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Abstract

In this paper, we analyze TCP congestion control algorithm over ATM-UBR network. TCP

congestion control algorithm consists of slow start, congestion avoidance, fast recovery, fast
retransmit. We analyze the ATM-UBR network service using the BSD 4.3 TCP Reno, Vanilla.
However we found the fact that the characteristic of fast retransmit, recovery algorithm makes a
serious degradation of performance in multiple losses of packets. We propose new fast retransmit,
recovery algorithm to improve the problem. The results of performance analysis improve the

multiple losses of packets using a proposed fast retransmit, recovery algorithm.

=

—

I. A

Asynchronous Transfer Mode(ATM)-2 4:9] e

v IEgE, EHAORE BT T8N

(Dept. of Electronic Engineering, Hanyang Univ.)

™ IERE, EEAR ETRETEKTEN

(Division of FElectrical and Computer Engineering,

Hanyang Univ.)

*** EER, BEEAR ETATE TR

(School of Electrical Engineering and Computer

Science, Hanyang Univ.)

# o] = glekigtm sl d7Rlel ofste] QA
Hals

B H 1909412821 H, 4%b8.9:2000479 421 A

(562)

] o]

o] V| EA 7lEelrh ATMS 2r]8, nit]e,
ole] F-2o| Heln(tie] Ewly Hfol v HEHo
4Bpyte®] dlole] @A Shyted] 3] dgE
53byte?] 1A AZX|
g ke 2] W] A4S spAlth w3 ATMS
A Auls BAE A ER Aol 217 Ealy
o tisle] Quality of Service(QoS)& WA sjET). o]z
g Aol osle] ATMS 142 welr[t]e] =g
Aol 714 o)A <l 7ol

aZA, ATMS &8 Ad]ae]
A sl ATME] Ao
=i giet

olaigt A WAE wieke=A AHiA LANZ =2
2] 9% eolE AAshe TCP Ezfiel] thzle

)

wfeks A7k
2oje] AgEo]



200046 108 EBIFITEEH

ATM#HE o}43h 477} wo] A=z ek
ATM oA TCP E=i9-2 UBR, ABR Au]x¢] 3
CEREE S SRR

Application

v4

Socket Socket
TeP TCP
P P
AAL ATM AAL
ATM € Network [  AtMm

2] 1. TCP over ATM Z2EE ~¥
Fig. 1. TCP over ATM protocol stack.

2719] A7 ARNEE F2 5 2l TCP
over ATMelMe] Alsxst dAe Jehlle a4+ A
7} 55 ol fx Qe

W ATEE 3l A Asl gkl wE A=
S(Throughput) 3HE $J3F oJ2f wlkelke AAslsx,
ABR, UBR AJH|29] A% BA4& vlwgt Q747E
= ko) ueloith =3 LAN, WAN, sk oFalsk
9 A2 ez 330 ulE A5 BHE §
o] =gt

B =FollAs ATMA 9] UBR ARl2E o83t
viEg=m AL TCP &4 Ao dae]Zd o&
A A48 sk

ATMrel[4]2] UBR A"]A7F TCP/IPS] Best Effort
Aulz el 714 AR e b

231d| Fast Retransmit, Recovery dxe|&e] 4
o ojslel W= gao] AlahAl dofrbe el o
Z 7 £Alo] AT o] 4% Ash Fajo] dlst
A AsE e ol Edel

a0
L

A olelEl AN FAshr) 93k ubowA A
2.9 Fast Retransmit, Recovery ¢2]&2 Ak}

b ek OAA = TCP &4 Ao okae|Ze) 3}
o] Aulsly, MAAE B =Fo] Akt Fast

Retransmit, Recovery &are|Ze sl Aot} IV
Aolli= AlEHeldmde)] Fsled sy, Vol

=

e

(563)

£3IWL TCHE H10H 19

A s BAE sigled, Vi 28S 7
ghet.

