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Abstract ATM is a key technology of integration of multimedia service. Recently, Many study
have been concentrated on performance testing for evaluation network performance are stronger
everyday. The performance testing is on evaluation of maximal throughput of network by measuring
and analyzing of various performance parameters. There are two ways to test ATM network
performance; one is using QoS in cell level on the point of network’'s view, and the other is using
metric in frame level in the point of user’s view. And, the standardization process is also under way.
In this paper, we derive a performance requirement of TCP in TCP/IP data transmission over ATM
UBR service. By applying the derived requirements to ATM and packet networks, we evaluate the
performance of TCP over UBR based on the result of our simulations. Therefore, we evaluate the
result of simulation and find degradation of network throughput by interaction between TCP
congestion control and ATM cell drop policy. So we suggest the accelerated Vegas that modify
traditional TCP Vegas in congestion control mechanism for batter network throughput.
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CBR(Constant  Bit  Rate) A rt-VBR(real
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2.1 TCP Z&HN 718

TCPE RFC 793¢ <A3l (2@ 13 o] wd
gk Hx2 94y AHEE 42BSDolA 4.4BSD-Lite
712 Y TCP 749 53e A4E L& a3
Al7)a A YHlE Fole Aolth8] [9][10].

4.2BSD(1983) First widely available

release of TCP/AP

4.3BSD(1986) ITCF’ Performance

improvement
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N.ETI1 . Fast retransmit
BsSD
Networking
Network 4.3BSD Fast Recovery, TCP
sor header Prediction,
e Reno(1990) SLIP Header
NET’z - compression
4.48BSD-
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4 4BSD(1 3 Multicasting, Long fat
SZ_?_?s) H B (1993) Pipe Modification
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(1) Additive Increase / Muitiplicative Decrease
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Max Win = MIN(Congestion Window , Advertised
Windows)

Z, FHd 9=$Max Win) Z’e 23 9%
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(2) Slow - start and congestion avoidance

UM AANE Additive Increase / Multiplicative
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A Timeout
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Exponential Loss

Linear SSTHRESH

Time
I3 2 Slow - start and congestion avoidance behavior
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(3) Fast Retransmit and Fast Recovery
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ACK 1
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ACK 2
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Packet6
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ACK 2
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Packetd

213 3 Retransmit Packet

Fast Recovery €X2]&L Fast retransmit €iLg]
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2.2 TCP/IP over ATM 2XIE 24

ATMI @zl dENZ Alele] F8F Hojde
ATM 291%9] #H7) @7t A vl ¢ 52E9
ARE S9s AaHE d9ge Aotk TCP/IP7}
ATM JYEYZ g FAZ o TCP AIUEE
AALS AZg T8 53byted] ATM A& Rajgct =t
¢ ATM oA E3derl dlstd 48 v &
o}, dxxoeg TCP AIHUEE FA43kc 4 F 3y
o] Aol WHAZ AHA) AIVEI oA HEHoiHok
ot W 3 WEYIANAE AAS T #Ho
@7t Bt

E3)], TCP/IP over UBR +8A] UBR AHl+= flow
control& AF3A ¢ TCPY EAA ] Wz Eel
ojEah=ul, olfg TCP WAUZL 4 )7} opd
Aaed 7k AHEe] o]FAAEE o]EZH]
E2YA= TCP/IP over UBRY JAAAQ Aed & o
s mHA "ok =3, Held AanE dRREo=
2E @A A& g@x EXNA ZAsjArt #HriE o
7] Q& HA HELT AY B Jd" AEES
dajAzich olgjd FAHEAM E AT Asle B =
o) AEE oM AFoME o] Hew, TCP #
oA Aeg My 9 wWetoz IHost Aad

3

2 ZoA= TCP/IP over UBRO W3t 45L& H7}
&7] A3 AME AlEdold #Ael s rledich Al
BHolde HA WEYZ 43e TS ATM 2
packet ol i3] FF=HJ=T ol 2T AP A
AHSE A EE OB x-kernel R WEHZ EA9) v
3 A&

