@A P 7uke] fA FFUIES S 3 IPTV(Interner
Protocol TV), VoD(Video on Demand) 3 VoIP9} 22 A A7+ HE] Az A BAsol d= 57 A7l 71FEd] ek gu

SR A = e}
sZBetn ARG RIS, B FAGEND TS
*hjkim78@chungbuk.ac.kr, *iwutopia@chungbuk.ac.kr, **chokis@etri.re.kr,

*sgchoi@chungcuk.ac.kr

End-to-End QoS-aware Active Queue Management for Multimedia Services

*Hyun-Jong Kim #*Kyeong-Gon Ham #**Kee-Seong Cho *Seong—Gon Choi®
College of Electrical & Computer Engineering, Chungbuk National University

ok

29

2 =FoA $-2& DiffServ #7404 HEuto] Auj2art @48k F2 55 1HE QoS-aware AQM(Active
Queue Management) WoFS Aokt X3} Ao W17-aH IPTV 9 VoIPS} 22 AAIZF HE|m|t]o] AH| 9] ALS- 57}
=1

Z A3} QoS Al A olH, old e} FEAZFTAAM FAIEH QoS &7 FEE MEHA AZ 1 01*‘0@4 43‘%‘01]’\1
QoSE AT = JE 7 #el Weto] Besjtl 712 DiffServe] 4% DSCP ZEE o] 4ato] 24H QoS 4 ARE
EEDERANE _ga}Jﬂ g Mujze] Aol 9 £4F QT 52324 )8 threshold marging %’S}ﬂ o] M4 el A
Fo| A 5E5H o7 Aojgte M Fuzt IPTV 2 VolPs} 22 HEH|t]o] Mu|29] QoSE HAge 4= 9l

799 TrEe] AesA gk AW, Ed% F WelA A
A2 E29Fo] L8 QoS FES Wgah R A4

ujtjo] Muj2 Al go] Al Fkska ok AAIZE HEm o] Au|x s,

+ UDP(User Datagram Protocol) & ©]-8-8F¢] AgstaL J=|vk UDP
54 4 QoSE ATE 4 olrt HEn| o] Au]2=9] QoS A¥S ¢ I Ho) 97 2AEH 72 QoS FHepu|Ele] wzkE

Services) AH] 2 FZ27F Aoty 1 9tk [5]
YEY S o] BhoEol A AQME 0z £ Alo] 2 QoS Al
B3} paste] dgAolehs ZHolA wol Akel St LAYl o) Do W o] drop precedence

2 1 a}TEM 78 Ao Ao S AW, olFe ¢

DiffServe [P WES A A AH] 2 o] &5 Al QoSE A58
o e AMu|~ 2sE Fa| mrh zigsta gegido] An #ert
Solslths FHo] Qlrh
B oH s 229 9 A

olAd 71 AQM W3kt DiffServ &+ Hf Szt A
™

A aYHE A9 A ETZEFA TCP

29 QoSE BASHA Fat) w3k aAES FU R T7EHE QoS E

(Transmission COI’ItI‘Ol PI‘OtOCOl)Q] A]"%O] :ﬂzo]'E]i ?lxl‘ﬂ', )é]}‘]ﬂ‘ ;é] 7]_7':0“ EH6H A%ﬂﬂ T;E;_ :g_ _),\_ _3_ ;qoi aﬁ}xl o]—jl 9}]\111_
HEolghs FAS Zha 9tk o]d QoS Al EAZ 435 [1-4]

aH AQM Active Queue Management)ﬂr DiffServ(Differentiated ©.3) DiffServ 3704 WEU| o] Au] A7} @ TEs EA 4

-

el e ACf BUAD I FEL TN ey g AR A9 FHO 49 HERZ s 4

%“3““1*4 Aot S 5 7] dhel W SARE yg o1z ggn TV 9 VolPs 2 Relpte) qu sl o
A& 913 ITU-T, IETF 9 DSL-Forum¥} 22 %A X357
o) Anshs F AL % 7IEE BEAUE 53, PTV Ayl 29

M2 Fuz Aol 2 98 A2 Ad % A7 <480

M BeHE(61[7]0] @A 5 Feiel vleste] sjzle #7714 o]

2okt QoS FA 1o ol 4 RAL A UES o e
= *‘Eﬂ"ﬂ ek 3 S AT gl A% Z748 4 917] wiEell IPTV Al ze) CDN 74 #old
B2 F % QoS FAWS WA 24e] aTAn:
HES

SAE FAE QS SHS AT
2028 w2 B9 aFOR Fol
o o] 2o tht A A4S & %
]

ol
2
97 A 7z

°‘E} 12 DiffServez vhefd Afulssol dish QoS &7 5S4l 2. DiffServ T-Z91A ¢ QoS-aware AQM
o}

