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Summary

There are many complex and various networks in the world. We need the
various substructured-techniques to link them efficiently each other. The
techniques which apply to each network users should be different in it's
place, time, person and environment to serve their requirements, and it is
necessary to serve the environment of various interconnected networks with
the method which is simple and more efficient. and easy to use.

In Internet, the management of traffic congestion involves the policy which
drops a packet in advance. In this case, router drops one or more packets to
improve the network performance before when its output buffer becomes full.
RED(Random Early Detection) is a good example for this technique.

The Combination of TCP and RED algorithm 1is very effective in
preventing from performance degradation in Internet. It’s so useful to control
the traffic congestion while keeping the network performance high. But it
uses the same Packet Dropping Probability regardless of the length of
RTT(Round Trim Time). Without having the chance to use the bandwith
whicn can be used for long RTT, the unbalance with short RTT happens.
To reduce the unbalance with long RTT connection, we need another way to
calculate the probability of packet dropping.

a new congestion avoidance algorithm, prediction based RED Algorithm is
proposed to estimate the queue length variation and applied to the packet
drop probability to control the traffic congestion proactively. And the
simulation result showed me it can improve the translation and packet loss

rate.
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AA Al7HE<F Ack(Acknowledgment) | Zlo] = 2HalA] okol EfYJol-f-o] uHAY

dole] #Ae &4 oudles FH AckS Wow UEYI EFo] dojytia
ZFAstt. a8 £ 9% 9 (congestion window)ed 7S Fol1 HAE £-E
A3 7N 7= AEEFE(Slow start) ¥ &333] 9] (Congestion Avoidance)E 4 3 3t
o EYA EF& S3A171 7 £48 . F, AF o st H3 &
Aol gels HEYa Exto] Fi o]F Fo|7] 3 wEow Mol & TCP =

REZS B F Fag J4 Qe velE A% mas A by 1

A

TCP SAHAA e E£5 Aoj= A F 7HA=Z vs F du AAdzs 32 &4

)\

A o] (end-to-end congestion contro)E & 4 T} o] TCP connection®] gt
T S T4 FolA HZE AojstE S usth FHAZE ACEg ] &3¢
As & F Atk ole TdH T AlojE nesty] flalA e AolEd el A
o &3 Aol 7IWME st wielth 7HE tixA 9 WH e ®E RED(random
early detection)= & 4 Attt RED+ 719 Tail-Drop 2] Alo]Egole] d¥&
Hetsto] B U2 Aes e

Asowm Qg HEAA Ads Astel AA S7HE dwsiAd o3k 4ol
TAYES W o5 sfisty] A o2l 7HA AFE Y S AT Alo] WetEo] o

¥ gk AEA e FERt dolH AES A8 A AHUEA e A
3!



B ANEE HHs) zddtorH TCPEZREZo 2t &% 3y 7|59 a32 =

33 o RRE TCP 222 AdAs SA-A 3 e Asd e A9 &

A& oust=d RED €auglgol W el #eed FdaEH g8 #Hort 92

H(AS)I7EA 71k A ar Abded 1 23S A AH R RS H7F

FOEM TCP Z2EZo] ng Efge] & U §49S 24T 5 YA g} oA
al

Fomx ATS Abdel dueta ARHor P FE&S ¥

TCP A5 3]9/Al0] darelFo]l W 5 RED &dags3 A2 49, o &3¢
Aol o= AL daEHE AoRE A ARrE Bado] gtk ey ol v 7
T8 5o FRAY dFH 0w SJESE AojEE I g glo] dAI FATE AU
t}.(S. Floyd ¢ V. Jacobson 1993).
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II. TCP/IP WollAl e EfE A7

1. TCP/IPRYQ| =

ol

(a) a Viewpoint of User (b) Inner Connection Construction

Fig. 1 TCP Network Construct

1) TCP/IP

(1) TCP/IPS] 7
TCP/IP= QMU EYA A} 45 +84S 9% 24 & stvtolv. dwd] F719
ZIR2EFIS dolA TCP/IP= DEC(Digital Equipment Corp., Maynard, MA)2| "]
Y AFE 9 Sun Microsystems Inc(Mountain View, CA)e] YA Aol & AR
o2 BAAE 7hes Al 5 F+ZF(architecture) o] th o] FA12 LAN(Local Area
Network), MAN(Metropolitan Area Network), WAN(Wide Area Network) &
TCP/IPE EF A

o

3o},

o,



o5 <UL 19699l ARPANET(Advanced Research Protects Agency

Network) 2.2 Ejo]wtil, DARPA(U.S Defense Research Protects Agency)’} <3}
Atk ARPANET®] H#2 izl 293 olets §4l 7= AEedS Aldstr 4
Aot AolAn. d#:e] ARPANETS 538 Ak Bolt, Branket, & Newman(
A &4 BBN Communication Inc. Cambridge, MA)| Fo %
ARPANET< 19699 99 SRI(Standard Research Institute), UCSB(University of
California at Santa Babara), UCLA, @ University of Utah%s U XA =%}
Z7INFe AT Aol ARPANETS w438 Agdatolet. ol§ igha A+
A5 dxZ MEYAES FAHJIL, NFSE 19819 CSNET(Computer science
Network)ell tigh A=A Y& Sttt 18949 ARPANETE MILNET(H|E A}
&)t ARPANET(H]LARE) = 25 At 19909 649 7] =373= ARPANETS ¥
78kt

