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Abstract: Due to the MAC (medium access control) protocol, routing protocol and TCP itself, the TCP flow is
very unstable in the wireless Ad Hoc networks based on IEEE802.11. However, the main reasons that make the TCP
flow unstable are the unfairness of MAC protocol and the false link failure message that causes the long route
discovery procedure. Combining with the IEEE802.11 MAC protocol and DSR routing protocol, these causes are
analyzed in detail and the enhanced algorithm to IEEE802.11 MAC protocol and DSR routing protocol is given in
this paper. The simulational results show that the proposed algorithm can ultimately avoid the instability of TCP
flow and increase its average throughput in the wireless Ad Hoc networks.
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PEFH R 1, AT N T EORE RNAS B g 6L ] S T A Tt R R B b a0 B A . RS R IR S AR A
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AR RS I BE B % 42 % h (destination-sequenced distance-vector routing, fiiFk DSDV)!, 7345 2 4 7 IH 5 K
% [11(ad hoc on-demand distance vector routing, & # AODV)?!, ) % 11 (dynamic source routing, fij F& DSR)P!
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Fig.1 Simulation topology
1 fiEd4h
Table 1 Simulation parameters
x1 iHSH
Parameter name Value Parameter name Value Parameter name Value
Channel bit rate 2Mbit/s MAC header length 144bits TCP segment length 5600bits
Slot time 20us RTS length 160bits ACK Length 112bits
SIFS 10ps CTS length 112bits DSR initial Backoff time 0.05s
DIFS 50us CWin 16 DSR maximal Backoff time 10s
PHY header length 192bits CWnax 256 DSR Backoff factor 4
350 r Throughput (Kbps) PAHETT 55 1 FITS 23 5 Z (A7 —4% TCP iE4%, L Fik 4k FTP
300 WAL FTP YA 1.0s JF4R,120s J5 458, 5: 0 1s, 71 501% 88 9 TCP (11
jg ‘ 34 AR A 5 ) 2 9 5. th P 2 AT, TCP Mk ™ T AR R 7E
H ‘ 1[ H 120s H I 1] 5, TCP k0 70t AT 30 Y 0,4 W AE MM 1s 14,
lg ﬂ H M || WS B ) TCP L BN 0.
ol | W | || l4 T, FRATT R AR 77 B % SO AT (trace file), 45 & TEEE802.11
O 20 80 100 120

t(s)
Fig.2 Throughput of TCP flow from
node 1 to node 5
K2 A 127955 1) TCP

DCFE,DSR Fl TCP, it [ TCP %4k & A8 I s B EAT 73 #7348 2
I T 23.684021s F| 25.787918s X BUIN Ay KA A AER 2
H,RET /R RTS FALKEUA B & KME(TE 1IEEE802.11 H, 54K
7),DSR ARP F7R4EAr MG 1 BEi0 s il sk id B RE F£or i 2

Rt it o s
i, RREQ,RREP 73| 32 /1~ it th1 177 2R il it FH V25
Table 2 The events at about 24s
F 2 24s fia kER AL
Time (s) Events Time (s) Events
Because of collision, node 4 dropped the DSR
23.684 0 RET at node 4, node 4 send RE to node 5 23.74717 RREQ MAC frame from node 5
23.6856 Node 5 received RE 24.695 5 TCP timeout,send duplicated TCP segment
Node 1 received the last ACK and send ;
23.6955 the last TCP segment 25.757 4 Node 5 send DSR RREQ again
23.713 0 Node 5 send DSR ARP 25.757 4 Node 5 send DSR RREQ MAC frame again
23.716 1 Node 4 received DSR ARP 25.759 3 Node 4received and forwarded DSR RREQ
23.746 8 Node 5send DSR RREQ 25.759 7 Node 3 received DSR RREQ and send RREP
23.746 8 Node 5 send DSR RREQ MAC frame 25.762'17 Node 5 received DSR RREP
23.747 5 Node 3 send RTS 25.7679  Node 1 received new ACK and send TCP segment

