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ABSTRACT

This thesis presents an effective bandwidth model for real-time variable bit rate (rt-VBR)
traffic’s resource allocation. The model could improve network multiplexing gain while still
compliance to the application’s quality of service (QoS) requirement both in term of packet loss and
delay constraints. The proposed effective bandwidth model uses traffic descriptors, QoS requirement,
allowable packet loss and delay constraints to calculate the allocating bandwidth in call admission
control process. In addition we also propose a dynamic bandwidth allocation based on the effective
bandwidth calculation model. As to investigate our proposed model’s performance, we have
simulated the model through numerical simulation method. The ON-OFF source model based on the
fluid flow model, which in a two-state Markov process with exponential state transition. The
simulation results have shown that the network multiplexing gain could be increased by applying the
proposed model compare to the other effective bandwidth allocation models those concemn only on

packet loss or delay constraints.
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Category Application Class

Example Applications

CBR Interactive Video

Video Conference, Distributed Classroom

Interactive Audio

Telephone

Interactive Text/Data Banking transactions, Credit Card Verification
Interactive Image Multimedia Conferencing
t-VBR Video Messaging Multimedia Email
Audio Messaging Voice Mail
Text/Data Messaging Email, telex, Fax
Image Messaging High Resolution Fax
nrt-VBR Video Distribution Television

Audio Distribution Radio, Audio Feed
Text Distribution News Feed, Netnews
Image Distribution Weather Satellite picture
ABR Video Retrieval ‘ Video on Demand (VOD)
Audio Retrieval Audio Library '
Text/Data Retrieval File Transfer
Image Retrieval Library Browsing
UBR Aggregate LAN LAN Interconnection or Emulation

Remote Terminal

Telecommuting, telnet

RPC Distributed Simulation
Elastic ABR Trunk Bandwidth ABR
fﬂ\ UBR
VBR b
. ,\j\f\f\ veR
ABR

CBR

Feedback from Network

3 U] ° [y [P ] o a A
31l 24 mstduSmansmidndmiumsdaiudeyauvuuiininaaiags

60442
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31/ 2.4 uaasms 1nugesdaynruion s (Trunk Bandwidth) ¥09n1s IS msuwy

é Q"’ L) o & \d o =
CBR VBR ABR {la¢ UBR daanunsziimsldvesdyanadoaissiiu vasdSinums1d
suusIanveams uSmsuuy ABR uag UBR sziimsulfoumlninaeassuznaivesms

4 ] .: 1@ Ty o da a
woure TavusgiulSnauaiaiimienams uSmsuuy CBR uaz VBR

2.2.2 Mulsiangain MueIn1sIRu3ms (Quality of Service Parameters)
Y o LY 1 P £ a s b 4
gauamms MuSmszgnuaasdiodusan q fudesdalszdninmmanudesms
4‘ A 3 ar d' 3 s o ) - s ° o v
yaamsieudodu  @udsnlFialssinimmveuniotnslavimsinsansenininua
Ua16M14 (End System) fuiA3910 (Network) tiivemili 2 nqufie
daulsiszansamiiegludeanamsmiln
- SA3INSYYMILVeIYOY] (Packet Loss)
- AMUNMINNGAYEIMINIE (Maximum Transfer Delay)
- MINTLUNOUNINNGAYDIIAMNUD (Packet Delay Deviation)
daunlsilsz@ninmnhisgludeanamsiiiln
- DRINIHANAIAVBITOYA (Packet Error Ratio)
- 8asIMs UG sn1sI¥eNRe (Blocking Ratio)
o 1 A A = [] @ o
- D3It oyaRainInINANURANTIAYOIT IR IVOIUNNINA

(Misinsertion Rate)

2.2.2.1 é’ﬂﬂmsqiymu%'aga (Packet Loss Ratio: PLR)
o g a o ¢ A - | -~ N o
msqiy'nw'umuwmnmagamﬂmﬂmsé’umn’uﬂlﬂasmaamnumsmmw%’au q Ou
Ao -] A 1 o
ﬂﬂ@ﬂ51ﬂﬁﬂﬂﬂﬂ51ﬂ'ﬂm‘i’3q~i (Bursty Trafﬁc) NNAUNITIVOUND llﬁ38ﬂ51ﬂ15f£iyﬁ1ﬂﬂﬂﬁ
a - U4 o ] < o -
‘l’l’ﬂgﬁﬂ'ﬁl‘il&'lﬂﬂil'lﬂﬂ'l'mﬂﬁwa'lﬂ‘llaﬂq‘ljﬂim uazms‘ﬂmnu‘1u1ﬁ'mﬂmmtﬁumuﬂumm?'