ARPANET 2 27 H = LANI #7294 22 Fu2 Holg 4 7|Ed $23
FEFS 7NAA He wEES @A HAAY. HZol NSFNETZ AL 44.736Mbpe]
T-3&° 93 F2oZ MG A [Pvd JHY Z22ZFS A& AA
o B AR Eo] JHUEY HES W FolH, ofd FARE Uity IPF47)F &

gg gAHoR F§3H/19

]
7tebd 2 IPngE vl A 2 =9t}

TCP/IPgel Aol d&3s 555 Aosty] sAe ET Ao 71&9 Hashy,
thS Aol A TCP/IPel W3 27 2 FAEAS Ay H

kg

(2) TCP
TCP= 7Hd drtd oz dHeoly AFe AHgHe g AF Z2EZo|th 3d A
&, A7 wd, 94 g JE Web 5, SHJE-AH 5o & ZEIAS A
d3t, =3 TCPe +93t ZREFo|th TCPv AFAL=E UEYAY FHE 3
obst = UARE Ao Tt digtE B MEYAY HHE fFFska ol uhe

Ao, B3¢ Ao E Fayw.
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TCP= <72 A 3A(connection-oriented)o] 2 A1FA Y= HlolE XZEFH(byte

_,_,
rir
)
3
1o
oo
o
il

stream) AH| =& AlFgt A4 AFgolek= T2 TCPE ©] &3
gho]AES}L AH)o] HolEE wgkalr] e A= TCP AAg ggaor &5 o g
th olA¥ TCP dZd= WwEA] A= FAlstes 7 /e Fdie] Fasirt wetbA
B 2 = 7] ~ " (Broadcasting)©| 1} HE] 7] ~® (Multicasting) ¥ £ /¥ TCPd
| A &=

& HeolHE TCP7l dAFat7lel Age A7|2 vylojxith. TCPol o&f IP=
AdE = AT s AadE(segment)etl FEth, TCPE AIHEE wHd
ol & AAsa  AUHozRE AHAIWMEE  FAY0E A4S dEE

Ack(Acknowledgement)& 7]t}& ;. wkeF AlZF ol Ack’} HEole X ¢komw

ATAEE AdEHAT. TCPx dlt et ol el A4 (Checksum)< ©]-§3th o] A
TE A TE APdor HHL dHolHrt dAFEFd WIHAEAE HAAbstr] 9%
Aoty AIHEZ A4 & AMS 7HA L =FsdH TCP: #d AIHEE
HEl 4L BoktE AckEs BulA] et (FEZE 2001)(W.R. Stevens 1998)
®m TCP Header (RFC793 1981)(RFC1122 1989)

TCP dHlolEl&= TCP st ¢t &7 IP dlolg 13 (Datagram)ol Fig. 33 zo] x3+
Ho] ok TCPE ZEEZF doly 99&E AIHER gt &y FA2 oy

Fig. 29} 2t} Ao AAER o BHE F7|E 20ufo] Eo|t},

0 16 31

Source Port Destination Port
Sequence Number
20
< Acknowledgement number
E)]l Data Ul Al P|R|IS|F
£ Reserved R C S S| Y I Window
\L offset G K H T N
Checksum Urgent pointer

Options + padding

Fig. 2 TCP Header



IP Datagram

A

TCP Segment

A
vy

IP header TCP header TCP data

20 bytes 20 bytes

Fig. 3 Encapsulated TCP Segment of IP Datagram
72 gee] g3} AHgS oles g,
* Source port(16 bits) : Source TCP user

* Destination port(16 bits) : Destination TCP user

* Sequence number(32 bits) : AZIHES] 3 WA vlo]EE UEMYE Fo=

ZXAE9 TCPEXRE 4 32EQ TCPE 7F= dHolg AEFQ] HlolEE

.
e

» Acknowledgement number(32 bits) : F4 ZTX2E7} FAlstazt 3
H3E
* Data offset(4 bits) : oA 32HE =9
* Reserved(6 bits) : H|A}E
* Flags(6 bits)
URG : 119 22JEH fF=
ACK @ &9l &9 W3 #&
PSH : 4 Z2E= HolHE 7ted % S8A5e= dF
RST : 445 AAA
SYN : dZ2& =713}, =4 Wz §713)
FIN : tlo] A% T=
* Window(16 bits) @ Ack$le] dAEE + A= AAHE F
¢ Checksum(16 bits) @ o8] A Z=
* Urgent Pointer(16 bits) : 15 dlo]E <] mpx|dt nlo]EV} 2= FA] HEE
7] 98 AIHES A s e FUhEE g A4

« Option(variable) : 7|5l wat =g H
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@ IP Header RFC791 1981)(RFC1349 1992)
7| M= FAHoR Ao = IPHA 4o disiA AHRAT. IPvis g
Z IPv6e 2 AH AR A TCP/IP U EY IS 201 Q& ®F IPo|th
IP AAE Ateld] ZREZS IP dHeolgadl A& BYl 7ME 2 45 oy
Fig. 49} #Zt}.

