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ABSTRACT

Abundant data has been generated over the internet as the arrival of information age. To share the
information, Wired, wireless network are required to transmit the data. Especially, In the wireless network which
is using mobile device based on battery, energy consumption is growing due to uploading, downloading the
abundant data on mobile device. In order to solve the problem, This paper addresses the protocol of the

modified TCP congestion control that is being used for the most network protocol to save energy.
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ACK7} A1 =7l CWND S 008 vHs3
02 Aako ) S o 23he] £ARS =
ola EAFE TmA] oA H&S oAl Hrh

Lo

rE
e

Retransmission TimeOut

1 CWND = 0;
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ANAE eglolgo] MASHA =d 1A i B=
2 WA} elslolso] HojAA =" CWND
2 002 uEe] UlEY = TCP A4 AE 44351
Wi MES = AR ddtsle] thA] RS AE5F
o2 oflux] &L ZolA Hrk

. 45 & %] 224 AS

3.1 AlE2lojd =&

A EHold Bl~ES 9)aA NS-3"015 Algalo]
TA EZ2AE 0S X10.9.5004 T3z}l o, sl
9] =7]& 1040byte 2 A 6& MTU:= o|tjulle] &
o =719l 1500bytes A-g3lsick AL e
1000702 A s}9) on, Mlx}oﬂﬁ AAL R =
A2l <ke] 1000700l 2F ARz e 7HAL 122
AAE zmR~ EES 7HEe] nlod] n7l®
UDP(User Datagram Protocol) S 3P vl =
2520 s Ak muRle] 27] ouR=
0.ImA°]|x, Aol L a3t AF %}ﬁ 00002mA &
Aol D 28k AF 7S 0.0001mA, -5 T7rellA] &

HE= A5 g2 0.00001mA R AAsisic) 2=9)
Data rate+= 500Kbps©]v] delay+ 2ms 2 A 3}7c),
A Al EH o)A A7 10022 AAJsle] HAE &
grk. NO - N4= 4 vlES =0l N4 - N7+
A EYIFo|tl. 4 UEY=S] AL Ay ¢
= A EHeAdS ARSItk AR~ EEE Nlo
A N7 B Wl Z257] NoollA N5Z o)
718 A5 wjo] A3l A3E v wgicl

O3 62 Aol A EZEXE YRl 7o)
tl. N4= APEH 74 UEHZE 913 70|53 Noo
A NA7ZHA & 541, N5l N77HA] &= FAlo s A
=] gleh Aldlel] A% F25= el FE9EH
NOellA] =l ==l N5S= 318 HE3A ek

Main flow

Cross traffic

Wired Network Wireless Network

38 6. AEdeld EE2A
Fig. 6. Simulation topology
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o} FAel ii/; EEHJJ{’_— N1el|4] N7.o.2 A48}
o} wlql FR9= Al=Hel A LR EF TCP &
A3} zﬂo}ﬂ S A 83 B3 38 Ed)
=& o34k Ane] Aol £-83F UDP T2EZS A}
431 =k

Az EEe] dzle] o2 2F E2-9et 1000
WA sl on, 7l Aol o] TR 127 A2ls)
L AZ =7)E 1024byte AAFICE o Fo]
500Kbps Q1 Aol Alg Zz$e] yodEe
100Kbps 2 AAsP 718 Fsl7] 913 HA o
JZG ola]y] wiie] 2R7L we] HhskaL H
2 AAshd 27 redA Fzle] £41E 5] )
7] whiEel] e *F%"— 400Kbps = AA3}T =2
2 Ego] ¢lg well= ol E 13} 2gkr)

71 mzegel lE 44 2%
Table 1. The results of protocol basic setting

Variant loss(%) | throughput(Mbps) | duration(s)

TCP-Westwood 0 0.391248 22.0828

Yellow-Light

TCP 0 0.386824 22.3239

3.2 A £9|

3.2.1 alpha%°| 2%

9o} 2L 71 A4S ENE alpha% g AA3P|
& R~ Z2971 1670, 1870, 2070 Lufjol] w1
F290 thdF AME-ES WA 7PEA il &
Al A o AdARRS gl wl
Z2971 =S 100KbpsE AMESEL 9lS W=
Folzl thedZ 500Kbpsellr] ZEA ZESV} gl
Aol efgle] MBS Bl 5 9l Sl
geldt 4= ot} A wlel 27} Al vES
= 2Fe] Fo171 thedF-5 100Kbps ©|5}= A5
Ha A7E 2l 5 Qe HA S Weuy] o
oll MERE o7} ARt wgl F297) Fof
2l thel =S 100Kbps 2 AHE-sla QS 75% —éﬂ g
< A AFAIRRE S71sRs Aol ARIch L
iz TCP= E3HA|o1 & AH4-31e] Dup Ack7} el o%}
A AAEE S) ditel] tdF AHg-Eo] UE o
o= A% Al et 7lckel= Azke] S7lsle] o]