3.1 Network Configuration

HEYa TS F ATM 2937 F4og =g
Hoz FAHAA i, olF FTERE HolA 9o o=
S1zo] dEoE WELIE AL 9E & =S
AAEA Juk ZF ATM 293 AL 155
Mbps(OC-3)2 <«4Zd=ez dn LAN Z=9AEL
Ethernet 100Mbps®2 QZ&HolA Uk

o]& 7l E X TAE AY 74 deHe (2"
4-1) 2 (2% 5-DF Zgo (28 4-1)2 ATM 39
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ZEFto] Mul2E B3oz A= ook (2
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Roeg TCP A A2HE DzxE] ATM AZ9
Cell A4 ALATE HAF Aotk

ATM spatch 1
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ad 41 AE 74l
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l ! | Packet
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ATM |

ATM
: NETWORK !
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S Y3t TR FH(HUDE E8lM Z2EVF 4
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o] Al 2 ATM 29X Apge zb <® 1>, <HE
2>7 o}y AR AJAEe SunOS 5518 S9AA 7
wke] flazgojdem Mol FepojER RIS
Ayt 282 ATMT Packet HEHo|A 2z}

L
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ATM Switch 6 10Mbps(Dedicate)

(OMNI-GWX)

-
[] [e55e00] [65]
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Sun Ultra 1
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TCP TCP
A
4
P P
A
ghcka ’n
7
v
Ethernet Ethernet
A
Frame
—Qree (]
4 o] packer ||
NETWORK [} >

a3y 52 A8 FA 20 UiE ZE2EZ &

g A2"E AMgstgh £ ATM UEY AFd)
AHEE 293 AulE XylanAle] OMNI-9WXE ATM
forum UNI 3.0/3.17 ISO Q.2931, TM 4.0, PNNI 1.0
o ¥F& 2% 9E3n Stk

¥ 1 End-Host Specification

. . . Testing
Testmg‘ Configuration 1 Configuration 2
Section (ATM Network) (Packet Network)
Server Client Server Client
Model SUN SUN SUN SUN
Ultra 2 { Entprise 3000 | sparc-10 | Ultra 1
Ultra SPARC
Platform | Ultra-2 Enterprise | station-10 Ultra-1
Pr?[?;ssor Sparc Sparc Sparc Sparc
CPU 2 2 1 1
Main | osovp | s12MB | 2s6MB | 128MB
Memory
oS SunQS 55.1
3.2 Simulator : x-kernel

AlEdo] o] A149 x-kernel& WEYA TZEF
TF38& 930 Arizona Natl. Univ.9] Norm Hutchinson
I Larry Petersoncll &3l /| A A& 7z &
olt}, £ AFH WEHYZNA End-to-Endoll &g
A7t ol BaA olFol Ax ok X-kernel & ZH
A 5 RRoz Az YEY 7NtiA Z2EZY S

o

€ BHT & e x-kernel B=9} ALEAUL AHod

HEY FEM A5 B4 & e x-sim BEE
s ¢ Jded, ol AlRdM e AA dEY #7edAN
2% ZTZEZL BT 4 I x-kemnel EEoJA A
3Pk o) REE J|E £9AAGA AHgste Ad
By dEY RESL ol&3A g3, AF) My
x-kernel 7& AAM AP TIEZS o] 83T}
[61(7108].

E 2 ATM Switch(OMNI-9WX)

Section Description
S t ETHERNET, TOKEN RING,
ubpo FAST ETHERNET
Rate 13.2Gbps
Fabric
Type Distributed matrix
DIBOC(Distributed
Type input buffering with output
Buffer control)
Management
Max cell 2,097,152 / switch
buffers
Cell Discard RED(Random Early Detect)

Traffic Management Congestion-based GCRAs

Public ATM forum UNI 3.0/3.1;
Standards [ISO Q.2931; TM4.0; PNNI 1.0
Data Rate 155 Mbps
CSM-155
Module # Of Virtual
circuit 4K per port
Cell buffer
size 8192 cells per port

