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A traffic control system to manage bandwidth usage in IP
networks supporting Differentiated Service
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ABSTRACT

As the recent rapid development of internet technology and the wide spread of multimedia communication,
massive increase of network traffic causes some problems such as the lack of network paths and the bad
quality of service. To resolve these problems, this paper presents a traffic control agent that can perform the
dynamic resource allocation by controlling traffic flows on a DiffServ network. In addition, this paper
presents a router that can support DiffServ on Linux to support selective QoS in IP network environment.
To implement a method for selective traffic transmission based on priority on a DiffServ router, this paper
changes the queuing discipline in Linux, and presents the traffic control agent so that it can efficiently
control routers, efficiently allocates network resources according to service requests, and relocate resources in
response to state changes of the network. Particularly for the efficient processing of  Assured
Forwarding(AF) Per Hop Behavior(PHB), this paper proposes an ACWFQ' packet scheduler on a DiffServ
router to enhance the throughput of packet transmission and the fairness of traffic services.
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Input/Output traffic of router :
(total_bit_sent + total_bit_received) /bandwidth. Al (1)
FDDI Utilization :
1 [ (ifInOctets, , , — ifInOctets,, + ifOutOctets, , , — ifOutOctets, ) < 8 ]
o sysUpTime,. ,, — sysUp Time,) X ifSpeed < 100 ¢ Al (2)
@+ 1)
Ethernet Utilization :
(ifInOctets, , , — ifInOctets , + ifOutOctets , ,, — ifOutOctets ) x 8
(sysUpTime, , ,, — sysUpTime,) X ifSpeed x 100 ; A1 (3)
Full— duplex Serial link Utilization :
Maz[(total_bit_sent + total_ bits_received) /bandwidth],
Maz] (ifIn Octets,, , — ifInOctets, + ifOutOctets,, , — ifOutOctets)) X 8 7 AN
(sysUpTime, ., — sysUpTime,) < ifSpeed < 100 1@
Traffic error rate :
ifinError, . , — ifInError,,
totalPktIn,,  , — totalPktIng, A (5)
Total Input Packet count :
totalPktIn = (ifInUcastPkts + ifInBroadcastPkts + ifInMulticastPkts). A1 (6)
329
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O tcasla [-p port] -a customer_id service_type
rate rate_units{gjm|k} drop_pr start_date
end_date (add)

O teasla [-p port] -u sla_id customer_id
service_type rate rate_units{gjmlk} drop_pr
start_date end_date (update)

O tcasla [-p port] -d sla_id (delete)
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[23] 4]ell4] ‘customer_id’&= EzfE Ao ollo]
HEo]| o8 fA== AR ARE 293,
‘service_type’ & T Aul2e] Hejg olvlg
ot rate’= FEjoldlEs)e] An|aggeld Hd
gopls dlgdZo®  G(gigabits per second),
M(megabits  per  second), K(kilobits  per
second)®] QIAFE- 7}Alck ‘drop_pr'& Au|x~ FFE
4 AL FFsAS ouIglcl  ‘start_date’:
SLAZ} wasEE 9l AZRS,  ‘end_date’=
SLA7} FasiEE JdHel Ak vk
‘sla_id’¥= SLA7Z} AZAo & tolejuo] e F7}
HolS o uigtEs ke ovishy diolejule] A
Al 2 A Aol SLARA sdlepeets Adglct

SelollEt SLAG) Js) RPR AuAE AHE
317] 918 B Ao} olo]dEqA] BARS 83
st A8 e [2F 519 2tk

O Client ID, SLA ID
O Service Level arguments
(rate, maximum burst, etc)
O Source identifier
(port number, IP address, protocol)
O Destination identifier
(port number, IP address, protocol)
O Request duration(start date, end date)

[Z13 5] BAR 7484

EY Ao de|dEx FoldEl 23S +
gez] Aol Agled diellA SLAS] S %3}
37 $¥=%E BARS BARIE FElo|ddEe} Ed
g Aol oo|AE, EY o] oo]HES} =
Ao} eflo]E7r] BAR §AH A= g3t 2k
@ Ezfg Ao elo]dEr} R ERFHE o

