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ABSTRACT

Existing Internet services were almost supported by the best effort service such as the data transmission
service and were allowed the transmission delay and packet loss. However, recent Internet multimedia services
such as Internet phone, Internet broadcasting are required a real-time processing and high bandwidth. Therefore,
many studies for providing Internet QoS are performed at IETF (Internet Engineering Task Force). As the buffer
management mechanism among IP QoS methods, active queue management method such as RED (Random Early
Detection) algorithm has proposed. However, RED algorithm has a limitation of usage of an average buffer
length and unfairness. So, many algorithms proposed as the modified algorithm of RED. But these modified
algorithms also have difficulties to satisfy the requirements of various Internet user QoS. Therefore, in this paper
we propose the QoS adaptive AQM (Active Queue Management) algorithm for the multimedia services that
request various QoS requirements and present a performance evaluation by the simulations using the ns-2.

I.M 2 ZA3 (Best-effort) An]22 o]F0x] glr}. o]
g v A7 2EEHel YEd= A oL fd

dzfe] <lefull v 94 ] F9<21 (connectionless) Azt AaAe gl= whd EE Aelr} ojzicks
e A Bl ZRESS VIO she o B wige pw olek ole] Aulavt S48 o
wt ZWEnd-to-End) #HZ A Au]zola vidto) A2 s} =o] A W o)F Alele] T4l

* Sdghitien AR ENA SR Helrivio] 3-8l F(wsrthee @ hanbat.ac.kr, © : FAIFAD
TEHS KICS2008-10-443, A7} 120084 109 99, HE =842z} 120004 69 7Y

605



21 8HE =FR] '09-06 Vol. 34 No. 6

gk AMulz FAE fAsoRI & vEH =Y
=3 E3KCongestion) &ML £ xu|AF
A3 M BH3) 79 2 vEY=a A
A7} a7l qkep Bl U ESaE A
A5 A A7 Aol dsfed Aulx A3kE %
W 5 7] wtoleh o)F H8] 1980 Fut
S olE Ak S A7t zld=ET gl
2hpEfe] iAo E olefdt AEke- Afslr] $lst
of g ¥y ] daejEEe] ArEe] g

IETFoM = &3k A A] vl & 7] $Ale] b
A= e dAs] 943l RED daeEa} e
W f2] vAUGS ZUNsisl o, A 2] &
F& 93 AF7HA o8] 7HA] W ] 9 oA S
7ol ARSEe] Sirt. o]9) o) 7]E A=
- HAE Afu]az x]8le] =Hglw kdAdE ¢
sto] HF A|qdo] o= A= LA HF alE]
Wl A3, eyl wkg HelR|t]o] xjuls Fe] A4
7 A H FL g EE 278k Afu]aEe) o
w3 glek kA el = Au)2 EF3(QoS)e
gk e 7F o= 9lom QlEfdl Aol IP QoS
£ AFs] A A7) @3] ol FefA |2 gl 1
2] wj&oll 718 HAY Mulag zgsle] AA
7r Al o) ookt el HRE ARl 2
AR EAT S QIES A FE 5 glojof P,

A A Al HE] e g S5 vy
o] RHERS-E FoM HLES 2E= 7o 54
o] Ql3r, w3t T2 HE & sloule okl
Heririe] AMu)a~E 213 QoS 87 AR A
2.2 uhedsta gl ok Wb tiekat QoSE Al
Fahe e Weld A8 T29- #2298t
of Hw A= wAYS o]efdt 87 Al 2
o2 wdd et gl wEh, B =R ¥
A AFE L gl el Hejulole] MujaEe] g
Tz QoSE UEAA 5= Q= T5A v e &
IEE2 R QoS A4E AQM Y EE Alokshsl
o] tue]Fe 7189 W¥ ] dxeEHEe] 54
T} tlEo] AREAR] QoS L7 ARRE AAA o=@ ut
ogslel 7t 24 ¥ Asaky yasAd 5% A7)
EAES HUg FRAAZT

o]Z 9j3) 2]+l RED, RIO, FRED % BLUE
5 B9 el dwe|EEel s A9k Ay
55 7)eslnh 3w B Rl Ajlehe
QoS A3 AQM dare]Fl s zpAls] drgstar
473 ns-2F o437 A HA1E Bl izl &
AE, #3 ARgeke] Ao AE daelze] &