0 4 8 16 19
Version| IHL |[Type of service Total length

Identification Flags Fragment offset

Time to live Protocol Header checksum

Source address

Destination address

— ¢ b N —

Option + padding

Fig. 4 1P datagram

| | | ARIBAL T Gy | C | |
Precedence TOS 0
D : Minimize delay R : Maximize realiability
T : Maximize throughput C : Minimize cost
<precedence> <tos>
111 Network control 1000 Minimize delay
110 Internetwork control 1000 Maximize throughput
101 Critical 0010 Maximize reliability
100 Flash override 1000 Minimize monetary cost
011 Flash 1000 Normal service

010 Immediate
001 Priority
000 Routine

Fig. 5 IP service type



s HZAMUYE) : HHAHITZ 4o]r},
« JHL(internet header length)(4H¥E) : 3tje Zo], 328 E Y= G =2

=]

Al

« TOS(type of service)(8H]E) : Hlo]H I3S Aglstes WHES FA

o AAZCIA6HIE) 1 IP dlolH 7o) A Ze]. 2byte(16bit) A 6553674 4 9

o 2168 E) : @A 3} (fragmentation)o]] ©]§. ZTHE EXHITEA A4,

« ZYIEHIE) @ AA 2 BERE Fo] dAHSE A,

- 9 S Al(fragment offset)(13¥]E) : E dolg 23 W9 dlolg AL YE

= XEQIH. 4HE 991 EAL

« 9 (time to live)(@HIE) : Hlol¥ & #H7|st7] ol dadds s F5.

o ZZEZQRVE) : HHA A Heoly d=5 2T U A9 dEe Z2EE
o FAAS ZEEZ dolH7t doly i &5t A=A
£ ¥ AI(TCP, UDP, ICMP %)

< dld AZAA6HIE) ¢ oEldewt A8 dldHE s=ol

A F2(32HE) - dolE 2] A BAAE FA

o HAXA =g 2328 E) HolH T HAEHAE A
o AME7]E(7dE) 1P Hlolg 9o B Ve e AF
A2 etold, e, WH S Aot d=E etk

2. TCP/IP oA e EdE N 7=l 2FAte

® oAM= TCP LuelFel 27 A% 2 5EAE Tk A8 AsuE
setolel S el 4
Tl de A ol

o

Agel Agsy] g8 AEEE TCPS P ZRE2el
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o] 7] o A xi:%ol‘:‘r. (Fahmy ‘5 1998a), (Jain¥} Babic & 1996), (Lai & 1998),

(Nabeshima % 1999)

o3 Aol duelEe AT Ao N AsHd we RakE Aok arh =
Aol A5 AAZ PN Hest @ 5 omw oF Hasstelol Bk Ao A
7 UT o YodEe] Aol Asel elste] GulHm Aol A5st Bel AFe
L

(4) WA (responsiveness)
EfY Aol dugFe 4 U HX AFEY Jd4" $2949 U AHFHe=R

we w, oo mek ALE VbRt AlEs A oR dEteof gk

;

(5) 21473 (fastness)
E Ao dugE2 F el Fstol mel A&sHA wWststojof gtk S W U
o] 7h& g Fo] A A5
24 ol& AEE F ALEF stojof ghrh oW e Fo] B2 SEAY TEAS
ZHA G Qo B A &EA whgete daEFe] ¢ dag et Edd A
of As7t v =ow g AH ®Wstel] AR dhAsHA ko] ASTES FEAZ

+ ek

(6) 774 (robustness)
Efg Ao dugES Ao Az dFU &AdHdEE 484 &

AsAAA = e =, AFAe 2

1o,

2,
olr
filo
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Aoz AAF e UEYIAES F& AeS dodd
ENAEE ZREZF A9 Fde] obF FasA " ENAYE ZREF
NE Al AEI WMENA7S Alolel SIHH |25 Algst ofEAoldEL o
3= QoSE 21 4 9tk TCPe #& 74X F Al (connection—oriented) 8] E &~
XE ZIZEZE o FYAA diolHe HA 5FS = AQd 2EYER UFal o
ol AAES t2A I3 5 Aot v TR dolEHue 5] AE A