W SLA IDE AR8sle] dfdFgra o] Au|

25 §ofell dABleAlE Adsln 83

3-8 AA
@ s3] = =Y Ao oo|dEE o

Zacr o7 Al ¥5E 2h9E] Dol 2= %A
2koE] AN vge o8 2HeE AW

£
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A9} B8 35l DSCPRES H43gich

® EHY Ao} ce]HEE dlojejulo]s o
SLARAS §A5ta Qe AA7|7le] 2w
A QS AR,

. DiffServ 2IE A

DiffServel$-E]= DiffServEr|gle] ZAA=kE]
o4l Ze]A(Policing), “FJ(Marking) 5°| 7|%
S i, FojElE]of|A= IPEc]e] ToST=
% 3 WA 6B|EE o¢]8sle] PHBE 33l
DiffServi= 258 7|Hke2 F2lsly] witel Ztzt
o] BEE0] oUR EerleA Hroke 479 =
S5 e 2FoE FAFsl oEE A5
3|2 U ESZ Yol shie] 5= FHF
gl webr oleidt EE-S Aeshy] It A5
A(PHB)-S- 2h$-Elell AAsolst &} a=|x ol
AEsidu| 2 jgle g dyle] FA1E o, BE
AARISE S o2 =vdlox] glHE® SRES
ZRle] Ewglel] AH3slEs 7 A=AAS A3
Folof gk <iE 2>ox AARESE] dsmark
7 IA=AAL FAsE] SR A TebEE B

et

<3 2> dsmark 74 gle}uel

Variable name/tc keyword Value Default
indicies 2 none
default_index 0 ... indicies-1 | absent
set_tc_index none(flag) absent
mask 0 ... Oxff Oxff

value 0 ... Oxff 0

<E 2>o4 dsmarkE Pz AER
indicies,  default_index, set_tc_index7} )t}
indicies ¢1ZR= (mark, value) o2 F3¥|w] )
ol£2] FHd =& iepdr). indiciesE AT
dell= dlo]&2] FHd =78 AAksl] o ge A
Aal Ho] zES 2"k set_tc_indexi= dsmark
o|A] DS dxo] & dular, o] e Fejo A
AZlek [27 6]ellA dsmark F A Ae] Fxb
Azs =AsEe, F2F AAE A o83
Zrk
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skb —> iph —> tos
‘ .
— optional: DS field is copied to tc_index |

v
& ) or )
= Filtera g 1 )

* } i
Default / ’ [—‘—1 |
J !0.‘ndax is translated to DSCP |V - — e——

] > e = s -
o ( - Filter 4 classid | Queueing discipline | = /»! e ‘ I
{

sch_dsmark |
| f

‘ Classifier may use tc_index Mask Value

e s 24 1 Pl >
skb —> tc_index

[z 6] dsmark §F ¥=]A A

@ =kl glEa7lel] set_tc_index7} A|ElEdchd,
DSIc= o] & Hstn WeE H e
skb->tc _indexe]] #&FA|71c)

@ E57717} A#P=|o] skb->tc_indexell #AE Z
BH_JD—I%L uiggicl olul, & WA X3}
™ default_index-3-41-8 #A4Az7lcl. BT =
22714 E3ha te_indexFE] 7S AAA )

@ O @ HAS vx|w 3l inner qdisc
2 o]53ck o7l 3L FEjedAe] uis
#(skb->tc_indexel] A= wWighEE= S
D) A ARESEAl Hw, o] e (mask,
value) Hlo|Eo] glel~z 2}-8%c)

@ viAgte g, sFle) 3= DSBEo] e 4]
(Dell 23l Wk}

new_DS_field = (old_DS_field & mask) | value (7)

Al (e AAEFES] tc_index FEjollA Fo]
2H9E1e] PHB 3 913 A =$ DSCP#Le F
EBHLH'“ Aot} tc_index FE]E= g1z Ewgo)A

] DSHEo]| OxfcE ALgale] vwpia7)s 43
3]—_14 ulx7) ¥ H|EE QEZXOZ JH|E 4ZE
sfo] A 29 DSCPZH-S W)