L
y

I~
=

o. TCP &%& Hlof

TCP &4 Al dxel&dlle Slow  Start,
Congestion  Avoidance, Fast Recovery, Fast
Retransmits-2.2 o] Feiz ik &4 dg] AR 2
91 BSD 43 Reno TCP #1421 W] 7x]8] 5Ao]
BE FEEe] glenm Tahoe TCP+ Fast Recovery
gdmrz]ge] wxgle RS H3rh[6-8)

1. Slow Start & Congestion Avoidance

TCP &4t Ao} de]golls 7 7B Aol 2=
£ 7R3 gjck Slow Start E=oliMe A7 2|
Aol AAFHAG HAZE A ET Fol
CWND(congestion window)S 3h}e] TCP AlawE
o] =72 Afstw, 24 AzES] ACK FHal Fd
L3S F oY s g i

4 Zollxe) ACKS W] v, w7l &4de]
AL = ssthreshzhd& 4 CWNDS] Hub gto =z
AAdsla, CWNDS| =718 shte] Al E =72 3
3 Slow Start 2=F Al=Fghc},

Congestion E=oll4E Slow Start E=oll42] =]

=

e Fokele dE A¥Ee e Sk
Congestion Avoidance 2=9] A2 CWND7}
ssthresh@tel] =&dglg wjH-e] Alztoirt,
CWND
CWNDR2

Time

> > —> >

Stow Wit for Timeou gl"w Congestion
Start tat  Avoidance
Timeout
2l 2. Slow Start ¢} Congestion Avoidance 4i#
%_
Fig. 2. Slow Start & Congestion Avoidance

Algorithm Avoidance.



20 %% 47

2. Fast Retransmit & Fast Recovery

TCP ee|ul= dutr]loz 500ms U7fo] lo|nE
ARgRIc) dEXom AINEE A4S o, Eglo}
& S8l we AZkS Zlvleel gt} o’k 7}
2l A7l TCP WEHas A2 FA7le s
u, golHd sizle AR Zgkel Akt gkl
ob3o] WA CWND= 3h 8] Alowle z7)z A
A=}

o]719 onl vIEY=A Ha 433% A8AH0R o
4317] $8iAE 22 Round Trip Timed 7}Ajok &
the ovlojc) o)A 2 a8E vt olzidh
Aol gk sidAdom AAE UdzE|Ze] Fast
Retransmit, Fast Recoveryeld], @5 7] &8 wh
2A E7dke 5A4S 7RItk Al Sellxe w4
22 e AHES Wohs o(&AE Aade), &
Al FA Sl 2 AZE A W Al ES] ACKE
ok $41 Sellx] Aol 2] e AlamEe)
ACKE 37 Wigke o, 2 AzHEE £4%9 so=z
sk, A ghr}o)Ze fast retransmitz} &
t}. 4 Fellkl= ssthreshgh &) CWNDS] Aduke
2 3w, FA &A% AaHES Ad$sta, CWND

£ ssthresh + (3 * Maximum Segment Size)Z 4
Ayt ACKES s CWNDRS  shtel
segment HE S7HAIZICE o)A ovls FAl S|4
= vESZ §%] bt AEE X5 e U3
o} A" AaES A-gsta sl Round Trip
Timee| At Foll, 45 A1HES ACKE W ¢
Foll VIEH =27} AstA 355 o) CWNDS- skt

0
52

Ll

9] AaHES}H Slow Starts 34 ¥, CWNDS
CWND T
CWND/2 T
— —> TIME
1ST Fast CWND
Retransmit Inflates

12 3. Fast Retransmit ¢} Fast Recovery &are]&
Fig. 3. Fast Retransmit & Fast Recovery Algorithm.