A5 99 EWAYE ZREZo WASe YEYAS &R (congestion)oll Al ztgH

B2 Fda, MEYA, JHUEYA] A5 AAste 7IEAQ wAYSTo EEA
oo} o A|ojoltt, EE Ao 7|&EL HAEogE 23 PDU(Protocol Data Unit)E ¢
Loy oz dFS et Aotk

add 5% eFAle] Ve des ZEFsVE ofF oYY v :hdE A
daz ddso] = F A Atelol AHgE= Fa Ao

54

K

2E2H of7]NE T 4 Aole A4 A5 A9, ARH oy &,

defzg APAEND A2 5857 o2 A0S TE weli(d, TCP FEo

R) B0 o} Batesd Hu WA A% A, FAAL HolE & Mg

| Sol7be the 2dw 9350 wE EF 9% 549 499 A4 9%, o
1

=2 AMA Abole] A S =99

(2) BEA
TCP dloly AIWUEE FFAste HFHE CPUSt MEYA tiHgEe] o]
ol ARt dHeolE £ A5 § Atk A% FAATE AP F AE AR
7bHs/del @t TCPe $4127F 1
HodlolEl 9] g AfstE BF Aol WAYUES T TCPE &F Alojg +
dal7] 98 Eetold Y =5 AFES (K. Siyan 1998)
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e Fig. 631 2o] UEpd 4 ATk o] IHelA o= 164

= 5
17HA] W E 949 F4 E2Eo 93 deAes d=$v Fud d=%
(Advertised Window; awnd)&} £2]a1, B}o]E 404 971 S A&t ). o] AL

S BREE XY RE dlo]Ed AckE AFHH: A eulolEY AES =
718 4 £ A gudn. 9599 A7]= Ack WMzek #AVE vk FA

<
2EE olf 5@ QRS ANSEE, olie FA 4T = e dolHst o

1 2 3 14 5 6 7 8 9 10 11

s gme ogn suEst

Fig. 6 Sliding Window Mechanism
A kel Aatete] 4l EAETE Acks AEste e SEtold 9ESE LEFS
2 =3
do 9=
A"y WA do 87t WX Acksh F4lE
A A Z2ETF AckE #aL, TCPe F4l ##o] F7ke] nlo] gl& ujo
o afjzlty mpAt Fol== Aol t&dtr]l fslA TCP: A&=$5 Folokst
o oW fZo] WA BAE e

FA3aL Ath(W. R. Stevens 1998)
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ol TCP 7HAlel £ BRE e FuL gl 0dd TCP MAES Fatte] 9
Z3A 7L glok, el A HIEY A AHHE

o] &3 & At AYS o AL s besteffort HHAF FHT Wolr}, 17
A TCPelA o] &3 Aloj= vl g BFAT AF7449] @ A5 o3

FEE e wola v ExtAlol dadlEE AA AAE Bolv #eg A=

I

O
2
b
e
e
w
5
=
wn
5

T T2EE 4 22ES FAYPES ATl wEtM g AaWES a9y
A& Mgt 29 o] AL 2t SAEVE 22 LANAl e
A A7 JARE F - FA S2E Afolof] B9 =’ g AarE E2Agud EA 7
HAGTH =, e T3 SHOAA wE AT oY) wiitel] F3F wmollA
7t op gtk 29 F3F g AR gte]l FESA HW Wy eHERSg
(overflow)7} A aAl wo] Hej&S Ads] "ojmelA fAvk. 1A slow starteh
= dagZo] Yo A FAHV. Jacobson 1983)(W. Stevens 1997). o] A& Y EY =
o AdEH= ;A 4 HE vUE & FHOEFE HEol Ackd F4 £
s37] 91§ Aotk
slow start® $4 T2E9 TCPo &3 YXE$(cwnd; congestion window)e}il
st 2 =95 AFEsHAl @b cwnds A2 TCP 4ol A4=E u 3hite]
AaRER Z7]stdth. 18]a Ack7t #4148 wiwioh & Al 2HEA F7hgkth cwnd
= HolE w92 Al H AR slow startol A A AIHE @2 FME H40
$2~E+ cwnd®?t awnd(Advertised Window; awnd)®] #HA&#7bA dE & 5 9l

cwndE 2 S2E9 o3 3y &E Aojolil, awndE FA TAE o3 &3
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2 Z&Alolt} cwnde AAH W EF
W awndE FAl TAREA o] &d 4 Qe

Ex e AadER d$5S AFeal AckS 71 Ack7t 5415
W oewnde 2% FUbste] F Jle] AAWEES HEST F fe] AaWE st
v Ack7t FAIHH £ A== U2 FUketh o] #2 A cwnd®] A7|E 71 5T
Hog Z7} 3t 4l ZAE 98] Ack/b Ad=E 5 7] wWlEel AES lsF
FHROR FrteAE Fevh aga JEUY F&Hd mdetd S geHE
2 Hgdown FA7AA cwnd7b Ui Athe S ddth £33 slow start=

z

A "ol 3ZFS Z7|stele Wy olth(V. Jacobson 1988)