X-kernelo] X Yshs AA Fd2e A ZZEF
I AHez FERIAEUH, Z2EE AAe TCP, IPY
Ze ZEEZS s AA Adis AAA SfAn
Adel AP 2 AHRE B A)'d open/close
A Aoz HAHn AAEd. & ZIEZ QA=
AL I A% 5L AFs, 1 AT A8 A
NS0 YA AA AAe WHAXNE 5487 9
3 3L AFEh e (2Y 6)2 X-kernel T4AY
g vehd Roltr aeA AZHEe Z2EE AA
g, 98 A AXNE, F2 44de dAAE YEeE
o9l {10] [11].

3.3 HESfIA B4

TestbedZ AMR-E ATM %9 EA4& d49ud %
I Zth ATM %o 93 oidEe 15552Mbpsol T
Peak Cell Ratex™ %% 353208 cello|tl. z28]: AulA
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TCP  UDP  Psync
N
ETH

29 6 Example (x-kemel configuration)

7l8l18]+= UBRS AMg3ln 29xle] THE Wy #
2 A# & RED(Random Early Detection)o]s] #&=
29 el PPD(Partial Packet Discard)/EPD(Early
Packet Discard)& AM&-3ch PPD9 7% 29x] H¥
ZHE A o] dAE e o)lF AY AFe =
ZEZ velgd =¥ ugA ¥ 183 EPDY F
S 299x vy 77t AR =EEA HE e
AZe delgt =2FE WA g dubFoez,
TCP/IP over ATM®] %o 4&& viXe 8o
g <% 3>3 ZrH12]13].

¥ 3 TCP/IP over ATMo)} 93 F& uj/fis

EREES

d

:I.L

PP

UBR El¥ 3 ei(Infinite vs Bursty, Uni vs
Bidirectional)

Background Traffic

AeiAZ Fe(TCP vs non-TCP)

B #el(Single vs Multiple FIFO)

Ha A, a8, vz

General

TCP MSS(Maximum Segment Size)

TCP Timer granularity

Delay Ack timer(Enable vs Disable)
Processing Delay, Delay Variation(zero vs
non-zero)

IP MTU Size

TCF/IP

UBR #d =¥ o7/ d5(PCR)

UBR 2f8AdA e Edg AIH(Tail
drop, FBA, EPD %)

Ad g 28y Y9 viASe

UBR

4. AIEY0lM Hat ¥ &5 "o}

UBRS] %% ABRe|ut CBR¥= 28 4 J4dont

Ao i3 #eFAe] glm &@A o A §FE =
F3bd A4S d7gn. 237 W& PCRely Ed
g Aol Pl & FFE vHA vk o5 wge
2 AlEdoldd AEE 4 s E <E £O#% Z
o} A olde F2 TCP/P wi7l¥<=2] Default 3t
& FHo2 WHIAAVIY £A3AL, EF 2wl
o] the}M Sending Size® WIHANA 71 42 100
WY Fgstgct

¥ 4 AEHoIAd HEE B WiARSs

T wi A E 4 Default gt
1=
UBR%,;;HQ Bursty, Unidirectional
General| o2 2o TCP
W P Input buffering
TCP MSS 512 (byte)
IP MTU 1500 (byte)
TCPAP|  TCP Buffer 4096 (byte)
Size
Timer 500 (ms)
granularity
PCR(Peak Cell 353208 cell/s
Rate)
UBR
A 0] =
UBR .—""7\] RED(Random Early Detection)
policy

NEHo|HE F2 TCP ZWdM TCP wy 27,
MSS, Timer GranularityS 34 oj/j¥42 2L31o
YA AHER TCP BAL Vegasolt}y. AT
Timer Granularity F-EoX Vegasold A3l &
Al f=9 AV T2 APSA &k 2 oK
AHA Timer7t TCP A%l vlAv Id&& £487]
AaMoict. EFcM = AlEHolA AF g ofd WiE
2A7E BRI HA 45E Ui