EA o4 TCP-ATM WE =z 4570

(564)

A

fis

FMEH 5

upo}

ssthreshzt 2.2 A|8Js}od, Congestion Avoidance &1
2]&2 2b53h= 71§ Fast RecoveryEl 3k

. M2 Fast Retransmit, Recovery

2i2|E
e I3 4 I AEAd @Al S A
congestion window®] W3E Jehiick £ WY
fast retransmit A7 §HHE] AL ElgloleL 7}

a

Ak 1 ool A5AQl ARG &4 wet F o
o]Fof] £33}l duplicate Ack’}

9] fast retransmit =
Al Foll A=A odopAl, S ehloky S
AR, ol#idt A ¥ slow start daE|So] 2
shedl, 23 4ell42} #e] congestion window7}
1/82 Zol& AACA thA] congestion avoidance
dae]ge] AAHEch 7 AASE Eslely 7|7k A
oksba, coﬁgestion window Z7]7} w@o] Fol
T AR Aol A3k

CWND -1~
CWND/2 +
CWND/4 +
CWND/8 T
<+—> ¢ > TIME
istFast ©  CWND  2nd Fast Wait for Timeout

Retransmit Inflates Retransmit ~ Timeout

a2 4, o #3 £4A9 fast retransmit®}b fast
recovery @E}Ze]| 2|3}t congestion window

w3}

Fig. 4. The congestion window size of fast
retransmit, recovery in multiple packet
loss.

ol&fgk o= <ldled, fast retransmit, recovery <&
2] AR A ohE izl o] WhAlElY §8 A
37} AZksiA "k

== 0
T2

o= w7 =4 Aloll:= fast retransmit® E-8F o2
383l 4= glols AL 13t



200046 10F BFIREWLEHE F 3374 TCHE % 10 8%

ATM-UBR AB]&E o]83le] TCP/IP AH|2E Al
Zabd WA ®Z3} WAl 43 BSD Reno TCP HA
oA €l 3l o] WA Ao  Fast Retransmit,
Recovery &ae]&ol ol3te] Ase] A3slxle Aol
kA o)2gk FAS iAsy] S1% whieEA ¥
E=Follie A)2-¢ Fast Retransmit, Recovery 4]
Z& Agkskax} gt

A TCP &3} Ale] duelEd digiyes B2
) REFHT 9o, AEE ole|rjel o] AL
AA =5 gk

REC 2581, 2682 #A4182%% udd o gy &Ale]
ubslele o) TCP &4 Alo] dxe|Se #A3 A=
£ ole|tjelr} AA Helgleh B =M ATM-
UBR A% AR Aol ExkAlel dae]Eol] g
A28 ExAle] daelES Ajkslaz) el

RFC 2582011413 Al s BakE ACKE W3
kg3 2 Aol 2] ssthresh7} A sizlct.

o3

1l

o

=

q’

ssthresh = max (flightSize /2 , 2*xMSS)

248 AaHES AQAEsT cwnd = ssthresh +
IHMSSE AAsl, 3 Ale] =SS MSSHF
Z7}2 A7ic}h w3k SACK 3433 SACK -§4o] ¢
£ Aol partial acknowledgement® A28}t

o]} Zro] AEL TCP new renos AAlslg]ow,
o]ldgl upA& TCP SACK optiond AH-3lE die
ohe Akghe mesjo gl SACK optiond AHSE 4]
ofli= A9 BAZA] Lsolx BE SACK 442 =9
3] ook o] 7lE3lr] wEelth. NS AlEdolE
& olgsled’ y]ZEe] TCP reno Yweldat M2$
TCP reno w215 H] A% vt A=k AA
B A% vlall] &ste] A2 TCP reno darelse]
slow-but-steady 3} =g Zlo]ck

B =Follxe ATM Helld] UBR A8|2=E ©]83F
TCP Aju]|2o0]7] wlol| ssthresh gHdAel whato] of
A& x| o]-&3le] o}g3} 7o) sstrhesh #k
2 AslA =Helcl TCP %ellAe] EAds ATM FollA
EAd gale] tlE gl &Ao] AgS wiE I
3} A% Fast Retransmit, Recovery ¢are}Zo]
F a3} oe-& A= Fast Retransmit, Recoveryell
gt et

setp 1) FA o4 bandwidth-delay

510
H =

1O
H =

o83l &

(565)

21

o]
Rs4

£A13] ssthresh 78 AA 813, step 25 o]-83}e] =
7] &4 Ald] slow start algorithm®. 2 dlo]elE A4

sk} step 3)E o)43dled AAE Elglo}e ARG o

¢ 3 duplicate AckE &% S (fast retransmit AlZ)

Fast retransmit algorithm:
Step1) ssthresh = max (Flightsize/2, 3MSS)
snd_high = snd_max

I

Step 2) slow start algorithm22 HI0IE &
Step 3) 22 fast retransmit S ARG $=Ch

'Seq number ACKed
< snd_high ?

