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TCP/IP is the protocol used as the transport layer and most used in the internet. Most TCP has
been designed and improved based on the temestrial networks. The improvement of TCP performance
in wireless communications has been an active research area. In this thesis, some performance
problems of TCP in satellite environment will be discussed and shown how to impair. We determine
the TCP congestion control scheme that is suitable for wircless and wire-wireless hybrid networks that
is the satellite IP network. In this thesis, to evaluate and compare three TCP congestion control
schemes, which are TCP-Newreno, TCP-Peach and TCP-Vegas by using NS-2 Simulator. Simulation
scenarios are carefully designed for both terrestrial network and satellite network. The study analyzed
three performance measures which are goodput, faimess and friendliness of the TCP.
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a &
venlmenmadananumoouiiduntesiing "synchronize”
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Urgent pointer
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JoyauazMInIUAUAINNALAY



Padding
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i r ) [ ‘.r J el » J (7]
manunus luadeua v himouny minsuguanudua ezlimhiindnly
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2.1.1.4 WU UYDAUUAUATUANAIUALAY (Congestion Control)
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sty hauaziing TWHUUUAUNBYISHINAGTNAREY  LANIATIFIU Taoia Tve sy
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uwunguanufuadly Tee esue 13l [2] invaziBsavesnszuumsdsie T

2.1.14.1 NIZUIUNT Slow Start
g & ¥
slow start (Hinszyaumisuy Tep mhl1Flumsauqudnsimsda
. L L) L} - J Lo L
Yoya vuilavesddeenaifoniddn “sender-based flow control” Fanziinnmduniug
e ar - o o " [
TaunsaiudnsIMssy acknowledgement NASUFNAUIN HTo019nd 1 1A slow
= g L = [ a ¥
start InvhnlumstsziimimuR Iavesesdya mswdowihmsdedoya 4
" » ¥
delimswdoyalan Meafuresdygnanay Anii slow start Judunszuaumsi
via hildlumsSudadoya
.d = v 3 -::. -: [ = ol o alt
idionsAndeniusnGuAUAUANDT Y ~slow start ziiAITUAUYDY
i . b o b da . .
congestion window (cwnd) IMINU 1 (FAWUATINADAT maximum segment size
E:. J i 4 .‘ L) : L 1]
(MMS) Admuadylavdiuiumisudysznindussumsadumsiade
L o L ﬂ'. J
(connection establishment phase) ﬂ‘jﬂﬂ' ACK ﬂEI‘lJﬂ'EIUN'I‘E'Iﬂf;ﬂ.I ﬁmn:mu ewnd YU
¥ L
B0 1 inmudluynaiaiildfy ACK aeundumn Aniuddsennsafivinaves

a YL ' = & i1 e
JuTadedindooiifuamdigassnie  cwnd  AdmuaiuTavddefiy  advertised
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window R Aty T uaznnavesiuTafidsesntus3aidund wansmission
window

vt 1891 stow start Tisuiludesdsdoyadhg o'l e Tassvwiis
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vinavesiulad il s nuud waannld Ack Tunfam nanfefisasimsiy
duseni1 ethaii e sufisdhgaaiim advertised window 138 suifanY
fudatu
2.1.1.42 n3zUUNIT Congestion Avoidance

msianufuny Tnssieialdanmanaos Tassioen Tnsevwd
fvesdyauitiamuguinalig Wi lasvhoiivesdyguvinadands  wie
Iﬁﬁ'I.‘|'1ﬂﬁt‘gﬂg'lﬂlEﬂﬂﬂHh’Iﬂﬁw1ﬂ-!l‘ﬂ"tl.l'ﬂ.uI.'i’Iiﬂﬁﬂ‘fﬂﬁﬂlﬂ'Iﬁ'r]ﬂﬁﬂ'}"mqé"lﬂ‘i"l
dyanaBunaswi duea iRanwdudslddudy  nszuaums  congestion
avoidance Iunszyumsiinosiamsifomsdunininaifagamio

fnsqﬂgnwmaauﬁmnﬂmmﬁm’fu‘lﬁﬂﬂﬁmmﬁ fo AAtunInANAY
dweslnsaogalaganilslugrdumsdalaens  viedannanudonioves
dyanudeyaluszvinania (ink error) #Bﬁﬂi‘ﬁ’dj1ulﬁﬂﬂﬁulﬂﬂlﬁﬁﬂ1iqmﬂwﬂﬂ~1
winina Ae WHmmanninaiudelulassie mszamnihnailumsia
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congestion avoidance 1 slow start (Tunszumsniudassasiuuay
fiymbszaadmeiy ididoRanamdudiy Tnslanea TCP szandasimsdatona
Wl lilnsehons | aaehi slow st | Gihaudesnasa  uslumal§iiR
AszIUMsTIRRszna s TBane A

congestion aveidance WDE slow start vzl unls ewnd (congestion
window) URZ ssthresh (slow start threshold size) iTuA)slumsdamsiudasims

[ »
dedoya Taefidaneiiunaiesuiudail
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- fmuansudul cwnd = 1 Snmuduasi sstresh = 65,535 Tud

aiumgagavesvinaiulad)

- Transmission window &iif1liiAUAIRIAYBY cwnd U advertised

window

- diofanmAudsdu A3anilsuesuin transmission window 9z
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uhsziAudnuzately  sriegiuiwmziuegiinizyoumsla

