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1.1 O0Oood

oo,IpOd0ooboboooobobobooooobo,pbooobobonbog
gbbogdob,ggbbuoodgbbbooobbboobbboooobbuoobobobon
goboo.

[POO0O0O0OO0OO0OO0ODOODODODOODOOOO, AIMD, ECN, REDOO, OO
00000000000 [1,2. 00000000, 00000000000000O0A0,
gobobogobboggbbuooobbuooobboooboboo,bboooobobon
00000000000000000 (1. 0000,000000000000,000
gbobobooooobobbooooobobooouobobuoooo. gob,booan
gbobooggbbobuoobbbougobboa,bbbuoogbobbuooobbobo
goboo.gd,bgobobugobuooobbuoobbooobboooboboon,
gbboggbbougbbuoogbbuoog,boobobbuoooboodgobboo
g.oodg,bbugobbuogobboogbbuooobbuooobbuoooboboon,
gboudgbboobdoobuogbobuodgb.oobboobuoobuoobboboboan.
go,tobbobobodlbobooggoooobboodg,ggoooboobbodggo
gbooggboogobbuogobb.ooobuoobobooobboobbooboboon
gobobogooobogd.

gbobodog,bbodggobbbuooogbboaod.

1.2 00000

oooog,IpO0b0b0booboobobobobobbobo.bobbobnooo
oooo,0o0bgobooIpobobbobbobbobb,0bo0oboob,0bd
oooboodobooobooboob IpOO0bO0o0ObO0OO0ObOo0ObOobDbOobDOoOoDO
gboboo.gdb,gbbooobboodgbbooobbooobbooobbood,
gobobooooobb,gguobbboooobobooooboboob.bbooon
gbobobboooogbbboboooog,bbbbouooooobbobobooon,
goboboobboouogd. obboobbo,1gdugoooobboboboboggo
gboboboodao.

gobo,bbbudgogobobobi1bobbbbuogooboobuodg,ooof



gbobobboooogbboboodg,ogobobbbouoooobbbobooa, oo
gobbuooogobobuoooobbobbooooboboobboooobo.
gbobod,bbbodgggbbbuooogbobboooooboog.

1.3 O0O0ood

gboboouoggdgbboboood.
g2000,00000,000000000b0b00b0,00bb0b0o00gooon.
g3, bbb, bbbbuuogoobbbuouoooon
gboboboooobooo.
o4000,03000000000000O0O00DOODODDOODLOODOOOOD,d
goboboogogo.
Os5000,040000000000000000000D00OO00O00O000ODOO
uo.
oeb0O0O,04000000000000DO0O0DOODODODOODLDDO,O05000
gbobobboogogboboooggboob.obbo,bbogoooobboboaga
gbooboogo.
grvood,beddbbodbuogobogoboo,gbbuogboobbodob, ol
go.
gsbob,g7gobbod,gbbodgoobobog,gubboogoooo.



20 OO0404

2.1 0O0O0O0O

10000,0000000000000000000O000O0O00O0O0O0bOOO
gb,ggbobbuogdbobuogdgbbog,bboogboooobba.ogb,do
gobogobuogobuodbboouobuooobbooboboooob.buoobboon
good.gbogb,ggboogbogboboobboobboobbodgb,oba
gboboboooobobbo. buooobbboooobobbog,gbbbbdaoan
goo,bbgoboobobboooboobobbo. oboooboobob,ood
gbobbuoooobbbuoooobbboooobbo,ooobbbooan.

22 JO0O0oooboogdn

goobobboogooobbobouoooooboboooooob,bbooooa,
0000000000. 000, Joboooo0o00o00o000oooooooooo.

googo,gbbgbuogbbuogbobobboobbuooboobboobobon.
gbobobboooogbboobobo,oooobbbboog,ooobbbouooaon
gobobooooobooog,gobbbuooobobooooboboobog. ggan
gbobbuoodgg,bugugobbbuooobobbbooobbboooon

gobbod,ggboobuodg2uggugoobbogoooooboo. bbboooaf
g, goobbbbbotbuoooooooobbbbbooooogo. ooo,00o
gobbogobbooobbuoooboodb,ggobbuoonoboboooobboon
gbobobodg.ggoobbbuoooobbboooobb,booobbbbooaoon
goboboogogo.

