970 3215 3469 3709 3964 4208 4454 4701

VIF 250-4701(/ — K#K100)

o

o

O 14: MSTODOOOOOOO

5.3 U003 0000 bOonOn

0031000 3200 GHSOD OO OOOOODOODOoOoOoMSTOOODOO
gbbooubbbguobooobbbobooubboooobbbooaobo
gbogooooobbobobbbobboooobboooon

5.3.1 0O0O31: 00000 0O

gb3-1gbobgoogobuobabbubogbodoooobooogd
gobbuobobooboooboobobob oo b ooobbbbobOO
gobooobog oosoglool sgobogoboooguobobobb 1oo0b00n
gbobboooobobuobobobobuoboobdan



27

10000
9000
8000 |UZEALAT BeNUBAEL DU EAFY
7000
6000
5000
4000
3000
2000
1000

AN |

PAS
=]

10 50 100

U 15: 0ggoouoboooobogo

gobb 1sodobbooooobooboobobouoboobobbobn
ooboooooOoboooMSTODODOOObOooboooboooooooooo
O0OOo00ooopooooMSTOODOODOODOOOODODOOoOOOoDOO
gbbogoboooogboobobobbooobbooobobboobboood
goooobobooobgog 1sgbobobbbboboooooobobon
gbooboboobbouobbouobobbdobooouoooobooooogg
gobboboooboobooobbooboboobuooogoobo

5.3.2 0U0O3-2: 00000

oo032000000000000000000000O0000O000O000O0ODOO
oot oodiloooggoouoobbodobobbod oso0100n 3000
oboobdoo wooogbbgobooboobooboobooooobon

oboo0b ledgboobobobbooouobbbbooobbooobbboboog
0000 MSTOODODOODOOOOO MSTOODOOOODOOOOOOOD
gooobooooobbooooobob e oo ooboooogon
gbobbooooobooobboooooooooboboobbbobobn
gbboobooobobbboobooobooooobobooooboboboooo
gboogoooboobooboboobobboobobobooobobboob
gobboobooobbooouoobooboboooobbbbooooooobog
gbogbboooooobobooobbobbobobooooobooobooDb
gbooooooog



28

300
250 B MST pigEEeEs [ BiggEes

200
e
2
S 150
V
100
50
, Il
10 50 100
J— R
O 16 D000 oooooooooon
o U0UMO

gbobobooooooooooubbobobobobboooboboboo
gbobbooobogboogbobgubuoobboobooboooooon
gbbooobboooboooooooooobboobooooooboboboboobooo
oboobobobooboboooobooboobbobuoooobbooboon
gooboboboobbooboobooobbobbobobbobbboboboo
gboobbobooobbbbooboooooobobobbs1oobbbobob
gobbooboooouobobobboobbobobboobboobboboobOon
oboboobodobbobobooboooboboooobobobbobbobo
gooooboobooboooooba

0000000000 Poo0ooo0o00O00o0oooooooooooooo
ggogbooobobbboooodbobooboooboooooobnooo
gbooobooobuoobobbooooooobbbobbobbbobboob
goobooboobodooboobobbobbbbbbboobuooooooonoo
goobboooboobboboboobooobobobobobboooboboon
goobooboboboobbobobobobooobobobobboooooooon
Ooo0ooOoooboOooODOOobOOoOooObOOooOoObOOoOoOooMSTOODOOOOOO
gooooobbbooboboobbobobboboboobooboobbboooooo
gboboobobobbooboobbooboobbooobobbobbobb
gboobooobobboooon



29

HEN

gbhoobboooogboooobobbbooobobbbboboboouoobbo
goodggobuobobbobbbuoobbboouoooooobbobbooog
googobbobboodoboooobobbobobobobbobobooooon
goobobboboouoobbbuooouoooobbobuobooabon
goboobogboobooooboubbooooboboboooobobboon

gobboooboboobbbuobboobouobbuoobbaugoboo
goobooobobbbbdbobbotbdboooboobobobbbood
goubbobbogbbobbodoouboooobobuooooobbobodod
goddoobbbobbdoouoboobobooobboboobobooood
gobobbobbbbbooboootbouooooooobbbbbooabod
goobooboboooooboobodobbodouboooououoooa
gobobuooobobbbbobbbdooboobbobobobboobon
gobbobobbobooooooobboobooobooobobobooa
gbbbooooogbobuooobobbboodgn

oo

[1] Gheorghe Antonoiu and Pradip K. srimani. A Self-stabilizing Distributed Al-
gorithm to construct an arbitrary spanning tree of a connected graph. Com-
puters and Mathematics with Applications, Vol. 30, pp. 1-7, 1995.

[2] E. W. Dijkstra. A note on two problems in connexion with graphs. Numerische
Mathematik, Vol. 1, pp. 269-271, 1959.

3] R. G. GALLAGER, P. A. HUMBLET, and P. M. SPIRA. A Distributed
Algorithm for Minimum-Weight Spanning Trees. ACM Transactions on Pro-
gramming Languages and Systems, Vol. 5, No. 1, pp. 66-77, January 1983.

[4] Sandeep K. S. Gupta and Pradip K. srimani. Self-stabilizing multicast proto-
cols for adhoc networks. J.Parallel Distib. Comput., Vol. 63, No. 1, pp. 87-96,
2003.

[5] Lisa Higham and Zhiying Liang. Self-stabilizing minimum spanning tree con-
struction on message-passing networks. In DISC, pp. 194208, 2001.

[6] Rauf Izmailov, Samrat Ganguly, and Nan Tu. Fast Parallel File Replication
In Data Grid. In Future of Grid Data Environments Workshop, Mar 2004.



[7]

[10]

30

Joseph. B. Kruskal. On the Shortest Spanning Subtree of a Graph and the
Traveling Salesman Problem. In Proceedings of the American Mathmatical
Society, Vol. 7, pp. 48-50, Feb 1956.

R. C. Prim. Shortest connection networks and some generalizations. Bell
System Technical Journal, Vol. 36, No. 1, pp. 1389-1401, Dec 1957.

Takahashi.K, Saito.H, Shibata.T, and Taura.K. A Stable Broadcast Algo-
rithm. In Cluster Computing and the Grid, 8th IEEE International Sympo-
sium, pp. 392-400, May 2008.

Reen-Cheng Wang, Su-Ling Wu, and Ruay-Shiung Chang. A Novel Data Grid
Coherence Protocol Using Pipeline-based Aggressvive Copy Method. In Grid
and Pervasive Computing, pp. 484-495, May 2007.