(slow start #5358 congestion avoidance) ﬁ'l!lmzlfu ewnd TRNIBUAIMS B

IAUAY ssthresh 920014 slow start uAdIINNTIzEYIY congestion

avoidafice @10y slow start cwnd YRR ssihresh (Fumn

sl o F s

Taiffiadiundila9pu11A transmission window) 1M1 congestion

avoidance vz uniumtituny

A3t cwnd T4 congestion avoidance 9MUAMINIRY Lewnd ?]ﬂﬂ‘i’l‘ﬁ
1850 AcK luwils RTT (Round Trip Time) oz hioulailunils R7T 92185y
fnou ACK uitls shldonmemaiiuiuees cwnd sufuFudy seninns
M cwnd T slow stat Auifil cwnd qna?«nmﬁmm ACK #1450 unila RT
i lanuuzmaiy ewad ihnanond lmudon
2.1.1.43  N3EUIUNIS Fast Retransmission

(iiofde145Y duplicate ACK DMl ImMAIIINMs3vamnoyiidumy
Hedsu hiemnsotesiuld namdiuidlumsGomnoaveziiahing fnfuss
a8 wndddld5y duplicate ACK milan3oans cumaunnnInmsios
oDl aiviniu uann 1851 duplicate ACK shandeny owagyl1dh
fmgnnnnsgamoveaiinng - Aafumndde @ uaws duplicate  ACK
Emuauilighimiven uf Tasnaudies Wismiaduen) | ddasshmsdedoya

¥
gmui Tasliseliasnmimsnuanunm



2.1.1.44 A32UIUNT Fast Recovery

& L J ¥ 'ﬂ.. sl
IDNIZTUIUMS  fast retransmission  (HAvM  Taviidorsdainmsiy
- 0 [ - o e P o -
duplicate ACK WlvgdsihimsdadoyadansdalUndsuld Taoluifannuduns
L} Ll J : hd o 1 : ‘
3127 duplicate ACK viiavuTAilodiu AT usnuud Tep fdely whuniluda

- e W i a v e i a - o P
tuiu1dn hifinsiiannuiualuTasete shldunufiszaadasinsdedoyauas

L J. & T
iy TUANsEUIUMS slow start ﬁﬂuﬁﬂmﬂmﬂ‘ixumﬂ'ﬁ congestion avoidance
2.1.1.5 RED (Random Early Detection) tta2 ECN (Explicit Congestion Notification) [12]

gunsalisdmediuginsaificunsodmunsasnmsdedoyalu Tcp 18 Tund
YDINTIANITAI (active queue management, AQM) M3TANITAMVY RED (Random Early
Detection) iiiutuuisumsdanisa? i lfumdnedFsaoodaudsnamniniiulums
Famsasiafinnauusdiasfiouftssdansduus smnitsnand (overflow) fi1 min,,
Az max, HASAMAIRUN AN (average queue length, avg) Fadmnaldvinsumauns
\nAoUT (moving average) vosnmueni s iunaned sx18lumssanianu
v lumsifiannufufs

AoTazarianiininadaonninzilus it mualy awaumsi 1 &
1 avg BYIEN AN min,, UDZ max,, DIOGAINTIAT min, s hinziainnn uAfgandm
masx, simsashamininai s @enmaennmingtuiiunily defamsasia
uining Agyguezgadaliuendiulids duplicate ACK liluenddalfandasimsda

LR 1
{F’ﬂuﬁIﬂﬂﬁ’!”llﬂuHﬂ“ﬂ‘]Uﬂuﬂ'i"lﬂﬂ'l.lﬂQHEIQuuéﬁﬁ

—min
P:PM avg . th
max , — min g,

-
TUMIn 1

ECN (Explicit Congestion Notification) AoUUVUALTINAUIABIN RED Tasumuf
ECN swashuiininamilon RED usvsiundssmnouenanuiuiaiimasssfiniu
i HapedagUit 23 Tausdinesaz1dn CE Tu 1P header uasvzimuaiinii Wi
wilaiom avg Ausiiidmuald Mo mvommuiuAs nazezdaliluendds

i - s . o ' &
10 ACK fidmuaiia ECE (Explicit Congestion Echo) Twiadaya Tcp Wfidnuilunils
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Marking Probabiity

min_th " a max_th
-
—_—— ailllrs |

Avg. Queus Length

Y

71 2.3 mavuSeeamneuenauAURTLITINNA [12]

212 msffemsim Inssvwauiiondolns Tanea TCP
g 1 1 A, ol e ' U & " -
misfiemse Insaven oz ianyuzvestesdyaiuosn lsvuegivvaisiledy
it ¥ L] A J (=1 L -t
sndrotsy  Usznnuetasinsvosanadiosnlflunmsdems¥dinadona lWuazndy RTT
¥ : -} '
aunlsiiiinareszoznaiiiet lunsguIums slow start UDNIIMIUANTEINIAYBINADZUSZIMAR
Srauiy  lunsdifiduansziemsiomamaionssh immdsdygramadoniviing
- - = J Fam ] ¥ [ " [
unzdalifnuAanaIniingaiumay Fanunlsmariiiinadenmsdemsimmauiivudae
J‘ £ J -y = s
TnsTanea TCP vy linszuaaints congestion avoidance AnimsiianuAawaaiaiiy
- o 4 A . . .
mananuAunu Tuszuy auilnai 1¥nI2UIMNIs congestion avoidance AATUIAYDY cwnd
4 4 Y- B
aInTanila danali goodput yotszuuiinaans hiiday
2.1.2.1 szinnasInvsvesaaiion
- ' &
Yz Invsvesaruiionanionimunugauean lnssnniuTan1a
] a L -:
Tauiiswaziduadail
2.1.2.1.1 Low-Earth Orbit (LEO) Iﬂﬂqﬁﬂf]?{u'[ﬁﬂﬂ‘.izn‘lm 700 - 2,000
flawasuazldandunisvesdyapa ldndy R0 Uszim 0.05 i uazil
MUM3 Ingason Tandlssua 100 - 127 wan
»
21212  Medium-Earth Orbit (MEO) Tnvsgeniniiulamlszaina 10,000
A lawasuaz 1dnandunmavesdyaa indu RTD Yszana 0.25 und
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2.1.2.1.3 Geosynchronous-Earth Orbit (GEO) 'iﬂﬁqmﬂﬁ’u‘iﬂmhsmm