1) BRENES S5t AlrHEE

B =i o848 RE #PEE EAE &
FAARZ sle PCE o83y, gls2ukrs 2%
B2 o]83}7] $ls] Alxwle] HEE ) routed H]
25 293k} o]z’ 2l52uleEr] DiffServe]
AAlR}Ee} FoiekeEe] 715 S 5 U=
2 3] 8 Alx=®lEzEF diE= AA(netlink
socket) S EEIAA QlE]Hjo] AR o] 831

A el A2 2AZE A AR
HRA2AZHE AAHsP] I e =ZA F 7
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A2 7S T Ak A WA R ae o]
43k Whilel, 7 WAle AMEAL ofEeAlelAde]
A3 AL 8 ol8Ee= A=HEEE ©]83)
+ Zelsk [2d Tl 2eeldAs 913 Al=d
3% TAEE Blck

User Space

f DiffServ Agent PHB Scripts
(~Sockat T "
[sys call 1 ][ sys call 2 ][ sys call 3][sys call 4] A
¥

7477” lr:t;;mm(ji k' 1777 7|’7 “SEAS
47 E——

Dr"Serv Extensmn
Packets (DS 8 patch) AF Queue

(Kernel Level)
L Linux Traffic Controller

_ Kernel Space (Linux 2.2.18)

(29 71 2EdAE A AxdEE A=

£ =tdAe A U 2AEEE A
s dH=z QS o]8shd, FelEleEe] 7 A
A3} 7‘]%‘11 AgE dolel& X‘]E]?f}** o A
2HTES o]8]it) B =ie AAHZES JiH
Z -r-’i-‘} 243 IRE tc_modlfy_qdlsc(),
tc_ctl_tclass(), tc_ctl_filter()S o]8shd, = z]d)
ole7l AYZE A== whwt gg=3 29 o
24 dA3)

£ =X E BeEY F 725 o= A
olzl7] {3l Al 7o A2HZES Ao, A=
Bl Zol digk ARE Adel HIslz] $1sl Al A
o] Fx2AE Aozt [27 8]ellA ‘]’“Eﬂi%‘ﬂ

Ad Wi QY Aol E5 digEHe 7EE
Belck
System Call
setadisc | set_filter [ setgclass QoS_dump
@ b

® gl entans o6

|
|
|
|
Queueing Discipline o=
Queueing Discipline 7

Queuing Discipline

@

(3 8] AlzwlzZe] EdfAolE=d| d85= +=

[23 8]d] Hol= A 702 FFA= set_qgdisc,
dese  TEAE=
qdisc_msg, filter_msg, class_msgo]t}. o] F=

set_filter,  set_class®]az,
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= APEEAR| 2F AlFEe PUEAZAA dSE0=E 913 B AojA=H

A 2lEz A W9 tc_modify_qgdisc(),
tc_ctl_tfilter(), tc_ctl_ tclass() 32} th-2-%Ick

2) Zo{2tRE AHA|

apdsiau)| . v ELae] FojehtEddXE A
AlzElellA 2Rzl sizle] DSCPtutes 7}
PHBE X-5{BA classification)3l]x] z}z}e] tfj7]
F2 ol#E=Icl EF, AF, default PHBEZ A1x%l
HAENA HAFe] Au|AE AFshr] g8 H43
oA ~AEYS S gk A==
SEle] AdAo] x wlgolx FAIH Hls| 3ofet
SElox2] AL A w]gel A A4S 7
A =k

FolehpElofx] 5L Fejel 28] AF, EF,
BE Au|~2 553, 58 s S
2o AZE ARl AE ] TRl wel 2AEH
ek (23 9Jl4 FZoleheEle] AAES Bl

=

|

1

I
Bk

i

HH

FIE

CBQ 3:0

i EEy |
Sy

CBQ 2:0

DS_MARK 1:0

[ 10] Zoj2hsE]e] AAle

[2%] 9]ol4 ds_mark 7 H=AALS FHAA
o} AgAoR dtEegled, A7) = §iH=]
L gFlo2HE] ToSHP|ES 3Z=3}o] tc_index
Hel2 AEgic) te_indexFE] = 5% ToSvle]
Eo|| OxfcE A}83}le] wpaz)e $alsly, vwhrad)
H HES 2E8Zog 2H|E 4ZE 3lo] DSCPZt
S 353k 3% DSCP#2 skb->tc_indexol]
A= a1, 712 CBQ(Class Based Queue)® 4l
Zhek
B =Fd|x|e] CBQ+= high, medium, low<2]
$AE9E 7Y $41%9] Fells EF, AF BEE
#Y #A2 FelEe] Az]¥ick CBQelA A8
€ A =g Y=2-ITH oASE
(link-sharing scheduler) £} GPS(generalized
packet scheduler)o]t}. B=z-3-f 2AFe]= -
A Y=g 2AZER o] st Aelst ¥