4.1 A|E0|M Hat

(1) TCP ¥# zZ717} nAe 9%

A AEE Yool A Al AN # BEE
28 =o)7) Ash & AF FEA) diF NP FE(TC -
Test Case)o] HA ZAglojo} g} Aty ozm A
¥ =2 AL TC Name A8 &34 rationale 5
Alge] MEd Alghg X3 BE A A 83 A
A4 g Ad ZHE T A8 Jis RE, T2 AR
B F4 ARE 7143 Note B2 FAl=Eo QL
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t} o& S0}, (¥ 7)= TC Name°] X0001Z TCP
v Z7)e wat TCP/IP over UBRelA2] ZA| A<l
Aol drit GEe mX=E BAEY] 93 A
FEolny, old] il o2l ZAHE ATshe F&o|
Rationale ¥-Eolt}.

TC Name. X000t

TCId “TCP_IPAUBR/TC X001

Refererce | xohernel 51 4]

TP over URR A1 TR ey VT S0T7F AT G ] 918 A
ek

) SCEET T Apli] oF ZLgeR: SRRIEE v b 1ed
Raire | 1% s, sty Awm' ol

Pt | Top BIM Al @AY Sle) chR Sekie)

D ek AR O1F o fusfkemeliprotocotiest

Digpessc W TS 4 1ine27 (Hoefine BURFER_SIZE(1%1024)]
@ CH A2 R g funkemotprotcobicp

Oy 1M CHEE T8 line 23 [hidefine TCP_BUFFER_SPACEI#1024)]

P2 | Eloluele) ARgE ois ohrg FRict

® CHy FI3R O of Ausixkemeusar-kevelbikdsolaris
@ e 80 Y nokegtem

o | 0% T oy & AL

© T A2 018 o fusihomeliusr-keveltesidioris
@ ThE BYo] EANOE Y : reke compu -y ok depand - ke

vt | 2 BRI 512 prp °) SRS MR
TetRewtt | CHET) TR Fel2 A AHE 7S

Test Procedure

TCPBuffer | Sending Test Nurnber/ measuned timo(mesee)
Siz d@  til2i3lalslel7lisiolio

IK 100k

Result Ovtpat

3K 100k

R i y—— e e T
N | oz g Asait

g 7 A1E FE(TCP We 27))

Y 7)le REAAM, T AFL £ A% A
2% Jehl= Test ProcedureolX& WA, TCP W
Aol 2 & #igtAlZ17] Y8l x-kemele] AFd = LF
sl @ wilESg, & Ao RES oersA ¥
Azl & E}°1P_aﬂ—§' ABABR x-kernelS H3PA]
itk AF Axe Z vy 27) L sending sized] o
g, AE AFE 100A8std A4z g A1HE A
3 & ZAFE Result Outputel Yehd Eof 7120z
A B Azl i3t Aol fEHTh

(a¥ 8)& A7l A9 #Eo] wet ATM % packet
FiA HHY AZ|E 1KeA 32K7ARA @A A7
sending size 16Kbytedl g AEAE 2 A
olt}, 2ol B uiel o] ATM %el 7% 4K o}
2}, Packet 39 39 8K o)FEZ+= apolrt Al el

A %% T2 sending sized] M= FAH 23
7b Ve ok

Sendihd .............
Size - 16Kbyte

o
= et Siza(byte}

1Y 8 Effect of TCP buffer Size

(2) TCP9] MSS7} MR+ &

A¥ %=l we ATM 2 APl ts)l TCP

MSSe] =718 Z7 4K, 8K, 16K= WA 7
A4 AE 3% 249, MSSY
Aol Qe

sending sizeol thdt
Wl mat g o 2
Wk

Aoz Vel

j packer

- 16384
iooye

i packer

T ms2ove

3 PACKET
40960yte

ATM
16384

3]

81920y
AT

4096 byte

29 9 Effect of TCP MSS(Maximum Segment Size)

