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TAKESHI SHIBATAT! and KENJIRO TAURAT!

In multi-cluster or grid computing, as commonly happens, few nodes or few
links make a bottleneck of whole system. when one broadcasts large data to ev-
ery node in the cluster and make some calcution, it is important to circumvent
the effect of bottleneck nodes or links. Takahashi et. al. has been introduced
the notion of stability of blodcasting and the stable broadcast algorithm. Al-
thogh their algorithm uses bandwidth-aware topology, the assumption that the
bandwidth of each link is known is a little strong. The available bandwidth are
varied at every time due to the effection of cross traffic in multi-cluster or grid
computing. In this paper, we introduce a new aproach to broadcasting under
only topology aware network.
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Fig.1 k-heterogenous.
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1. T=92

2: B, =B

3: while TRUE do

4: 0000000000s 00 Bo(e)=0000000 e
000000000000 00000000 dy,--- ,dg
gooo

5 t={S—>d1,~~~,dk,1—>dk}

6: if ¢t00 then

7: break

8 end if

9: uw=min{B,(e)le 0 t 00000000000 }

10: T =TU{(t,u)}

11: for t 0000000000000 e do

12: B,(e) = Bo(e) —u

13: end for

14: end while

15: return T

O 2 Stable algorithm
Fig.2 Stable algorithm.
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Fig.3 An example for the overlay network constructed by Stable Broadcast.
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Procdure MakeOverlay()

1: L = (dg,dy,...,dn) 00sO0=do0000000000000000000000000
oooobooooooao

20 C=1{do —di,  ,dp_1 — dn}

3: h = MeasureForChain(@,[ ],C

4: while L 00000 do

5: C, h, L = TryAndSkip(C, h, L)

6: end while

7: return C,h

Procdure TryAndSkip(C, h, L)

1: LOO0000 do,...,dm 000
] ] "in(C h,dj)

2: i = max{j € [1,m) | T > out(C, h,dj;)}

3: /*case 1l */

4: if i +2 > m then

5: L Oooooooboooooa

6: return C,h, L

7: end if

8: & = out(C, h, dj)

9: y = avail(C — {d;41 — diy2}, h,d; — dij42)

10: /* case 2 */

11: if y > ez then

12: Cp ={dit2 = dit3, -+ ,dm—1 — dm}

13: Co=C—-0Chp

14: h =MeasureForChain(Co, h, {d; — dj42} U Cp)
15: C=CuU{d; —diya}

16: return C,h,L — {d;41}

17: end if

18: /* case 3 */

19: if dj — d;4q O d; — dipo 000000 » 0000000000 then
20: L=L-{v0000 d; 000000000000000 di+2 ooooooooo }
21: return C,h, L

22: else

23: return C,h,L — {d;;2}

24: end if

Procdure MeasureForChain(Cy, h, Cyp)
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1: Cp O {dy — do,- ,dy_1 — dy} 0000

2: fori=1---N —1do

3: Co =CoU{d; — dijt1}

4: hld; — djy1] = avail(C, h,d; — d;jy1)

5: end for

6: return h

0 4 Bottleneck Skipping Algorithm
Fig.4 Bottleneck Skipping Algorithm.
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Fig.5 Bottleneck Skipping Algorithm: An example for the overlay network construction.
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Fig. 6 Identifying bottleneck links from measurement of bandwidth.

O0case l000D000DOOOOOOOOOO L=g 000 MakeOverlayOOOOQO0O
41 00000000000e=0000 MakeOverlay 000000000 OODOO
OO0 0OOStable Algorithm 00 000000000000 DOOOOOOOOOOOOOO
gooboobouooboobooboobobbobobobbbobooboboboobobno
gogoboooobooobbuooobboobobbooobobbooobbo
TryAndSkip 000000 (a,b,¢) = (di,dit1,div2) 0000000a—b0 a—cO0O
ooooowvbO0OOD0O0O 6D D0 e—bOO0OD0ODODOOCOOODOOODODOOOOOOO
00 e0000000DDOG; DO0O00O0O0sOO LOOOODOODOODOOOODO
gbobdbotdebobobOobOobobOoboobooo
O00OOcase20000000000v—b00 e000D0OO00ODO0OO0OOO0G@ —cO
Stable Broadcast 0 e 000 000O0OC0CCOOO0O0O00000OO0OOOOOOO
O00Ocase 2000000000000 0O0OO0ODLOODO0ODOODOODOODO case30OO
gobodbr—-cO000DOOODOOODOODOOOOO a—cOODOOOODOOODO
oboobobob0bUde—ovUd0e0000OD00O00O0ODed e—o0000ODOOOOOOO
goboobooob»0000 cO0OO0OOO0ODOOODOODOOODOODODOOOO
Stable Broadcast 0 e 0 00O0O0O0O0OOCO o« O0OO0OOOODOOCOODOOOODOOO
goooooodO0oOoo0ooOOo0obOOo00ooU0 LOoo0obooboOoooooooDo

