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Abstract

This paper presented a new version of the TCP protocol, called TCP_D, which improves its performance to mobile-in-

The standard implementation of TCP experiences heavy throughput degradation when packets are reordered.

duced reordering packets in mobile ad hoc network (MANET), In TCP_D, the response to the receipt of duplicate ac-
knowledgement is delayed by a short period to allow the receiver to receive the packets that travel in different path, We
analyzed TCP_D to show that its steady state throughput is similar to the native implementations of TCP when packet
reordering does not occur, The simulation results show that TCP_D performs consistently better than standard imple-
mentations of TCP under persistent packets reordering. In the case that packets are not reordered TCP_D maintains the
same throughput as typical implementation of TCP (TCP-NewReno) and shares network resource fairly.

Keywords Congestion control, MANET, TCP, Throughput

MANET™ M4 FHAMR .5 #, BERBR TR
EMERE. s MANET B850, — LR RS RE"Y,
TCP PhifER—F vl 8 IR AT SR B AR T BH
Internet E XMASHIBIERD . KEMBIAEH, ©HEAAE
BN ER N TR ESFERBBRE BN, R
FAE MANET ', TCP tMY SR T % ™ & .

X, A RBHMHRE S TS TCP 7 MANET &
By, — 2655 T MANET R £% 8 TCP sl 848 1 -
FrEHe R, XEMAEASENELEERNE
RIEXF TCP HEL B LMW, B ERERIRIBEE
BIAHAEEM, # PSR EER, HREEW TCP # MA-
NET Fi#Ege T ERE. Hit, XEHE TCP il ByiLF
BERBHIAA K TCP Pril hiyH 2 KB Az REHILH
AKX SHEREEASHEZAREE TCP £ MANET
*Bgﬁﬁg[s.s,yu,ls.w] R

R X EHFE Ik R A BT FRNETFREG
*f TCP ¥EfEM W, £ MANET H, i W S H W LLA
Hms). Xk, RAFEH TCP B ar EIE AR B R A

%4 H 5. 2008-09-09 B4 HH#A:2008-12-04

Wi » BRI T2 S 2 K B IO AL T 308 42, R TCP Bl
HHERE. A HTB SN T TCP tfER R b, R
H T —FhEE T R AR 2 R X B E R AR A B
HARBEEREH B, MR BRESRT—E LN EG, ZRNEK
W BIkEWOR, E LR, RXSIER REHIEG., B
B SHRLRRN, R LT UG R RE TCP hilf
MANET Ha9tERE.

1 BEntEx TCP it RE K AT

FIA NS2UTHT T LR, BB ¥ TCP B
WHEEEAE . (FE SR RAE 60 15 A 2000m X 600m
WX, WS EETEA NS2 FRRENLIE S 4 R 3
RALBH, FREERXHBEEES, TEBIHF AN ran-
dom waypoint, Bl fT 4 ¥5 ;S BEALESF B 694k, SR L ELR T R
mHKSES . YW REEE KNGS, 20 —Bat R E, &
KENEBET - THRVE. A EEEREIRO .
MAC Zf# fi IEEE802. 11 #i¥, %8 O R A WaveLan &
KEBOMAE, W RN 2Mbps, (E8¥ 2K 250m, TCP HiFG

A2 EREHATRE BRI (863)7 B (No. 2004AA113020) % B .

o #H1978—), B, MR A, FEBR T FNFL M. E R H, E-mail: sunwei@neusoft. edu. en; iR H(1962—), B, #F, B 145
I, FEHR NI TRNE REEZLS; B WA973—), B84, B, FHH5E R s,

. 82



K/hK 1000Bytes, ¥ SO BAFI K Bl 50 M iEA. RA
DSRUIE 0 B i 2 BN . 0 B 426 8] 24 1000 B, FI A
NS2 R4 REEM 60 A SR BEMLERE 10 X4 &L 1EH
TCP R%mAnEbos. ELBR S, RIEARBERAE,
M FESWMAE 1 FiR,

B RBTESH
1R TARERT TCP BZERMMF TR, IR
REAFEIEEH K. TUES, TAKBHIEIETK
BEFREQ B, Eu T MEFnR.