36,000 i Tamasuaz 1anaumavesdygia lindy (RTD sz 0.55 Jurii

waziimunisTaessevlanszine 24 s luedamnueeniniie Taneziiiu

arfisuediui @anuddminiiuaudileiouiuTan)
2.1.2.2 pumniavesresdygialuszuuandouiuransznuluIns Tanea TCP
[6].[8],[9]

Fosdanavesntsionts luszuuaruiiunesiiin delay-bandwidth product g3
1 delay-bandwidth product #in uinidpyaiid TFsdiu 18 Taehidoail ACK aeundy
wisdids nionandnuuealdh winiiviedoudenndds lddsy uazmsdadoyass
dariniie1] delay-bandwidth product sziifuifSadoyanmuaiicnnsoussyeglue
y'l8 1 delay-bandwidth product i ldnIn RTT*BW2 tifo BW e wuudiarives
goadygna Tussuumuibueziiin RTT uaz BW Gimiga WMildA1 delay-bandwidth
product ﬁthm'imﬂu‘lun1ﬂﬁuﬁu

1 slow start nanilgoglunszuumsiinimidnnaunsi 2 wazdleil
snnuluszruanidung1dnarioglu slow sart uaas 1 lumsed 1

%
toe = RTT*(1+ 1ug{M)) aumsi 2

. r
/D MR Ay amining
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M1319% 2.1 7202198715729 Slow Start MU UATMRLLYIA LEO, MEO 1182 GEO [10]

FHAVDIATITION RTT b b T

(Satellite Type) (Round Trip |(BW = 1|(BW = 10|(BW = 155
Time) Mb/sec) Mb/sec) Mb/sec)

LEO 0.05 JuH 0.18 3% | 0.355uH | 0.55 Tud

(Low Earth Orbit)

MEO 0.25 Uil 149 it | 2.325w% | 3.31 5w

(Medium Earth Orbit)

GEO 0.55 i 3ot it | 5739 | 7.91 T

(Geostationary  Earth

Orbit)

yinasai 2.1 wiuldnlussuuanioezidiamiiegly slow sart iy Faily
waideoms 1 Famissgndit 14 Tep Tuasafefimsdadouaadadumeolisag slow start Wl
A hii Tomaiinz1¥anuid aqaaa vodaothasy Tu HTTP (aylu application layer) fidnuaz
msi¥auiidosadansiane Tcp Imiogams. (maafaiinsidondeyauy webpage) 1
aussoums Wavdunesiuaiussuuardioy liihlssinsamuas liensaléminens 14
it daomailseldi iR dmueitnsudilymdessndnuidoda

FosdyuvomisdoaisussuuaoulmauRanmain BER (bit eror rate)
nizuumARuAUTUSY 1 BER geziidifadaymly slow start uaglu congestion
avoidance N3 1ziioURNINARAIFEMITZN19Ma 92911 transmission window Sifanas 1agde
fif BER 4 89 %11 transmission wirdow nenann@ad it Bnlszdvitariy fio ddaliidins
qumuveainnaRannmala udszanAliiiannn s Insete Hainanna
idomsvesininaszr e ylndesdgdanos ity siow start Az congestion avoidance 1l
A transmission window N1 TAse0 - udeTequdadunpanmdenweeainng vzl

$uiuAe1an transmission window ¥ Iidoaussouzmaialy Taolaisuily
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2.2 NUUHHUAIUAMANUAVAITHAIL

wuuuruaIuguauiuAluTns Tanea TP fieuelimnnne uafiviinmlszdium
¥ ]
aussousluanddoll wlduuuumuniuguanuiune TCP-Newreno, TCP-Peach ita TCP-

¥
Vegas 1AUNIW0ZIDUARIL

2.2.1 TCP-Newreno [2]

TCP-Newreno  (TUAMIMANMNUVIAUAINAUAIURYAY  TCP-Reno  dm3ums
pOAUUUBANDTTUYRINTZUM fast recovery 1ADT101AA REC2081 edadoyaunniTanoa
TCP 92#MN33UIMS fast retransmission ARBIIOIAMINIAMUNAMIoRda 187y duplicate
acknowledge §1471 3 %4 nliﬁ:ﬁﬁﬁ:xmunﬁﬁﬁﬂga% donininaniolifvamitadining
ondosduiinnanmoiinnalihild  lunsdliiaimslddadion  SACK  (Selective
Acknowledge) i IWgdeidoyatudinnn Tnutheiiiamsggmosie hiiddsdasinngi
gaymoniniulusznhans#ums fast recovery usmn ligunsaidendaudien sack 14 s
Hﬁﬁqﬁiﬂua'lﬂtﬁmwﬂﬁnzﬁ’ﬂﬁu1'n'i111?ﬁ1ﬂ1sfhﬂwn§m?a1ﬂ Tugnnszuaums  fast
recovery 9MsA1ATY 3 duplicate acknowledgement fvarunsodaduleldiuiumsgame
vowfining  uazezdedoyafgumenauly - wdnnmiiddeene:1dy  duplicate
acknowledgement B zuninaidsaon liloweziidseglnswsszniams

