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Abstract

A Mobile Ad hoc Network (MANET) MANET is composedf @ group of
mobile computing devices (nodes) that are equippéth Wireless LAN
(WLAN) capability. Nodes can transmit packets tccheather to construct
Intranet without any base station. In an MANET eomrment, the
communication links are unstable due to variousoes. Error rate is higher
and bandwidth is smaller than fixed networks. Ragmegular TCP protocol on
MANET will suffer from serious performance degradatin MANET.

To handle packet lost, regular TCP can only retrainlost packets from the
source. However, when error rate is high, sevetahnsmissions may be needed
to transmit a packet to its destination successfdls a result, the effective
bandwidth is much lower and the average time tastrat a packet will be much
longer.

Considering that most applications on MANET prefborter transmission
time to higher bandwidth, this thesis proposes HgyHop TCP protocol aiming
to accelerate the transmission of packets. Hop-by-HCP makes every
intermediate node in the transmission path runaitgcal TCP to guarantee the
transmission of each packet on each link. The msirgssion of a lost packet is
right at the transmitting end of the link where thecket is lost. It doesn't need
to retransmit a lost packet from its source notléaKes less time in average to
transmit a packet to its destination in a high rerabe environment.

We evaluate the performance of our approach by laiton using NS-2
simulator. Our experiments show that our proposedopol outperforms TCP

Reno by 25.7% in throughput and 25% reduction ierage transmission time.



The fairness requirement is also achieved whilepsaposed protocol coexists

with other major TCP variants.
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cwnd = cwnd +1 per ACK

Timeout 3 duplicated ACKs
ssthresh = cwnd/. ssthresh = cwnd/2
cwnd = Fast Retransmit
Timeout .
— Ret t th
ssthresh = cwnd/2 Ioztrsgzlgt °
cwnd =1 Timeout
cwnd =1
ssjpfesh = cwnd/2 !

= ssthresh +3
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Avoidance

‘ Fast Recovery '

Recovered the lost packets
cwnd = ssthresh
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% (Congestion Avoidance):

2211 & kcH (Slow Start)

¥ - B TCP e s = 14 i i » Slow Start [28¢ £ » 32 B Ff £ 7P e 238 TCP 3

# Ereridg 4r CWND e o] i 571 » i cn Tl 8 A% A% % 2 4R o & B ch™ * 4
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2.2.3 TCPVegas
#1994 # - L. S. Brakmo # 1 7 - faATehde Rk 741 Wk TCP Vegas [2, 5, 6]4 ** RTT
B BB 7T $o M % 0 Tt > TCP Vegasi % TCP@ 4@ RTT i duc s
REFFpe e 208 4 3k > KA EAIEEART ~ ) o U M RIRRE IR IR R L
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231 Split TCPfor MANET
Split TCP[23fk 3+ 1P i & Fad® & MANET Z& 8 ™ gt #ic(hop countj % p¥ € #f % 3+
&4 Bd 4 sx(route failure)t A 4 2 B 3 ;5 2 4_%] 5 & 0L fZ(connection)t A& sk 5 {
FAFAHE B P, o o] 27977 o FP 5 1 & ska > Split TCPIg vz gt 2 4
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Message flows through the
second stage from P1 to P2

Message flows through the Message flows through the
first stage from S to P1 first stage from P2 to D
. : . . P2 AN,

Lack Message from P1 to S Lack Message from D to P2

Lack Message from P2 to P1

§12.7:: Split TCP= 1. M

2.3.2 Transport Layer Revisited

$Ja s ¥ [18]4p 41 » & End-to-End router: 2L, £ 7 * chIR BT o i ¢ B & gLl et
G RFOFTHBE R D PRLERG S ReROBER D H Y - fﬂ;fjf‘u
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Wi et 2§ AR BeakeanB ¥ S8 ¥ rate-basedi &4 I HE B K

PR il pF UG @i i F(sending rate)

FABE L HF LG A ACK > RIS iE H(source @ > dodk - B R - K
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235 TCP-BuS
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MANET 77 fE 23k 5 @ F4te AAF F gy 4 > BATCPr st d Bidzgie
FEB Ft R it A BT R TR BT B A T R AP ERR
RV E BY BB QT R T RS @aﬂjh“‘"l%f g Aade ooy P