#1 FRI#EEXT TCP il Fmt B X XA AL B K
%ﬁt

FHEF(m/s)  Feuiflkbps) RAEHFEECHALK
0 802. 35 89
2 670. 02 247
5 587. 35 298
10 420.35 325
15 401.13 319
20 379.87 341
25 368. 76 302
30 359. 71 336

TCP @ it B A K75 5 R AR B 357 34T, R iR
TR n BEREER, BUOREBKRE - FHS KT »
BB ARSI X 2 — AN ELF (out-of-order) ¥ #E 43, 72 3%
B 2 BERBERZ T, 88— XN REQEE = —1
MFaWEENE. HREEXREB -EBRBNWEINE,
KIHZEEAER, Wi, BEEEROBEL, FHHES
AWk,

R RERRME PR LB RREHAE, BH%
PR SIS B S, BT SR Lt R R — B AR Bk HE OO
I, BUE G B kB8 e R EB A FRN. A MANET
L EA U B BB, XA SRR H R RAER, |
O WRE B R B DA ENOR, I K P KB AT
BEA, MXAHELFREaItiEd MEHES R, B ER
BT — R E RN R B Bk ENeR. Bk, B B#fT
PR, AR R % R P 45 ORI R,

Tep Sequence Number

B2 RAFLFEE QR O BAFIHE B (Mean Speed=10m/s)

VBRI S NS2 of TCP HiEANFHE,

FITHHEFEEASMERERILZEIRXR, ITF
TEELFEmROERETEEORIMBAKE, B2 B
RTH ARSI EE N 1om/s, TCP 55X 0— 3000,
EAEILFEIRa % PO RSN 5ABRGHENT AN
BoEE, SARRUNTRER .

AT LAE R, YEL S L BAT, R4S R 1 | O BA
Pl RE B (R BE R KB HRE 75%), TR, BLFE
Tl MERESE. Tisd TCP e H R BigaE
B RENIE R, R T R ER, B T G HELR,

2 EMmEEE

2.1 BEEXHZE

BER T S MB s RB TCP BB RS AR M B
Bk, oF 2 BOALF BB G R A, A H R AR
B YRR EIES NN, AL B EE B,
W 22 45 o — 2 W I TE) g, 88 5 2 19 S04 B FT DL 30 3 R KO
R ¢ BEE , SRR KB A TR BLE, WA S E
ERGEATBEEHB .

B 3 BT, REMERFFISH 15 WBIEE, T
REB S BUR @ 2 I REEFFRIA W, B Bk a9 3—
5 MR AEA N REALFEIR Q. B AN RIEA 2 KK,
3 NEE HIRLE N BRI S A TREE L B B R BB
FLEMFHEFD .

1
1 RTT 2 Packet not
2 Packetnot 3 received
RTT 3 received 4 2
4 2 No ) 3 2
No 5 Retranamission y, 6| 2
Retransmission ¢ 2 and window 7 2
and window 2 eduction 8 2
reduction 7 2 Delay l9
8 Packet Timer 1
Delay 9) 7 receive
Timer 10 Retransmis

@EHLEENKBAZANREL ) ERSRAREEXNREL

B3 gERmIR TCP Bk

T FE B0 o7 SRS » MBS — NE R BB, RV S
B—AEER AT 8%, AR E R R 2 0T, 2 SHEQ
EFBIE T R, XK FBORBORT AN TG 7K
R . RESmBEE, T2 EIEE 16 CRERBIRE
ol XA BRT X T 2 SEE QN EEMEES 0K
/Mo TR FFRH B, BB - BE R X2k
REFBARD, X H LR TCP MREHR T, FRIE
TESE RS S 15 By B BRI FI 22, 10 3(2) R .

IRBIEG 2 H TR ERERBHEREZR, BAEEN
RS HET , AR BT T 2 SBIREMHIA, E 3(b)
Bim. Mat, 2 SHERE, A TEE R G TCP) &
#JE—2edg MANET &t Ik s-oo ],

P S e ) R B kAT 4R R O 2 R 3h B9 (acke-clocked) , B
RAWB - EENEA W MEFEAFNEEQ, BN
BERUVEA BAECRIT ML, Bl a] LU P g b i A SR
BB, HI, TEa A R e H A IE M KHHE.
2.2 FER o HIRRE

THEIHEIEN E o8 ¢ BB E. TCP @3 EE BN

L 83 .