HHER 2 mIHLLE 2s 2 1A ] .(23.695

540s~25.767 918s), 1 mi. 1 WA RIEATATH ) TCP Bt, BRI AEIX B I (7]

W, TCP Ji i AF L5 0.TCP [K1R1E 75 Z Bt EABAT K88 (1 TCP BE Jat KA T & 36 05 A W EME T oy ek

1] ACK, T 58 ACK Ak
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|35 TCP & i% 75 KR RIAE 715 £ 4 K] RET(FF 23.684 021s & 42 At iR A )15

BRI RT3 EE 0, JF R % RE W B S5 26 4 fr 5 R AN i &

T RGN PR e A DA R (e 3 SR SR RIE AT DSR ) — BE IR H mBR AL — 2D BN 1 %o R I 1)), B

BN S5 FH AR BLB A 1 I (N 23.713 0875~25.762 721s). FHUX —3& & A IR A JH K
7 RRIE RTS JG BRI 13 Kl CTS.

T RET.HITY /5 4 7EIES:
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p=1-(-7)" (1)
Horp o AF— 45 B BB AR AT — I B e 326 0 R M =R LA b =0
o 2(1-2p) . @

(1=2p)w+1)+ pu{1-(2p)"]
RO, I TIRN S m I KBLIEES,w NNt H R CWo M35 (1) FI 2
(2), 8K, T XX PR RIE 43 A AT — T R 2R 7 IR 2RI MU E R

Prer = [1_(1_7')"71 ]7~ (3)
Q)R AR LR P FR AL, PRI EAKI n,w,m, IV EEHL B AT SRAR R prer AR 1 T4
EIRINRIR 1 R S HL AT m=3,w=16,n=3CR 5 5 4 115,715 51 2715 55 3 FAT5 8 4 A1 T4, D5t n=3).
ARN nyw,m, JH U SERUBCE AR5, BRATTSRAF AT A 4 19 prer A 1.3x 107 bt o] 200, [N [ 6 R 26 5 R2 15 A 4 AH4ER 7 Ik
RIEIIAS BT AR ZE AR /N X 1T 07 2045 AN F. R R AT 0 ZEXE S 8075 0 4 TSk 7 IR %2R
R SR REHE— 25 1043 B R b, FRATTHE SR 3 WA T 7705 4 K4 RET Z i If 1.
Table 3 The events before node 4 RET
£3 WA 4 kA RET Z ik AR H1:

Time (s) Events Time (s) Events

23.664 5 Node 1 send RTS to node 2 23.6733 @Node 2 send node 1 CTS
23.664 7 @Node 2 send CTS to node 1 23.673 5 Node 1 send node 2 data frame
23.664 9 Node 1 send node 2 data frame 23.674 9 * Node 4 send node 3 RTS
23.665 2 *Node 4 send node 3 RTS 23.674 2 ** Node 3 received RTS
23.665 3 **Node 3 received RTS 23.680 8 Node 1 send node 2 CTS
23.666 1 *Node 4 send node 3 RTS 23.681 0 @ Node 2 send node 1CTS
23.666 3 ** Node 3 received RTS 23.681 2 Node 1 send node 2 data frame
23.6659 * Node 4 send node 3 RTS 23.6823 * Node 4 send node 3 RTS
23.666 7 ** Node 3 received RTS 23.682 4 ** Node 3 received RTS
23.668 4 Node 2 send node 3 RTS 23.683 6 * Node 4 send node 3 RTS
23.668 5 * Node 4 send node 3 RTS 23.683 8 ** Node 3 received RTS
23.668 7 Because of collision, node 3 dropped RTS from node 4 23.684 0 Node 4 RET