A rFilocabhEATHE oM A FR I BiEgEE o

31 %33FmL

A TCPE ¢ Ad BiBE ) 117 2L T 5§ SRR 2 R 2 FLEES T2
@A > Ft s BrigR ﬁTCPu#’ﬁ:JIQ%JéE, FERHE B o R
A MANET 7 £ 38 5 4 S 2417 4 > B ATCPA? £ 2 ehik i ¢ »aa 229 K

=

% 2 FIIMANET & B & BL30% 3 £ 303 %% > Tt 54 0 7 244 7 protocolte & & 2k
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Application Application Application Application
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Session Session Session Session
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Network Network Network Network
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Physical Physical Physical Physical
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®3.1: Hop-by-Hop TCPr %. B

3.4 Hop-by-Hop TCP
4o B)3.1%77 » Hop-by-Hop TCHRL_d & &% =3 2 32742 fF ehEnd-to-End TCR =3t = B
ApAR S22 [ ehOne-Hop TCPrie = » % @ MR N e > 416 A3 ETRB
PORARR R (Rl R

4 Hop-by-Hop TCRE = &t % (connection}F » 4rfe @ % TCPe= = % 35 (3-way
handshake) # - & i% =3 «HEnd-to-End TCPBE & % :¥SYN3t# » & B JcFISYN3t ¢ &
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TCPi % » SYN3te — #b- :bap ik @iz T 258 » %123 HEnd-to-End TCR; * &
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3.4.1 End-to-End TCP
End-to-End TCRL_#, 73t e it cnd Brigl frikdts i A B X5 8 %],;_ Bz
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FRIT-BLUNEREF EHRPFE o

2. UL B4 PP~ 9ENd-to-End RTO3- & = ;4 @
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3.4.2 One-Hop TCP
One-Hop TCPE44 730 4R A F & Bh2 I » % 12 (i sdt ¢ 3 T P58 Been By 12
¥_o One-Hop TCR. & # it &_: (L)% 4te » (2 7k 4 ¢ cHE @ - One-Hop TCPH
IERHPFD AT
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B Fs - B BRSO L AR T 2w R ehlocal
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2. Fib:

B % A0ne-Hop RTO (Retransmission Timeoutd) = 2_ {8 i A {3 ™ #5:8
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One-Hop TCP
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( Recv )

Local

ACK

Y

y

Clear Packet
from buffer

Buf[next]'=NULL

No

Send Packet from

buffer

A

Isdataoutgoing=false

(EI‘\VID)

$]3.2: One-Hop TCR JcLocal ACK/:: £% 1]
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Data

arrives
Yes iggyback No
== true
Clear Packet from Yes

buffer

Send E2E ACK by

. . ReturnLACK
piggybacking

Yo

sdupPacket ==
true

Drop Packet Buffer Packet

Send Packet
and
Start RTO
timer
Yes

ec LA

in RTO RertyCount++
Yes

< - Drop Packet

(El‘\VID)

B13.3: One-Hop TCR: jc T Al 44 & /i 42 1)

29



3421 #44t¢ akae
AA R EMANET 07 {875 ¢ i SR B 07 LA DGRa B 50 R SR
S iy o R A e o g AP ONe-Hop TCRAE @ 4] o« & MANET ™
Vg E e 44 SR FG
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2. ﬁi?‘f TP IR SR EE T - kv @2 Local ACK -

dofe BATCP- f » B9 3 #HFH4te 2IFRTO A P fer 2 End-to-End
RTO > m =+ & 87° % & H= B4+ # K £One-Hop RTO
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RGBS FH T - BRUSEZ N BE s € LT W LR 2 e
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Beptdte 3 00 T A OBEFIErR D 1) T Ao LR 00 2 1 d BiEg o
End-to-End TCRE = &€ & -

FAHAYGRARES £F S 2B DE AP L0ne-Hopt i g 0

FH4E o UE IR AR o b d @8 5End-to-End TCPS i € % -
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3422 One-Hop TCPH f7in4s

4r§13.4477 > One-Hop TCRA#Y (7 imfzs 5 = FFEUI AL » B & 4 B (Ready)s % &Frp
(Wait)2 = = F¢ < (Done)- § One-Hop TCRE = i %215 » f]*u:;a >R TR d e 2
fSFpaim@iE > PliEddte & ¥ B FERFER > B4t 319 2 One-Hop RTQHFF % >
Ik F AP P E R A RARER LGN QRS  FELEERR X
FT—shirwe B2z local ACK: #4:iE7T £ PR Z A M EZESIH BE2 442 5 T
NRAPEER G BT i e 2 Local ACK & rptEE e s @ﬁg?]iT— B R