Tunsdivesmsgaymovesdinmanawuiinmauyuiuladifeai Aerans ATy
acknowledgement ﬁ‘lH‘E’J‘LII.Lﬁﬂl.ﬂﬁ‘ﬁﬂiﬁﬂ'lH%ﬂﬂ:ﬂﬂﬁﬂ#ﬂuﬁéﬂufﬂﬁuu‘jﬂ'&Elﬂﬂiﬂ.l‘luﬂ“l'i fast
retransmission @1 TunsAVEINIS YOI NINATRBITNINALALY LRNINA acknowledgement
#1&5uazti i Ifdauitninannuininanouszifignszuaums fast retransmission ot lsfinmwdh
fustninagamelivaoifinng  uiina acknowledgement 1183uvz1e¥ I daufininauns
uininaud iasunauNnnaneuszdgnsLIMMS fast Tetransmission 15130AMT acknowledge
mhﬁ“'i'l partial acknowledge

Tunszuaums fast recovery AAI9ZADUAUDIAD partial acknowledge TauAnduld
ltﬁﬂiﬂﬁ‘ﬁﬂﬂ‘uE'I'Iﬁmﬁu"lﬁuqﬂgﬁ‘IHlm:‘,ﬁ‘If‘l‘!‘.iffﬂtl’ﬁﬁmﬂﬁﬁmﬁ‘lﬂﬁ’ﬁﬂﬂ%&ﬂd»&

TCP-Newreno ITMULUIALAILAUANUAUAITNAUINTEUIUMS fast recovery 11910
TCP-Reno 3uAMiI0143Y 3 duplicate acknowledge HazezavAuiBIRANINUARILNAMTD

i 4 4 4 i
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2.2.1.1 Fono3 7183 TCP-Newreno HiswaziBuadann il
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Flighsize #n  minnuvesdoyadigndslluadalild  acknowledge
nauI
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Taomwizdunlounlasm ssdresh unzfuwlide 22.1.1.2 fovui
mdetioya i AINAT QMY e NSz g 2.2.1.1.3
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L4 "
Tinnsdfeynadwiinnafigomonazimuam  cwnd  WE
AIENNTTN4
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a J [ ¥
MU ewnd Wusou 3 wnmudez TegluTasae

unzeyi buffer ¥oafTU
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22.1.1.3 fast recovery
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: w A
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$ Ack 71850 acknowledge WAMMIBIRYTBYAIAZIIMD
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AcK Whhide2.2.1.13

@A patial ACK  usniMRINITHNNITIUMS  fast

£ * ¥ 2
recovery 93 Ildamdiunamasddoyadaln

¥
22.1.1.5 MsnuAnTUIAIMIdedoyadn
2 1 " -“u ; L L
niannruamuEasIMItadoyadufiaiu Tiiufing

wnuividugegalusnmoiddusuduvoimsduwaz lioonan
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Tude 22111 Mszydansasaeaey ACK azeuiifiniounqua
recover W12 ACK U3syminomyiduiaasmaie: dsudwoly mdaunls

. o 4 =
ack_number BnzounguunAIianls recover ot lamaumsie
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al v (] v 4
drothary sefiedlooniisludvesdoyaily acknowledge” uanmilielilan
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¥
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o1 3 i al — [ J‘ ¥ o
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wimnannuitninavdodafoyad  udtmsdsnm lmiimnniimdans 145y
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amunmammld  diudanefidsunansdufeyadusmianm uaz
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variant TIRWANNTONZIANISAY delay variation Tuszuu'ld Tuvaigh delay
spike szemunInaiuliiAanmInuARIUDaIasdIgNIZUIUMT  go-back-N
recovery
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start AniuSahmsdedeyaduiininaiiaz 2 uitning nasn1ATuuday partial
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nat lndu
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Tuiadailvznafamsdawlasdunls recover tazyafading
e [ ] : -] a a
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of = a =l o : & =
nadnuud viuladyafoaiu  veefnshldifenssuums fast
retransmit Tao lusuily danaliinamsanasvesdnnls cwnd
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Reno TynImaduaussouziauMaguI9InNIZuIUM3 fast retransmit YDINAY
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= .; L o =) J
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avnuamunanEddeyadiimnoasmaugagaszgmiiuinlhiumdunls
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pthalsinu deufininaibanindadoyndigamioies Aaandanelasy
J L s ﬂﬂ" L
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duplicate acknowledgement Ft'luﬂ'ix‘!.l"mﬂ‘I‘iﬁI‘I’l‘ﬂuﬂ’f”mﬁﬂlﬂﬂﬁqmﬁwuﬂz 3
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26