M2 3 Al 40,7695 55 4 RET 200,79 4 4 JE4T T 7 YUK I% RTS 2R (N5 R), b, R — Ik 5 A 2
(1 3% R AR A TG JCA I 6 RO IE, S AL 3 AR IE ISR T RTSCaN 455 ** Jiff /), 88 1, i - T- IEEE 802.11 DCF ¥
FH R R0 A 7 5 5 AR B RTS 200,75 8 3 S B A 2 WA FIREIER) CTS, 38 5B M4 4 il ok &
NAV (network allocation vector), 5 11, 5 s 3 52 {3 5 HOKs e 3111 RTS i & 55, JEAN R0 CTS. 2470 A 1 il K i%
58— NEHEWLZ JE (BB 5 2 (9 ACK H#53N), E B FE [0, CWoin—112 18] 453459 73 A BE LI 36— AN [F1E I B U I,
W 4 T EZEHT 7 2R ER, 1% M IEEE 802.11 DCF (148 £ MR AL, & 4 LE[0,2" X CWonin— 112 18] [H13E ,m
EUH) 223 AR, T A 1 78 5 40 00 I &b 5 A R I Az, 0K T A 4 K36 RTS, 9 45 2 7RI R RTS )&
Rk CTS, 17 i 3 W B CTS WE NAV I JE, 5 a0 3 RIE IR0 75 55 4 1) RTS ANGE RIS CTSAXHFE, 5 5 3 Kedh
LA AL 4 K% CTS HIHLE 4 HT 11 4 RET.

X B 2 b FLAh AR Os (R 0, R BRI ) 23s5~25s I 56 A AH [ AS TR K12 2 A2 RET 19759 55N [A).201 70s &b (1)
0 Z it &2 KA TE 68.141 099s IN 75 i1 1 RET SR, 7 A% 1 (1 RET X B2 K24 & K& BT 51 2 (¥ RTS [7]
A3 BN 4 1 TCP A HE il a4 (AL G R 1 A 3 BT A4 4 1 RTS il 4, DR e 390795 050 3 31799 550 4 19 RTS
T T B A5 1 55 J3 R

h TN BRI G AT ER 0T, AT SE R G A 45 S — 0 1 8 R BT AL ALBLCLD MR 3 iR
L TEA0 4, AR R M C 2 DY C FIREBASLE N AEZE . AHR Y MAC S80015% 1 Jink,A 3 B R %
R KOS L RET 4k N1, BATA RS X FLgE470E B,

@ 150m 3 0 @
Fig.3 A linear topology constituted by mobile nodes A, B, C and D
B3 th#3)1 S AB,C,D MR Z L+

© HHEREBAAIGUT http:/ www. jos. org. cn



1182 Journal of Software #RAFFIR  2003,14(6)

AN — W PE, T 0 3 I ZI 0 FRUR K IE, 505 1 ISR 10(0<to<™T 1 C R 5EER 1 Wik g6 sR I (8] FF 4R &%,
M FL4 IEEE802.11 DCF ML, il 457 5 C | D M &M 5 A RN E 4 iR,

SIFS SIFS SIFS DIFS
C D] | C—Ip—1
0 t
D C
0 W Vs W5 t
A i [’] ; Rl . [}l
0ty tou ! fout o fout ! t

W;: Cotention windows R: RTS C: CTS A: ACK
D: Data frame tou: Value of RTS timer

Fig.4 Node C, D and A send MAC frame
4 75 C.D,A ) MAC Wik %
FEIE 4 TP YRR i A RIESS n A RTS WIS 46 I 221 f 15 SN 8] BENLRE R, TTn) 27545 10 C AIE SR
n /> RTS MR 48 I 20 A6 5 S T Bl ALt A, )

to: n=1

Y[n]: fy +(”_1)X (tRTS +t0ut)+ 5

1 0, n=1
1Wi’ I<n<m T[n]: (n—l)

n-1
Xty + Y Wy, n>1"

J=1

=

ty +(n—l)><(tRTS +t0m)+iWi +(n—1—m)><W m<n<R_,.
i=1

m?>

oA Ry A9 RTS Ml (14 5 K FEAL B W, AR i YR RTS T AL 243X I (0 BEATL 35 4 4 11, E 76 [0,2ixw—1]2 [A] 4]
O3 A0 trrs A RIE RTS WiFT 55 (0 I 18] m 24 35 R A% 55 sty =trrs+3xtsipsHpHaTtpips,tsipssIpirstpsta 73 5l K
SIFS,DIFS, 1% $ s A ik ACK Mg (i I ().