A 22555 4 Frt

o hFe A 2ES S8 5 9

A
[e]

E4jo] ueh A2l 5 9] o
o

349

2 Z25 o8 Azt QoS7t A&sHA d5E & gler vEHL

£ AlEstA %

& 19 3}5 QoS-aware AQM Wk Aottt} S-&AZA &
se T4 AR YEYA AZow ﬂﬂo}ﬂ B IAES lefSerV
FAglo] IPTVE) 22

122 A4 9] QoS 1A Mol AolsglE Al
B 71%S VEDZ o5 AAse] S0 F ¥

2]
= o
B AolE S T A Al s FES AT 4 9l

, RS 7 A E A3 A 7]% AQM(Active Queue Management)<& 7 A efel e} 4



A QAR a8ste] FE AR F thresholdE A|ostAH =i
EAES nelate] Au|29] £ o R AT RN FT AH|~
9] QoSE AF3A) AN 71 WRbES S8 AFlA a8
F4 5 A8 1A ¥ 7] wjEel 54 2F 7174 A
23 A~ ZE 2 QoS F4 AR 7l wet YEA A
SN TEAHOE HAFE AYT & gl Wto] stk

ol $-g & T A Ad 2 A7l THES Tl aFstaL
IPTV A8]22] CDN (Contents Delivery Network)oll whe} z} S0 A

Falof 3k QoS F2 AEY] WS
S Aottt Aok Hoks Eaj v E

94 SEAZAAN S7she FH FES
QoSE Alwd 4 ik

71 DiffServ #2014 DSCP =& o]g3lo] Au|2 Fej~E
ot ag Seizel A AP A9 2 drop precedenceE
olsle] Muj~Z 2pd3alith DiffServ T-ZolA AH|2x AL b
ot Mul g TR A8 AF FH24E uyd § glon
23 o] Mu|AE BFete] AlFd 4 gk

133 QoS-aware AQM
4ﬂ 74]%‘% HE T o] AH] A
AAsle] FezE kA<l

qu:

* AF1: IPTV(HD % SD+), VoIP

« AF2: VoD, 3}/ 3]¢]

< AF3: 93 dlog A

* AF4: Transactions(instant messaging, database access,

interactive applications)

7z Au| 2z 2ol A 3eA 9] A #7] =915 o] &sko] AH| A
Efg 2299 4 98 I3 5 Ytk
ARk AF Fe229] drop precedenceTHe.E Al 9 £ E
Rzret HEm o] Au| 2] F4E WEA77]6E @A7E Qlek P
S5 o] DSCP = ARGS Fzshs YEND A 5L 83 A
H 29 QoS &7 F4 538 7Fsd 4 97 Y wx YEYA

I “EHOﬂ weh AH| S A ] i T 8
= 4G 1EAZ = ¢tk Therefore, $-2]= HE|vt]o] An]x9)
EA 2 QT QS FH £F AR TN AY F FEUEYA
AFoZ ALy ¢13) 7] DSCP =& 543t
ol & S0 [PTV AH]A E VoIP AH]2E-9] killer application A]
H| 22 24557 wigo] sfF A= F4 71EE Fastgint of7]
A e L] M)~ FA AR 2 7]$2 ITU-T DSL Forum$|
A WES FxeAth IPTV AH| 2 2 VolPe £97F A9 A
A7l EAE - W17e An| o)) Wl AF] AH| 2= 2R
B7E F gon g AulaEe] aehe T Ad 2 Al &
A& ¥ 13 2k
<E 1> =4 F579 BEA|o] Au|2 QoS FetvE B 715 (][9]
S8 Aux A9 2 5 ENE QT
HD IPTV 200ms ©] 3} 10°
SD IPTV 200ms ©]3} 10°
VolIP 100ms ©] &} 10°

£ 13} o] AF1 Aol 2929 A9 0 £4EE D F BR

2 B53 4 917) "l 712 drop precedenceE YEFH Y two bits

350

& @gajo] AR 5 ST £ HD PTV A2 S474200A
275 QoS FA FEOZ A ATS S 0 § 2
0% vz Agaol 9tk 1eine, St DSePel Al AH4HA
% U g ol gto] Welvlrle] Aul2s ABHE F F ol
0 Jug Eds] UEND AF0E AT F g

o)
S

QoS-aware AQM "Wk 94 F45 = AR 1
DSCP 2= ARl wpe} Au|2 Sef2~7F 27 o] s 719

arrival rates} 4% DSCP 2= U9 A 2 Ao sk QoS
Q7 level AR} FG7 hop 5 FQl3t) thS02 EHH Au|~
£ Ao R AFey] S8 a7 7Y Ad Ak HEAE 5