HEMERFMNEIE. YUBERMEN, AP %D
BEHE ARAEE OB/ —F, HEAREEEMBEKIH
B, JEMGENRER, TCP AN MG ERE, I, %
B OB — MR AR S SIBT B B, FE Ao R E B
MR, ARG RTOMRE. B ¢ B8 E RN RTO,
0@ 4 BN, S, R 4 S R E MBS . A.B,C R
YR . 7 TCP 3, B BIA R R IRE NI AT S
BOP T RTT, B R E SR80 RTT ) S'—~C~R Wk
RETEE, % S B3P S'H, BRI R XM BB AKBEFLE AR
B, BetPlik R B E S"MESRE I ¢, hELF BRI
SE AT, MM 8" R IBHEEIAF R ETV%#%E AZBHK
BAMARBIE, A RTT<t. AW, M ¢ BIR ¢>

t,

v

B4 BEhtEXT R E R

i PA_E 4Rl A, SERT ¢ R RTT<¢g<<RTO. RTT,
RTO #h R % SE HEEE, RAIGETESH A RE ¢ FR
H. &

$=ARTT+(1—DRTO (D

W A<0. 5 B}, ATFHE RTT<<g<<RTO, X FE i i #L 1
BT AT A, ¢ BOE B R £ 52 wit 2 s o 7 BM iU X AR o TCP
WA, Il 3 BiR. Hib, ¢ WHESE RTO, DMRIER £
BN SRERNEEARRE. MR ¢ 8 FiEERTO,
21 T i B ARt 2 S5 e mAAR ZIMEIRRE, BB A
B, HELEFRA,A=0. 3 BT LLRIEZE i o B B iCE 8
RHITERE.

3 FERTMEAL TCP B RITEBE S 47

B 2. 1 9 P br el A, SERY iR RE TCP B 8 1 284k
MEmR(2):

no packet loss :Wi1 =W;+a

packet loss : Wiy =W, tas taon <t<twa +¢ ¢)]

Wt =W 512400 1 ¢

a F1 B ARt AR B DS B tao HRBIE -
BEENEWNZ., W, AREHO KD, HEFOTLAR
WE 5 Fim. HETRMPTIERN MR TCP Bl AE &,

Packet not received  Packet not received

cwnd

B 5 IEatmR TCP Hidaie 028k
w HTEH O A/, ﬁlﬂ:ﬁ

dw__a__ _ (w— C)RTT

T RITY BT ®
To ﬁM%WQﬁX@Q@JE‘JE‘EﬁW(kZiE%@B‘JW@HW ,HE
[ ] 84 L] K

5 B[ Hl:
_(w,—ORTT_ (wy—C)RTT_RTT, _
Tr= = (wz—w1)
a a a
€Y
B AH wi =puwn , AR F
TDZRTTwz(l—ﬂ) (5

Np SA—i™ % 3% R A (o S i mi 7 Bef 181D PR % 326 i 2 3 B 2
FEaE.:

J W) s = 5owh (1= )
 ATE TCP %W%m%@]ﬂ@%@$;ﬂﬂt

D S S S - e
Np > 5 oo (1 Fr=>w, - @

FEE B i SO TcpwumﬁuiEB—— BRGE KGR
}\’Ejﬁé:
1
B wag(l—ﬁz) w4 @
" RTT . 2RTT
—we (1=

¥R DWA, B ER R TCP hil ERERETH
T,

_ JaA+R 1
B=4/ 20— "RTTVp 9
Padhye J ZESCBR{ 17 ] HER 2 RAET TCP hil®y
Hit&.
= (3,1 1
B=n/ 25 RTT5+0(5) (10)

HHESCRR(17 1% TCP A& 4 ¥ 5€ X AT A, #eidt J& 89 TCP
BRI AT AR b7l TCP WML 2 4 4 (Friendly) .

4 MEEEIRBERE ST

SRR iR e m ) BRSO AR TCP B AP, &
5 3BT A, ETCEL P BAR WA R T, FE M T
WA AFRAE M TCP XN FH B . FRLUTMESW, X%
sE R IE —&T R N 2M KR, S BRIR S R
0. 5%, BB EE S 40ms, 7E 30s ) 50s F1 80s P 100s 2 [
IA—/~ UDP 335, KX E R 0. 5M. i FHKEMIE
AR FRaEEAELZADNEN. Be 50 78R TE
At e O R FAR HE TCP Pl BRIk B R R B ik BRSO

2 2.