(4) &3 33 (Congestion Avoidance)
ol = wWE LANOA =¥ WANSe=Z AL AY v 943 ~EF(stream)

o] 238 580l AL F9Eo £UU o AW Aol ol FoIAA Tau Extol
g

i
tlo
i)
ul
)
i
S
oL

kAl E ok Congestion Avoidance:® #|7 &
o] dngHL HiZl &Aoo 1%ET Htpar 7pdstEE Ak g7l &Aoo & . Al
T2EQ Ato] YER A ol oA T 3] o 2E7F drh 3l &
A& glololg WAy =8 Ack(duplicate Ack)e] FAldl o8] & 4 gt}
Congestion Avoidance$} slow startts A2 U8 534S 717 5@ A S Fol
ot 2y, &0 HAetH TCPe W A ASES 2713l A slow start
= $33t}. 18] 2 Congestion Avoidance$}t slow start®= 374 7+ ¥ Z A4S
#str] A E v F oY WeE 82 gtk & A= (cwnd)9t slow

start 374 gk (ssthresh; slow start threshold)e] 27 o]t}h (A <lA 1999)
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cwnd

Time out

Threshold

»

<> < » < > VRTT

Slow start Slow start  Congestion avoidance

Fig. 7 Cwnd Variation of Slow Start and Congestion Avoidance

(5) w2 QA4 L B (FRR : Fast Retransmit and Recovery)

FAFAA EA7E o AIMES wow TCPE oldel ojn wlldd &<l

o}
2 F4 @tk o]ed FRRe] AFsA ® wdds ¥ £E7 wen oejzt o
g BEo] Hobd EAZE W @ shte] AW A ASFOoEA B WA 5
Atk Aztelth sAu ol sAe] BAW A o FnAFL W ENE W

A B Aot (FY 5 F4 2000)

3) RED(Random Early Detection)

RED+= Hit 7 Zold wet we] AF AxE 243t o]o we 7S vfa =
< A7 FES AAST old we $A EAEE 3 sfjFle] Ay o Fo

REDE #212 vhasts A=z o) d2¢ =348 uvitk Qavg® T3, o2

_15_



el e e sebdee Ax i aARCTH, ) Ad T BARCTH,, )W W

min

=)

Qavg7t TH,, Bt &S deles e #zle A¥He= Agsx 7H,  Hrt
ool wiaHAY A7lEn. 29al QavgZt TH ., 98 TH,, AFelel d=dls
=Ashe H2le Ar)1gE po A8 etk o] FE2 0045 H REDW A

A HAdWSE(p )7 WAl EAEY
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oAM= wHdAM ] Ht F dolE o]&sto] AT AoE FATH. Any

r
i
Mo

=

o] £33 wulth PRED dneZe 0 2o A3 Saw.

o
u
)
Y

THyax THyn 0

A7 s7hste #e A715 et

+—rr |« —F>

Pasl we} o7 g}

Fig. 9 PRED Buffer

1. o=7[2 RED

o] =%

o] ¢igFL FIFO &8 Ftol Mz sfzlo] =33 wvity 7} Hjojgl=4]9] of

7106

F5 motele] b voglA eFow Hwt F Aol Qauet EWMA(Exponentioal

T= =1
Weighted Moving Average)S %3 low—pass filterS AF&3Fo] th23 Zo] Ak
=

Qavg < (1—w,)Qavg + w, Qsize (2)

( Qavg : average queue size w, * dqueue weight

Qsize : current queue size)

ok T AolE Hagy o] waste Hagno AW o= F Pt (Davg) s

TshEdl, 7]l A Davg® Qsize®t QavgAtele] HAE o] &gt
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Davg — (1 —wy)Davg + wQsize— Qavg) (3)

( Davg : predictive average queue size

w, - predictive queue weight )

of A= F Bol(Qp)E T FAX Fig. 9% go| wmsth @, 7t A TH,
Brp gow AFo] HzolA gl Ao Mgt o] WAL ol ¥tk @,
7b A TH, BT 2 Aol Addsttia shdste o sRs Ak @, 9
Ao ghol wel Q& FeAdd ol2A FUMYIE g8 p.E AMdT #7t ol

ddo glow o HAL FE p,2 vy FE(1- p)2 Fol EoI7HA Fh

ZIedow dudFe A FEGE 27 A 88 ¢ e FFEEE 24
st daelFe] 7l HriAgS d s Aol dS o HEHE JAE] N

) @it FAolel % A ol Ak

ot F ZAol=9 A 4H|F(exponentially weighted) S o] &3to] 2] 2049} 2
ol Ht F HolE ALtetH, Qsizedt TH,, & Wludte] Qsize’t TH, Bt 29
2138 o]&3th Qsize’t QavgrEul Frow 24 7 Fatw ol 238 o] &3t}

Davg(_ Qsize - Qavg (4)
Idle 7]7t&<t &9-H7F AE5eE + AJAT dFehA] &2 242 #HAE9] <4 m

m <— ftime— q.)