Tavdasimsggymivvesdeyaszivisandmivudazmsisouse ladrauns (2.1)

LostPacket

PLR =
TotalTransmittedPackets

(2.1)

[
<y

4 o
ounnnATIGYNIL (Loss Packet) Thszneudiy
o o a 148
- unnnai@Eun hitalatons
{ + a Y a v s o
- unnnafidAaiiessinaTARanaIAveId U IV UNMINA

- 9 A a Y :
- UWNNAYDYONINAANNHAINGU
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4 4 H ' . o o &' i
LAZUNNINAYIANUANQNTEY (Total Transmitted Packets) ABSIMIUUNMNAIINIAT

] 4 1y < ' 2 d AW 1 1A wa
dealmoluszoznamiln Tavsasimsggymuveainnass lisataumnnait hidiaan

Auaanadnuazvemsinilddszmall

2.2.2.2 AIMHIWOINITIUOYQ (Delay Parameters)
4 )
msdamnaminlumsibididoya (Transfer Delay) Wudaninnafidiusznig
nmiuininaAunsssavInurastiliadeya uasuiinpaRumaNnialateme namiaa
o ' g - L] 1 o ] &
Tumsihdadeyaveundedioiiumasvewmminlumshdadeyalundaznua
Usznoudou
- naminfifaninmssenazmsdideyaniluInua  (ntemal queuing and
transmission  delay) flanarfidesms lumsseRuaznawssmsdiliadoyauumsiyonds
3 ] d” 4’ Vo - =) . = o - £
moluInuaiy TagaminiiszauegiulSinansmiinhuaseteinsyiinvedansiny
. A o @ a & a oA o J '
(Algorithm) Mminnldanifa Flsssrhanwluaiadiaedunelinnamizvesms
a o d P 1 o 9
AINFURNINANUANATUATY
- amisnanamIsefwuiivesvieen (External Quening) Aoranldlu
a o o A 3 i v ; 3 v o =
mssefa luiiies uumsiyenAsv1een (Output Link) lagiamminissiuegivliinum
swinluadotiviazviaveswanesiuiminnldlunisdansma
- namuniiRaniamsdaliadoyagnivusn 1nua (Transmission Delay) Ainria1iild
L o~ ¥ 1 ¥ 4 3 s 1] y 3 LK.
lumsdsdadeyavumsiFoudeviosnsinnuagdededyann  Tavnamuniissuediy
anuis lumsdeves Inuatazauivesvesawdodoyan
) ' é o . A a9
- AMUNTBIMTUNIATEUUTD TR (Propagation Delay) Ainaidoansldy
dmSumsuns lWoumodadyann (Physical Media) laodledodfindmivnamiaaves
L] g o 4 4 - i A J (5.4
msunsnszwvudodggruionamdygiaduneseniniuun 2 Inua Fduediy
4 4 -~ [ s d & o [ 5 ]
donanan ldunsrilavesdyaaumimaniiiy dalasnahilunsnszaen 02 - 0.6 mves
[ ] ] . § o 13
AnuTae  namiveImsuwsnsEnsuudedygnauannsasnaaldvinaums (22)

1o Propagation factor A5 0.2 1AL 0.6 1]

Dis tance 2.2)

PropagationDelay =
P8 it PropagationFactor x SpeedOfLight

- amdiinannmsUseaiana (Processing Delay) t1a1fitineinmsdssuiana
< [} = 'é [y 1 o -1 9
wininA 15y Msdnsiiasliulpduiveuminng memdeyardumaslumsideyn

@una (Routing Table) li'lue’{u
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o

AmIRsangUAMMIUINssTnidumetalmomelidaualsnmfiddgfiian
o b=
Wo1501AD

- AMUNINNNYAYDINISIAS (Maximum Transfer Delay: Max-TD)

- MINTLNOUNINNYAVBUIAIMNUI (Peak-to-peak Delay Deviation: P2P-DV)

2.2.2.2.1 RAWHINNNIgAvYeININIdI (Max-TD)
' et d 3 Y] ¢ &
naminvssmsihdumninadeyaaunsouaasld Taoms 1difladdumsnszae
anuvutuaMnieiiiy (Probability Density Function: PDF) IiBtfnInsfAdinaImuaun
a 1 o s Y o :’: A’ A o ) 4 ]
unhivensuldunininmivssgravialy Fafuilumsggmovesdeya Tavawamin

Aa 3 ] - a 3 4‘4 3/ d' TR 4 -2
wwmimmuﬂunamu'Nmnmu‘lunﬂ'inuﬂnwummm%ga uazuumaﬁ'emswm

Jarenis
n max(7D,) 2.3)
QueueServiceRate
P 2 %) o A [ a - =1
We B as mnavestiines tvirnilu ga nie unnng