RS A R R S - A

&=

e BEFEBE QE I

He DN EERE S FRAD B PR R EF L

Hop-by-Hop TCRS 1 §F 4 >+ £ 3.1 B RS L B35

Start Retransmit from
Buffer,Return LACK/Receive packet buffer/Timeot
when anothér packet is outgoing

her packet in
buffer

%13.4: One-Hop TCR* it # # Bl
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#.3.1: One-Hop TCR #

Event Status | Actionstaken in thereceiving node Next state
Receive a packet | Ready| # &4 2. .F £4F 3t > % 7 L4 3¢ | Ready
when flag 37 5w R4 e 2 Local ACK» #
no_packet_outgoin F 2w 3 e gridiE > P piggyback
is false 3

Buffer the new packet; if there is any|
packet to be sent in another direction,
piggyback it, if not, return LACK
Receive a packet | Ready| # &4 2. % £4F 3t > % 7 AR # 3¢ | Wait
and no packet is 37 5w R4 e 2 Local ACK» #
outgoing F %5 ¢ @i > Bl piggyback
AN s REER
Buffer the new packet; if there is any|
packet to be sent in another direction,
piggyback it, if not, return LACK,
send the packet, and start timer
Local Timeout and | Wait | € @@ prendte | £33 E | Wait
retry count < 6 Retransmit the Timeout packet; restart
timer
Local Timeout and | Wait | /&8s B if*f € BALE T =0 #04f Done
retry count > 5 g Bk R
Purge the packet that retransmits over
five times from buffer; stop timer
Receive a LACK | Wait 5—,?“,% Wi BN AP RS S B0k | Done
from downstream =
node Purge the packet from buffer; stop
timer
Other Packet in Done | # 183 Bp 0T - Bifte > I fad | Wait

Buffer

VEE
Send the next packet from buffer; sta

Art

timer
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RS e ABE ¥ FRITT | Ready
- Bite

Set flag no_packet_outgoing to true;
wait the next packet

Buffer empty Done

33



Receive ( Packet }{
if (Data)
{
ReturtLACK () ;
if (NewPacket == True )
{ BufferPacket () ; }
if (isdataoutgoing_ == False )
{
SendPacket () ;

Isdataoutgoing == True;

}
}
if (LACK )
{

PurgeBuffer () ;
if ( Buffer == NULL )

{ set isdataoutgoing == False ; }
else

{ SendPacketIinBuffer () ; }

®3.5: One-Hop TCR# & 2 & 245 (Pseudo code)
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34.3 # BEnd-to-End ACK i & &

End-to-End AC@A—EJ\@ STCP? » o f2zzw @ 3 @ i% =3 c0ACKEte @@ﬁg] LI A
Ted 4 SR AT 0 4o % End-to-End ACKE 24 » 34 P12 Tl ¢ #rilehiR g £ 5 % 6
e85 230 % > F]p A aEnd-to-End ACK ¢ * Hop-by-Hop# 3¢ @ 3% > #

End-to-End ACKit & i @ix 3 @ix=g o

3.4.4 *% Koverheadz = ;%
NS R T oy ¢ 24 4G B choverhead Fpt AR P T g 4 g S 5Lt L

overhead

Local ACK for E2E ACK | Data ——

1 End-to-End ACK |Local ACK]

®]3.6 : Piggybacking i 1
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3.4.4.1 Piggybacking #+#]
Hr-B]3.6°75F » AT J‘J—% INd B3 e Fite o ¥ A G S
1. Forward packet streami (= % +): F#4+# 12 2 Local ACK for End-to-End
ACK

2. Backward packet streamd (+ & =) : End-to-End ACK % Local ACK

%1 &R0 B % flocal ACK4t# » 24 i #4-Local ACK for End-to-End ACK+t ¢ #5778
B & a3 44ts + ~ Local ACK#t# #E b # A End-to-End ACKEt s 1+ o 24 i -3 4
¢ 11 2 End-to-End ACKet ¢ chdt e 4 £ (packet header) #73 — B i > #-& v F