000000000 00D0O0D0OO00O0oO0O0 Vol 2 No.3 47-57 (Sep. 2009)

00000000 TryAndSkipOOQOOOOODO

0000000 LO000000000 Stable Broadcast 00000000 O0OOOO
oobodoobooobo sboobooooooobooooooboooooboooon

5.2 ODO0O00O0OO00OO0OO0O0OOOO0DOOO

goboooboooobooboooboooooooobooboboooooooboOooooboonoa
oboodooobooooobodooobooooooooooooOoOooboOooDOOoOobboOooDoo
000000000000 0000000000000000000MeasureForChain O
gooboooooboooboooooooooobOoOobOooOoOoboOooOoboboOoOooDo1In
gooobobooooooooooooooooboooooboooboooobobooooooDooboo
gobooooooooooooo

k-heterogenous 0 00000 O0O00COO0O0O0O0ODOOOOODOOOOCDOOOe-
separatable 00000000000 LOOOOLKOODODOODOOOOOOOOOOO
gbobo0o41 0000000000000 0D0DOOOOO0D meaxvOOOOOOOOO
emaxv 00000000000« 00000DC0O0 KkOQOOOOODODOOOOOOOO
goooboooooooooooboooooooooboOoobooDobebbOnOOOO
gooboooooooooboooooooobbobo0ooobbo0ooooboOo0Dbobo0Otben
goboooobooboooooboooo

53 DO00OO0O0O0OODOOO0ODOO

goooooobooooboobooobooboooooboboobobobooboboboOoDbOo
gooooboooooooobo0ooobOoboDOO0OU00BitTorrent DO O00O256 KBO OO
goboooooooon

KosticOOOOOOOOOOOODODOODOODO pullO0 pushOO 20000000
0Y0push 0000000000000 O0O0O0OO0OOOOOOONOOODOODOOD
ooooOoO0O0O0O000ooooOoOooOO0OO00O0o0ooooO0o0OpulDOO0O0OO0OO000
gooooboodooooooboooooobobooooboobooooooboooooooooboo
ooooooooooooOoOoOoOboOoOoO0OooooooooOOoOoOP2POOCOOOOOOO
OoooooooooooooooOobooOoO0000ooooooo pulO0O00000
gooooooooooooooobooobooooooOoOobOooooboOobOooooDoboo
gboooboooboooooboooobooooboboooOooOoOoboboOoOoOooooDbo
gooboooooooooooboooooboooobooooboooboooooOoobooboboOoOooo
gboooob1b00o00o0oooboobooo0ooocoobooOoOooooboboOoobonoDo

(© 2009 Information Processing Society of Japan



54 O0O0O00O0O0O0OOO0OO00O0COOO0OOCOOOOOOCOOOOO0O0

000000oo0ooo0oooooooo0oDoonoooonn de,ds,---,dy 00000
goooobooooooooboooO0obUo0obObOO0bUoOobDbUoOo 200b00D0O0OO
000 d; —d;0di —d0i<kO00000i<j<k<IO00i<k<l<jO00000
0o000oo0o00ooo00ooo0o0ooo0o0oooO00oooO0o0oDoOOo0oo
o00oo0ooo0ooooo0ooooo0oooooo0o0o0boooooooooo
O0o000oo0o00o00o00o00o0o000o0oo0oo0ooo0ooUo0n bound
O00o0ooooooodooooo0oooooooooooooooooooooog
00 10000000000000000000000000 ADOOD0 ida0OOO0O
000000000000 00000000 sO0000O0O00000 ¢c0000 bound
o0oo0oooooooooo
bound,(c) = oo.
000000 A0DD0O0OO cO0bound 2z 0000000O0bound00000O0OOOODO
bounda(c) =z
AO0OO0O0OOO0OOOO BOOOOOOOO
bound(c) > id(B)
00000000000 cO00O000O0O00c000OO0O0O0OOADO boundODOOOO
oooooo
bound(c) = id(B).
pobooobopobobboobobboobbobboo0boobooobbboboo
gobooboboooboboobuooboobobboboobooboboboobobo
oooO0oooooooooog
5.4 Far First
BitTorrent 0 0000000000000 0O0000000O0ORarest First 00000
ooo0oO0o00o00o0oUooOoOooOO0000OooOoOO0O0O00O0oDOooOooOooODOOn0O
000oo0o0oo0ooo0ooooooooo0oooooooooooooooooo
O00o0ooo0ooo0oooO0oooo0oOo0ooOoooooooo0oooooooog
0000 00O Bottleneck Skipping Algorithm 000 0000000000000 0OOOO
0000000000000 00000000000000000000O0OObound O
O000ooo0o0ooooooooooooo
bound DO00O00000O00O0O0ODADODOOOOBOODOOOOODOOOODOOOODO
ooo

000000000 00D0O0D0OO00O0oO0O0 Vol 2 No.3 47-57 (Sep. 2009)