(3) TCP Timer Granularity 7} "X 9%

TCP timer granularity #<& 7 loss 2% ##
HE 44 WARSE, o o] Fow AALe] &
o] o} 2 npetwork load?l F71E fx3ka, AW
AAoE 71 timeout 717LE 13 network W
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L (YL FuEA B 22 network ) el FA

¥ TCP timer granularity %9l MAo] F&3ich Ad
2o w2l ATM%ol sl TCP timer granularity

< 100msolA 1000ms7HA] M3} A|A7HH, sending
size 1Mbyteo] tig AE AHE
10)9} 29 timer granularity #4&
3HA Uelsh

2% A, (2d
wA AR P A

A5o] $-

Sending
Size : 1Mbyte 4/]m
)
s =L

1% 10 Effect of TCP timer granularity

4.2 M B}

471 AlEdelAe TCPY Zh i/ Zhel wale
wel TCP over UBRS A AJgol ojujdt g
& mAE7E AWR7) 8 sFHAc

o] &, TCP W¥ =Z7le TCP AANA Holeg &
< ARse dAdsE ATM Bold s HF 5
Ya gEsen, ATM 2 @590 s 22 4K 2
KoM &L A5 HYch

E3 TCPY Hul AZHE 377 29 AR loss
Al AAEFZo] golxn FHow QHIZE F7AA
A$ ZEo] Rolxlzz HHFP MSS o dHol F
23tk a8y, B =29 A FAdAE MSSe ¥
glo} wet & A% AolE JehlA @it o)g g2
A¥s Mogul[199312) @7 Adx 2717 & HA
< A$Ie Aol AdHezm e £ AL H7)9
AFshe Rl vislA  dizle] eHF =],
Az BAEAMY Z2EZF g S9N
g2 A FAT A AFEFH= olge

O

o
o
2 o mlo

wa ot

A ¥ =9o] ed 2 o]fE Bellovin[1993]19
TAd7et o] ATM 292U #eEe o
store-and-forward 7]Y& AMgde FXE0] F7
g vlgo] AHE Z7IE A Y& P vlwaA
Ao & BRES AAStY Yo 1 Ag&4ol o
Hojnoks °]w°ﬂ’~i (748 9% Ze& AT%E ez
Atz B 4 Atk fSo] ATMIOXE TCP MSS
7F L‘H%’l%“’il ulE] A dojet Ao & F&2 A &
e Ae® yelx Ytk 3 olfE ATM Cell2
HEEE g0 sloiM BlEEEQ 80 U7 HE
ojtt.

4 & E°] 512ByteE ASE FT,
€ we 2 dolg arle tsH 2t

568byte = 512byte (data)

+ 20 byte(TCP header) + 20 byte(IP header)
+ 8byte(LLC header) + 8byte(AALS trailer)

568Byte®] ZA$- % 12 ATM Cellso] Q3
ATM AZolM= 636Byte7t HAEHA "ol ndng
155Mpbs®] A% A AME &FS 125MbpsE 80%
Azl A&4E JElT Jh. 2B EE TCP MSS
Aty 4 g4 FdE sk et

&3], TCP timer granularity®} &3} % =7
Me o] & FHAHoz HAHAM A& FHF A
B =85 o] dAFA XY FAAME o @E B
A AARE o Fwol $3A veiRiith 28y &
F AVl B B dAste MEQa] 34, o
o dgdtr] sk &3 HEHe AR dFS ugE
3 TCP "w7luEo] dasiet ¥9h o2} Linear
@ A% dolg 2719 FAzt ¢34 Wal} 4
WEY 4N 2 BE4E B + glee o5
AR 2z E A7dMe % #¢ F o A