) i 3 Ll 3 L) ﬂ’: L} - .
max(7D,)  fie namirnniigafiannseifiatuldlufiniu miawudu Surd

1 4
QueueServiceRate fsdanmsliuimsvoafianiu Imirai dadedun

22221 MINTTNBMNNTIGAVBAIINUIL (P2P-DV)
msnszoNNNgavoIaIMINAsnmiuanAriusTnsmmsihdaiun

fgatunmmsihdaidosfigasenie Inuaduniedy Tnuatatenis uanadagy 2.5

Probability Deasity
Prob(Delay> Max-Transfer Detay)<PLR

v

Delay

"“—' P2P-Delay Variation —'—"}

Fixed Delay Max-Transfer Delay

4 P o ] 4
31U 2.5 Haddumsnszarwiveanamiiunniiga



21

M3 2.4 MssudsziumsfuSmsdmiumsdadeyauvua g

dszianvesmsinuims CBR RT-VBR | NRT-VBR| ABR UBR
mssutlszfunudian 15 19 19 19 "hils
msfudseiums 195 ¢ 1ty Tty Tily
suieuveIMML

Ms5u1seiu Throughput 19 19 1ily 1atha Tily

2.2.3 saunlsuansdnuaenivin (Traffic Descriptors)

) o o A or v 5 < ' o o A
dmiviunlsilduangudnsuzvowidaznsmiiniifannunastiuiadeyanila

Usznoulilde

$A31ANUTIGIYA (Peak Rate)

v 3 3
DRI INNVIS ANDY (Mean Rate)

ar 3 o o
B8AT1ANULINGA (Minimum Rate)

v = a o oA ar ar o4 o t
ngudoyaniiaIngigaigndieiiosiudissasinansilumsids

93qA (Maximum Burst Size)

2.23.1 $a1ANN5IGgA (Peak Rate)
ar ar < - ° [y -4 a ] ’
FulsdananuSigaga  Aemsdmuadasinnmudigagengldnumunienai
° 4 S v % ] 3 [
$uiludeslFFonszdnimgagaiidhu a9y mofemsiinnummnsalumsdadoya
finnusagege 1 Anuiinnadedunit uie 1 wimnalunn o 1 lulasdundl udglden

@ [ o 1 a > -] 1 - at
1"“ﬂ0ﬂ51ﬂ’)1ﬂli’)’q0’qmﬁu 250000 HANINAABIUIN 1150 1 llWﬂlﬂﬂ‘luﬂﬂ 94 ‘thﬂi’JU'm

f
nl

Se

2.2.3.2 ®A3INMNSANDY (Mean Rate)
Y] a g - [~ A ] ar aa’ 9 o
dhudanlsszydasnnuslaundoveuiininavesmsiyonde  daunlsiildiums
[ 4
TuSmsuuy VBR Tasddszdealimsiszmeadualslunszuiunisiesvedadudumalag

ar =1 3 & o o
ﬂﬂi'lﬂ'nllﬁ')lﬂaUilleﬁﬂﬁﬂ']'lllﬁuwuﬁhlﬁﬁﬁ'd”ﬂ'ﬁ 2.4)[2]

Ay
A+pu

MeanRate =

(2.4)

diolfuvvdrasumdssiedoyauuuila-ila (On-Off Source Model) azduilsaia q fie
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A o

d 3 - ] a 1 a a
MeanRate ﬂﬂﬂﬂﬂﬂ’nmi'Jm?lt)‘llﬂﬂ'ﬂﬂﬂﬁﬂ nnmmﬂu LANDIUN

VA Ao T damas Inaodlu Fuin
/L fie $renandamde Iimisodlu Jund

A Y -1 o A e ] a 1o =3
Y fie SasianuSgega Naneii Smicoilu dadehund

2233 8ATIANM5AGA (Minimum Bit Rate)
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‘lf'Nl'Jﬁ'lﬂ'\iﬁ\i‘(’l’agﬂllﬂ'ﬂ3#@&8§58H1109ﬂ51ﬂ11”ﬁ']ﬂ'l?[ﬂllﬁgﬂﬂi'lﬂ'ﬂUﬁ'ijﬂqﬂ i’l'TUuUﬂll
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Mdasmnusdgaliswinduguinds  mslduSmsuuy ABR  esfidhumzifaiufiy

YSMIHUY UBR

\J L7} 'd’ d' ¥ i 4' [P 4 o =3
2.2.34 ﬂqmagmmsﬂﬂq,mqﬂﬂgﬂamammnunfmaﬂ‘nﬂ‘nm‘s‘aqqqn