MIATNABUAT  ewnd  enduayuiitetleamudng
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newreno newreno rto dup tsh” ETTiE] timestamp manldedn
ndes MaesgtiuuAeiieduds imesamp milouiiszy13lu
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timestamp  Tao'hifinginaisi 3asfiorndumadld wiedams
wuamunar hildRadusiun: Ack AndusnlilZinnndn
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idenfiszdanen llmuddanls cwnd Hlldunniu mgmissiennsodaiu1dluum
. 2 4 . -
HHUAILANAILALAL TCP-Newreno 1iin ACK fiaganoniefinsanliiduiuiad
¥
vaamsifudoyaiivsedudon  dniulaiumma biddalszdiuminnudnuud
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yalmingndaszninnszuiums  recovery laumwizednda  deyafindagiu
T J j. - L L} i 4
aunsamnatuldilodnnls Fighsize finnteoaii@unls cwnd w09 1iloeenin
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Tunszuunsadnewiniudedld flag fuoneennmanin wofiezszayld
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Tmivesiu Tadunzmsidosddy ligndoaves duplicate acknowledgement tiio lsing1u
ASLUIUMS fast recovery AVBIAMS recover AITUINUNAIWANS snd una vz
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duplicate acknowledgement 484 acknowledgement dzeauay lunsounquadnls
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22,14 AMIIANANIZHNAUIHUAIIANATAUAT TCP-Reno 110 TCP-Newreno
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foyait hisuuvesmsdaiinnafivadinnader uadefinsanluuunruniug
ANUAUAY  TCP-Newreno nitaasaniiilumsdadoyaii lisufumilouiuuse
dumsdavoais Sulad

Tuvaizl TCP-reno Hamssnuziiand TCP-Newreno iilofimsiiusdidudeya
filigndes e610lsAAm TCP-Newreno Aflaussougiianinnnlunsdififamige
wevowRnnanmouinmnauasiimiinnnhdodves  TCP-Reno  (Muiflen
@uden SACK wﬁﬂuiiﬂu:ﬁﬁ‘luﬁuﬂmgﬂuuu*ﬁﬂfinm] g 18 ddie iaunse
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2.2.2 TCP-Peach [10]
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2.2.2.1 Dummy Segment

ol i

Dummy segment tflutﬂ%nmuﬂnuﬂﬂuﬁﬁ'ﬂgﬁhi’:u 1P uag Whadnmudin liil
foyaussyedniolu gnadretulavdds vmihilszdmminonstuTasse &l
Tnsavuian iRy winnaludu 1P fussydnandiinesszgnuinoon iy
ddusn msviadnudiineans i1 throughput medladFuanns sz dnmm
Joyaaliildgnudaoonly  dluTassiehifinnudududowuaiaesamnsnds
nediy ASumnnsonondnuuatoyanazdnmuaiiaoseenainiuld maz ddald
fMuA TCP header Tuiinfitali1daow 1-6 faliuondnumddoyanazidnmmd
faesludauves ACK Auderdudiuissdmuaiinioahildldou 16 Salvuon
FnuadeyanazSnmudhaouiioddald Ack voudnuudinosmeundun fds
sremnsodIdilulassedednswonsmofsaiilMmh g s lWddarmnsai
sammadedoyainld

ACK vo3dnuA§1aneegnaslusas sudden start 112 rapid recovery L1AZ9Y
501174 congestion aveidance miiiludanaiing congestion avoidance iufludoaudly
@ntien

Faunls wase g unasiimiugudidesudumsandeda TCP
T didledda 18 ACK veudnidiansddenzasaeni wdsn dail

- & sedsn = 0 s cwnd B0 1 Fnamd
. & wdsn 7 0 Adasgannm wdsn oz 1 Fnwuduar i cwnd 3
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2.2.2.3 Rapid Recovery

Rapid Recovery gnoonuuusnTfimuii fast recovery figmlszaadiioudilam
voudinnafid@omosznioma findn 1 lwiadedooi 2322

nngilil 2.3 dendninaiRagamonnzensansvaoy1d1au rdup (duplicate
ACK) A521MMs fast recovery vegminnly Wiy vadgnizuIums rapid
recovery uazéuﬁmﬂnﬁmm t,., Uszanm 1 RTT Hﬁ'qmnﬁmwffn’fnqﬂ% naae 13ty
517 2.5 10 1851 ACK youdnwuddoya nszuaunsezdhy congestion avoidance

Rapid recovery fandldmun@gianiaeinun fast recovery 1 lﬂﬂlﬁﬁﬂﬁqm

wwypainig sxiimmaunnnnnuduAewesinsaie mae Tcp luamnsadmung
Re3e18 Wlriddenn cwnd aensmilamiloud TCPReno &1 congestion window

E » -
vauz1iuiinn cwad, #aiulusen i rapid recovery vxdatoyadau cwnd /2

7 ey DUmmy Segment Transmissions

Fast Retransmit
3107 2.5 nszan1s 1 Rapid Recovery [10]
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lunmadsziiunuuumiaivessesdyain  Adwssdudnuudaiiaoeimau
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TCP-Vegas [13]
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Revd ACK for packet 10 (packess 11 and 12 are in mansdt)
o=====1 Sexd packer 13 {which i Josz)

Focvd ACK for packer 11
Serd packer 14

Rovd ACK for packer 12
Serd packet 13 (which is also lest)

i G T s

Time

Should have gotten ACE for packer 13

Revd dup ACK for packer 12 (due to packer 14)
meeemee] Vepas chacks timastamp of packet 13 and decides to reansmir it
E‘ (F.ena wonld nead o wait for the 3rd duplicate ACE)

= Fevd ACK for parkes 13 and 14

L eeeo] Sioce iris 15t or 2od ACK sffer retransmitsion,

Vegas checks timestamp of packet 15 and decides to retransemit it
(Faoo would pead o wair for 3 mew duplicare ACES)

o a L] L :
711 2.6 Aavthsuesnszurunsdateyasilu TCP-Vegas[13]