Ol
Fast retransmit #EH0I AS

Fast retransmit2l 2

38| 5. Aek3} fast retransmit, recover YILES
Fig. 5. The proposed fast retransmit, recovery
algorithm.

V. AE8ojMd 2d 2 ATM Network

] o
1

S E\! ©
2

o' ©
3

O KX
O K
G
a8 6. Al B el
Fig. 6. Simulation model

ATM wellA] UBRARIZA9] EA-S CBR, VBRI
e S5ks A Slste] AlgtEdlon, A £4e]
W xedell gt UASEA] o Afulzoll st o
QZ REFAol, ALgA} EA 913 Policyoll dishe]
14o] AdwslA] ¢H=t} UBR Aul=ldoe) ~9)
o] e 2] 75 mUeEz oA Ay} AR



22 tdE H7 £AdAHA TCP-ATM HEY AL AS/HA vk FMEE S
7l Aduj AS wglr|et gl B =Folies EPD sle] A £48e] Ikl dARS o 91 sk &

W Agslon Nist daelZ 29401 AL 7] A A 48] oF 0% 7R Zlehe e B

=

43kt 7 29 Alele] e 365566¢ell/sec,
(1565Mbps) 2 3l31em, 10709 Ao} Easi W&
it dofvls FE2E TESITH

switch 1ol4] Felix] Extdate] WS T switch
20l o7l WEHAle] WAEA] o

o ¥ 25 2 =39 AEHeldE ¢l A=
Parameter #telch. 7)ol AMS-E= Parameter E9
ke ATM Forumd.0M& 3hzs)gdc)

;3 1. A&y 58 W
Table 1. The Parameters of Simulation.
Z2EF parameter value
TCP MSS(Maximum segment size) | 9160byte
TCP Wrecv(Receiver buffer size) | 64000 byte
TCP Grain(lock granularity) 100ms
svr:/jii(t;h Queue(switch buffer size) 2000cells
nist switch buffer algorithm EPD
11-120: 0.1Km, 121 : 0.3Km
V. 2ot &4
B =Folxel TCPe Slow start, Congestion

Avoidance, Fast Retransmit, Fast Recovery &12]&
< o]83le] ATM UBR®| A5-& #4938k} &k 5
A Slow Start®} Congestion Avoidance &372}Z&8& A}
43t TCPE Vanilla TCPE} #2wA} g} Slow
Start, Congestion Avoidance, Fast Retransmit, Fast
Recovery 412lE 255 AH3 71& Reno TCPEh
3lm, o7]e|- Fast Recovery®t whzl 718 Tahoe
TCPelt}. 27| start-up el 5ol A} dare]
Zoll e A4 A £4E-8 A5

the 232 TCP Vanilla ¢18)5-& AH3l9S o
28|19} Z7] start-up A Eqlol] A £AES
yebf= a3lelot

TCP  Vanilla®lAl+= Slow Start, Congestion
Avoidance 9aE|ES M3 4t Ale] dazelFeloh
Z7] ddAo} AAE Aol switch 1o HE el 2

==
k=]

(566)

G7h lek 127F A Fo] A 48] 6% vehy
£ 2 & 471 slek

TCP Vanilla

25
= 20 -
.‘.'%
5
&£ 15 1
g
S 10
<
E
[}
£ 5]

0 T T T T

0 200x10%  400x10°  600x10-° 800x10®  1x100
Time (sec)
O8] 7. switch 19149 Vanilla TCP AR&-Ald] 27|
A Aol A Al EA-8(%).

Fig. 7. The cell drop rate(%) of switch 1 using

Vanilla TCP in start-up transition.