1 Al
14 1
0.5 0.5

£

05 20 40 60 80 100 120
Time(s)

He TCPEEMFEMBAA H7 TCP_DHEHTHBEL

ME 6 FIE 7 T LAE B (D FERS e B P ] LR AR 545
# TCP U T &, AT LLRIES TCP il ER 4 W
FEWH AT, ORmER i RE, iR T LR
BT LR AL . 0 7 B R, #E 30s I 80s
fm A UDP ¥#¥#i)5 , TCP_D M7 nt B W £ 5E 76 4 A0 vl A
WREHE. (3w I F L BEARME TCP HhilRA

0

20 40 60 80 100 120
Time(s)



HBERHBI S KRB NEIERT ¢ B HT, 1 EH O R
EK, Jik SiEst ¢ @R REBNSH BIERT—1TE
KHEFER O, EREKHWFER OBk,

B 8ig® T TCP_D 5 TCP NewReno ¥3E ¥ ) #§ ZE 57
OAfbiga . s 8 AILLFH , B4R TCP_D WIEH 1 ¥9{E
1 TCP 20l HEZ/LIBERE X,

Congestion Window

60
Time(s)

B8 FERMHPEER O e

b5 RO T RE B S BB X R R T R M B
WL S SRR B I O 7 R L R;=%a T, T 5
SN § 4B P A SR T AR B O B ot i, Ro<<1 BEBK
BB, [ 2 ROk R R /D, B R 0. 1
.

0. 1 %R, 400, 21400 20 MBS0 EIRE , e T ok
B L7 IR B MR 5 AR H ), B R
ENf. B9 BRT 10 %& TCP HiEF A TCP_D HIEFHIE
2 2M TR RSB HO T B H DB R A A L

03 03

025 025

02 A, 02
&o.15 & 0.15
&= 14

0.10

0.1
0.05. 0.05

Throughput Ratio
H9 BRI ELRLHBERS A

M 9 AT LLE  , TCP 338 M 97 uk B Ho B 4> i 3 TCP
_DEMEPLE 1 0 HHE KA LR ERGEEN R, T
TCP_ D EFEHB AN AHEEE, R EREA L ERY
B,

B _b R 434 AT S, FE 6 R 7 PR AR IE X AR #E TCP By
AR ERE T 2R EFAN TR, B RERT
X} RERF LR EORE R GRS A R
%,

BTk at i i P R M PR HRE. FEE
BRE 60 M1 A M 2000mX 600m B XK., £WH &Y
bR . ML P REPL B T 0 &, R B — X
35 R EFE TCP-NewReno 345 Hi it 2E i i 17 f9 TCP ¥ %
WCTCP-D), XA YLRIE TCP-NewReno il TCP-D £ /7
HERIRES Bk, W RxIECHR 1,2,3,5,8,10,15,
ALEBARR M MERRFR . THBEMDMYBE—LE
HE RHFHE. WE 10 LIE R, TR RE R BEE
TEREE , ERRL TCP B ¥ 7T $KE M TCP-NewReno X
FHEHFHLR. Z5Q)FRIH—2L.

: BRFEPE o NEEER, WS  MEW K E— e Fuk By T.=

N

o

Normalized Throughput
(%S

SO =OONN

B o0

6 8 10
Number of Flows
A 10 RFEMERBBRT BN FLRHLE

BETRESEAEMNEY SBHFR T Esfmw B TCP #i
HRERRF. SRAERSE 60 AH 2000mX 600m FHFE X
WA B3R T YLk % — % &, T B TCP-NewReno FIJE
Btwi R TCP Sl , S0 R 48 45 S B 1T B, I IHBR B AR E
W, 8N EEERXTIEST 10 KCBEHE.

B 11 BRTENYERRNEHBHET , BT
BARNEUFEIEANEE. TUES, h FYVEANB, 8
EEUORE T KB MELFERIEM, B FAEER MR TCP #
WHRIA T 5006, i 7E S BORRA B AL R A m
BEE/N T TCP . B 12 873 7T RAET K8
ARABEETHFHRLE. TLUEHEREY TCP H
WETRIB MM Tt B E 885 THai TCP .