2.2.3.2 m3Uinljanseurums congestion avoidance

T4 TCP-Newreno vefintsanisgamivsoaininaliliaunguioinnisnnu
fudvesTnsaoifivsohaio Fufeludimviannndomoveuiininand
19 Fdviannaamdenseuinnaewds nszuaumslisuiudesanm cwnd
TCP-Vegas IRoonuumiliansammimaiiutolwesmsgamoveiinnaldTa
0IFONIAIUAMAIMIIANAIETENINAT  throughput  910M5Y521iu (Expected
Throughput) AR throughput M3n IAe3e 1ALAT Expected Throughput Anuaaslda
aumsfi 4 wazlimnnume i) Smmwensi s

Expected = WindowSize | BassRTT Aumsna
Diff = Expected — Actual aunsfis

J J v
Tavfimuali WindowSize v AYUIAYDY cwnd NAIAIYA UAZAT BassRTT 7D

1 dei 1 = i ar
A RIT AlAnTeoRganawisndald
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ewnd taznnegizn e a uag f 1inam cwna 13

2.2.3.3 M3Uiul3anszuIums slow start
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gifndef lint

static const char resid[] =

"@(q) $Header: /nfs/jade/vint /CVSROOT/ns-2/tecp/tep-vegas.ce, v
2000/12/14 05:05:21 xuanc Exp § (NCSU/IBM}";

#endif

$include <stdio.h>
#include <stdlib.h>
#include <sys/types.h>

$include "ip.h"
$include "tcp.h"
#include "flags.h"

ddefine MIN(x, y) ((x)<(y) 2 (x) ¢ Ay))

static class VegasTcpClass.: public TelClass {
public:
VegasTcpClass ()% TelClass("Agent/TCP/Vegas") ({}
TclObject* createfint, const char*const*) {
return (new VegasTcpAgent());
} v
} class vegas;

VegasTcpAgent: :VegasTcpAgent () ¢ Tﬁpﬁgentlj
v_sendtime_ = NOULL; S

v_transmits = NULL; 7/
1 =

VegasTepAgent: : ~VegasTcphgent{) 4f;‘
{ ‘

if (v_sendtime )
delste [lv_sendtime :
if (v_transmits_) =
delete-[]v_transmits ;
}

void

VegasTcpAgent::delay bind init all()

{
delay bind) init_one("”v_alpha ");
delay bind init one("v_beta ");
delay bind init one("v._gamma ") :
delay bind\init one(v rtt ");
TepRgent: rdelay 'bind init-all(};

reset();

}

int
VegasTcpAgent: :delay bind dispatch(const char “*varName, const
*localName,

TclObiject *tracer)

1.35

char
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/* init vegas var */
if (delay bind(varName, localName, "v_alpha ", &v_alpha ,
tracer})
return TCL_ OK;
%2 (delay bind(varName, localName, "v_beta_", &v_beta ,
tracer))
return TCL_ OK;
if (delay_bind(varName, localName, "y _gamma ", &V _gamma_,
tracer))
return TCL OK;
if (delay bind(varMName, localWame, "v_rtt ", &v_rtt , tracer})
return TCL_OK;
return TcpAgent::delay bind dispatch({varName, localName,
tracer);

}

void
VegasTcpAgent: :reset ()
{
t_cwnd changed™ = Daff
firstrecv_ = -1u40;
v_slowstart = 2y
v sa_ = 0;
v 5d = 0;
v tlmecut -
v_worried_ =40;
v_begseq = 0;
v_begtime_ = 0L
= 10

1000.;

)

SumRTT__ = 0.7/

v_ecntRIT_ = 07 wl
100 ﬂﬂﬁﬂﬂ..

v_baseRTT_
v incr = 0;
v _inc flag = 1; == 3¢

T
-

TcphAgent::reset(); T=
} R

void
VegasTcpAgent::regv newack helper(Packet *pkt)
{

newack (pkt) ;.

#if 0
// like TcpAgenti:recv_newack helper, but without this
if ( !hdr flags::accessipkt)-zecnechol) || lecn } |
opencwnd() ;
}
#endif

i* 4 fothe .connecktion.is. done, call-finish{}~*/
if (lhighdst ack >=curseq -1)/&& !closed ) {
closed =71;
finish();

}
vold

VegasTcpAgent: :recv(Packet *pkt, Handler *)
{
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double currentTime = vegastime();
hdr_tcp *tcph = hdr tcp::access(pkt);
hdr flags *flagh = hdr flags::access(pkt);

#if 0
if (pkt->type_ != PT_ACK) |
Tel::instance() .evalf("%s error \"recieved non-acki"",
name () ) ;
Packet::free(pkt);
return;
b
gendif /* 0 */
++nackpack ;

if(firstrecv_<0) { // init vegas rtt vars
firstrecv_ = currentTimes _
v_baseRTT = w_rtt = Tirsprecv ;
v sa_ = v rte % 8.;
v_sd_ =y rtt : J
v_timecup_ = {1 (v.sa_J4.)+v.sd }/2.;
}

if (flagh->&cnegho()) = |
ecn (tcph=>seaano ()] ; )
if {tcph- >3Eqn0L] > last ack J {
if tlas; ack == 0= &&’delay growth ) {
ewnd = iniﬁiayjhhin;
} e
/* chegk if cwnd has ﬁgen inflated */
if(dupacks > numdupacks  && cwnd_ > v_newcwnd ) {
cwnd_ = v newcwnd’,
/1 vegas ssthreah;ﬁﬁ used only during slow-start

ssth.zesh =23 =g

“0- 2 M4

-

)
(s

) £

int oldack = lastrack L Fid
TS

recv;hawackﬂhelpertpkt]:

in-

* begin of once per-rtt actions

* 1. update path fine-grained rtt and baseRTT

* 2. decide what to do with cwnd_, inc/dec/unchanged
* based on delta=expect - actual.