L
LN

4=

Z719] TCP 78 Alelle AF Foll wlole] &Alo]
LTS He] WS 5 Retransmit Timer Out
AAA3 Go-back—n Model 5He ARg-slo] EgtA|ofel)
AHE31%it}. Tahoe TCPE ©]2& 2719) TCPol| o3
7K G EES T8k Tahoe TCP 43ElZ
2 Slow Start, Congestion Avoidance, Fast
Retransmit &32] AHg-slict.

Fast Retransmit ¥aEl5S ASsiM 85 WA
APPSR A7-Ee] A gle daelEelr) Fast
Retransmit ¥e]&2 $A1 S0l Ao 24 =
TCP AzxHE ACKS 953420z ukls o),
Retransmit Timer Out A7+& 7Icke]A] ek3r, 2 oA
A4S Ao E Z7hgic) o] dwE|Ee] B4 &
H e ¥rd 88A40F AMsled AEEE ol
] alet

Reno TCP dxEl&2 Slow Start, Congestion
Avoidance, Fast Retransmit, Fast Recovery iiz]&
S ARgslgden, "x BSD 4.3 Reno TCP ¥Ae] £

=

FZE O

= = O
h=4 o =

Lo =N
L T

ot

i



20004 10 BFIEEH

Fo2 J2] A= 3 9t} Reno WA E4L& Fast
Retransmitel] Fast Recovery ¥x2]Z&2 Hrlslgich
o]eJgk Fast Recovery «dre[Ze] EBEAL Fast
Retransmit $of) ¥hlshs B41 Aldol] 28§ A8l A4}
& A= ok

the 232 Reno TCPS AHE-3led switch 10l14]2]
A 2AES ViERR ™ol

TCP Reno
50

=

L

T 40

w

S

=

T 30

@

<4

(]

o

g

5 20 -

o

3

@

=

= 10 4

0 T T T T T
0 200x10% 400x10° 600x10° 800x10° 1000x107
Time(sec)
a7 8. switch 19149] TCP Reno ARE: Alell 27)

A Abefel o] A £A8(%).
The cell drop rate(%) of switch 1 using
TCP Reno in start-up transition.

Fig. 8.

Z7] A7 AR Aol A £AFo] 5%l =EElsle
w, 127} A Fo= A 28] 1097} Wi AL
o 57t ok

Reno TCP %x2i%e] E4-& vkl 37l <41 Aol
2479 dzezold, BF A7 24 Aele 4%

23} gafo] BAFA] dohbs WHHE 7HA 2 gk

Reno TCP <xelEs AREIGS we) 2
Tahoe TCP Rx} switch 1ellx1e] A £A1g2] A3} &
Aol AAEA ehbes d4E 4 971 i) o]
£-8% Fast Recovery 43834 2 930S 24
& 57} stk

Fast Recovery <i2]Z9] 1 2o
A A R A" AlomES] ACKS A A dgsid
wokS o, Fast Retransmit &wE|&e] 2hgsln], o)
AL VESZ 97 £=5] At AxE AHs) $
3le] CWNDZ ssthreshzte.Z AA3le] Congestion
Avoidance ¥xE]EE AlRtsl=t] glch

= = A= O A~
Fagk B4L 4

o

A

(567)

Ery
e

. F 3T H TCHR $ 10 %

23

Z t}F wzlo] £AEIS w) CWND7} ssthresh
ez A=y A e dlole] Hgel] 2|3}
o switch 1o49] A £AE<] VPR dYE 2
7k Asdek

the 782 Fast Retransmit, Recovery #A}dl] <3t
A A5 2o FAl gk s)A wkle = Al v
Ale] TCPe|t}.

The proposed fast retransmit, recovery algorithm

20

18

16

14

cell drop rate{%) of switch 1

° a 200)‘(10'3 400)’(10'3 600)‘(10'3
Time (sec)

2! 9. switch 149  Alekgt fast retransmit,
recovery TCP ARgAlell Z27] AA ArelolA]
o A EAE(%).
The cell drop rate(%) of switch 1 using
the proposed fast retransmit, recovery TCP
in start-up transition.