23 O0OO0OOOOO

00000 -000000000000000ooooDO, Bloopoooooooo
gboogboogbb.ogobuoobobuoobbooobboobbuoooboon
uo.

goodgd, bbggoguobbboooobbbooog, bboooabbbo
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O00. 400000000000 00O0O0O0O0000,0210000000.
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2.000000b0bb0000obobobooobobbogo

. 0buodgobboooboboboooogon

gbobo3bouagagoo.
lL.obbooooobobuoooobbuooogobooo,gbbbuoogo.
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gobooodd
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3.1 UOooooouobooobooboogn
3.1.1 00U

0000,0000000000000000000,TCPO000O0O0O0O000000.
[5|0000, TCPO,

e JUUOOOWO
o [JUUN
o [JUUN
o [JUUN

040000000000000000000000000. 000000000000
000000000.00,0000000000000000000.00, (5000
00000000000000.00,0000000000000000000000
O, (loooooooo,

e TCP Tahoe
e TCP Reno
o TCP Vegas

OOoo0OobOob.00b,b0000b00ob00ob0ob0obUob ECNODODODO.

3.1.2 0OO0OO0OO
goodg

00000 (SEGMENT)O O, 000 TCP/IPOODDO, 000 ACKOOOO, 00
goboboogogo.



gbobbuogodgobobod

0000000000000 (SENDER MAXIMUM SEGMENT SIZE : SMSS) O, O
gbobbuooobbbuoooobbobooan.

gobobogogoboood

0000000000000 (RECEIVER MAXIMUM SEGMENT SIZE : RMSS) O,
gobbuogooobobuooooboboooooon.

gbobobooogon

0000000000 (FULL-SIZED SEGMENT)O, 0 0000000000000
gbobobuoogogobood.

gobooogo

0000000 (bwnd)O,0000000000000D0OC0CDODO.

gobooogo

0000000 (ewnd) O, TCPOOODOODOOOOOODOOOOOOOO. TCP
gboboggob,dbobbogobbuooobboobobbooobobuoooobbao
go.

gobooogo

0000000 (INITIAL WINDOW : IW) 0O, 3-wayOD O OO OOOOOODOOOO
gobbuooooooboogooon.

goboboodg

0000000 (LOSSWINDOW : LW) O, TCPOOOODODO0OODOODOOOODOO
gbbboogobboooobbboogbobboan.

gbobobooogon

0000000000 (RESTART WINDOW : RW)O, 00000000 TCPOO
gboboboogobbobooobboboogn.



gobooogo

0000000 (FLIGHT SIZE)O,0000000,000000 (ACK)ODoooOo
gobooooogo.

goboboooon

000000000 (ssthresh) 0, 0000000000000 O0O0OOOOOOOO
obhoooooooboou.ewndODODODOOOODO,00000000O0OO0DOO.

gobooo

00000 (retransmission timer) 0, 00000000000000000O0. 000
000000 ACKOOOO,00000000.0000000000,0000O0O00O0
Ooooo,0b0o000oo0ooboooboboooon.

gobobooooogn

0000000000 (Round Trip Time : RTT) 0, ACKOOOOOOOOOOOO
Oo0O00OO00oDbOoOO00DoOobO,00b000bb0 ACKDbbooooooo.

3.1.3 0UU0O0boogogod
goodoooog

OO0DbO0b0ob0oboooooD,00cewnd=IWOOOODOODODO. TCPOODOO
000000000 ACKOODODOOOO ewndOOOO SMSSODOOOOODOOOO.
O00,ewnd00O00O0OO0OODOODODOO.

cwnd O ssthresh OO OO0, 000000000, 00000000000000.

gooo

ooooooOooboo,bo0ooooboooOooboo,0bDbo0obDoO,ACKDOO
D000 ewndOOODOOO. OOODOODOODOODOODOD. ODO,0Db0OOD0ODOO
OO0o00pbOobO0.0b0boboobogon, ssthresh O

FLIGHTSIZE
2

,SMSS x 2)

ssthresh = max(

gboboob,ggbbboggbbbooan.



gooo

Oo0obooOooooobD,30b000bb0 ACKOooooooo,boo,0boo0boog
0000004000 ACKOOOODOOOOOOoO.ooooog, TecepobooboboOonO
goboboogo,buougoboboogoon.

gooo

goboboooooob,bbbuogooobboobobooooooboobobooooo,
OACKOOOOODOOOOOoOoDOOo,00b000oo0ooooboboobob. booobooo
gbobobuoogobbobooobobo2000oboobooan.

3.1.4 0O0O0OOOUO
TCP Tahoe

TCP Tahoe O, 0000O0O0DO,0000,0000000000000O0O000O0DO. O
O000000000,cwnd =10000,00000000 ssthresh = FLIGHT SIZE /
2000. 0000400, 0obobbbbbobooooobbbbboboooooobb
gob1obodogg,bbouggoo.

TCP Reno

TCP Reno0, 000000 O0O0OODO TCP TahoeODO OO, 00D00OO0OODOODO
OO00D0O00. JOo000bO0o ACKODOO ACKOOoooooD,oooobogoooo
ssthresh OO0, 000000000000, ODO00O,00000O00O00O000O0OO0
OO000O0, TCP Tahoe DO UODOO, 000O0OO00OODO100OO.