&

if(tcph->segno() >= v_begseq ) |{
double TCL;
if(v_cntRTIT o> 0)
rtte= v sumBRTT ~¥ ~yenERTT) s

else

rtt = currentTime - v _begtime ;
v_sumRTT_ = 0.0;
v _cntRTT = 0;

// calc # of packets in transit
int rttlen = t segno - v begseq ;
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.f*
* decide should we incr/decr cwnd by how much
>/
if(rte>0) {
f* if there's only one pkt in transit, update
* baseRTT
7§
if(rtt<v_baseRTIT_ || rttLen<=1}
v_baseRTT_ = rtt;

double expect; // in pkt/sec

// actual = (# in transit)/(current rtt)
v_actual = double(rttLen)/rtt;

// expect = fcurrent Twlai size) /baseRTT

expect = doubleft segno_-last_ack_)/v_baseRTT_;

[/ ealc actual-and expect thruput diff, delta
int / delta=int | (expect-
v_actual ) *v_baseRTT_+0.5)¢
if{ewnd , < ssthresh ) { // slow-start
// adj cwnd every other rtt
v 1ﬂc flag. =.!v inc flag ;
4 if{'v ine flag )
w_inecr = 07
elses]
if (delta > v _gamma_ ) {
/! slow-down a bit to ensure
.// the met is not so congested
)ssthresh = 2;
:cwnd —-Icwnd f8);
:ﬁﬂ{ cund_<2)

} else { // congestion avoidance
if (delta>v_beta )
I* ’
* slow down a bit, retrack
* back to prev. rtt's cwnd
* and.dont incr in the nxt rtt
4
-=cend_;
1+f (ewnd"<2)" cwnd® = 2;
v_iner = 0;
} jedse 1f{dalta<v [alpha™y)
i deltaﬂalpha, faster.:..
v_incr_ = 1l/cwnd_;
else // current rate is cool.
v_iner = 0;
}
} // end of if(rtt > 0}

// tag the next packet




v_begsegq = t_segno_;
v_begtime_ = currentTime;
} // end of once per-rtt section

/* since we set how much to incr only once per rtt,
* need to check if we surpass ssthresh during slow-start
* before the rtt is over.
i |
if(v_incr_ == 1 && cwnd_ >= ssthresh_ )
v_incr = 0;

jf*
* incr cwnd unless we havent been able to keep up with it
i
if(v_inecr_>0 && (cwnd = (t _segno_-last_ack_))<=2)
cwnd_ = cwnd_+v incr ;

// Bdd to make Vegas obey ma¥imum congestion %ulai variable.
if (maxcwnd_  && (int{ewnd ] > maxcwnd )} |
cwnd_ =maxcwnd ;

}

Illii-
* See ;.f we' need to %pdata the fine grained timeout value,
* v_timeonit 4 4
. =
// reset & sendtime fn% acked pkts and incr v_transmits_
double sendfime = w _sendtime_ [tcph—}seqnﬂ{}%v maxwnd_];
int transmfts = v‘transﬁita [teph->segqno ()% v maand 1z
int range' = teph->segnof() - oldack;
for (int k=((oldack+l] %v maxwnd ); \
k<=tttph->seqns{]ﬁﬁﬁanﬂ_l &k range >0 ; \
k=((++k) 3% ¥ maxwnd }, range--} |
v_sendtime [k] = %I‘ﬂ,
v_ " transmits. ikl = 0y~
)

if((sendTime !=0.) && (transmits==1)} {
// update fine-grained timeolUt value, v_timeout_.
double rtt, n;
rtt = currentTime - sendTime;
v_sumBRIT _+= rtt;
++v cntRTT N
1f[rtt}01 1
v et Y= rtby
if{v Tttt < v _baseRTT )
v bangTT =N | rtt i
n = rtt - |¢.sa /8;
v 8a_ += h;
n=n<0 ? -n : n;
n-=vsd [/ 4;
v_sd_ += n;
v tlm&uut = ((v_sa /4)+v_sd ) /2;
v_timeout += (v_timeout /16);
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}

‘,"i
* check the 1lst or 2nd acks after dup ack received
*/
if(v_worried >0) {
_I,F ¥
* check if any pkt has been timeout. if so,
* retx it. no need to change cwnd since we
* already did.
EL
--v_worried ;
int expired=vegas expire(pkt):;
if (expired>=0) {
dupacks = numdupacks_;
output (expired, TCP REASON DUPACK);
1 else _
v worried_ ="0:
} J
} else if {tcph—)saqnn!l == lastvack ) |
/* check 1f a-timeout should happen */
++dupacks’;
int expiredtvegas expire (pkt);
if (expired>=0/|| dupacks == numdupacks ) |
double sendTimesv_sendtime [(last_ack +1) 3
v_maxwnd_]; : ‘
int transmits=v transmits [ (last_ack +1) %
v_maxwnd_];
5 Thé llna below, for "bug fix " true,
avoids
# prdhlems‘ﬁﬁth multiple fast retransmits after