Qavg <~ (1—w,)"Qavg 5)

( time : current time Qiime - Start of queue idle time,
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for(t) : a linear function of time t )

SeEAMY AR AFL glolsl Askel BT FRIE AREIAE, AFA 4
AA T 271 Wske] Wk Qavgrt Avhit W WEEslE ARALh obF &
#£<l 0.002(Floyd, S¢ Fall, K 1997)& #atal vk A3}H 22 Qavge AAl

2719 deknck 49s Hol ojuA Bk oA e MFS ASHE duF
of e EFe] AZel WesA gA Ak

% 7 Aol Wit 7 Aolst A% 7 W dolg U@ gow Uk =,

i

flo

QPL%Qavg + Davg (6)

S ECELEEL
QPLO] THmmiﬂ— 2o S0 WS Fo don, QPL7]' THmaXE]jr =

W solot AAL AsA oz AR AAGAL Qo @l T BAA Aol

1% wolth, o] @A NE PREDZF Solot @ A6 F adld] ozai 7%
g2 gy
@®

Qp 7V TH o ol 714G = s7] &) ¥ wobxith
Qp 7t AAG dow AXHow HAES 7] FEE 37913 count

of @}t countgte] FF5E H7|IE &Eo| v =/ dArh

QPL — THmax
* THmax - THmin @

Pb: Pmax

"4 47 Ag p,e AdsEE olEQ, = TH,, M 0FE A
Qu = THp A9 o9 Ajx p_ 744 Adoz F7bshe gol

PRED &agj&9o 45 F5 o] =olds TFatA &/ #Arie & u vuy



s A4S FH do wed pE AR 24 g HrE A4 W A

s 8 F oA BHE p,E ANSHEd Agstn

EFXP ax
Po = = count<FxP . ®
(e, e (Avg+Dy,,) — TH i, )

TH max TH min

P..=0.02% @3 AH(Floyd, St Fall, K. 1997)(Floyd, St Fall, K. 1997). A

pud

9 #+°] oW PRED7} REDEY €4 & Hy&& ATt

10

80

(N T T )

60
RED

o

40

PRED
20

00 02 04 06 08 10 ABrst =2F%

Fig. 11 Performance Comparing of RED and PRED

PREDE= $43t AS Aol daesat AAlste] 7 ZolE oFate] Abdel A
E

= A7lshe G FeRA, Tk BAshE HAE

gL 5188t TCPo &4t

& RED 2ae) %ol A28 s7la: wue g, & 4237 498 olgalo] &8



P,

g A8 BAS A
— #
Po = 1 — countx P, ©)
e — THy,
( r= THmaX - THmin '
Py = FxP 0< F<1)
)
o]
iy
THp |— AVA b
\/ / FAFol =
THmin
VAL
/\ .
T3H T-3F2 T713 74 time
Fig. 12 RED

REDZ Ag3F &AM = 9 Fig. 12014 o] 2y E 4 ot}

%41 Fig. 12014 +-3H, 7342, 7334 414

T2 1014 84§ Aol Hr) Qo] mgaha gle]
A7t Basht Q,, wuT e A

T3 2= ATl EAste] djzle] #H 7]

gl obelg 2k

2 A7E A

el

€& 71 itk
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T3 3ol A= W9 %E 7] 8HGlobal Synchronization)7} #Aste] A A Q7F H
of A&l B8t @, 7t TH,, 7F7oldl ol ==sk= sfjzle o
3l g+E p 7t A&EHo #7] Agst

TRl M AE g Hlolgol tias mzstA wkgske Al As|oF gt

Aol YA = = AFe MEE 3 HolH = H7|EE

ftlo

o] % netely] fiste] B RN F WHFS 8T AT Lol g} FAlolE
4 gste] WSHES Agstnd drl

s TARE @Al b TH,, O s de Selew dls AEA &
ook k. Qu, 7t TH o1 7HA7L 9ol 28 7]

ool siAsty] s 109k 2 WHs A8kl

43}
Davg: - QAvg (10)
:Z'" QAvg+ DAvg: QAvg+ (Q_ QAz)g) (11)

ANEs op7|d vbg B2E g dolgrt A&KEH (3141 MEETL of

d) o2 Q1skel 432 ol gate] A/ AEL wo A g T

RED: A& 7ol etyeel Soighe wuit B 7 ol Adss @
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A T Aolol wiste] ZkFAE Fol Wit i Holrb AFEATKS. Floyd ¢ V.

el A g Jhe] WAE g sfFle] T

siAe AVISES Aot FAW of= Ak AHH M2E G sfzle] disiM =
AEE ob71d 7tsAol e = Ay 55 HEA A} st

5 EF HHAAAM ARE H 76 E o &= 7 = Aw w7

ot stejete B ol dolrh 0154 &L, o= A& Algko] Aok § o)t

o5/ "vh. webA oS Hat 7 dols AEshd olHd dxls Bekste] 7

3

(2
=1
(N
o

)
r!