0 7 Far First
Fig.7 Far First.

e bounda(c) <id(B) <— U000 c¢0 A0 BOOUOOOOODOOOOO
O00D00O0OAOObounda(e) UOO00DO0OODO0OU00OODDOOOOODOODOOOOOO
0000000000000 0000D00000000000000D0oooooooog
0000000000000 0000000000000000000000000o00o
0000000000000 000000000 Far First OOOOOOOO
000000 7000000000000O0O0O0O0O0O0O0OOOOOO AODOOOOOO
{1,2}0000000000ADOO0 COOOOO010000000DADO BO10O0O0OO
00o0Do00BO CODODOODOODOOO 100000DOOOO0ODOOBODO COOODODO
00o0dooDOooooooooo70D@mod0far ficst 00000 AODO CO 1000
000 bounda(l) < bound4(2) 000000 ADD BODO 2000000000000
0o0o0ooooooooooooooooo

55 O0O0OO0OO0OOOOO
00000QoO0o0opDOoOoO0DODOOOO0O0O00000000d bounddDOOOOOO id
ooo0o0oO0o0o0o0oooooooooOoDOO0ooOooUoOooOoooooooooooooo
0ooooooo0ooooooooU0UoOooooOoUooooooU0oUooooooog
000000000000 Bottleneck Skipping Algorithm 00 000000000000
oo0o0o0o00ooooOoOoOoO0ooDO0oU0U0U00oOoOo0DUdUUooooooDooooooo
00000DoDOo0o000ooooO00oooo0Uooo0ooDoooOOooooooooog
bound 0000000000000 00OOOOOODOOOOOOO boundOOOOOOO
000000000ooooooooooooooooo
PushOOPullOOOOOOOODODOOOOOOOOOOOOOOOOODODOOOOO
O000O0OPushO PullO 20000000000000000O0O0OOO0O

(© 2009 Information Processing Society of Japan



50 ODO0OO0OO0OO00OO0ooooOoOOobOboOoO0OooooobooOoboOoOooonoo

(1) Chunk OO0 Bound ODOOOO PushOOOO
(2) end-model 00000 D0OO0OOO0D100000O000DOOO0DOOOOOODOO
ooooooooooooooooooD palOOOO

6. O g

6.1 ODOOOOCO0OO

gobooooooooooooooobooboOoooobooboOobOooOobboOo0oooooOoo
O0ODOO0OO0OOOO0ODOOO0DO kheterogenousOODODOOOODOOOOO0OOOOOOOOO
ooo0ooooooooo0o00o0oooooO kDOOO0OO0OOOO0O0ODODOODOOOO0O000
gobooboobooooobooooooooooooboooooooooooboooOooooOboo
gobol1oooooocooooooooooooooooooooooooooooobooo
goboooooooboooooono s

goooooooooooooooooooboooOoooooooooocoooooDooonoo
000000O0000o0oOoO00OOo0Oo00OO0oOOoUOOod00OUOOOoUOOoOoooO
0000000000000 0000O000000O0DDO0ULO0OOO0UOUOoOOS/(OO
0000000)0000000000000000D000O0DOD0ODDO0OO0OO0O0OO0OOO
0o0ooooo0oooooooooooooooooooooooooooTcpOoonOnQ
ooooOooOooOoooooooDOoOoTCPOOOOOOOOODOOOOOOORTTOO
gobooobooooboooobooooobooOooboRrRTITOOODOOOODOOODDOO
gobooooobooooooooooobooobooooooo

000000000 10240000000000000000000O0O0ODOO0OO0 [10,1000]
goooooooooooob ooobbboooooooboboboboooooooooan

0 8 [O0O4-heterogenous 0000000
Fig.8 A 4-heterogenous tree-shaped network.

000000000 00D0O0D0OO00O0oO0O0 Vol 2 No.3 47-57 (Sep. 2009)

000000000000 00000000oo0oo0o0D (14000000000
0000d0dD 100000000000 0000000000000000 0000 Single
Pipline0 00 OO0O0OO0O0OOOOO

090000000000 0D00O00D0O00D0O000D0 40 TryAndSkipOO OO
0000000000000 000000k-heterogenousd k000000000000
000oo0o0oo0o0oo0oooooo0ooooooooo 000000000 0OOO
o0000o0oooooooO0O0o0o0oo0oooooolo l100oooooooooooo
0000000000k 0000D0O0O00O0O00O0OO0O0O0D0O0OO0OOOO0ODOO
O 0Single Pipline 0000000000000 0OOOODOOOOODO?256-heterogenous O
O000000000O00OSingle Pipline0 0000000000008 00000O0OO

120 /i

Times
o
2 3

10 /
20 /—
Nl

0 50 100 150 200 250

# of homogenous
09 0JOo0O0OO0oo0OOooOooooOooooooooooooo
Fig.9 The relationship between homogeneity and finishing time of construction for overlay
network.
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