ATM AZd|A

B3 AlA Lineardt Fefot Exponentxal 3 e 2F
g Y & = JHE agES g8 go] A
Figis=d

5. TCP/IP over UBR2! M5 i ot

UBR AMul2 g2 z‘z% AANE FY3A) o
2, TCP7} ©ol& 37t TCP HAE& ATM AZol
A AgE FAERE A “401 LAsE Ao
2 gz &4do] WA TCPe AAE WAHUSE
AHg3le] 018 HFgth TCP over UBReIA #)9d
Ho g3 e 45E e R AR &
olsrld], (I 13} o] UBR £1x M 2 F¢
Alz=g) A o) AME 5 AoH(14][15].
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lf:iain TCP : Slow Start and Congestion Avoidance J]

Fast Retransmit and Recovery J]

‘Selective Acknowlegments J}
B

11
TCP End System Policies
TCP/P over ™\ Y —

UBR T ATM Switch Drop Policles|—

[Per—VC queuing : Minimum Rate Guarantees []

Per-VC Accounting : Selective Drop, Fair Buffer

=

[éarly Packet Discard J]

Tail Drop

219 11 TCPAP over UBR Policies

5.1 UBR A%{x Ha

29 Al i3 FAL 23 AFF uist 2
A, 4714= UBR 2¢X &} 7]&3oh

a7, #7] YL Aso] Hrises Alviel @Hd
715 2.2 EPD(Early Packet Discard), PPD(Partial
Packet Discard), LPD(Lazy Packet Discard) 7]*o]
HEAHQ ojeltt. Y #Hr) Aoz AHFo| Ft
HAR g EFHA] Jehdoh 53] LPDY #A$
7)1&9] EPDY PPDsh= @] &3 A" 4AA Adg
#7182l 93 TCP Packet 9 Sequence & H[aldfA]
AAgo] ojFoixd FEH 4 AEE Y & UEE
At gma]Folvh [24]

Wy g9 JHe HHE 284 £+ = Uy
I #BHE 7522 oE Eo] FBA(Fair Buffer
Allocation) 71H& 3#Rtt 233 A7 ZgYo
3 Adyoz Hrigesn FHAHE UG

oirigte 2, 273y AL CBR, VBR, ABR,
UBR 5 M2 t2 Y27 g3 247 gd=e
gl 7% JlgEs FUS FHzdA VCTE uogE
g3 #FE=He Ve i AHo] et dE B9,
A= CBRelY VBR® e ¢4 #9071 =2 ¥
271 YE 9 ALE o] ABR ¥+ UBR dZo] ¥v}
v e godZs g9 1 4 levie #dgy, &
e ZAAsls UBR 947 thEES o|gA 2uig A
A7tet AHEG & = Uk

olgigt 29X AAEL HAHA TCP/AP over

UBRY A%l 93%g vdth AT o] =FdAe
292 AR  gsiy  zysA %3 TCPY
Congestion Avoidance 7141-& S8 A534S AU
=8

5.2 TCP E&RAI0] Yna|F M

71&9 TCP Ao gxnd&Eg MA A77] 918
ApE (21912)9) Bt

L slow @*‘

fast re!ransmission’l : T
R __; Tt

L fast recovery
i

L[ Vegas I
: - i

N —

2% 12 Congestion Control Scheme for TCP/IP Network

Wangol 28jA] Aete Tri-S(Slow Start Search)
9} DUAL ¢318]&2 7]& slow start €¢2EEL 7Y
AAA3, Barkmool &]3hA AFE Vegase retrans-
mission ¢XEE AAANAHT. Tri-s9 3¢ 348
HE HEFe Hslz molsted ER AeolA e
Agee MY 4+ I=F YL, DUALE slow
startA] RTT(Round Trip Time)E o]&sld &3 4
B8 Hosly slow start® AL  sawtooth HE|2
AE3A F=F Ik