=3
B =Fo dugEs o=74dF RED(predictive RED : PRED)#} &t ow, A<t
=

i
o

SETRERS
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=

PRED <113

TABLE 1. =
W, < 0.002 TH . < 60 Qae < 0
Initia_lize: I/Va! - 003 THmin 9 QTime 0 int QSz'zg
Pmax e 002 Pa A O QPL A 0 int time
count — —1 P, <0 D, <0
v
For each packet arrival
Qsize — Ggfsize (time)
Yes

1

Que < (1— Wg)xQ e+ WxQsize

No
*No
m < ftime—q ) No ’7 Dy (1= WD 10+ WA Qe — Quve) ‘
Qaz/g <« (1 - I/V(])meavg
- -Q
avg avg S
count — —1 Qsice Qa, e
No L
Davg (_(1 - VVd)DAvgJ'_ VVd( Qs[ze_ Qavg) ‘ Davg <;Qsizei Qayg
4 |
‘ QPL (_QAvg + Davg
Yes

‘ Queue Packet count — —1

TH iy < Qpr CTH

No

Yes

increment count

Pb :Pmax(Ql’Li THmin)( THmax -

P, = P,/(1—count<P,)

with prabability P,

discard Parket

count. < () .

else with probability 1— P,

queue palcket

TH min )

A

else if  Qpr> TH . — Yes |

No

A

Discard Packet
count < ()

)l

G time < time

When queue becomes empty
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Saved Variables :
Qp; - predictive queue size
D,,, ‘ Average of predictive queue size
Qsime - Start of queue idle time
count : packets since last discarded packet

QSz'ze ! current queue size

Q. + Average of queue size

Fixed Parameters :
W, * queue weight
W, - Predictive queue weight
P... - Maximum value for P,
TH,;, * Minimum threshold for queue

TH ... - Maximum threshold for queue

Other :

P, : current packet-marking probability

P, * temporary probability used in calculation

time : Current Time

for(t) : a linear function of time t

Fig. 13 Predict RED Algorithm
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1. AlEgold =22

B =Lo| A Al83 Network 74 Fig. 143 o] FAsg e &3 72& A
Azxds FRew, Akl A a# A Fdrh

O EE Ha9 g9 E2 80Mbps

@ A9} gateway AFol9l delay time< 1, 2, 3, 5, 4, 4 -+ msecC. & W% &

©)

Sink =Z=¢9} Router A}¢]2] delay time : 2msec

3
3ms
om 5ms
80Mbps
1m
S Gateway
2MS| OMbps

Fig. 14 Simulation network

AlgdeldE Ha 5 597 A Gateway FEHE RED, PRED®| %215 vl
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st om, AlEH oA AIZFE 10%, Gateway i+ Zol= 100817, 131712 1000byte =
393 Ack packet& 40byte® 3} th.

ASAA WL gatewayZb WA S H7|stdvs AS d2 FA==7F 10msec A
WA & =S SS9

RED®| wi7i¥s+= 7]& REDYelFel AH83ld stebvlE = REDY 4% P
=002, Wq= 0002, TH.. sms 60, TH. =9, #7 7% 1000, A= =27]e

10242 A}83F9TH(S. Floyd ¢ V. Jacobson 1993)(-f-<3 413 &4191 1997).

H2 FAZ(TH min)3 Hd A Z(TH. max)> RED I ge] F23F ko] A
WA o my AlgYeldtow A A £ e ddvHE ok

TH, .. = 73 2A F+ Aol ol sjzle|y} wiaglo] = s]88t7] ufZol
ol Aol &85 B3 F oA ek w7y W TH, #O Aol =2
A slaE Aol F4. o] Fo] A2 A= HA 57]skglobal synchronization)”k
B 47 wWEel AlEdelds Fal & W 7H, v A F Zele 60~70%
A% dFW =i, TH, .S TH,. S 20%7F sbg A stok(fd A 7 2414 1997).

oA AMEE SenE F dS F AT dolE Tsty] fske] ARgE oS
bR B G ZolE T WstEel A&yl fleke] 03 14kel o] Frow Aokl

W AlEoldSs Foto] AHT go R 0035 AsATh o] Fe AnkAl A of

v

TAE RED €xel&¥ 7|& RED ¢3El59 AdeS Hlustr] 93] Microsoft
Visual C++ 6.0& Atg&3lo] Al Ed ol S Aasls