TCP Vegas

TCP Vegas U, 000 0000OO0OOO,0D000000000RTTOOOO,00O0
oboboooboboooboboo. RIThooboboobobooboboon ewnd
OOoooO0,00RTTOOOOOD ewndODOOD. ODOODOODOOOODOODOODO
gobobooogob,ggguobbbuoooboboooobbobboooono.
OO0,0000000000004, TCP Tahoe, TCP RenoO0 OO OODOOOO.



3.1.5 ECN

Explicit Congestion Notification(ECN) O, 000000000000 O00O0OO0OOO
ooooooOooooooooooOoo.ooooogg,

e OO UOOODLDDDLO,0bDLDLUOOOODLDDOO

e JODOOOOOOOOODLDOLODLDDLOOLOOUO, 0000 DbLbLbObLbLDbDOOd
HRN

e OUOUOODLDLDOUOODLDDLDLDOOOOD

goo.

3.2 UJOoUOooooooobooood
3.2.1 0OU

goob,bdgggboobdoogggobbbob,bggooobobobuoooan
gboboboooobob.bbbuoooobbbooog,bbboooobbbbooan
gogobobobooo,bbobbbogoooob. gobbb,bbbbooooooon
gbooudgb.buggbbooglbooobbooobooobbooobboon
goo,0bogdbboglbouogoboobboobooo. oo, 0booobobo
0000,0000000000000000000O0O0O0O0O0O0O00O0 (7).

3.22 0U0OO0OOOOOO0OOOO

10000,0000000000C000000O0000000000O00oOoOoOO
g,0buogggbbobuoooubbbbuooobbboooobbbo.bgoon
gboogg,ggbubobugbobuogoobogbb,gboobbooboog,boof
gbobobbooooggbobb,buoooobbbboouog,gobbbouooon
gboboboggobobooooboboboogooboboao.
goobouogodgbooood,

e 100
e 100
e OO

e ][O



e 100
e 100

gbobobooooobb.bbuoooobbbooa,bbboooobbbbooan
gobogobboood,bugg,gggoooooboboooobob.oogooo,d
gbobobboooogbbboboo,goobbbbuouoooobobboda,oaon
gogobooooob. bbbbo,bodgogoobbobobobobooog,ooooon
gbboogbobooobboboobbbooobbuoog,oggobboobobbao
gbobobogoobbooooboboogooboao.

3.23 00O

Ooo0ooooooooooooo,oon
e Droptail
e RED

gobob.ogdgb,bod20000b0040d.

Droptail

[7/00 00, Droptail 0, 000 FIFO(First In First Owt) 00000, 000000
00000000000,0000000000.

Droptail 00 00000000, 000000000000000,00000000
000000000000.000000000000000000,00000000
ooooooooo.

RED

0000, REDO,000000000O0D0O0O0O0OOOODOODOOOOOOO0OO
gooodgo,ggubboogobbooobooobbooobbooobob. oo,
ooboboooboobobobobbobob.bobob0obo0ob REDOOOO
gobobooogoobobbooogo.gbboboooooboobo,guobobobboooon
gb,u0gggobbooogd.
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40 OO0t

4.1 OO

gobouoggobobuoogooboobbuooo. gg,bbooobobobouooan
gobbbobobbobotbodoood. oo, goooooob,bbbboooooooan
gboboboogobboboooobobbooooooo.

4.2 OJO0O0OO0OO0OOOOOOOOO

gooobobooobb,bbbobobbbbobobdddogooooon, 0410000
gbboboood. gbobbboooobbboooobbbodag,obbbbuogon
gooobooogg. bbbuooooooboooboo,dggooobooboboo. 0o
gboogbbugbooboobbuoobboob.boobbobooboboboobbon
0000000000000 00o0ooooooooooO (oo, 0o0o0oooooOoOO
O0000000000000).000dst000000000,00000000000
googgbb.gggbogooobobodg,igbboobobooobbooooboog,d
gbobobooododgb. ggbb1bbbuooobbbbooog,bbobbuoaoan
00000000,00000000000000000000O(0D4.2).00,000
gbobbuoodoobbbde oo,

go,dbbogobbogbbuoob,ggboobooobbooboooboon,od
goobbbbobodudod. oo, gooooobbob,bbbboooooooo
gogbobbouodgooobobbodg,ggogooboooobobooa,boogd
00000,0000000000000 (O 4.3).

gobooobobbood,gggg440bbbobudooooobbooboo. ogo
a,b,c,d, iD000000I0O0O0O0O0OOO0OO,000;0000 k00000000
oooogobo.bo4s000000 100000 00boboooHbOobOobooobog,g
0000000000000000 (D00, 00000o000000ODODDODODOOO
goobbooog,gobboboodoooobboog,gooobobbouoooon
00) 0000000,0000000000000000000; ;000000000
goboboggoobogd.
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dst