N

B
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Ae u Fxtele] A9l e Feae =
e Y oz Al A B

Zel2r)t e dgdZ R} o wol ALgd S 9l

=5 d9EAgs 2 7e-S it

CBQ 2:02 #7lo] s]#=3lS @ AF, BE, EF
Efger BHE 33k}t EF Izl 0x2e I
Elof] o3 Zux 212 o)F3la 1 9] &
ZI5L 081 E 53 Selx 222 |53k} CBQ
2:0¢l1412] EF PHB: #o| 35 o8 £572
PHBHT} & 9AEHE 72 Aul2 $AHS
7k2Al7] & 4 gJejo} }=Z  pFIFO(priority
FIFO) wu|gz]x A8 o] 83l CBQ 2:00] <s)
AF, BEE#|% Hr} $Axo=® AMujxsc). CBQ
3:0-2 AFe} BEE#Z]Z-S- #lsl7] 9 e~ 3:1
3 328 Egitl. AFE#E2 WRED®#HIz2|A
Az} ACWR2Q+2AZe | 98 ~AZY =,
BEE#|9 REDH¥ IS 4388 F, CBQ
3:0 7 A A wz} Au|x 4140 AL

AFE#H9] 2AEYE 9l 245 ACWFQ'
2AEY d3ElEe WFQ 2AZEY dxEF
[12][13]¢] 7|27 45 a2 o] 83la
o, Fezvic} busy fields 7ol vlE7] 7
S AYPPh =F WFQ' LuelFely sFe
7} ol 7S AY A Bilwr}l Fvkshe
A s S8 FaEE AFPak]s 3
g,

Hl57] FdL 71E whely $5414] shie
5o diall shie] o =gle] EAlshs A=
22], 57 iZH(enqueue)d = A1 SIEFEC] <
gk she] z2R_]7} §F E3H(dequeue)d w F4l <l
Bl Ed] 23 2le] Ejldor ZARl) F v
571 Fdollde 7 o] 3= F dAHe] Fu
Fef2e} FE k=0 A wel vlE F £3Ho|
e 5 9lz, Al oJRe} Aligle] 7 ¢
E5ldog whasl = gt} o] AS Al 98
el busy fieldS Fol 57 13 =2gdald =
AZE 3FH] FIET sjo], B4 Fexdvt
HIHEE 2AERe] dopls ZAS WR|gteEs F
Ay AL AZ3he)

Fel2rm e dubkdel AlEE duElE:
o] ol sleiM Ao il 47} ol of
3 Bale o) EAlE 2estr] fEix, 389 A
H|ago] Mg FRe 5EES shie FYam
TAsle SElx 92 AHHhsle AR s
AAZ) ol FFle] =7 mAE ATM U=
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Yzl Aula 278 el Feas A
A= e, AR=7)7h spdel 47 »lz OED)
A%, 12 o Au|z 978l ule} FHaE A
3= Ze ojul7} 7] wiite|t) webd B =%
S~ 71&} Fole AR Anla A6l wheba
588 B4 ez BHsha o]F sMies A
2slo] A4 7S AR (23 10]el4] & =
o] ACWFQ' 2A|ZedlAe 7 483} 7+ &
2o] £} 34S Wolx glom, o]F 7t e
Avdspd ohea} 2k

[U

ﬂ

Busy field reset

i . e = |
z ~ ] | Enaueue i
connection
Receive packet Packet o= s
classifier - g Lt L]

wal G
Class 1's s Class 2'
busy fieid = 0 busy fieid = 0
Yes ‘ Yes
smm., [ Schedule ]

arent class's HOL packet schedule [ [ Parent class's HOL packet schedule |

Select the lowest V.C packet
Pacmv < No Packet V.C <=
System V.C
Select the lowest V., C nlchll Yes %—
L,