H1 4 P A A Jik RTS MR SR n 2RI G T IR 78 03 2% A I CRAEAE T 1 C 3R -1 IR IE
S5 RJE TFEA, R I ZE T 1 C (W28 ¢ WRORIETFUATT SIFS &5 0 R 2 W R 55 A (55 n RORIZLETT & C 2R i-1
YR %S5 G TR UG, R 20 s C 1SS § IRORIE TFUR T SIFS 45 50, W75 5 A 28 n WK 16— 8 RIS 1 Th. IR I,
FRATTA Y AL A RI%E RTS WiER n IR AT R 0 78 245140

T[i]_Wo —Ipps < Y[n]< T[i]_tRTS —lgps, Vi€ [Nl,NZ], 4
o,
Nl= (n_l)x(tRTS +toul)+t0
t,+w .

n—1

(= 1)x (trrs +2ou )+ 225w,

k=1

tb

N2= m n=l

(= 1)x(tres + o )+ D2 W > 2" w1,
k=1

k=m+1

, m<n<R_.
Iy

(RN KT x BN E R s /N T x B OKIE BB Y 50 A KIE RTS WSS n XS NT,N2 73
T i B RS S

T A R RET IR BT 5 A Rinax DX 038 SRR AR 5(4), BT 10 A SR n IR
FAF AT LORAGFAT /0 A K RET HIMER prer AEASCH, H1 T BRATH T2 H KA TUEW] prer 22— XS
BOK MR IR L, B ATTE S T HE S prer LR,

AR, (4 LI b A A2
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WO + tDlFS > tRTS + tSIFS' (5)
BV AERGS)SOL AT R, A RIE RTS MRS IREARA A Al B AH e, LB (S) AN O, 1T Rl A A%
RTS (#2082 o0y 2619 5 A B0F RET @58 KA IR, 34N

[RTS + tSIFS — tDIFS
PRrer ZP{WO +tDIFS SI‘RTS +tSIFS}: w . (6)

FE(6) 1w 1 A7 N I B, trers Esiess toies A FAL 0 B0, DR 0 FRATTAE V5 K (6) I, 75 285 tres,tsips.tores H S IR L.
WRAEL 1 Ps i SR AF prer>0.5. X FE, FRATE LIS _EURER] T 4615 5 A B 52 2 UK ZE RET AT,
PECW KL A AR Hb 3k A

AR L 1T PR 47 ZORT S 73 B 7T 0, 3 BUEZ B AL 45 1) TCP S ANERE R S R A) JA 45 ok A — o 5
R JE AR 8 (AR FAR A A5 8 B0, B BUHAR Y mUCRAEMUE K RTS BAE BN RN fFIE; —
FE QRN A [ T A DA AN REH AR T, B 58 B A0 2R — 6 PR e A, U221 e 1) 000 0 PR 9519 4
P B A 2R SR I 328 S 11 B 1 2 2T G ), AT i A 8 A< Py i B A A3 e o v 4 g £ 1 Bl
iy ess

2 %} IEEE 802.11 DCF 0% 3 8 B9 ot & 5%

£X) TEEE802.11 DCF ALV A i 2 R m) i, AT T 4¢ i % TEEES02.11 DCF A % b ¥ i i ede gk
A7
2.1 XIEEE802.11 DCFA&Y %

BAVHNE,7E IEEE802.11 DCF 1,2y T ik 4 HE 4y st B e 45 10, 22 sk LA 58 B AN S il 1) k1% 2 )5 78
[0, CW i1 12 T B AL (R A G £ R 38 W9 o —— S U0 b 0, 2 7 TG 2615 A 0 Lk B0 A 1T T ) ) 4% A 5 o —
—IX TR A AR, E G 2R 1 2H 29 4% o IR L A AS R G T U0 {5 3 R B BT R X — )L 3R
fiT%} IEEE802.11 DCF [ Bk 53 0n R :