N
0x
or
I
02
o
It

Algdlold HeSAde g aeA, WZl &8, "Ft 7 Zolst dF He

Aol A #7] FES ol &dt des S48y, AT et 2ok
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1) Link utilization

fotal packet EF A2 an

Link utilization= total N EE O] A7F

2) Packet Loss Rate

Packet Loss Rate— Zn:I (drop packet count) (12)
(i=1) n

drop packet count = congestion packet + marked packet with packet Pa

n : simulation 34

3. AlZ8old &t

A B ol A= Fig. 15914 Fig. 189 A Yeligdch 1o A EH ol
AN 575 208 zta YEU YA Fig.ls ¢ Fig.1l62 #AdAdo] 570 o we] RED

¢} PRED Z3E X H3A

|7l £2& % randomstA A& st S 2 215

Edo] e

48 ghe Agstgon, A

o

)
o

A\

by

dH=S skl Algdeld AZEE 10secz A5t
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Fig. 15 Performance of RED

FH #2012

e
| e
/ EI_I : / !

Fig. 16 Performance of PRED

A%
200 otk AHoz AMH duelFol BA A
obe] Ei AMH 5ARE 2071449 ARl FFS w2 et A5 E
FE AolE B F Qon EAFA

of glojAxlE PRED7} REDXE.t} &4
= PRED7} REDEt} £40] & AL
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Table 2. Simulation result

NE B ME
AEREs
RED PRED RED PRED

5 49,128 55,627 232 200
6 54,569 61,082 363 333
7 57,069 66,803 420 367
8 64,123 70,428 446 391
9 68,044 73,987 494 485
10 69,876 78,100 605 553
11 72,185 82,658 697 609
12 76,904 85,462 687 682
13 80,961 85,205 711 681
14 84,010 87,664 895 759
15 86,387 89,947 943 868
16 87,799 91,119 995 940
17 90,097 92,002 1,151 1,066
18 91,742 93,340 1,180 1,162
19 93,264 94,867 1,226 1,165
20 94,240 95,759 1,370 1,305

obe} Fig. 17 Fig. 182 9] Table. 2014 dAEEI} £4E 7|22 REDS PREDS
Al el e w ekt
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40,000
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oooo
| ——RED —=— PRED |
Fig. 17 Comparision of the Performance
]
0

[—+—RED —=— PRED|

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

oooo

Fig. 18 The number of droped Packets
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obefl Table. 3°14 = wd@ts 0.0114 0.057h4] HAA7|HA A& 2ol A

A3E JeER AL, Fig. 199 Fig. 202 A##AE 222 333

=l

Table 3. Simulation Result from 0.01 to 0.05

ki3

AT,
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74 A wd=0.01 wd=0.02 wd=0.03 wd=0.04 wd=0.05
- ME |=2T| ME | =2 | ME | =T 15 =Y s | =
5 |55448|318|56306| 318 |55627| 200 (56278 | 314 | 58866 | 316
10 |78734|832|77300| 806 |78100| 553 | 74576 | 822 | 77882 | 782
15 |88508|1144/88296| 1234 | 89947 | 868 (877341178 |88552 (1040
20 |94822|1506|95242 | 1556 |95759|1305|95428 |1432| 95020 | 1496

O
O 95000 /
U 90000
89000 //
86000
83000
80000 ——0.01
77000 f —=—0.02
0.03
74000
o0 / 0.04
// —%—0.05
68000
65000 //
62000 //
//
59000 y
56000 "
Sm | | |
5 10 15 20 OOOO
Fig. 19 Comparision of the Transmission



O 1800
1600
1400

1000

10

gooo

Fig. 20, The number of droped Packets

oke] Table. 4= wd& 0.001°]4] 0.0037bA] 2] AlEdoldgt AxE FHA S
Fig. 213 Fig. 22 94 ZaadA= FA8 30
Table 4. Simulation Result from 0.001 to 0.003
FUIA wd=0.001 wd=0.002 wd=0.003 |wd=0.03

T & | 28 | dEr | 28 | s | 28| 88 =&
5 55318 | 310 | 54518 | 320 | 53376 | 326 | 55627 | 200
10 76948 | 810 | 75030 | 828 | 76474 | 826 | 78100 | 553
15 87896 | 1190 | 89246 | 1194 | 88122 [ 1198 | 89947 | 868
20 95014 | 1508 | 94872 | 1524 | 94302 | 1610 | 95759 | 1305
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Fig. 22 The number of droped Packets
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9o AxEm Ay Egt=ol Wdzl 0.01, 0.02, 0.04, 0.052 = 0.6%, 0.72%, 1.72%,
-028% HAEHFS B £ glon £AEL 23%, 252%, 21.9%, 195%¢] #HAE Ak
om WdzF 0.001, 0.002, 0.003% Wl 1.35%, 1.81%,2.29%¢] A&ae] 719k 23.4%,
EHNEL 243%, 261%2 FAE 7HA gk
ol¢} Zo] MFEI £ Ee] v FHvEHEY Ao TS Lol Kokt
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