[23 10] ACWFQ' 2AIEHe] 7 <13, £4 3t 34

[ select the lowest v.C paciat
]

V. MBS S8t H5EY

o] Hollx AZAJPE Fsjo] £ =il At

3l DiffServ 3H7ol|xe] Ewlg] Aol A|xgle] A

=S BA3L AgE AlxHle] ASAY myLe [0

%J 1113} zoxd z|ad, A|E, 7l 4718 o]83}
o] A|xHle] A5E "7‘4@:}

DiffServ
——

TUNX | 1921687717 162.168.77.18 " jnux
etht ethl
S Bottleneck 44 Router
i 15 Link
(2Mbps)
192 ! B 78.2

e B

(23 11] AZAY 371y

a —H
192.168,73.1 192.168.79.1
eth0 eth0

Ethernet Ethermet
b e

192.168.73.2| | 192.168.73.200
eth0

A gk ZAPH-e RFC 2679[14]¢ A 2|=|e]
on, o] g FAZeNA AR AZ9 =AY
H|ES] EAlAZKHwire time)ol|A] HAIZelA] 34
g gz Aol =27 o] FAAZL AolE ol %

Copffﬁght (C) 2003 NuriMedia Co., Ltd.

sl =A%k AE gL IETFS] IPPM
WG[15][16]°4] 2|7t ’#ﬂ%ﬁé% o] g3 =
%k—"— ol g3l F sHo| HZe| AKAE °l%—6}°4
=gl weby e hE SAS H fNsA =

I dzlo] BgshA e}l oA Fzle] A %k
D} gcja, #)e) gk | Di— Dial o] iy,

m\o : _!l}l

1) AF PHBE M4

A& oA Al 7] TCPEEHflow)d} 3 7)
9] UDP3&E9] srTCM, RED w®{#H32|AA 18]
AL PQ(Priority Queue) 739
o} #  E=WolA Al uTCM, WRED,
ACWFQ' 2A1Z% dxelEs #4308 79
A EZfge] Hels3} Au|xe] FHAS SR’

UDP background traffic : 500Kbps
packet size(header included) : Flow A = 512byte,
Flow B, Flow C, Flow D = 512byte
number of TCP flows A = number of TCP flows B =
number of TCP flows C
test time : 600 seconds
RED, WRED on LINUX Router configured to default
rTCM : CIR = 256Kbps, CBS = S5Kbps, PIR = 512Kbps,
PBS = 5Kbps
host configuration :
UDP background traffic generator on Tx1(192.168.73.2)
mgen -b 192.168.79.3:9 -i eth0 -s 1000 -r 61 -p 50900 &

UDP test traffic generator on Tx1(192.168.73.2)

mgen -b 192.168.79.2:50100 -i eth0 -s 484 -r 10 -p
50100 -d 600 &

TCP test traffic generator on Tx2(192.168.73.2)

netperf -p 50200 -H 192.168.79.2 -1 600 -f k

netperf -p 50400 -H 192.168.79.2 -1 600 -f k

[ 12] 294)(fairness) 2§24

AY 12 93 AgdzrAL (23 1219 Zow,
AF PHB®] %A(faimess)S Aisl7] S8 2
EEolA= A @) AHRITH1T)

(Z@V

FI = ———.
NXx 2:5,-2 ®)

Al (8)ell#] FI(Fairness Index):= 334 AL 4
g o2 03} 1 Apele] e 7RAlck Eghe o
W E Aol HF M2l&E ovishd, N2

A Aol Fsla gl A5 =S F 5
5 9uigic)k 394 54L& 91’ ¥ FI7} 14 7}
A AFE FAFeE A== EQGe] o
9% E¥:= Fo TS vk

[Z3 13]1& s TCM, RED ®H#HI=HA, PQ
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Agshe P ES ZelA dSge] s A7 B AlolA=d

dv2]ES ALl e A9} B =2l Akl
Eg% #lo] 79l «TCM, WRED, ACWFQ'
2 A4319S A5 Ha Ass Adst A7
otk

o0 Throughput (Kbps]

UDP

600 4

PIR(512)
Wz  \JoP.green
EEE  UoP yellow
TCP.green
[ TCP.yeliow

CIR(256)