72 dabo] WhARI). AR]RRE offr W E7A
= A2 o2 S8l 400Kbpsell A= w7l A
Eo] T7Iel7] witel Fhagic). Exje] wlws} o

3

= dolle Azle] 25 ke AS AdE

dﬂﬁ

o
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=3/ Yellow-Light TCP: &}l dlo]e] A4S 93} ouix] "7 Zne s

¥ 2. 32~ E297H 1) A o Hdl E25 T B ol vl Z2299] FHo ddZe F
Table 2. Main flow when cross flow is 16 o7l el Ee] 70%2 AFE-EA Hc
main | loss loss throughput duration(s) cross
rate(%) (Mbps) flow 3.2.2 MTU Z7|9| ZX
100 | 0 0 0.095199 84 16 MTU®| =7|& AAs] $1sl4 2% A7 2715
150 | 1 0.1 0.143044 56 16 600bytes = -1 £AlEo] o] A ® WAIE 4= 9l=
200 | 1 0.1 0.190659 42 16 s “*E*’i H2Ed) ®7]|2 gk 32~ T2
250 | 1 0.1 0.237336 34 16 o N5 207H AEZ AdAHsla MTUS| Z7]of w
300 | 1 0.1 0.285789 28 16 E &AES A3 A= o2 2ok MTUS] =
350 | 1 0.1 0.331063 24 16 717}y A% Elf HZ1e] Z7)e} 7E 73Sl &4
400 | 6 0.6 0.334379 24 16 ol WFo] A ZFE = Al =Z7]e diste] o
= Ax oAkl gl 80| dAE AL gl
3. mes 2297} 18] o o Hel 22 & = glek o] BalA] EAEe] UAE MTU =27
Table 3. Main flow when cross flow is 18 = A 4= 9lrk =3k AejEe MTUS| =7]7) o=
A5 oAkl %ol = dATH 3He 9] HH
main | 1 loss throughput duration(s) Cross e _] gl 7l o 3 he BelaL slet F
AN IOSS T ate(%) (Mbps) AONSI fow o A mS)ollA2] AAE AHE3ha F VA E H]
100 | 0 0 0.095204 84 18 3 B MTU7} 2H8 7-$-oll & 3 oflf=]7} W]
150 | 1 0.1 0.14301 56 18 T o Ak ofifo] EH T ofuR|7} olx|
200 | 1 0.1 0.190659 42 18 Al A= A& el 4= gk wjeix, MTU2 37]
250 | 1 0.1 0.237336 34 18 7F ol AT F9 ouAe] £85 ¥ 5 7] o
300 | 1 0.1 0.285454 28 18
350 | 1 0.1 0.31806 25 18 3
400 | 52 52 0.316911 24 18 i FAN s
L/ N
/ -
E 4. mRs 22971207 o o wjel E2S  a
Table 4. Main flow when cross flow is 20 E 2
g1s
. loss throughput . Ccross 1
main | loss rate(%) (Mbps) duration(s) flow s
100 | 0 0 0.095174 84 20
700 B00 9500 1000 1100 1200 1300 1400 1500
150 | 1 0.1 0.142923 56 20 Bl
200 | 1 0.1 0.190643 4 20
J3 7. MTU Z7]el| w8 AE vl
250 1 0.1 0.237336 34 20 Fig. 7. Loss rate comparison for MTU size
300 | 1 0.1 0.285108 28 20
350 | 1 0.1 0.307456 26 20 0.508
0.507 \
. 0.506
400 | 77 | 77 0.306743 24 20 =t \\ / \\
= 0504 \ I "
E 0.503 \
el 4= 9lck AlEHo|AdA 32~ E297F & B0 \/
A7) witel] Wl E29e] uigdE ARS-Eo| E oo
150Kbps ~ 350Kbps & wjelli= &AE0] o} 2| bidse
ubAglc}, spx|Rh 400Kbps FElE v} £41E0] = o891
e = o = o - o 700 800 900 1000 1100 1200 1300 1400 1500
71k dAte] gtk olof 2 dARe 32 ER2S MTU(bytes)
2] NGFE t2A Fol= vl vepdo) webA,