=Tt ewRen
5 R m - _N&es ano
8 = -t
: ® = S ]
& 154 &2 i = ] H
% — '—————‘\:-————i
3 1.0 : = 3 8 g
e e B
Sos| 3 8 § H ® H
0 5 10 15 20 25 30
Mean Speed(m/s)

A 12 FEEBEEAT WA EL &

ZRIE MANET B REB L £ KBELF K
B, mfE5M TCP thil7E 3 3 MEE N AR, HH AR
ERHTE, R R R ER, PP SN, R XESTE
ShtExt TCP Phill R ma iy 2 ml B4R i —Fhitsse g TCP Bk,
Ll B B R A AR HEA SR I B, BT
LR, KARENETEERRMBHIEIBEIALFR
HEEN, BEREER TCP thil BtERE, Mi7ZE AL FF SR,
BB R A R A R .

8 % X W

[1J Dow CR,Lin P J,Chen S C,et al. A study of recent research
trends and experimental guidelines in mobile ad-hoc network

[J]. Advanced Information Networking and Applications, 2005
(F#% 108 1)

Zi

Zi
nj=1

-85.



EPATRIEMFBESR ves. T GuZbu FREELEETZ
FZHRITA,
4.4 WRERGHRKE

7 Guzhu HFEF . HEIAREF RO HFEFIER—4
b WEZERTHE R =H; (e(Qu, Pup)2 )M U, =k, P,V
=hDx+ by +R' k) PHR'Qa, BN E L FHIEARRE 1 HIESR
TR BT NEEE, X—RASHTHH
WHERRLEHED,

EHFRF, BHEBE b F o BN, a=2Ya,b=¢(a,
Pu) s WERPE 6 A TELS L EORBE . MIERE
HAFH YA, BiIFH b=e(Sa, X)), 118 0 FEELZEZHA
}Fﬁq X *ﬂﬂ’ﬁ%&gﬁﬁ%% Sa. ﬂj@ h’=Ha (e(Ya 9Ppub %)
R R, U =r'P U URF, HTs8 e T &%
WHEESAMA U, iTE B WA RIEMFEL L mMtTIHE
BB 2T RE,

BRIE ARSI T HIEBEEHTEM GurZbu 1y
EFEHHRIBIEMESE 2 RG, &4 XL B e Rur%
2. BB THETFEEBHAIRIENINESEL TR EHTER
B EFERMART i, U R TR LU BEA Gu # Zhu
BEMNTRIEMEEL FRFENERLLMEENE.

X X &k

[1] Rivest R L,Shamir A, Adleman L. A method for obtaining digi-
tal signatures and public-key cryptosystems, Communications of
the ACM, 1978,21.120-126

[2] Shamir A. Identity based cryptosystems and signature schemes
[C]// Proceedings of the Advances in Cryptology-Cryipto’ 84.

Lecture Note in Computer Science; 196, Springer-Verlag,1984,
47-53

[3] Boneh D, Franklin M. Identity - base encryption from the Well
pairing[ C] // Proceedings of the Advances in Cryptology-Crypto
2001. Lecture Note in Computer Science: 2139, Springer-Ver-
lag,2001.213-229

[4] Al-Riyami S S, Paterson K. Certificateless Public Key Crypto-
graphy[ C]//Proc. of Asiacrypt’03. [S. 1 ]:Springer-Verlag,
2003

[5] Boneh D,Gentry C,Lynn B, et al. Aggregate and verifiably en-
crypted signatures from bilinear maps[ C] // Proceedings of the
EUROCRYPT’ 03. LNCS, vol. 2656. Berlin: Springer, 2003
416-432

[6] Hess F . Efficient identity based signature schemes based on
pairings[ C] // Proceedings of the 9t Annual International Work-
shop on Selected Areas in Cryptography. Lecture notes in Com-
puter Science :2595. Springer-Verlag,2003:310-324

[7] GuC X,Zhu Y F. An ID-based verifiable encrypted signature
scheme based on Hess’s scheme[ C] // Proceedings of the 15t SK-
LOIS Conference on Information Security and Cryptology. Lec-
ture Notes in Computer Science: 3822, Springer-Verlag, 2005
42-52