PIR/A(128)
100

srITCM, RED, PQ trTCM, WRED, M:WFZQ’

[23] 13] TCP, UDP vlo|a2 23550 Hy Ael&

w7, IETF DiffServ Spec.olA] Aokt whio
2 A3’ A yEIgeE Qlsle] Edge] ¥
spel7h =7] A7 7 552 AFHHECR ¢
Committed Information Rate)-2- %53}s, 9l
e ZS A Fedikerh sl olF, [
& 13]e] Role ZA¥ UDP vrle|agsge]| 2Ml
o] ddEat opje} oJo] W] Fpikgo
5L AR d7lEe] d9E5E A3
k] ZRick

1.0 -
0.8 -
EZZZ green
23 yellow
2 06 [_Joverall
3
3
E
©
w
stTCM, RED, PQ *TCM, WRED, Acwm’

[13) 14] TCP, UDP vlo]zi2sge] 94 24

T HAR B =FdlA Aljlker ExE Ale] 3H4
2831938 7450 AR (23 14]] Ko
7122 TCP<} UDPEE ®Fox] AFE]T ]
gt A% Edg BelE AlFshe, JojdiedEo

= A EdE Fels Atk =gk

oTCM  AAo4]  HAYIZEPIR  :  Peak

e o

Copyright (C) 2003 NuriMedia Co., Ltd.

Information Rate)zks- QlZthed el 7pgh7] AA
3 9E AL o A Jehdel aeln A
A EZ3} ol=gjdEe] a7} W 4= UDP
ulo]z 2 550] 7}%‘}193%—% = B ol =

2) EFPHBS| 4554

o] Aolxl:= EFEY ¥3}¢} EF vlo]a2sE
E°] T%3Kaggregation)7} #A| EFEwi¥e] A
F8ol oudt GFE vl i A3
gict. HFESAS Sl AH8E A WA=
7 HA71&, Ad, A 5o #E o]8IIch EF
PHB A#< 9% Ad=27L [2d 15]8 2k

& 4

Variables:

traffic aggregation degree (microflow count) : [1, 20]

EF traffic load: [400, 1200] Kbps

EF packet size (different between microflows)

frame size of EF reference stream used for measurement:
[256, 1024] bytes

Stream profiles:
EF stream : constant bit rate 300 Kbps, packet size
variable BE stream : constant bit rate 2.0 Mbps

Test conditions:

EF queue-limit : 10 packets (constant)
bottleneck link bandwidth : 2 Mbps

queueing algorithm for EF traffic: PQ
policing rate: 1.2 M

policing rate at ingress interfaces : 1200 Kbps
exceed action: drop

burst tolerance: 100,000 bytes

[-28] 15] EF PHB Al§l#4

o] Alglelx+= EF Zulaule] 7 #H7)= &
28 FA=EE 389 e dsdo: ARE
& o 3=k =3 EF d7le] 27} FoisiEte
PQ Al s ZEjA == vlgo] Hzl=7]d
ulz} M2 24 H8=7] wiel EF #zl=7]7}
ZZRleEkE 7l 7l 1.2%01HE Ae] HAys}
A 4e-& & F Sk

EF E#¥ 3315 37| AFeE2H 7 H7]&
< ksl v x9S i’ Zi% & +
St el EF E#y ¥3} o] 35°] 49
o] Z713lelrl EF nmlolaesge] 747} 129]
Al o fE AE g2 A dAsH FAEE &
g olck [28 162 oJ2] 7] EF mlo]lazsE
o] 4l3Haggregation)d w 7l FH7|E&S Mol
ar glck
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1 —=— 1 EF stream | »
= o= 4 EF stream y
10+ «+a&-- 8 EF stream
—=-v=-13 EF stream
X 84 --@-- 16 EF stream 7
k"¢ --3---20 EF stream i hal
] 7 e
2 5 »
£ .
a 44 » %
a i S
/ L
2
- Lol o -
o _jeaAats el 85

T T T T T T T
0 200 400 600 800 1000 1200
aggregate bandwidth [Kbps]

[713] 16] EF vlo]azsg o g A7 7|8
(pkt size: 256byte)