N

041 1000000000000 000O0O000DOO0O0
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O

dst
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042 00000
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congestion!

congestion! congestion!

dst

congestion!

v
%5

%
5 ® O

U043 00000

PN

044 0000doboboooobboouogobood
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045 00000000000 0O0O0DO0O0O0O

4.3 UO0O0O0OOOOOOOOO0OO0O0OO0O0O

ooobobooooboboooboboo0,EndtoEndd000ODO0OOOO, OO
gbobboooobbbbouoooobbboooobobobuoooo. oobb,uo00on
gobobboogogooobo,gggoobobbbouooooboob,buoooon
gboboogbooobbugobbuoobbbodobb.odbboobbuooboboon
gobobogogo.

OOo,0b00booboooboobooboboooboooobooboboobooooon, ECN
OOoo000o0o0obooboouobooobo,oo0oboobo TCPpOODODODODODOOO
g,buogggbobobduooobbbuoodgobbobo,obbbooooboo.

4.4 OJ0O0O0OOO0OOOOOOOO0OOO0OO

OO00o0oDOOoO0o0oooO0o0oooOooooOoooO,0bbo00bobo0o0 AQMUODDOO
gbo,bboduggoobo,bdgogobbbbooooooboobuoooon
O.045000,000000HOD00D000DOO0O0OO0OO0DOOOODOODODOOODOO
OO00O0,000 E,F,GOOOOODOODOODOODO,000HOODOODOODODOD
ooooooo,000lbobobob0ob0obobobooo. oobobobgo
gbobobogdg,bbdg43bboooobooooan.

gb,bbboogoobbbbbuoooobbbuoooooobbb,buouooon

14



gbobobooogbb.bbbuoooobbboooobbbbooooobobb,o0n
gbbobooggboboougbbouogobobooobob,obboogbbogooobogo
gboboogbbugbbuooboogbb.oobooobooobboobboon
gbobobuooooboboog,obbboogobobood.
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50 UUooududdonnnnnn

5.1 00

gobobbooooooobooobo,gggobboboooogg,bbobouoaf
oboobogboobooboobobbIiphO0bO0O0ObOo0bOobLbOOobOoODOg
goo.

gobogdg,buogdgoobuoggboboobbbuoodo,ggoboboboon,
gbboboooobbbouoooobobbooa,bbboooobbboooo. oo
gogoodgo,goboobboboobbooobobbob,obogbuogbogobo
gbooggbooogbbuoobbuoobbbod. booobboobbuooboboon
goobobo,bbobobbobogoooooobbobo.bob,bbbbooooooon
gbobbuoodgg,buooogbbbuoogb,oooobobbuooogobog.

5.2 U0OOOOOOO

g4s50000bbbo0goooooogoobooooobog.

5.2.1 0OO0OOO

ooobdoog,oogooboobooo,bobobobooIipO0bOobOoobOobd
oooo,b00bbodobboooboobuooboobo.oooo,IpPhO0DbOODO
gbboboooobbbouoooobbbooodg. gbobobooo,bbbboaoon
gobbuoogooboboboooboboboogo,boogobbboooooboag.

5.2.2 OOOOOOO

000000000,00000000000000000000 (pivot node) 10O
00.00000000000000000000000000.000000,I1P00
000000000000000000,000000000000000000000
00000000000,

00O00,051000,000E,F,G H N, O0000000000O0OOOCOO0O

16



000.00,000G,H,N,000000000000000,00,N,000000
00000000000000,00E FOOOOOODOOOOOOOOOOOO.

Pivot Pivot Pivot o
NN

N

NHY

NE\ <>

———— ——— Pivot
ac
N NN

Pivot Pivot

NN O SN
= - o)
R N N

777

gs1: 0000000

5.23 UUOOOUOOOOOOOO

o0 HOOOOOoOoOoOooooO,0bo0oboobooboobolilcoobobooonbog
ooooobo.ooo,b0b00bo0b00b0 E, oGO IO00D0O0O0OO0O0ODOOD
oooooooob,0gbob kbboobo0gbbooboobobooboooo. ™
goo,0s200000,00b00004000.

5.3 UOUOOOOond

gobo,ggobobodogobbobuogooooobboogbobo.ouoaf
gbobbuoooobbbuoooobbbo. ooobbooooobbs3gun.

5.3.1 0OOOOOO

gbobbboooogobbobouoda,gbbbbuodoooobb,bbobuoooan
gobobobooboot. doudogoogogoboooo,bbboddg,gogoon
gobbobobobbood. gug,ugugoooooobbobbbbuoogo,oooaon

17



A

to | w to |
//// " |dro
to | drop to k

&

to |

drop %
OO0

gs2.000000b0b00ad

=

7

/ Z
\\‘@

By

to |

1 B &1 B

gbooggbbugbbug. gbboobboobboobbooobbuoobboon
g,b0ogoboboogdb. boggboba,bboogbbbuoobb,ogoboogo
gbobboogbobobood.