WA Vegase AMAY d&d AE53d 44 WEY
o] AT FolE o] B3N AFHS FUAA UE
o] £ AH7t HA E=E FAC

a2}, Vegase <H5>9] velhd AN F3 73
o 3] @A Lineard Heizt maisiz it} 4739

H 5 Vegas 9} Accelerated Vegas ¥l

Section Vegas Accelerated Vegas
Boundary ap 21 << B2
. (wtXI<Diff<w+a)
Diff <w+o = > increase cwnd (linearly)
Increase increase cwnd .
(linearly) (w+X1> Diff )
=2 increase cwnd (Exponential)
) (wHP<Diff<w+42 )
Diff > wtB = —>decrease cwnd (linearly)
Decrease | decrease cwnd }
(linearly) (Diff>w+22)
—decrease cwnd (Exponential)
Unchanged wHa<Diff< w+f
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Algd ol AdolM UERtRe] ATMZE didZe]
#7248 wslyt Ak a3 Linear ¥ Exponential
T Z7e A AFE £ A Accelerated Vegas
Algorithm-& 63} o] A3},

<HE5>F Vegas$ Accelerated Vegase &7 +

| i3t xol& vehd Aeolth  Vegase A& HEH
AA A$E gho) AolE Diff ¥4E Yehlz, o
7H¢ QueueZ 4ATTH VegasolAl AMR-HE ¥
k33 2t

3t

2
)

rr mlm H

C: WEY &%

BaseRTT : #4 RTT(Round Trip Time)
CWND : EF =% z27]

w . CWND = C X BaseRTT

E 6 Accelerated Vegas: /A8 £3589 ¢z
Procedure Congestion Avoidance
Begin
Base_RTT = MIN(AIl measured RTT);
Expected = CWND/ BaseRTT;
Actual= CWND/RTT;,
Diff = (Expexted — Actual) x BaseRTT:
If (Current Status != SlowStart) then
Begin *
set_ threshold (BaseRTT)
x1=ov2; x2=P72;
If (whyl <Diff <w+ ) Linear_Increase()
elseIf (why1>Diff) Exponential_Increase();
If (wH3 <Diff <wty2) Linear_Decrease()
else If (w2 > Diff') Exponential_Decrease(),
End

End

* 71& Vegas & CAM(Congmuon Avoidance Mechanism) ]
CWND ZUEE PEE Al 549 9e)
AV AAo) FFsHES 3 inear ¥ F-ET
exporental FELE WProl BE A5 ks

Z7 F2e dig WeL #59 #o| Vegas9 3¢

Diff<w+a ©]® CWND+¥ linear 3+ 7}l
Diff<w+8 %1 A% CWND<x linear & Z4E 314
Hc) ¥ wae< Diff < w+f ¢ S CWNDe ®
St glek oW AAIRk o, BE 2,4 &2 1, 328 A
A ARESTE

4273 o A4¥F7 E44A4 & F AR ATM

7401]’\1 TCP A%EL U= + gl 273E Ui

th ol 712 Vegas?7t ATM%olA o) wslo)
8402 CWNDS} ZAG o, BE HSA7)1A 23
7} W ol

A2 ARE Vegas 9 A% BaseRTT € ¥
A FE5AR a, f AAZGE A 7}FE}E% 8},
27 F0E AEE7 A8 x1 = /2, 22 =8

/2 B ARY AL AdPrh. oA oA &
Vegas® AW tAZa BARe ZA7% 4%
o2 Qg UEY AYe] JulE HagY + Utk

Expected
Throughput ,Fhroughput
Actual
Py PR Throughput
Q3 Q| o Q4 Qs
lingar Unear exponential
Increasing Decreasing
W Wrsl wra  wep  wex: wWindow

size

2% 13 Accelerated Vegas &7+

—aQ2

==l

Q5
Q4
29 14 Modeling Queue

(28 14)& (21¥ 13)9 Queue FEIE JERA o
ok (2" 13)9] Q1& CWNDS el ¥3b7t "asix
22 FAA VEY FHgE Uehle Rolth WESY
£33 VEY ALl Y ESFHOZ FAHe 4
HE Jehdch vhd Q2 Atels CWNDY lineardt &
7}, Q3L exponentiald &7} |x&th zElm Q49
Q5 27} linear 2 exponentiald Z71E 53}

AAME accelerated VegasE Esix 4 £4& ulg
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