(Maximum Burst Size: MBS)
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NUWILULR YIDNNLNA HBIRT MBS u%zﬁNWU'ﬁﬂU‘lf'Nl'Jﬁ'mllﬂaQﬂTUHQﬂﬂ'ﬁﬁﬁllWﬂlﬂﬂ{!‘ﬂ

yado dmsunvudrasumasswdeyauuuitia-Ua asmduiusuaaslddaums 2.5) 2]

MBS = (Z)x(_'“_/‘) (2.5)
p)

@ o o o o o ° o
M 2.5 ﬂ']'lllﬂljwuﬁ‘llﬂﬂﬂmﬂ'l'ﬂﬂ'ﬁ.lﬁ,ﬂiﬂ1511ﬁ3ﬂ')11ﬂ5f]ﬂl'ﬁﬂﬂﬂlzﬂflﬂﬂﬂﬁ'lﬁiﬂﬂ'ﬁ

TWySmsuuuan 9

NI CBR RT-VBR | NRT-VBR ABR UBR
Peak Rate 53 2y 521y 9y 52
Mean Rate sy 52y 21 Tiszy Tiszy
MBS Taisey 29 2 liszy Tiszy
Minimum Rate | N33y Tissy Tiszy 53y Tisey
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23

2.3 MIMUgUMs3esveninennsiNea319Ms1Touse (Call Admission Control:

CAQ)
é 4 3 o é o (] 4 T 1
nilluSeandwydeds hitimsud luilgmtiduiimeleiife nszurumsniugu
a3desveninnnseasansiFonns (Call Admission Control) 1HiBd1% (User) $osvons
4' 1 [] - T 9 ° @ a ) o - = A J n’:
Wondeln  inSedwezdenihimsdadulyhesveniuniodfiasmasendetiu  uazi
n3otvssusuMmsiFoune  msevvszAsavhimsadaduniuazdrisomsnonsnseuuua
a o 1Y) & ] q’: o 1) I a A
TandmsumsiFounouu AU e Ime s NAAINTIIS M SHAAINAYBINTSUIUMS
9 @ 4'1 b4 é [} @ i a } 3 A ]
augumsdasusninnnstiveadumsivenas lugvessasimsifasmsiesverioude
o o q’: . . . 4 a é’ 4 < o’ &
ﬂlli)ﬂﬂﬂ‘li%’?)wa’l’lﬁﬂuﬂ (Connection Blocking Ratio) mmmmmﬁaﬂimmuuumﬂ‘n'um
] ] < o 2
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P - o y AAn e ] 9 da & A
999N MNNUUY VBR 19a51n15dan iy unaza21u8oamsuuuaIaningy
¥ ¥ .
seifdnuudas lamudmuundsons il auiusuiuSesinlumsuaasdnuuznsv
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(¥8UAD (Deterministic Multiplexing) Aeemilounums 1duSmsiyy CBR athelsnamlae
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13 (Statistical Nature) 1ielimIthdesuAuveImMsiounsiuy VBR $1uMmn 9 a3
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o a8 o /o o . & oy o a
sasnnusa 7, drefansunszawdauiuuny Poisson naznsifmiudifaddunienie

9 = Ia  dA 1 . o
G, v ldaumsisunaiuuadaniimnsauesmadny i AaTums (2.15)

e, =n[/l,~+— ,?+a,.2)] (2.15)

b3

: 4
we ADAURAYYDN G,
L= 1

ol  fAemanuulsidsiuves G,

B fevuiaveuinmes dviamih da

2.4.1.3.3 7801504 Elwalid [10]
Elwalid 1AuedimanSnsuudaiimnzayTasivsannsdingluumsm
Sl nwsanesuganitia (Leaky Bucket Algorithm) 92 ldmumsUSinaudsaii
mnzaudmiunsderdelunsdifinsusamsveuiuiins gamovesdoya il uomiu

2 nsfife

B - e v
81 MeanRate, < B/TC w2 IS nauuudiainmnz audeauns 2.16)

- 7, .16
% 14 B(y, — MeanRate,) )

B,C

B < a = [
é B_/TC— < MeanRate, < y, 9¢IdSunaiuuddainimanzaudaaums (2.17)

a, = MeanRate, (2.17)

A o 4 o adq w o’ v [ a
We B, Aovnunarvirlesvssdanesfindni fimisuihu iia
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[ [~ i § ' - 3 a v a

MeanRate, fedasnnuiSundvvesmsionde i ity dadedund
A o d A v . ] [~ a1 A a

7, Aegas NS IgIgaveInIsiieude i Jmiduilu dadeduri
B Aevuaveaivies Iimiuilu a

ar o 4 o ' a1 A
C fedasmusvesdedaygna imiuily Sadedund

3 =] 1 5 1 o o

MBS, Aenquuininavua Ingigaiicnnsadelddedasinnusigega

(Maximum Burst Size) ¥93M31¥ouns i uaadlaasauns (2.18)