5.3.2 UUODOOOO

gbobouogoobbbuoooobbbbuoooobobobo.gooo,bouoan
gbboboogbbouoggbbuoogobo,obboobobboogbbogooboogo
gobooog.

5.3.3 UOQ0OOO

gboboggbbuoggbobooooba,bbugobboognobooobbao
gobob,gdbboboooobbboodan.

18



FERH
YAk

gs3:0b000oan

19



el UUOUUOOOOOOOONONO

6.1 00O

0000,0000000000000000000.00000000000000
0,0000000000000000,00000000000
oo,

e JUUOUOOO
e JODUOOODLDDOOOOLDLDDOUOODO
e JUUOUODO

gob.odug,bbbuoobbbooodobobbuoooobbooooobobog.

6.2 UUOOOooon

gobogooobogooobb,gbboogobboogoboouoobboan
OO0ob00obobobOobogoNS2000000000D0. bOobOOooOoobobOoo
goboboogogo.

gbobooogooobod.

gboboooggobbodg. ggbbbuooobobuooooobooog.

gbbooogobbuoooobbobooobobbbuooobbboaan.

gbboobouoogobboooooboooo,obbuooogboobobuooon.

gobobooobobobod,dddgoogooboobboooooooobboooon
gboobobobobuogoogbuogobbuadgb.booboobboobog,bd
gobbbobbbooodgoog,guobbobbuogoooooboboobobood
gboboogobbuogobb,oobboboobbb.ooobboboag,od
gboboobboooobbo,ggbbbugoooboooooon.

gbobouoooobbodag,bbbuooobbbooooobboooan.

20



e 00D DDOULOLULOLOLUOOOLOODLDDLDDLDDDLDDLDLDOLOL,DDDDLDDDLOODODODO
gooood.

e 0D OUUOOOUOOODDObODLDDLDOLOUUULOULDL,DDDLObODbLDbDDOOO
gbbooooobbuoooobobog.

e 10,00000000D00D0D0ODOODODOOOODOOO,O00+(100—-00)/20
0000,00000000,0000 (100-000)/200000000.

6.3 UUOOoooooooon

gelbibbbouooooooboboboobbouogoogbobboo. ogooo,ad
guooouoooooua,ugubbobbibobd, gogouoobobboobbbon.
oo00d 1,20 ubPO00OOYO00O0OOOODO,00040 RTPOODOYOODOO
O.000000000oogoobooooooob.oobobTCPO, 0006000
gb.ogd,bogbuggboogoboogob.ogbogg,ogobboon
gbobobogelbbodn.

TCP RTP

send:5MB rate:1Mb
Queue
e~ ol 3
™
N

@ NNSRRNNN - \\m}}'

UDP | ,
rate:2Mb

Queue

Queue 6

rate:2Mb

U e6.l1: 00dgdbboboooonoobuoogoon

21



|ooo |ooo | oo (oo | 000

0-3 000 | 3Mbps | 3ms | Droptail
1-3 OO0 | 3Mbps | 3ms | Droptail
2-3 000 | 3Mbps | 3ms | Droptail
3-5 OO0 | 5Mbps | 3ms | OO0OO
4-5 000 | 3Mbps | 3ms | Droptail
56 OO0 | 3Mbps | 3ms | OO0OO
5-7 | 000 |3Mbps | 3ms ([O00OO0O

ge6l: 000b00goobooogg

6.4 U0OOOOOOOnO

gbobouogobboboog,bbbuogoobbbbuoooobbodgo. ogn
godogooaa,e3bbbboooooooo. bbboobobooboooaa,
OO0o000o0,00b00000b000b0bo0b0o0boOobOn0n Droptail, REDOO O
uo.

gboo,gg0oboboggad.

e NS200000D0ODOODO,DO0DO0O0O0OOODOO.
e DD OOOODO62000.

e ODOUOOODLDLDOOOOSUOLODN.

e 1JIDDODDDOOODODODODOODO %O OO,

e JIIUDODDDDOODOOOS%OODO.

Ooooooooobboo,oboobobobebboboobooTCPO,0b0DOOO
goboboboobooodd. gogg,gogoooobboobobo,bboboooooon
Oobooooooobo TceOobobOoooobOoboOoobDOobOoOoboOobOoboboOD
OOo00.00,TCP TahoeODOOODODO,000000D00DO0ODOOOODOODOODO
gboboboooobobb,ooobbbbuoooobobboooobbboooon. o
gboouoggbbuoggboboooobog,bbogobbooobbooobbgao
gbobobbodgg,ggbbbbuoooobbbbuouoooob,bbouoaon
gboboboodgobobbogobboboogobobuooobobobooon.