606

4 o

O

TS Bk 22l 2 s s sl AES Al
]kt

>

k)

0. HE 23] gnalE

A7 Aok wie Fe] daeEEs Hd o
¥ Zo|& 71F02 3= RED9} o5 Wy e X
243k Aolr}l. od7lelli= RED'$} RS- InjOuto 2
}Fo] REDE #431= RIORED with In/Out)®,
olg] Z85 vzl REDE #43k= FRED 5
o] glrk g RED®} vf2A szl 43 ®3 A}
458 7|1&o2 &= BLUE™ o} gtk

REDE= ¥# 9| Ze|7} A E o He o
A 7o) (avg)E 71EoZ AXE e RS o
718k WhAleleh. &, RED ¢arE|E A3le] =%
& wuich HE Wse] ZHold Tl ARl FHai
AAG (ming) 7+ HH AAZ (maxa)y S ¥13L3l] 3
A GARE olsleld Al AR AXEk, 7
AAIE Alelolwd aiglslA Azl Hrjsta g ¢
Azt oldeld ¢1Y HRle =y APl ww
Wy Aole ohgs} 2+ EWMA(Exponentially
Weighted Moving Average)oll 7|t 3lod Alikgich

avg = avg + w " (q - avg) ¢y

Al (Dol we 7FEA|, g A HF AHole|ck
w7t & 9ol Al w3 Aolrt AjEA T3
A& avgell HlAE F3o] AX 3, =& Aol
= widfeleh. wrb 2heE LAl FFE avg
7} A e ek

avgZt ming 2t maxs Afelell Qlom wAshe 2
£ Azls FEHeE A Hed, avgrt
ming 2t maxy F 1 Fol 7Pl vt #E
o] AA Ik

P, = Pmax-(avg-ming) / (maxy - ming) (2)

P, = Py / (I-count Py) 3)

A el sl A BFHE P mingF-El maxy
712 AgA ez Frlete Adigke] Pl #E0]
o} 3R]k AlA| 2ol= HES A ()l 8 7
2 &g pol ol FTd A& R dFriHA|
W A FcounE Aol BETE FEL =

24 Z7PITlE Holn, ol & WS A7l



Sy

gole]

of Asl% $1% QoS MY AQM LIFF 2 AR

Drop probability

P

max |

H’ilﬂ,h

T2 1. REDY A #H7] &F

vF 28 Zidele A& wRgitl REDS
W Zolof] tigt A7l Ay] FEE 17 13} o]
viebd 4 9lch e}, RED+= 298 Al
(per-flow state)S 72]3}x] ¢tom] w{#o] Areut
L8 ARl wiel sl #izl dr|2 Qs

29 709 2EYAo) ehiA| B

g, RIO= ARSAL A8 Au|~E A33ich
SLA (Service Level Agreement)E £5-3l= 7l
8] 9+ Inprofile HHOR, %A 42 A
Out-profile {7l ez FEslo] zZ2F o2 REDE
A3t & i) visel] nHAF ouslzlE 9

3k F 71#] RED7} 3&31A "ok In AL ming,
A2k Out A ming g A s I Hzluch
Out sj7le] WA AMdslA| 7)1t =3 Out
28] Puw’t In 2] PRI} FA 3l E”t%'}
Al #1712 o] Out-profile #{Zle} #H71E FHEo) ﬂ
7 "l RI0O Y& e AuAA &

e AMEAIRNE] ke Eathe AR ii

slo] TAIEE tiede] Al wmAlsl= wlle|l®
I8 2= In} Outell wet b A7l 7] FE%
Boj&ch

oA 7148t vle} zho] REDOA & Z&4Y A
g ey} H2] g o] 22901 3 1Y v
o FelEe] d7iEe Hzle] A= Ez$o J)
717 mEER] oker) wely Aoz -8l