Vi
MBS, = B.
: T[}',. —MeanRate,) (2.18)

2.4.1.3.4 35013909 Gibbens 12 Hunt [11]
] a w o ege
mmmﬂzrﬂu'ummsmﬂﬂﬁﬂmiqﬂgmwmsmmﬂﬂ (Packet Loss Probability) lﬂu
Havduvoamsnszowsivosnusni lutiives wedmualdivinesvvuandu B

9 = 1 d o o ar
udavz ldnnuenmoglumenveaons Tnmuibou asauns (2.19)

P (QueueLength > B) ~ o @B (2.19)

dioflendu f(e,) sunsemidnngudnuusniadaivemswin uaz o, fe

) fa e { o a o o LY
Wnauudianimngauisuiludmioms 1dumssinlsziumsgamsvesdoya

@ 3 9 v @ daor
ﬂ\iuuﬁz‘lﬂﬂ']'lﬂﬂﬂJWUﬁﬂ\iﬁﬁﬂ'ﬁ (2.20)

P(QueueLength> B)< PLP (2.20)

v ) o ’ a da  Jd
NNAIuMs  (2.19) uar  (2.20) i]$1ﬂﬂuﬂ15ﬁ1ﬂ5ﬂﬂ15ﬂ1ﬂ1ﬂiU"ﬂlll'ﬂuﬂ'lﬂﬂ'ﬂ

Iz auAIaNNs (2.21)

a, = f"’(_w) 221)
3 .
o
PP 1 0] 222)

B
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dmiuumastedeyauvuidla-a Alinnwduiuivestinauila-Jadhuuudnd
. ° v o b~y da  od
TniuuFou Gibbens taz Hunt ldiaueaumsdmSusnnalSnauuudinifimnzauyes

unasne ldsaaums (2.23)

o = (zo7, + 14 +'11)_\/(Zo}'1 + 4, ""11)2 +44,u, (2.23)
;=
2z,

- ]

@ 1/y Aedanandamis Tmizaih Suni
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1/, fAovrsnailamae imisudlu Jusi

]

g 4 [ a 1 S - |
Vi feoasanus s Minasfiiliounasniula :mmmflu VAABIUN

&

=y Ja  da or v ., A 1 =S IL-J P
(24 AT usUUATAN IS AN M T LU AINY nnmmi‘lu UAADIUIN

4 1A w K1 ’ o Ty 4
nnaums (2.23) sertwiniiotiviestivialugesinld z,— 0 uazSinawug

a o4 Al 3w @ a8 o oy o
’Jﬂ‘n‘nWIN‘Iz‘duﬂzuﬂ‘lm'lmjﬂﬂi'lﬂ’nmi'lmﬂtl'umlm‘mintl‘lli)gﬁ AITUNIT (224)

Ay, (2.24)

o, = MeanRate, =
Ay + 14

° o aA o’ o ° 8/ a /e  oJd
ﬂ'l'ﬂﬂ.lﬂiﬁlﬂﬂﬂlﬂﬂiu%u']ﬂlﬁﬂﬂz'ﬂﬂ“ Zy —> —0 oz YT uanuuAInI IS Ay

Ed
3 o 1 1 @ @ o [
YBAHMAITIOHUIZTAUNIOVEATINIMIIGIYA AITUMS (2.25)

& =Y (2.25)

dmfuuuusiaesumasnsuuuia-da Almsdszmadulsqudnsusnsiinly
o g o g & w o Y < 3
monvessaTIn Ui Igge  SananuSuetie  Sanmsgyvoveuininadeyafidld
o ' - 4 . o, v 4
souiula uazvuiangudoyavodunninandy (Average Burst Size: ABS) mndausimantl
] o 4 o 0 2 da  oa
annsaulasiieglugilvesdunlsiimunsmh lldnnadSnauuudianionnzanld (1)

AIAUNS (2.26) (2.27) taz (2.28)

_ PeakRate, (2.26)
H =" Bs,

(2.27)
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" MeanRate,
PeakRate, — MeanRate,

A =H,

7; = PeakRate, (2.28)

dmFumsmiAAnuuy VBR undesives Lifinnsussman ABS urssdssmsunaves
' o . a .’,’ a v o
nguuininadioyalugyl Maximum Burst Size (MBS) darussdsalimsudasiveglugléa

utls ABS fou Tasansoutlas ldnnaums (2.29)

PeakRate, — MeanRate,
PeakRate,

ABS, =( )xMBS, (2.29)

2.4.1.3.5 38M3U83 Courcoubetis [12]

ac ° 5 A da  dd a a . aar
MNIEMIs MY nauuA AN IMNZauYes Gibbens 1o Hunt 141n153%0

o & ° ar PoA | . o 4
Wann 1Ay Elwalid t1og Mitra 9418 I0mann5009 Statistical Multiplexing A0tu$1009