—T
800x10-* 1000x10-°

Fig. 9.

ATM el UBRMRIZE AR Aol A% 35
5}e] FE=Ql ssthresh@ts AAskdct 1 7k
e Z3) Ade] Fol| ozt F& 4 g} o5 o)
Z $4o] WAI3LE el fast retransmit, recovery
]l &3] 71 A7 AAE AHEAE st
on ssthresh o] AW #A4xE T stk
A Za) 2] F T3l P AEE dEe=
Alo)z= AA-g wAs Fo2A, 2] start-up AFElell
A9l switch 19149 A £AE] had AL 4 &
7} etk

A 2] A EAES B 16% AEe]A|RE 02
Z o]Foll= 5% olFR zhidhe A & 491 9l
A £280] Reno TCP Xrl 8 Fol&
e Ag & 5 7)ok

o2 23HE 29 TCP &4 Alo] dxue|Ed iz}

=) N
=

=
=



24 oF AR &
A Al Sellxle] 3 AzlES & 47t ok

The Average Throughput of Receiver

1e+7

9e+6

8e+6 -

7e+6

6e+6

5e+6

4e+6

3e+6

Average Throughput(bps)

2e+6 -

1e+6

o v

i
f
]

£
3
14
4
i
H
¥
H

00 o s s . o i

[N Srei————"

2
E
g
]
%
3

© oo,

4 5

Receiver Node(1-10)

7 10

wwa TCP Vanilla
i TCP Reno
. Proposed fast retransmit, recovery TCP

a2l 10. A ZellAe He AEs
Fig. 10. The Average Throughput of Receiver.

BEAzlg S A% Z&HQ ssthresh 3 4]
sl g Za) xde] -2 AXlsle] WAAA FHe
o, o 7l A Al dod 5= 9l AL el
oFS gl oA, 2] stat-up ARl
switch 1ell4]9] Al =AEe] Zhadell wekd, P
glgo] Fvigiche d48 o4 471 9tk

HF A2]8& 2A Proposed fast retransmit,
recovery TCP9 AHzl&o] 7F Fd= 721& & &
7} ek B =] AlQket viAS AR 24, TCP
Reno7t 7HA& A5 A3t dde] dxsiAl sd=dch
= A& ¢ 5 7k ek

1 o]f<= switch 19149] W& &afe] Ao 93}
o thF Fzle] &AEE HOTCP Reno®| Fast
Retransmit, Recovery @Adoll 2jsle] A £Alo] o)
7Rt 7 o 97 Qlek =3 TCP Vanillas
YENZ Ad 43& F8A0F A3 Ejhe
24 Aol AstEle @]l doid AL & 51 9l
o} 2= Almnyg 7b A S HFAElEe] o
A dvhs 2S¢ 4 4 2o} Faimess7) #i-% £X
ks AS 4 4= 7} Utk ATM-UBR9] 544 Best
Effort Service 3¥4jel7] wjFolch
ATM-UBR®| ©@le}7]1x= 3}l

Aol 4] TCP-ATM W EH =29 A57HA et

(568)

FMEH S

Vi. 2 E

2 =Felds ATMRelA Sl TCPIP AR|2~E &
dlol] 71 TCP/IP T2 EF| vl UBR AfR]~
o83l AA5E w8l Bkl F83 e ¥
224 TCPAMS &3 Alo] due]EEs H4
=g

TCPAl= ofe] 7A] 77 glon, & =idie
TCP Vanilla, TCP Reno, A|gK3}F fast retransmit,
recovery GE|E&S ATM %2 FA 34 switch 14
18] A EAET A SoAe] FEAEEE NS A
EYoJEE o] g3l A& vl EA3gch