— AN B AU 8 A BRI &% 25 RV By S Z B R WU A 2 5 AR RS TR —HR i
L3 1E [0, x CW,y, —1] @ > 1 2 (84T BEHLAE IR, 1T 3 4F 01 TEEE802.11 DCF T, 76 [0, CW,,, —1] 2 [l AT B L
FEIR AEA S FRATH oFR A 56 4 B 10 3R B X R 0 I I8 2 384 K ofE K 19 KB 3l 71 A T 482 R 326 R O B i 2
Ti1) 114 B ATL A S, WA T 385 K FE A RS B 49 s N5 T I AR AR KRR B Bk N B 1 mldE 4l 7 IR IE S5 RN
(IR

AR AR otk TCP i BB e M AN R RSS2 A SC A 3 58 BN B vk e 07 20 b B 18 X AN [7)
1) ofE AT 07 5L, 345 H of 1 UM
2.2 X E% E N B B

T AR SCES 2.1 5% IEEE802.11 DCF oStk AT T mr LATEAR KARE By NIk B A 48 h i 3715 ik
2 RET HAF MR B A RE 58 488 0o 1% FE 0 k42, — HoR A% 30, 60 H BT &3 08 th P il i 88 3l 20Ky
i) 500 A, 10 9051 A5 26 s ZE Y R R AR VT AU R B A I % ph R I AR

o e, BRATIR X % R S SO SRR A R

B B T YR SO BIK BB E 0 B — B0 BE B R R AR I IR AN T i) 5 L R T R 0%
P 26 UL TR il 6 2 1) N — Bk R 3% Hello 386,120 5L 00 B A bl gt 2 R — Bk iyt il ) B 48 2 o 38, 2 S
TE 58 I 35 88 I 2 BT A WSk BT — B i% Hello W58 R B 25, W) E 4% Hello 75 5. 201 5 58 I 245 1R8I I 3805 2
TR B IR R IREL Crnax VIARNCEN A BT — B 10 925 70 8, 0 0 5 )1 — B PO A 45 20 25k, I T 010 st R 36 B vy 22
VI DL SR IR 1 7R I O T T B U T R R BT Bk 8T — B P 2 v RN D) A IR O ) U
T R IR I T ZE RS Y R I AR S KT — BRI R I A T A S BTG L SRR AR O BE s R A e R
BT 2500 HE I3 M1 100 865 2880, T B AN o0 T2 110 855 b R BT R 5 B % 2500 S R v B8 30071 LB A7 T e e 380 %
IR — Bk A Bl 0, T B IS A 0 s 3ok AR 8 TR o R T ) s R e e e, ) A I R R A A, A
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R AR R R k.

XF Hello {5 i 5 K AR B Crna AT TR SR S0 TE 2 A AL SN 2% 1) TCP Wi ASE P R AEASCER 3
TR RE 07 R 4 L

IGASE$ HH AR TE £k AL AR 4 v, et L A el ip D300 o i R 1 R % A B 1 K H R s O Mk R
i 1) Bt phE SR R B R b 3 B s O RO I R R IX 7 L BB i O A, AN T R s A o6 (K el v A
e o A I R PR b, DI S i B K 2 e R A SR AR i e I AT .

3 MREAE

LE A A FRAT TR T A 7 FL AR S A 2 TR YK TEEE802.11 DCF (1 St it 53 A0 BR 1 P 330 0 o it S v 3R AT
PEAL, I 45 55 4 5 O 2R 0N Hello 31 81 B K T A% VOB 2 U4

FEAT B FRATTS R NS-2, 405 B W B 1 BT, 6 B A5 B2 i n 35 1 ok 8 gt /i 1) TEEES02. 11
DCF 1 B iSCG3EA7o6) b, B AT R AR SCER 1 A5 ER LI TCP 385, 3 AR [ i 5 L 484 TCP & i

T 58, AT Coroan=0, 0 AN R (¥ ofE 53 HT TCP 3 09 B2 3 55 280 A e i et Win BSCAE AT AT e 3, iy 450 5%
IEEE802.11 DCF 1ESidE 1F 0=8,16,24,32 I, 6 N [KI 45 550 1~715 55 5 (1) TCP (05 HER1 120s 4 1P 3 73 i
A3 ANEL S FIFR 406 N Cooax=0 AT )T 7.
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