\ ' (3 £y L] 1 ‘é

(MB99101UY Markov-modulated fluid taznanmsvesia Tuunassons i ndaiiu Markov-
4 a LY P [} a, o
modulated Poisson tiiofin1samivimesntiuuialngiinn Courcoubetis Idieruaitnmsiam

a da  da [
Tﬁuﬂszmm*umﬂsmmlmumanﬁmmzﬂumanms (2.30)

2S5,
2

@, =m, - (2.30)

-2 4 o =1 & T a ] a 1 a =4
$4]7) m, ADDAIIAINULITIURDYYDIUINAINY IJ'H‘LI’)U&]'N UARDIUIN

& fi® Index of dispersion
In(PLP)
Z, =——
B

dmivuuusassundniouvudada Alsanmdandodu 1/4 uazsiom

4 v g - I Ia Y
Jamdoilu 174, uazlidanmrudigege y, wldaumsdSnawuuadainmnseauds
AuMs (2.31)

AY _ 20/1.'/‘17’12

= 2.31)
A+p (4 +/‘i)3
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2.4.1.3.6 51135984 Guerin [13]
Guerin 18 1¥msas1dasaulumstszunasTinsuuud sz auued
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o = wb(l - p)PeakRate, — B + J [wb(l - p)PeakRate, - B + 4Bybp(1 - p)PeakRate,
" 2b(1- p)

...(2.32)
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24.2.1 ms’J’ﬂthmé’nvmwmtmdadm (Source Measurgment)
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Sovaisvoarsusda'ly droaumsadiamand 54 neual network fudy doidoves3smsiin
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2.4.22 MIIARUMNM3IRUIMS (QoS Measurement)
. g o da o o 9 @
Errin [17] iquedsnsdasssuuuadaniuunlaoumladld Tasmsiadasmsggme
o S A e 1w d v Ay y o vy
vouininadeyaluvasiu Moufussasimsgamoniinnadeyaifldannsoveusula
o 4 - J .’: ! y ar
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3.2 MSAIHINUIATIN TTIIBAUUAIASHULAIAT (Static Bandwidth Allocation)
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dmdvnsmiioupy -vBR  tu Taoiahluuusiaswmdssisiiiunldfie
‘o Py
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yu1Av0INgudoyAYIRA (Maximum Burst Size: MBS) sy 1avesngudeyniniy

(Average Burst Size: ABS) uaad 1anaums (3.4) uag (3.5) mudwiy

MBS, =(7_1)(f“1+_/‘1} (3.4)
Hy A

ABS, =1L (3.5)
H,
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swudh MBS auegiutranauilla Ta uszdasimsddeyaludnnmia ud
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3.2.1 msFulseAumsgaymeveanininn (Packet Loss Guarantee)

snflatsunsnsznmYBInNEIAT @uns 3.1) dedmualiiriesTivue
whdy B dofusmminsfufssfamsgamovesdininadeyn  (Packet  Loss
Probability: PLP) doamnhessihufianuesnmitisunnnunatiiires uaasldfeaums
(3.6)

P(queue _length > B) ~ ¢*” (3.6)
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PLP =¢** (3.8)

, _IlnPLP (39)




4]

INAUMS (3.2) U (3.9) Gibbens laz Hunt [11] TAauedtmifuiumonsinis
o I Jdd o Y L) d'- ° (K] Aa
dsouuaiasnmnzaudmivuvaswdeyai lduvudasumasunda-da  #ill

o [ o < o
Aardumsnaseavvesrranta-ta Wusuwmsn TwtuSou faaums (3.10)

_ G+ pr A=y + =2 +40p (3.10)
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3.22 msiulsziunaimslumsdaninfa (Delay Guarantee)
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v
daremafasinnaediu aeae 1uil

pnaminnnmssioTeudeyanindadegdededayga (Transmission delay: Dy )

namiNnnMsaunIuudedyanel (Propagation delay: D, )

rnaminninmsiszuianadoyn (Processing delay: D)
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Queue Length (t) VS Average Queue Delay
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Dynamic Bandwidth Allocation VS Queue Length
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Dynamic Bandwidth Allocation VS Queue Length
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ABSTRACT

In real-time multimedia applications, the delay is an
important performance metric as well as packet loss
probability. As to estimate the effective bandwidth of the
multimedia, we need a computational method that must
be simple and could give the accurate effective
bandwidth. The calculated effective bandwidth should be
met the multimedia applications’ need in term of their
QoS parameters such as delay tolerance and packet loss
rate. In this paper, we propose a simple equation which
could be used to estimate the allocating bandwidth for a
multimedia application and that will satisfy the
application’s QoS requirement. The analysis of the
equation has been investigated by using the numerical
computation results of an ON/OFF Makov process source
model.