22



000 |00 (0000000 (0000000 |0000(0) o000 (@) |

0 6 FTP 5MByte 0 —
1 7 UDP 2Mbps 3 80-
2 7 UDP 2Mbps 6 80—
4 7 RTP 1Mbps 9 70
0620000
6.5 0000

gboboggobogdboboooboboogobag,bbogboboogoobbao
gbobbuoooobbboodo,bbuooobobboo.oboboo,

o TCPOODOODOODO
e TCPOUOOODOODOODODOODO

ooo. TceO0bOO0ooobOOobObO,0bb00bbOO0bOO0bobO0obOooboOobooboOn
goobd.gg,bbuoggobobbooga,bbugobbobodoooboobog.

6.6 [

6.6.1 UUOS7U0OUOOOONO

0005700000000000000000 6267000
06.2,6300000,0 6.4, 6.50 Droptail, 0 6.6,6.70 REDO DO O.
00000000,0000000000000000000,00000 (0)000.0
000000, nodel,2,40000 1,2, 4000000000000000000000
00000000000, ttel 0000 5700000000000000.00,00
00000000000000000000000, propesel700000000000
0000000, threshold 000000000000 0000O00, regulation?d 110
0000000000000, 120000000000000000000000000
0000.000,000000000000,000000000000000000
06200,0000000000000,0001,2000 2Mbps0000,0004
00 IMbps 000000000 O00O0,000400000009000,000 570
00000000000 100%0000000. 00000,00090%0000000
00,0000000040000000700000000000.000,06.300
00000009000 70000000000000000,000000000000
003000000000000000000000.

23



usage rate[%]

dropped packet

T T T T T T T
120 - ]
100 F E
80 |
60 |
40
20 |
O 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
time[sec]
node 1 ------- proposal 7 seeees threshold --------
node 2 «x-e-e- regulation 7 °
062 000570000000 @COOO)
40 T T T T T T T
35 E
30 | -
25 -
20 | i E
15 | i .
i
1]
T
0 i ]
FL
i
e
=
5F i Z{Z -
i Ea,.
i id s
0 I“:.‘?- g
0 10 80
time[sec]
[node 1 ------- node 2 --r---- node 4 ]

063 00057000000000((0O000O)

24



usage rate[%]

dropped packet

T T T T T T T
120 b
100 | b
'é%fr‘-‘-,-‘:»-w».‘?a-g«‘;«\ﬁs&~'}?¢‘aéﬁ;ﬂ;~ﬁ‘~:-«$—‘%«':;?- 2t ww%:v’. 40
80 |
60 | b
Sl AT TN **mmﬁwww# I,
!-"v""‘m"y'l"?"‘n (AL i
20 F -
O 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
time[sec]
[Lnode 1 node 2 :-se:e- node 4
0 64: 000570000000 (Droptail)
25 T T T T T T T
20 | b
15 | E
10} : i
]
st 5 -
:
&
I
0 1 1 1 B i 1
0 10 20 30 40 50 60 70 80
time[sec]
[Lnode 1 node 2 ::xeee- node 4

0 6.5: 000 57000000000 (Droptail)

25



2
€

et

i B

i

120

100 f

1
o
©

60 |

[9p]ores abesn

40

20 30 40 50 60 70 80
time[sec]

10

fotal -

node 4

node 2 -rrerees

[Lnode 1

0 6.6: 000570000000 (RED)

T T T
.............................
.............................
............................. eriiiaaaang

1 1 1

1) — 1) <)
- <)

19y0ed paddoip

30 40 50 60 70 80
time[sec]

20

10

node 4

node 2 -

[node 1

067 00057000000000 (RED)

26



Droptail, REDOOOO, 0 6.4,6600,00000000009%00000000
0000,065,6700,000000000000000000000,000 570
0000000000000 000000000000000000.

6.6.2 00O J3-HUOLODOOONO

gob3-s50000gbooogese610000.

120 f E

100 | E

i R T

@
o
T
1

i . . |

B R A R e e D e e L R L T S )
IR I R i [ A | [ AR TR E AR A A I LR 1] 1

D
o

usage rate[%]

40

20

Lnode 0 node 1 ------- node 2 -r------ total v ]

068 000350000000 (@OOO)

06800000, 0 6.90 Droptail, 0 6.100 REDODOO.

oooooooo,00000ooo (%), 00000 (0)o0o00. Doooooao,
node020000 0200000000000000000D00O0DO0, tetal DO OO
sHUUUuoboouogoooboon.

06800,000000,0005000000070000000000000 90%0
googgoboo.go,ggb3ggobugnobugobuogo,gobosgooboon
gbooogbuodgb,ggb3gobogbugboodgboo.obog,bobood
OO0o00o0O0oTCcpOODOODODODOOODOUODOUOOOOOO,0D0ODODOOO
gbobbuoooobbbuoogoobn.