Al

& queue threshold(TD)%} £E7) loss rate® W5A17]7] A3 &
A EoAM QFEE= HA loss rateE: WEAZ 4 e queue
threshold(TL)& AlAF3tH,

olgA QoS ¥4 A AAH EHAES WEANL F e F
thresholdE AlAFste] 13 13} 2Fo] max threshold¢t min threshold
2 473t 878 QoS 2 "F-fr% BASHA EY A Aol uf
2} threshold margin]2t &&= W] WAl S22l 7 w7t 7+
satth el 5o 7 thresholdE ¥laLadte] TD7F TLETH 2 745 3
G AU 2E AR O AFE 4 odvkal #Hsto] F thresholdE
TD= AAste] 7l gt spAw TD7F TLETE 25 75 8
T AHAE AFetl 9o Tt A 2 7 £AE FkR ¢
AR FA ] Aul 2 Aol B7bsstthal ek & wir]o] A Y
QoS # A|=glo R B A2 Fdf HFAQ FA Y AMulAE

AFE 5 Q& J2E AYAT AL Buah

TD TL
(max threshold) (min threshold)

Packets : Packets
arrival | | . @ service
_— : Queueing

I I

| ——l

Threshold margin

a9 1L &7 QoS I E (A4 B &R E) I AR 318
Atelel o] Aol Ao

3. Ak W) A w4

o] el A= Ak QoS-aware AQM Wete] A% BAE g3
OJRRAIZE ) Bl sl Argskal 1 Aol disf AT AlqtE
QoS-aware AQME 13 OAHAIRE 79 Al &gloll A -2]= el A
el shzlo] m=tey] el b djZlo] Ael et 7HdRit =
K749 dj7l& 88 5 ol= Agkd 2718 7 A A2 7)1+
2 5ol2% £AUR o] AgHs 2as 7P ET

T Wl =2Fsk= 7o) TD7H] S7Fe 45 e¥E 254 o7
< 7] Agd o714 Ft 5 dolek A =FE SA4LE 7 e
SEvitt o] Hu] 7t Au= o vY 39 5 AR Ade
el ATk ol A Tl 7o) AAgkel Wit it o] et
H7 =45 9 2% QoS ol wet A4t

Fele an 2l 7 Aol A dFshs sl ol A2
= Az #AE FH] A MWK 79 2 o8-8t



A2 AQME] A5 S 3
A A AdAIE 3

AR S 2 TN AR

Little?] g2 wg} 4 (3)o.2HE =EHh
w

e
o,
=
=]
0%
)
e
>,
5
rlo

_ L

s ®))
o714 S& AgtE &= FollA ofik Albe] i A FE o
ERfiH L& a5 dolE ofmjgit), %3 7 E4ES M/M/I/K

o 249 blocking FHES o] &3 = Utk
S=(1-F)xp (4)

(1=-p)p*

Pe= p<H ®)

gheE s 7lo] A Al 2~gle]l EAS drhd, At daeES dA
71| arrival rate, DSCPY] QoS #2 &7 AX % St & 55
Bz dg RS A2st7] 93 thresholdE Al4tsie), WA x4
AE 183t 424 (6) wHESHE threshold(TD)
A EAES aEste] 72 ()3l threshold(TL)& Albertt,

Tp
S
i=0

Delay e2e =

mlru
X,
rl ¢
ol
o,
fd
K=

hop _counts ©6)

I-p 7,
1-0)">(1- :
(1-L)" >( l_pm]p ) @)

a8 2% 713 AQMI1]13 AgE schemedl] w3 SDe} HD IPTV
AMRAE 1 A JH71 arrival rate(A=0.32} 0.4)3} service rate
(1 = 06)9] 3NN Mu|27} A A Tt & 9 SeAF

oA aFel= QoS FE g 1EE Ag Ha 2 FHy
threshold®] H3}E HolE

Case_29] 7%, 71 AQM2 7% 7} FollA A8 A Az
WS aejete] AMu|2E AlFsl7] w16 hops7HA] IPTV AH] 2
Z AT = dvn A AT Case 2 #7314 11 hops ©]4H¢]
Aol e Aul 2z o] &t Al Mu|~E AEd 49 TLe] TDE &=

HatA Hol AA EAE Y AAATre] FA 8] Fkste EAY #F
Ao quAE Ad 5 vt 3 = glom, IPTV AuAE )
G UESND FAHE AL o At LuES T3 ARl 2