Keywords: Effective Bandwidth, Quality of service,
Real-time multimedia

1. INTRODUCTION

Presently, the real-time multimedia applications, such
as video conferencing, video on demand are become the
major services in future ‘broadband network. The main
service defined for transmitting video streams is variable
bit rate (VBR) transmission. One of the main problem
that has been studied recently, in the VBR service is how
to estimate the effective bandwidth, which support certain
quality of service (QoS) requirements such as the packet
loss, packet delay while still achieves high network
utilization.

Resource allocation by specifies the highest
requirement according to the peak rate of the VBR traffic
is the simplest way to prevent packet loss and too much
delay. By the way, this method is wasteful for both the
user and the network system. But allocating bandwidth by
using the average rate may suffer the end user by
experiencing too longer delay and excessive packet loss.
As to compromise these problems, we need a proper
formula to estimate the effective bandwidth that satisfy
the QoS constrains.

Guaranteeing quality of service and bandwidth
management problem are become the main challenge in
future broadband networks. There are a lot of published
papers about bandwidth estimation [1-6], Sohraby [2] has
proposed an approximation for bandwidth estimation

based on the asymptotic behavior of the tail of queue-
length distribution. Saito [3] gave the effective bandwidth
based on the number of packets arrived in a given interval
and the maximum media number. Guerin [4] and Mark
[5] have got the effective bandwidth based on the
ON/OFF fluid flow model. All the equivalent bandwidths
above are got based on the acceptable packet loss rate
from the number of overflow packets without considering
the delay constrain. As we know, delay is also the
important constrain of real-time multimedia traffic that
could not be negligible. Estimation method of delay-
based effective bandwidth is developed by Maryni [7], the
method used delay probability distribution function, but
the parameters in his expression are difficult to estimate.

In this paper, we propose a computationally simple
approximate expression for the effective bandwidth of the
real-time multimedia applications based on their
statistical characteristics and with the packet loss
probability and the delay constrains. The numerical
analysis was done by using ON/OFF Markov source
model and we have considered the effective of the
expression in term of multiplexing gain against the packet
loss rate and delay.

The content of this paper is organized as follows.
ON/OFF Markov traffic model was shown in section 2,
the expression of effective bandwidth is got in section 3.
The simulation results and the analysis have been
investigated in section 4.

2. ON/OFF TRAFFIC MODEL

The multimedia traffic model investigated in this
paper is an ON/OFF model based on the fluid flow
methods, which is a two-state (ON state and OFF state)
Markov process with exponential state transition rates
(See Fig 1)

AN

Vu | 1/4
o OFF

Fig. 1: Two-State Fluid Flow Model

The ON state duration and OFF state duration are
exponentially distribute with parameters A and u



respectively. When in OFF state the source is idle, while
when in ON state the source generate packets at the peak

rate, ¥. The ON/OFF model may be described by (A,
M. 7). Matching the real traffic’s first-order and second-

order moment to the ON/OFF model’s with moment-
matching techniques [8], Guerin [4] found the equivalent
ON/OFF model can approximate the real model fairly
well.

3. EFFECTIVE BANDWIDTH

3.1 Bandwidth Estimation under Packet Loss
Probability (PLP)

The queuing length distribution function of a two-
state fluid flow model (Fig 1) in a buffer can be written as

]

F(x)=1-¢™ )
Where
g, = QXA @
(@-7)x

Let a source mean ON period bel/# and its mean
OFF period bel/A. When the source is ON, it -is
assumed to produce information at a constant rate ¥ . The
function z, is determined from the statistical properties

of the traffic stream. The term « is the effective service
rate or effective bandwidth needed to serve the connection
in order to guarantee a given PLP .

For a giving buffer size B, the queue length tail
probabilities are asymptotically exponential.

P(queue _length> B) ~ * 3)

P(queue_length> B) < PLP )

From equation (3) and (4), the packet lost probability
the cells overflow the buffer is

PLP=e™®. (5)
Thus
2= InPLP (©6) .
B

For ON/OFF source with exponentially distributed
ON and OFF periods, Gibbens and Hunt [8] derived the
effective bandwidths of a source. The effective bandwidth
«a of the source is given by Gibbens and Hunt as

75

_(aoy + p+ D)= f(@oy + =AY + 424
2z,

G&H

..
Where

z, € [~0,0] 6))

Gibbens and Hunt’s equation implies that for
large B, z, >0 and @ equals the mean rate of the

source Ay (A + p). For small buffer B, z, — —o

and the equivalent bandwidth of source will be @ =y,

the peak cell rate,

Courcoubetis [8] obtain two sets of results, one for a
statistical multiplexing with general Markov-modulated
fluid sources and the other for queues in which traffic
sources are Markov-modulated Poisson or phase-renewal
processes. Based on large deviation calculations, for
large B, an approximate measure of equivalent
bandwidth for a stationary sources will be

3 _ Ay | SAwy? ©)
Courcoubetis 3
A+u B(A+p)
Where
Y o (10)
PLP

Equation (9) and (10), for large buffer B, second
term SAuy? / B(A+p)* —0 and @ equals the mean

rate of the source Ay /(A+ ). For small buffer B,

second term will be increased and the equivalent
bandwidth of source will be & = ¥, the peak cell rate.