Drop probability (In) Drop probability (cut}
. 4

1o . - |
[ i
| :

i
| S
i

- e

JR— B e

min,,

08 2. R0 A7 #7] E

252 A mEA QRlAel Zzoo s Trw
s s71He B34l EAlskAl sie ol RIO
ol @A) o)sh 2 REDS] W& nsis}
7] $jsll FRED: #7lE weol Bul= £299 ¥
7S o A ste] AdiRes Rl EEF
ﬂﬂ = "Jﬁﬂ 1‘3}[7]. FRED <13
A7 1
&7 Hdﬁ | #«%1 Z71E) 9t}

- A el Q= flow 2] FHFe] max, o)l
R =1

- avgZ} maxy o1Fldl flow, T
avgeqg¥rt i‘ﬂ g del S Fok

- gdElE 29 ol Wk flow®] HFl 4t
avgcq"]*o“’é “H 7] gkck

EE

gwelgEolr] E2E 3’&?42 £t
of Z259 BAof wet FHle] #Arie-g delst
= Yol ol& ﬁﬁ}"% Hetvle] max, avgcqﬂ
F7 ey w3t A geirlez dAl s
U= flow:2] HA H ol glen;$t HdEle] A
el e strike; H57) Tﬂ'ﬂ‘}il’/]—. Z12v} FRED

F Z2$ 7o ZAAS SAAFIAE oo
PG wo] Bl FESA AdEE o, J)
JEl S Wol ke Z 294 w HdeE = 7
olm g 3t whE £xo] FR9yl HdeE A
Ak ool §E4xsE vt} EReE 48
g 4= ot

3l BLUE+X RED$} th=A sl £4s) 8=

o] 85 (utilization)S ZAH o2 ol&shd AZ:
o] 4 wal #F p,ol o& #HriEch oM =
292 Q13 Azl £Ao] WAl P, AR
2 Zrysla, Mz} v link idledelolA dA
a*(dZ)“Pﬂ Zagic) p,e] Wsk= P, 24 g

1E Al7Kfreeze_time)ol] 23 ol2oiA= FHa o
tﬂ 12 AZF Egbelle i3 4ol link idled]

Abaho] “EHE%HE P, vslslA] ¢d=th
BLUE 3 o] ZkgksA|t
o]

RED 2.} 4 2> uﬂ 1 $& zH=t} RED+ AAA
2 omZEvt R g EES disixe
EHo2 Arigt webd offd Agole eWER
$7F & wd7bx] djsiR] ek BLUES] #7]8]
o} A e
zeh), BLUER REDS} vhabiAz 2199

607



G183 = 5] *09-06 Vol. 34 No. 6

Upon packet loss (or Q..>L) event:
if ( (mow - last_update) > freeze_time )
then
P, = P, +dI
last_update = now
Upon link idle event:
if ( (now - last_update) > freeze_time )
then
Py = P, - d2
last_update = now
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for each packet arrival:
if the packet is new flow; {

initialization;
count; = 0
glen; = 0 ;

}

Calculate new average buffer length avg ;
avg = (I -w) *avg + w * g,
Increment count; ;

if ( count>0 && ((v>=0 && miny, <=
avg < maxm) || (v < 0 && maxy, <= avg)){
calculate probability p; :
pi = LR, * count; ;
with probability p; :
Drop the arriving packet;
count; = count; - 1/LR; ,
return;
}
else if (v >= 0 && maxs <= avg){
Drop the arriving packet;
return;

}

Insert the arriving packet into the buffer;

Increment glen; ;

for each packet departure:
Calculate new average buffer length avg ;
avg = (1 -w) Yavg + w * g

Decrement glen; ;

Calculate Buffer drift (4):
Vi = avg - avge;
LR R

Vi = Vi

avg.; = avg
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