Local ACK5L#E & 4&3x:& 3 > §|* piggybacking® |/ -° overhead

3442 Eiité g

d T e ke f 2 Local ACK ™ i 4 e it » Wit BiE g g B M4 F 5T
gL B4t E e T L e d|local ACK» € 2|75 3¢ 4 > FE Bt e
DTSR T AR LA e B F AT R nAs kY o pl g
7B AT RILE 0 FIL AP e P 4er - Bbuf_rtx i § & 23 2 One-Hopé p¥
SPEIE 0 g iR B E Bendte ¥ rp o T - rF e R Bandte A F B E R
Plate cpFix o i € AT TR eis B At e LR > B AR ehdt e P buf_nx 4F =3
AEiE 0 Rl A4 E 2 4 F BIISUE LT BRI I i e SUBp o F AR E AW

Blocal ACK> # ¥ 72 #3 0t 3te » F15 T A& ghe Sl fcil £4F 2 3¢
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35 BMACKk 2 Ml 2 fie & 3
4r®3.747 o IEEE 802.11 MAGY 4-way handshake i FF 423 4= @ 3% 2_ 18 > e Flen
FELT v R BACKIAZ > mid s T TR 2 BE S5 23t w h2
ACK:tt=: B % & € @t Tl =4~7=x > o MACK 2 £ @ » &[16]¢ # 3] 2§ MAC
ACK » RIB BBt B4 iS o 2X7 » TR FMACK 2 €18 » 2 L5 2 B4 et
A 4te chiFA) 0 F ReRERITRT EE A I BE T T BE sl sipE o 448 2LF F 2
BiEApco FMACK @i x5 > + K One-Hop TCR 3Bz s > & t‘ﬁ*‘u?» 7 &
One-Hop TCRE (7 & @  FMACK heE B v x> A v d o F S Be 7 B
FE G L d TEMACK)EF B > §REST MBI JIF 2 akdilis
@ﬁ%]? FRDPpen FERR @ﬁ%]? TRV B:MACK 2 € Bt P& LS =0 A
EPpegk o ed B EMACK 2. £ Btfic & A g A TG IR L A feen
PRI TCPE2Z £ @ FiFEARK ¥ 5 BEEHE T BE2 e MR
2 PRE > MR R L BED e > T T BEBZAARA DT ARFSY
- IR I REEF B S AMACK 7§ - BH(One hop) ¥ i fwif @ 4 4

S TE I S TE IR

37



ALY

¥]3.7: 802.11 MAC Layer 4-Way Handshake

36 &

Hop-by-Hop TCRE ¢ @ & & ghises » 45 i & 2h2 B {7One-Hop TCP E3t# i { ¥
Focfi— 2 - ‘:‘b@ﬂi%li Beng > ML AMANET 7 23k 5 P AF % 4 42 > it 49
L e et iFade iz > o Bl e B A i Sl 2 DB R T SEEd
EOAMEED e R e AT - F 80 A P NS2T 5P SR 2T A g )

2_Hop-by-Hop TCR 2 -4 4 41 -
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41 R3%P h
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42 RB=EK3

AR Y H 2 - BMANET T ATCP 4] (Hop-by-Hop TCP) &% % ¥ % 7 Rz 5
HrTa h o AL B e iR IR B Y oIl AR L * hTCPREE #2464 TCP
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1. Performance Test

#L% Hop-by-Hop TCP# chain topology™ & #& % F| 4t sx i chg’

iy

1A. ¥ B
1B. Bt £ B
1C. #8 %
2. Fairness Test
2A. B 5 AR R T 2L 4L (2 NewRenos i 1))

2B. B2} % & Hop-by-Hop TCP flows: i p& sz & 4 58 it

4.3 4 5 1:Hop-by-Hop TCP &y B

431 R =P

BELE - TCPai /=™ » Hop-by-Hop TCP 4] en& 88 »xit o

432 #*Hiptk
B Tou R it e B ER T o Tl it o
B T :i5throughput ¥ - 35 throughput (Kbps/se@) ;& iw & 48 crsiay o
B e @B dE Ry ¥4 € Fo=#Hk-
B CWND (congestion window sizeji% it o & CWND &% ik jn v 12 deig id 5

gL
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433 R &AL
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8 Bwg
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iz B R &Y o AP 3 Hop-by-Hop TCRe4-10 hopvichain topology: 7 = error

ratelf2;* > ELRHop-by-Hop TCRA#E 48 »xiv (average throughpute & =t fic ~ T 51 42
PER) e in i o BALE Y - BRSReDRRIEEFEG > ¢ 70 BER R TR
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4.1 3 %1548