HES

A5 4 = CDN 7]

351

a9 32 amrival rae®t T A" F § wge] w2
throughput& H.oFt}h $A AgFeh vpel Zo] Au~ Ae A7t
7V I QoSE B8] S8l thresholdS Y7 ©1 o] A&
H7 EAES F7HTIA Hol A% e A& 2yt

1 arrival rate=0.3
1+ servicerate = 0.6

Jueue Threshold
s
=

20 4
15 * —4— Threshold of Legacy AQM[1]
10 + - =—#—TD of proposad AQM
o  —&—TL{5D) ofproposed AQM
) —»—TL(HD) ofproposed -\Q’\I
0 —T —T T
12 34 5 6 7 89 101112 131415161718 19 20
The number of hops
(a) Case_1: arrival rate = 0.3 and service rate = 0.6
43

Cueue Threshold
L
(=]

—+— Threshold of Legacy AQM[1] arrival rate = (0.4

=D of proposed AQM service rate = 0.6

3 o ey TL(SD) ofproposed AQM L
5 oo =imTL{HD) ofproposed AQM o T
]

1 2 3°4 5 6 7 8§ 9 041 12713 1415 16-17 18 1020
The number of hops
{b) Case_2: amival rate = 0.4 and service rate =06

a9 2. 71 AQMEe] T A WE % vlal

0.6 -
S f; 05 . _
o5 —+—amival rate=0. ~ =—®=—arrival rate=0.2
2s —+—armival rate=0.3 ~ ——armival rate=04 \i\_’\
2804
@ 8 —— \c—x
= \
0’%" 0.3
¢
g 02
s
3 ol
@
¢
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
The number of hops
a9 3 3 EAEY T F ol w2 Aes ®isg
4. 2
Y ES-2]3= DiffServ 3404 HEH|t]o] An|29] 3-&AZF0
A 78 QoS ¥4 AEE HEHA AFNA st Lt
QoSE A& 4= 3= QoS-aware AQM scheme S ASHFAT). B8
IPTV AH| 9] 4 A § G0 wje} 7 Fol| A BAgsjor sl 3
A A7 2 loss rated] thEF threshold marging #4138} aL o] ¥
9 Wolld T54 R thresholdE #|ojgtozxi Fekzt okl &
Aol AH AT ABE F 9 FAAZE F CDN F42 918 7]



VAl Azk: A #(sgchoi@chungbuk.ac.kr)

"The work was supported by the IT R&D program of
KEIT&MKE&KCC, Rep. of Korea. [2009-S-026-01, Development
of Group Service and Service Continuity Control Technology in the

Broadcast and Telecommunication Converged Environment]”

N

A3 23

[1] L. Guan, M.E. Woodward, 1.U. Awan, “Control of queueing
delay in a buffer with time-varying arrival rate,” Journal of
Computer and System Sciences, Vol72, Issue 7,
pp.1238-1248, Nov. 2006.

[2] Pablo ]J. Argibay-Losada, Andrés Suarez-Gonzalez, Candido
Lopez-Garcia, Manuel Fernandez-Veiga, “A new design for
end-to-end proportional loss differentiation in IP networks,”
Computer Networks, Available online, Dec. 2009.

[3] Manali Joshi, Ajay Mansata, Salil Talauliker, Cory Beard,
“Design and analysis of multi-level active queue
management mechanisms for emergency traffic,” Computer
Communications, Vol.28, Issue 2, pp.162-173, Feb. 2005.

[4] Long Le, K. Jeffay, F.D. Smith, “A Loss and Queuing-Delay
Controller for Router Buffer Management,” Proc. IEEE
ICDCS 2006, Jul. 2006.

[5] S. Blake, D. Black, M. Carlson, E. Davies, Z. Wang, W.
Weiss, “An architecture for differentiated services,” IETF
Network Working Group RFC 2475, Dec. 1998.

[6] Yang Xiao, Moon Ho Lee, “Nonlinear Control of Active
Queue Management for Multiple Bottleneck Network,” IEICE
Trans. Commun., Vol.E89-B, No.11, pp.3108-3113, Nov. 2006.

[71 Y. Zheng, M. Lu, Z. Feng, “Performance Evaluation of
Adaptive  AQM  Algorithms in a Variable Bandwidth
Network,” IEICE Trans. Commun., VolES6-B, No.,
pp.2060-2067, Jun. 2003.

[8] ITU-T Std. Recommendation Y.1541, “Network performance
objectives for IP-based services,” Feb. 2006.

[9] DSL Forum Technical Report TR-126, “Triple-play Services
Quality of Experience (QoE) Requirements,” Dec. 2006.

352