3 Al dauzE]ZFoe Slow Start, Congestion
Avoidance, Fast Recovery, Fast Retransmitso] ¢l.&
o, @A) de] A= 1 9JE BSD 43 Reno TCP #A
old], ATM-UBR%ol|l4]%= Fast Retransmit, Recovery
delEel| &ste] tiF A7 SHo] WA & ujjel) A
T A3t B B =Fo] Agke Wl o]8sle] £
2o Zhdgr TCP &3Ale] darels WA 95}
AE A g 71 AUt
1 SollA PaAe]go] wi¢ dAH| o
Jo] A==, o] ATM-UBR Aul2] £3

2k & 4 gt} ole WAA717] $lsEiA

29024 2} VC A WH upis o8 &
=

2 o] Al WAls 296l ofe] ZRel
wlsl ) iEe AHgsod H79) ATM-UBR A
wlzee] 279 ot 477} o Basleka @ 4 sk

=
=2
£

3
A

3

i3

=
=
a

[o]
=

Al
=

Al =

Ry

>

[
s

g o

L8

o]
L
L

2

2
an

[e]
=

=
h=]

g}

mt
re

Mo

[1] J. S Ahn, P. B Danzig, Z Ly, and L
Yan. “BEvalution of TCP Vegas: Enmulation and
experiment’, In  Proceedings o ACM
SIGCOMM ‘95, pp.185~195, August 199%5.
Modeklev, K Gunnningberg, P,
“Deadlock of TCP Traffic over ATM”, In Proc
4th Intl IFIP workshop on Protocols for high
speed networks, pp.219~235, Vancouver, BC,
Canada, August 1994.

and

(2]



200044 10 EFIEEH

[3] Allyn Romanow and Sally Floyd, “Dynamics of
TCP Traffic over ATM Networks”, Computer
Comvrunication Review Vol. 24, No. 4, pp.79~
38, 1994,

T.V.Lakshman, Arnold Neidhardt, and Tenuis J.
Ott, “The Drop from Front Strategy in TCP
and in TCP over ATM", IEEE INFOCOM'%
pp.1242~1250 Mar. 1996.

Janey C. Hoe. “Improving the start-up behavior
of a congestion control scheme for TCP”, In
proceedings of the ACM SIGCOMM, pp.108~
120, 1996.

Fal, K and S. Floyd, “Simulation-based
Comparisons of Tahoe, Reno and SACK
TCP?, Computer Comvmunication Review, July
1996.

Stevens,

(4]

(5]

(6]

(7] W, “TCP Slow Start, Congestion

Avoidance, Fast Retransmit, and  Fust
Recovery Algorithms”, RFC 2001, January 1997.

i 1 HOEER)
10054 29 Deeleka AAFIE B 10079 29
Qoeta AT Ak 20004 28 YgTieE
AZSE w3 SR FRA Eok MERD
ZET A 2 24, elss ahielE Aay, deld

AL

Er
BR

X Xt A

(569

£3148 TCH # 10% 25

[8] R. Stevens, TCP/IP Illustrated: The Protocols,
Vol. ISBN-0201-63346-9: Addison-Wesley, 19%4.
M Allman, V. Paxson, W. Stevens, “TCP

Congestion Control”, REC 2581, April 1999.

9]

[10] S. Floyd and T. Henderson, “The New Reno
Modification to TCP’s Fast  Recovery
Algorithm”, RFC 2582, April 1999.

[111 The UCBABNL/VINT Network Simulator
(NS). URL “http//www-mash. cs. berkeley.
edu/ns/”.

[12] V. Jacobson. “Congestion avoidance and
control”, In proceedings of the ACM
SIGCOMM'8R, pp.314~329, August 1988.

[13] Golmie, N, Chang, Y. and Su, D.,, “NIST ER
Switch  Mechanism(An  Example),” ATM
Forumn, ATM FORUM/9%5-6%.

(141 The ATM Forum Traffic Management
Specification version 4.0, revision 10, ATM
Forum, February 1996.

7N

At A8 2(EER)

190841 29 Seuish AAEstE sk 2000 29
Qeehekz ARpeest AL 20009 WA et
AAFAAT ) wpal, FR o =9l
ZEg A 2 34, ks vl Asd. de)
EERNIRECRE T E 2

F W ROEER) # 3645 Stk 5 6% B

A gepriet AARFE A