06900, Droptail 0, OO DODOOOOOOO0ODODOOOODOOODOOOOODOO
g.gbbbodogoobbbuoooobbboooobbbbooooobob,uooaon

27



usage rate[%]

usage rate[%]

120

100 f

©
o

o]
o

40

20

node 0

120 f

100 |

o]
o

D
o

40 |

20 F

wpyoeyt

T

il

30 40 50 60 70 80
time[sec]

[node 0

0 6.10: 000 350000000 (RED)

28



gbbuoggbboodgobb. 200000b0booobboodobbog,bbdaod
ooooooobooboo, TCpO0000b0O0OOODbDObODODObOO,DO0DOOO
OTcpOOonooooooooonog.

061000, REDO, 0000000000 0OOOODOOO,00O00b0OO0bObOOd
oobo0o.0oboboobooooboobbooboooooubPOo, TCPOOOOODOOODOOD,
REDOOODOOOOOOOODOOODOOO,Db00bOOO0DbDOObDO.ObO,TCPO
gboboboooobobboog,bbbbuooob.bbboooobbbbaoan
ooooboobOoboboobooboo,boboobDobobobo.obogo, TCPO
gbobobboooogbb,bbooooobbbbuouoooobobbobooo, oo
gboboboooobooo.

6.6.3 UUOOS60000

ooboooooboobobob TcebobobobOobOobOobOo.bobDs600
gobbuooogbobobuoooobnbell-e130nb0.

usage rate[%]
cwnd

30 40 50 60 70 80
time[sec]

Lusage cwnd - ]

0 6.11: D00 560000 (O0O0O0O)
061100000, 0 6.120 Droptail, 0 6.130 REDOODO.

O000oooo,00000o0oo0 (%), 00000000 oo (boooo)ooo,
Oo00O0 (0)oooooo.00oooo,00000,000000000DODOO.

29



usage rate[%]

usage rate[%]

120

80

60

40

20

120 f

80

60

40

20

100 |

cwnd

40 50 60 70
time[sec]

lusage cwnd oo - ]

0 6.12. 000 560000 (Droptail)

80

100 f

cwnd

10

20 30
time[sec]

Lusage cwnd - ]

0 6.13: 00O 560000 (RED)

30

80



061100,000000,5000000000000 10000000000 (3.1.4
0o00). 0o0,00000000000000000000OO0, 0007000000
gbooobuoobooboboboboboobooboobonboo.

06.12,6.1300, Droptail, REDO DO, 0000000000000 DO0O0OO0ODOO0O
gooooo,obooboobooboobooboo. oboobooborobod
gbooboboobobobobobobobOobob. REDODOODOOOOOO0OOO0
googbuogobogog.

6.64 U0L0LOUO0OOOOLOODLDOOOOO

OO0,0000, Droptail, RED, OO0O0O TCPOODOOODOOOOOODOOOOO
0 6.14,6.15000.

120%
100%
80%

60%

RIS

40%

20%

LA
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
time[sec]

| === Droptail RED ==i2 22 F 55 |

O 6.14:00000TCPOOOODOOO

061400, TCPOODODOOOOOD,000D000000O0DODOOOODODOO
O. Droptail U0 O 600000, 000000000 0OO0ODO0ODOO.

gb,0e61500,0000000000b000bboobooob,ooboobn
gooogbooobooboobooboo.boo,0oobooboobooboobog

31



600

500

S
o
o

ZHL =y R{E]
) )
8 8

100

Droptail RED REFE

O 6.15: 00000 TCPOOOODOOOO

gbggboboobuobooboboobuab,des61000boobgs3bdgnbog
gog,be2660000000/00000000000O,00000000000O0
gbodgo,gbuggobobboboobodgogan.

32



070 OO0

IpO0b00bOOb,b000bobobobuoboooooboboboboboDon
goboggbboo. ggbbbooobbooooboooobbooobbooboboo
gbobobo,0gobboogoobon.

gobooogoobooo,1igbboboggoobbboooobboboooan
gbgbobg,udubodgbooboboobodbaoba,ogbuooboooan
goboggobooobbuooobuoogoboo. oo, oobbooobboon,

e JODUOOODLDLDLOOUOOUODLODLOUOODLDL,0U0bbLbbOUOOUObLDLD.

e U UUUOLO0OUOOODLDDOLODLDDODOLUOUOOLDODDLDDOObODLDDOOOOO, d
gbobouooobbooooobbbooobboo.

gboobodg,bbuogdbbulogbbooobboooobbooobbbood
00000,000000000000,00000000O0)00000DOO000O0ODOO
goboo.