[8] skiree BEFSHMTRIEMFEEZDUNLLEIHI]. i
FEH 24 ,2006,29(9) . 1688-1693

[9] Bao F. Colluding attacks to a payment protocol and two signa-
ture exchange schemes[C] // Proceedings of the Advances in
Cryptology-ASIACRYPT 2004, Lecture Notes in Computer Sci-
ence: 3329. Spring-Verlag,2004:417-429

(EL#% 85 ®)

[2] Akyildiz I F,Wang X, Wang W, Wireless mesh networks:a sur-
vey[ J]. Computer Networks, 2005,47(4) ; 445-487

[3] Medina A , Allman M , Floyd S. Measuring the evolution of
transport protocols in the internet[J]. ACM SIGCOMM Com-
puter Communication Review,2005,35(2):37-51

[4] Holland G, Vaidya N. Analysis of TCP Performance over Mobile
Ad Hoc Networks[]]. Wireless Networks, 2002, 8(2/3) . 275-
288

(5] Lohier S,Doudane Y G,Pujolle G. Cross-Layer Loss Differentia-
tion Algorithms to Improve TCP Performance in WLANs[C]/
Proceedings of the 11th IFIP TC6 International Conference on
Personal Wireless Communications (PWC”’ 06). vol. 4217 of
LNCS. Springer, 2006 . 297-309

[6] Barman D,Matta 1. Effectiveness of Loss Labeling in Improving
TCP Performance in Wired/Wireless Networks [ C] / Procee
dings of the 10th IEEE International Conference on Network
Protocols (ICNP’02), IEEE Press,2002;2-11

[7] Biaz S, Vaidya N H. Discriminating Congestion Losses from
Wireless Losses Using Inter-Arrival Times at the Receiver[ C]
// Proceedings of the 2nd IEEE Symposium on Application-Spe-
cific Systems and Software Engineering Technology (ASSET’
99). TEEE Press,999,10-17

[8] Cen S,Cosman P C, Voelker G M, End-to-End Differentiation of
Congestion and Wireless Losses[J]. IEEE/ACM Transactions
on Networking,2003,11(5):703-717

[9] ChandranK , et al . A Feedback - Based Scheme for Improving
TCP Performance in Ad Hoc Wireless Networks[J]. IEEE Per-
sonal Communications, 2001,8(1);34-39

+ 108 -

[10] Eddy W M, Ostermann S, Allman M. New techniques for ma-
king transport protocols robust to corruption-based loss[J].
SIGCOMM Computer Communication Review, 2004, 34(5) . 75-
88

(1] g BRF,HEK 5 AN YUELL TCP EEIFHLH
(1. s F43,2004,32(12) : 2059-2062

[12] Khayat 1 E , Geurts P, Leduc G . Enhancement of TCP over
Wired/Wireless Networks with Packet Loss Classifiers Inferred
by Supervised Learning[R]. Research Unit in Networking, Uni-
versity of Liége, 2004

[13] Bhandarkar S, Sadry NE, Reddy AL N, etal. TCP- DCR : ANo-
vel Protocol for Tolerating Wireless Channel Errors[]J]. IEEE
Transactions on Mobile Computing,2005,4(5):517-529

[14] Paul R, Trajkovic L. Selective - TCP for Wired / Wireless Net -
works[ C] // Proceedings of the International Symposium on Per-
formance Evaluation of Computer and Telecommunication Sys-
tems (SPECTS’06). 2006

[15] NS-2Network Simulator ( Ver, 2) LBLL OL]. http . // www.
mash. cs. berkly. edu/ns/

[16] Johnson D B, Maltz D A, Hu Y C, et al. The dynamic source
routing protocol for mobile ad hoc networks{ M]. IETF Draft
MANET Working Group, 2000

(171 Padhye J,Firoiu V, Towsley D, et al. Modeling TCP throughpu:
A simple model and its empirical validation[ C]//Proceedings of
SIGCOMM’ 98, 1998

[18] Liu J,Singh S. ATCP: TCP for Mobile Ad-Hoc Networks[J].
IEEE Journal on Selected Areas in Communications, 2001, 19
(7):1300-1315