Parameter Range
Buffer Size 50 packets
CWND Upper Bound 4

Link Bandwidth 0.5~1 Mbps
Error Rate 0.0~0.2
Number of Nodes 5~11

MAC Protocol 802.11
Routing Algorithm DSR

434 REHE* L7
R 4.2 B 4.37 g 0 Hop-by-Hop TCPa AL & = 3 24 i 92k Tt
B2 fh o geib b UEN AL R o Vegashk * v 3R FIEART M DRAET @
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B iR AR T s EIBBERT E IR MY > @ NewRenoz SACK ) { %
2 Atg R o & T 429 CWND ; Hop-by-Hop TCPedie 3 AR & % 2R it ‘e 4% B %eh
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I E KB L SR R 0 F]P A R RS TCPen 32 g £ B S 48] > # @R
UFPIE s 2 - R

Aied Fl4.4- B4.5- Fl4.67 v g d o 34 X3 F P Hop-by-Hop TCPhas & p
7 ¥*NewRencE TCP:4 i4p 4 3237 > e .4 i 2 & 3 p¥ » Hop-by-Hop TCRras & g
Rl B F "% 1 JERI4.57 125 41 > Hop-by-Hop TCRL » 5 ®25%:it &P [ » ig & %] 5
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Change of Congestion Window Size
(error rate=0.0)
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®l4.2 : Change of Congestion Window Size (error rate = 0.0)
Change of Congestion Window Size
(error rate=0.1)
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®l4.3 : Change of Congestion Window Size (error rate = 0.1)
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Delay Time at Different Number of Hops
(error rate=0.0 )
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Bl4.4 : Delay time at different number of hops (error rat@.0)
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®l4.5: Delay time at different number of hops (error rat@.1)
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Delay Time (ms)
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/4.6 : Delay time at different number of hops (error rat@.2)
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®l4.7 : Throughput at different number of hops (error r&0)
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Throughput at Different Number of Hops
(error rate=0.1)
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¥]4.8 : Throughput at different number of hops (error 1)
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®14.9 : Throughput at different number of hops (error & 2)
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Piggybacking Effect
(error rate=0.1)

450

400
é 350 | mmm Control Message With
Z 300 Piggybacking
é_ 250 == Control Message
o Without Piggybacking
>
E 200 —a— Data With Piggybacking
F 150 |
g 100 Data Without

Piggybackin
50 ':|: gy g
0 !

6 7 8 9
Number of Hops

®]4.10: i * piggybackingts+]% 7 ¢ * piggybacking +/| -throughput® fiz

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

Retransmission Rate

Number of Retransmissions
(error rate=0.0)

/\ —e— NewReno
I~ \
AW’L \ —a— Hop-by-
\ Hop TCP
\ Vegas
‘*
Sack
& 0
6 7 8

Number of Hops

(@)

48




Number of Retransmissions
(error rate=0.1)

0.35

0.3 /\ —eo— NewReno
2 —
&S 0.25 | //’ Hop-by-
c Hop TCP
2 0.2 AN\
(7]
-2 / Vegas
£ 0.15
c
c
o 017 Sack
14

0.05

e
4 5 6 7 8 9

Number of Hops

(b)
Bl4.11: * PR ATCPi@:iE - & b 2 1L i

(a) error rate: 0.0 (b) error raté 0.1
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TCP Flow 1

TCP Flow 2

B®l4.12: 4-hop Cross Topology with 9 Nodes and 2 TCP flows
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#4.2: F%2A%#k

Parameter Range
Buffer Size 50
Error Rate 0.1
Link Bandwidth 1 Mbps
Number of hops 4,6,8
MAC Protocol 802.11
Routing Algorithms DSR
Fairness Test
(NewReno vs. Vegas)
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B]4.13: Throughput in Fairness Test 2A at diff. num. of igpCP NewReno vs. Vegas)
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Fairness Test
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B®l4.15: Comparison of Fairness Index in Fairness Test 2A
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Throughput Dynamics of Hop-by-Hop TCP
(error rate=0.1)
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®l4.17: Fairness Index Dynamics in Fairness Test 2B (Hogptbyg TCP)
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Throughput Dynamics of TCP NewReno
(error rate=0.1)
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Fairness Test by Jain's Index
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