33



80 o

8.1 UOOOOon

ooooo,lpob0bobbo0obo0,ggboobobobo1booboobooo
gbboogobbooobbooobb,obbuooobbooobobboobobbaon
OO0000o0ooooD. 0oobobooobbo0oo,NS200b0O0DOO0b0DOoOOoOogoboo
gobobo,ggobboogooon.

gobob,d0ggobbbbbbbbbbbodadad,1bobbboouoooon
gboboggbbouogobbooogbobuog,buoggoboogoobogooboogo
gbouogbboodgbboo.gbbuoggbuooobboobboboiloobboon
gbboggbobbuogbobbooogbbuogob,ogoboogoobuogooboogao
g.oob,00bbdogobbood,bodbobooobbbuoobb,o0bbbdao
gobobogoooo.

8.2 [0OQ

go,bobobbguoobdugbodboobuobodgboo. gbogobdagbo
goobobbboogogobobboooooooboboobbuoooobbobbooooon.
gb,bbbbogoggobbboooooobbbboooooo,bbobbbouooon
gobobooobodd. ggoooobboogoo,1igooobbobbooooon
gbboggboboogbboo,bboobbboobbboobobboobbboo
gooboggo.

34



L] [

gbobuoggbbuogd,uooggbobuogbbuobbboobbboobobbao
gb.obodgoobbgdbobooobboooo,goobb,obbboogg,odgo

gbobbuoooobbbood.
go,b0bboggogbobbuooogbobobobodo,goobbbobuoooag

goo.
gobo,bbodgodgobobbuogooobbobboooooobooboboog,oad

gbbobooooboo.

35



O OA 0OO00O000NS200000
HRERE

Al OO

OO0D0O0,00000NS20000D00DO0OO00ODODO.
OO,NS20000go0ooooooooboo. obo,oboboooooooboboon
gboboboogoboob,ggboboobooon.

A2 NS200000O0G0OOO

Ns2O0OOOoOoOoooboboooboooooobOoooobobo. obobo A1DO
go.

| tcp | | tcp-reno | |tcp»vegas |". droptail | | red | | proposal | 000 | lib | 000

ns-default [X X )

0O AL N200000D00D0O

dododobooobooooboobooo, boodoooboooooooooog.
(7MO0000,NS20 C++0000000000000O0O TelOOODOOOOOOO
OoooooooODbO. OA1D0D0, TdOOOOOOOOODDOO TaddlOOOOOOOO
00000,0000 C++0000000000000. tep0 000 tep(TCP Tahoe),
tep-reno(TCP Reno) 0O, TCPO OO ODO0O0OOOOOOOOOOO, quened 000
droptail(Droptail), red(RED) O O O.

36



A3 0ODO0OOO0OoOOoooOO

gobogdgbodgbbudgbbuogbb.ogbobbooobboobboooboon
goo.

A3.1 O0O0ODOOOOO

(70000,0000000000000000000000O lecal00O0O0OOO
gobobbo,bbbbbbououooooon. oo, goobobbobbooooon
go,0ggodoboboggdgt, quene00gooono.

A3.2 0O0O0ODOOOOO

O0,00000oooooon, DreptallU 0O 0OO0OO0OO0OOOOO. O0O0OO
gb,uggdob,ggobbbuooubob,ooobbbuoooobboood.

A33 0O0O0OOOOO

Ns2O0OOooOooooooo,0boobooobobo0booobooooooobogon,
gbboggbbuogbbbuogbbuooobbuogobbuoog,oogoobao
goood.

gbooboogdbogg,bg,boobbuoooboodbb,gbboobbobboo
gobobuoogobobg,gbbobuooouobbbooobboboooa.

A.3.4 ns-default.tcld OO

ns-default.tcl 0, ns-2.31/tcl/lib0 00 TelOOODO0O,00000000000000
gobobogooobobogd.

A3.5 0O0OO0OO

O000D00O000D,00 MakefileDOOOOOOO,0000000000D0000
OO00ooobooboooboobD. odb,maked 000, 0000000000O.

37



HRERERE

[1] Andrew S. Tanenbaum. “0 000000000000 407. 00 BPO, 2003.
[2] S. Jagannathan. “End to End Congestion Control in High-Speed Networks”. LCN, 2002.

[3] Alapati V. S. Reddy Cui-Qing Yang. “A Taxonomy for Congestion Control Algo- rithms
in Packet Switching Networks”. [FEE, 1994.

[4] Raj Jain. “Congestion Control in Computer Networks: Issues and Trends”. IEEE Network
Magazine, 1990.

[5] W.Stebens M.Allman, V. Paxson. “TCP Congestion Control”. RFC2581, 1999.

[6] Larry L. Peterson Lawrence S. Brakmo, Sean W. O’Malley. “TCP Vegas: New Tech-
niques for Congestion Detection and Avoidance”. ACM, 1994.

71 O0. “NS2000000000000O0O00OO0O”. 0000, 2006.

38