EF si79] sl7]&-e Felavle] EF vholaz
B850] 7Kl we} o] FRFE o 4 Qck
(23 16]14s} o] BF Eeie ok A4 9
2 o] 10%] 3o aFshe 600Kbps el %
As7) At A7) A7l EF ulela2sge)
47116 o4kl wie) AR w1k BF vlola
28539 47} 27l B4E A7 Az A
EF ¥k gathchs AME & 4 oleh (29
17104 EF Z#s] =718 256byteci|A]
1024byte 2 57} Alz& w AR A7)&g wel
3 glem, el A2 7l 12%e]sle]ck

Joosnsennnees Hoomserenrennen ®

/| —=—1 EF stream

o6 { |- o= 4 EF stream

& -~ & B EF stream 2 i

i --v=-12 EF stream ’." W
0.6 4 £ --@-- 16 EF stream |...~

1 --#---20 EF stream | ./

packet loss (%)

7
o

400 600 800 1000 1200
aggregate bandwidth [Kbps]

[Z# 17] EF =Z#H|9] 27] $7)el wE 7 )&
(pkt size: 1024byte)

S459) ol ER AREe A7 Feld 4
Aol sla] NG A4 AW ohiwd o

Qe A A A% gl 2 Ae
Y e B sulel ol Qlsle] thE viola
2agole e mo] gtk weld e &
o] wlolz2EEL 71l EF 385E o 2 o]
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BES /A = o B 7S d7|EA Dok

[13 18]¢XlE= EF wlo|aRsEe] ZF7jo
uE G A e B 9led, oY nelag
Fo] FoiA o ALge] vk ¥E AA
Aagichs 2 & F otk oot e AL
FE°| /IR EA AR H7)E =3 7]
£oll EFEHY W3h= A Fiadives Ze®
A9E 4 slew, EF sp|azsge] ¢ x4
Abolell= g FEAE glrks 7l & & alrk

rlo fok

(28

170000+

165000
—~ 160000+
o
@
2
© 155000
8
E
‘_%.’ 1500004
Cl —s— 1 EF stream
£ 1450001 - o= 4EF stream|
§ --4-- 8 EF stream
& rHa000 --v-- 12 EF stream

~-#-- 16 EF stream
135000 -3~ 20 EF stream
130000 T T T T T
400 600 800 1000 1200
aggregate bandwidth [Kbps]

[1%] 18] EF vlo|a 2555 F7)ol| upd i A4

[23 19]9)|4]% EF vlo)|azs240] Z7jd

w2 2|E] gk Wol|i glew, A|E] k& EF wlo]

55 o 7kl Wt FyRIvh: e Bol

I Uk ol9} e AL EdFY mrE Hro

%712 Q% EF Edjge] 743} A=r) F713te
2 IR AME o 5 Qltk

8000
7000 4
_ 6000+
§ 5000 - s —=— 1EF stream
S et - o= 4 EF stream
£ 4o O Rk ¥ --a-- 8 EF stream
g --v-- 12 EF stream
3000
g --#-- 16 EF stream
2000 --3--- 20 EF stream
1000 -\1
0 T T T T T
400 600 800 1000 1200
aggregate bandwidth [Kbps]

[23 19] EF wpla23g 4 371 o #H 3

www.dbpia.co.kr



= | AP StA Bl &

Agshe PUIE o4 e S3te]E 913 B AojAx=d

[23 20]°l¥= EF vle|a2834E F7HA7)
Uik] 471‘:]5} ‘;H—lﬁe —7]'A]Z:]—<§—“'] Oéo-]Z]}_‘_‘_. Z]
B g $Asislen, AE 2 EF vo|a=sE
371l w2t A3 F7Blcht EF rlolazs g
F7F 127] oY A% FA9 A= ot F
Z=|a A gk EF #zl=7)e} @AIgle] dAst
A ARk AdE o 4 gle.

o=y

9000

8000
B Y s - A SRR
7000 > _‘;.—Q-—v—_;_‘,_m__,._.--—v\ =
2 S~
6000 l’? '''' 2, Lol -
g
S
E
Q —u— aggregate bandwidth-400 Kbps

- o- aggregate bandwidth-600 Kbps
-- &-- aggregate bandwidth-800 Kbps
--v-- aggregate bandwidth-1 Mbps
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