* a rutraqgmat tigégut.
*/

if | ‘bug'fix ||_j§j§hest ack_ > recover ) || \
( last_cwnd action_ != CWND_ACTION_TIMEOUT)) {
int win = Julaf(}; )
last_cwnd action = CWND ACTION DUPACK;
rﬂcﬁEerf'-iNHESEq_T
/* check for timeout after recv a new ack */
v_worried = MIN(2, t_Segno_ - last_ack_ );

/* v_rto expon. backoff */
if(transmits > 1)
Vatimaout | i=2 .+
else
v_timeout™ += (v _timeout /8.):
j"*
*- ifyownd thasnt-changed since .theopkt was sent
*!we need (to decr it.
L
if (t_cwnd_changed_ < sendTime ) |
if (win<=3)
win=2;
else if{transmits > 1)
win >>=1;
else
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win -= (win>>2);

// record cwnd_

v_newcwnd_ = double(win) ;

// inflate cwnd_

cwnd = v newcwnd + dupacks ;
t_cwnd changed_ = currentTime;

}

// update coarser grained rto
reset_rtx timer(1);
if (expired>=0)
output (expired, TCP REASON DUPACK);
else
output(last_ack_ + 1, TCP_REASON_ DUPACK) ;

if(transmits==1}
dupacks = numdupacks_;
¥

} else if (dupacks > numdupacks )
++ownd ¢
}
Packet::free(pkt);

#if 0
if (trace }
plot{)s
fendif /* 0 */

II.F*

* Try to send more data

*/

if (dupacks_ == 0| | dupacks > numdupacks_ - 1)

send_much (0, 0, maxburst );
}

void
VegasTcphgent: : timeout (int tno)
{
if (tno == TEP_TIMER RTX) {
if (highest_ack == maxseq_ && !slow_start_restart_) {

* TGP ,option:
If no oulstanding data, then don't do anything.

slow_start _restart_ ==.0.
L.don't-know what-the U. Arizona, implementation
* defaults to.

w
L
* INete & Vin' the USC “implementatien,
*
*

return;
bi
dupacks_ = 0;
recover_ = maxseq_ ;
last_cwnd_action_ = CWND_ACTION_TIMEOUT;
reset_rtx timer(0);
+inrexmit ;
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}

vold

slowdown (CLOSE_CWND_RESTART |CLOSE_SSTHRESH_HALF) ;
cwnd_ = double(v_slowstart );
v_newcwnd = 0;

t _cwnd_changed = vegastime();
send much (0, TCP_REASON_TIMEOUT);
} else {

/* delayed-sent timer, with random overhead to avoid
* phase effect. */
send much(l, TCP_REASON TIMEQUT);
bi

VegasTcpAgent: :output (int seqno, int reason)

{

Packet* p = allocpkt{);: /

hdr tcp *teph = hdr tep::accessi{pl’

double now = Scheduler::instancef).clock();
teph->seqno() = segno;

teph->ts() = now;

tcph->reason ()= reaSon;

/* if this i5 the'lst pkt, setup senttime[] and transmits[]
* I alloc mem‘heré, /instrad of in the constructor, to cover
* cases which Julsis get set by each different tcp flows */

if (segno==0) 4

v maxwnd = int[wnd Yol
lf[vsmﬂthmi 4

“delete L]v sﬂndtkme H
if (v_transmits )

§ delete [Jw ] Ezansmits ;
v_sendtime = newW. doublﬂir maxwnd_];
v_transmits = new*LntLV'magwnd 1§
for(int i=0;i<v “maxwnd pitd) (

v_ sendtimﬁ il = -1 ?
v transmits [} ="0% -

}

// record a find grained send time and # of transmits
int index = seqno % v_maxwnd ;

v_sendtime [index] = vegastime();

++v_transmits [imdex];

/* support! ndatabytes in output - Lloyd Wood 14 March 2000 */
int bytes = hdr emn::access(py=>sizel]);
ndatabytes_ += bytes;
ndatapack ~++; «f /~Added-this) - Debojyotinlith Oect 2000
$Gnd.{p; 0};
if (segno == curseq &L seqno > maxseq )
idle(); // Tell application I have sent everything so far

if (segno > maxseq ) |
maxseq_ = seqno;
if (!rtt_active ) {

rtt active 1;




if (segno > rtt_seq ) {
rtt_seq_ = seqgno;
rtt_ts_ = now;

}
} else {
++nrexmitpack ;
nrexmitbytes_ += bytes;
}

if {!(rtx_timer .status() == TIMER PENDING))
/* No timer pending. Schedule one. */
set_rtx timer();
}

* SN\
* return -1 if the o W&: been timeout (based on

* fine grained timer)
- -
int
VegasTcpAgent: :vegas e:
{

hdr_tecp *tcp
double
>seqno()+1)%v_ma
if (elapse
retur;

= v_sendtime [ (tcph-

1
return{-1};
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cwnd of Single Bottleneck of Terrestrial Network
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goodput of Single Bottleneck of Satellite
Network (TCP-Newreno)
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goodput of Single Bottleneck of Satellite
Network (TCP-Vegas)
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4.13 anuandouiiinnufusanaioga (multiple bottleneck scenario)
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Comparison among of TCP version
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4.2.HIMTIAM fairness
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Newreno | Peach | Vegas Newreno (bps) Peach (bps) Vegas (bps)
6 7 7 989.92 1003.76 903.39
10 5 5 948.10 925.55 906.46
5 10 5 88343 1104.35 857.71
5 5 10 914.65 056.23 93228
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