Smo F2ge) dRE W W off A% A

T2 8. MTU Z7]e]l wpd Aejak ula
Fig. 8. Throughput comparison for MTU size
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=1 | Yellow-Light TCP: 21} dloJe] A%S 91 ouix] A7te =22 e

Ql=] ek
B Ereds E3F ASle] A" Al 5
DUP ACK7} M3 790 &3t 91599 7S 9l
AZke] 70% AEZ dAsl 2FES 2 =
o} aelas E3t Ak v rldohd AldS &
75| CWNDE 0 A2 “LEOM HFspas 7
*1 75t sk o TEslgdt W
F DUP ACK7} ¢1&=o 2 31 OV LAIgE 77kl

e vImdl o) el e wetskl
:5:]1;}‘ %C _4 %)]‘—0 0o® }\4243]—0:] X—] 3],7\“ ET;]—
A7 A5E A BFshe 72 DUP ACK7}E %

E 5. 32~ F29| wE dlo|e]e] E=F v|al
Table 5. Comparison for total amount of data

Packet size: 1040byte, transmitted data: 1000, cross
traffic=21

Received | Throughput Loss
packet(ea) (Mbps) rate(%)

Yellow-Light

TCP 910 0.301322 9
TCP-Westwood 897 0.295315 10.4
Packet size: 1040byte, transmitted data: 1000, cross
traffic=15
Ye“‘%g“igh‘ 999 0340404 | 0.1
TCP-Westwood 999 0.345485 0.1

E 6. HGFE olF Wel wE oA 4n] wiw
Table 6. Energy consumption for bandwidth

Modified bandwidth estimation

Throughpu| Loss | Consumed | Remained
t(Mbps) | rate(%) | energy(J) | energy(J)

Yellow-Li
ght TCP

TCP-West
wood

0.301322 9 0.0009249410.0990751

0.295315 | 10.4 [0.0009576110.0990424

o] A7l EAF 4Ee] wo] Whlshs - lellA] A4
a7l He}, oleddt o] olix] FgAel dnh} A
zﬂ—a}-;{]e /gtﬂo ‘]_4 Z\:ﬁ-g]_oﬂp].(ﬁ 6, 7)

]ﬂql&] q}oﬂi ]_f_ H]-bﬂ_i _.‘/\1 1 o_]l: 1.4%
A2 sglor] o % eI % s Wk A% BF)
o SAEE o 02% 5o WAl e oA
= Aol AR oyr] &84S vehilch

71&2] w3} Yellow-Light TCP2] Z2 E
o] Wishgo] W EUEE adolur] sl £UE
o] 0%<l Z= ET ZT292] 75 15 e A
5 AvE vehd e} oew) ek

a5 12 SRR n0ellA EH}?J_ e nS=
1000702] 7S A3 Foll n52] &2 VA& =
A Aol AR~ TRYE 157HTE1 A4 3}
Hl2E gk olfiz £AEo] WHAEl] AR wiE]
Z=x]3} 740]3}. Eﬂ.]i]ﬁ olgl 927} ukAlsls] A
= oflUAI7F 7] Wi Rt E5 %
g+ o;z Sl wye =oo] 94 g
23] s AUA7E ol Helxl: @] glg
< Flslick AP B VES A P2kl =
Ak o] mulel A9 o] EEs elt

I3 132 AR~ EF|| upE A5 vehd
Aot} 7|EA oz YEY T Edfgo] wo] ubysla
EAEo] 1o nlHEA s Hek A== A
7 7} oA =Wl $ARZelM A|xlFo] ol
A =aL 416l B3 U= Z7lelA ek
2] 129] 7%, Algke HW*O] EAEo] A2 Al
k= 74991 cross traffice] 159 73-F-oll+&= ollU#] &
o] AL zlel7t %_L/‘EUV] ot -‘E‘ﬂr. A RE cross
traffico] A=} Wolx|a vlE$]= Abske] Ext 7H4
S9] thefgl glelow qlsle] szl é:ja%*ﬂ ~7F3}
Al =E ox] &-gAde] 7|Ee] Wi Re) o] £

E 7. ol del% shus) A% wR A5 oA v
Table 7. Energy consumption for suggestion

Remaining bandwidth capacity, waiting transmit a
packet

Throughpu| Loss | Consumed | Remained
t(Mbps) | rate(%) | energy(J) | energy(J)

Yellow-Li
0.294923 10.6  |0.000957429|0.0990426
ght TCP 5
TCP-West 0.295315 10.4 |0.000957611|0.0990424
wood

009909

5 0.05908 "=
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; 0.09906 \\

E 0.09905 | -
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Fig. 12. The remaining energy for cross flow in n5
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Fig. 14. The comparison of throughput for cross flow
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