For a connection that generates traffic using the
ON/OFF model with traffic descriptors of peak rate, mean
rate, average burst size. The above parameter can be
mapped as

7 = PeakRate an

_ PeakRate (12)
AverageBurstSize

_ MeanRate (13)

ﬂ X
PeakRate — MeanRate

Note that for VBR connections, maximum burst size
(MBS) and not average burst size (ABS) is indicated in
the traffic descriptor. Therefore, another mapping is
needed to translate the ABS into an MBS.

ABS = (PeakRate— MeanRate)x MBS (1)
PeakRate




The equivalent bandwidth they provided is not only
fairly precise but also computationally easy, and thus
convenient for real-time bandwidth estimation and
management. But because without considering the impact
of delay, the equivalent bandwidth above is only available
for data transfer, which need not consider the delay. The
delay must be considered for real-time multimedia.

3.2 Bandwidth Estimation under Delay Constrains

From queuing length distribution function of a two-
state fluid flow model (Fig 1), the evolvement of the

average delay D with given buffer size B is given by
[10]

15)

A B
D +(z,B—1)e™ +1=0
71_*_/120 (z, )

It can be proved that (z,B—1)e*® <107 when

PLP <107%. This paper is only to give an effective
bandwidth, which is computationally simple and
convenient to real-time control. So, it approximately is

A+pu

Y (16)
Ayz,

D=

For a given average queue delay D, from
Courcoubetis’s equation (Eq.9) and equation (Eq.16), the

effective bandwidth o Delay is given by

Ay Hy

_ an
= +
Ty = G DA+ )

& Dty 1s effective bandwidth under delay constrains.

The first term is source mean rate and the second term is
service rate under delay constrains. So that the
multimedia traffic effective bandwidth is defined by

2
aLoss&Delay = _é},— + max( 6]«/“7 T /“7 5 )
A+ B(A+u)*  D(A+ p)

... (18)
is the

effective bandwidth under PLP and delay constrains

respectively, which is not only can satisfies the PLP and
delay requirements simultaneously but also compute
simple and easy to real-time control.

The equivalent bandwidth &) 0 peiay

4. MODEL ANALISIS

The numerical results of effective bandwidth are
given in this section to investigate the impacts of buffer
size, PLP and delay on effective bandwidth. The traffic
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characteristics for simulation are peak rate 100Mbps,
mean rate 10Mbps, average burst size 10 packets. Fig 2
shows the comparison of effective bandwidth estimation
with Gibbens and Hunt (Eq.7), Courcoubetis (Eq.9) and
peak rate scheme, when PLP 1 us . The result shows,

effective bandwidth of Courcoubetis’s scheme is better
than the others.
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Fig. 2: Comparison of Effective Bandwidth schemes base
on acceptable PLP

Fig 3 shows the comparison of effective bandwidth
schemes with peak rate allocation, Courcoubetis’s rate
allocation (Eq.9) and effective bandwidth under PLP
and delay constrain (Eq.18). The effective bandwidth will
be increased when delay is considered.
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Fig. 3: Comparison of Effective Bandwidth schemes,
Peak Rate, Qp;p, Cpipgpeiay

Fig 4 shows effective bandwidth under PLP and
delay constrain (Eq.18), when varied allowable delay. If
we increate allowable delay, the effective bandwidth will
be closed to bandwidth of Courcoubetis’s scheme.
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Fig. 4: Impact of allowable delay on effective bandwidth
under PLP and Delay constrain

Fig 5 shows the impact of buffer size on effective
bandwidth under PLP and Delay constrain scheme. The
resuft shows, increasing buffer size, the effective
bandwidth will be decreased.
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Fig. 5: Impact of buffer size on effective bandwidth under
PLP and Delay constrain
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5. SUMMARY

Delay is an important role in real-time multimedia
applications. In this paper, an approximation method for
effective bandwidth estimation of real-time multimedia
application has been developed, considering both PLP
and delay, based on fluid flow ON/OFF source model.
This method is available for applications such as
teleconference, videophone for its computationally
simple, convenient for real-time bandwidth allocation and
management.
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