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Distributed Resource M anagement and Admission Control in Budget-Based QoS

Management for All-1P Core Networks

Abstract

Because of greate progress of communication anthpoter technology,
aggressive deployment of broadband fiber opticalvokk, andvance of Internet
technology, and the global standardization of iEht®logy, the telecommunication
industry is moving toward a converged network, Wwhises a single global IP based
packet-switching network to carry all types of netk traffics.In these types of
network traffics, different traffic types requir@rcesponding service to ensure end-
to-end quality. For carring all types of networlaffics on All-IP network, BBQ
(Budget-Based Qo0S) research group propose a Qd&msyachitecture to provide
end-to-end QoS guarantee. In this thesis, basinBBQ QoS system, we propose
resource pre-planning mechanism to managemennetwerk. According to demand
forecast from historical data and considering peswping cost, pre-planning
mechanism will find optimal policy to reduce managat cost. Besides resource pre-
planning, we also propose several solutions todavesource shortage at run-time.
Through intensive evaluation in network simulatgns?), we demonstrate that our
resource pre-planning can minimize resource cost eover some forecasting
error.And run-time resource management can maimégisonable in-hand resource at

run-time to reduce the effect of resource shortage.
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UMTS i S pe b b (7enfl* Rl R0 5 f4 5w 4 #7[6]: 235
(conversational class) 8 7 3 (stream class) = # ;' (interactive class) # & ;¢

(background class) 12+ &_f§ & &~ 47 :

LHNALEN AABEAGEEL R AR T 2 ERF O S EIRIR
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Bt 88 R ESTRBE PSS g2 T o B LIS B

MO SRRl LR 4 LAy 4 1547 & u b 20 3 & o

Classification of Network Services

Sensitivity

j=

Conversational Stream Tnteractive Background

Services

‘D Delay Sensitivity B Jitter Sensitivity [ Packet Loss Sensitivity‘

W1 1: & UNTS RAxsE w8 = < &tk F LA

% 1.4: UNTS &A% &2 Log 1

Trafficclass [Max Bit| Transfer | Guaranteed | Traffic |[SDU Error
Rate Delay Bit Rate Priority Rate
Conversational X X X X
Streaming X X X X
I nteractive X X X
Background X X

# 1.5 : UMTS QoS & DiffServ QoS fF 2 FRi*+ ¥t &

Traffic Class Service | Max Bit | Lost Rate Delay Jitter
Class Rate




Conversationall EF1 2Mb/s <10-6 < 100m$ low jitter
Streaming EF2 2Mb/s <10-6 150ms
400ms
Interactive AF[1..3] | 2Mb/s 103 ~
10-4
Background BE 2Mb/s

15 QoS 2% (QoS Management )

[ETF #]=_7 Intserv (integrated service)¥ DiffServ (differentiated

service) @ A ] o $3° TR e gL PR R TR TR

1.5.1 Intergrated Service

IntServ i# * RSVP (Resource Reservation Protocol ) [T]4*%f & B f22&
- EFH A virtual circuit k7% L QoS F hF Ko iptk G Eipg oo
Wre A THRY FRET BHIRPRETEE L FBRY F
FORURIRT g b 3 E4PE IR 0 £ ¥ ¥ L% L shrouting protocols e iz F]

overhead iF % - @ {8 it a4 L1+ (scalability) * % Fl4&+ a4 -

15.2 Differentiated Service

DiffServ[8]R| &4 * & IntServ # I eilvd k4% PR 57 g -
DiffServ & #-5 3 4p i QoS F Fermitix & & - A2 ¥ » ¥ - ST A E B
- R FPRIFE IR > @ 2 T4 L w4k IR o B - 5

741 € 7 HAp ¥ R Per-Hop Behavior % DiffServ domain } #:¥ o izfk e
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DiffServ network Z&# ™ > S i & 2 44 F B flow a®| E & 0 End-to-End QoS-

16 &3 #2 p h(Motivation and Research Objective)

R Ea T BLRESIRBET R 2 A - RRRE A L
dOBHE T2 T PR R B e ST Y F M R R L
SRR R 0 B AE - SRR RSS TR o T 0 e ALL-IP RR Y
W EE - RS EEREZRER Y F2 7 ol nprnd g 44
DIRA AP OT R S P AR RR Y B2 BT RS S - B
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d 3t DiffServ ¥ i3 prz e B B T AL H R AR T RE 0 2 2 HB Y
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1.7 f#;4+* % (Solution Approaches)

hA#®me 4 ¢ o Ingress Router p § = B~ & f ff BHIE T & w]
Bandwidth Order Agent(BOA) ~ Admission Control Agent(ACA)¥? Path Planning
Agent (PPA) - BOA £ § FiRR3] > ¢ 5 M PO R FFEIE R ¢ 2 ;5 PPA
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AFE R W POS e B o B F 24 CNC 424 Bandwidth Broker(BB)
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EEAFRCFRDINEFIZIER T Emn AL AL oA A g TG
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BOA #-4 fie it % 2 d PPAi2 7R3+ & 4 QoS F#ehpath AR FREEEFY -
d ACA & Riz ¥ * F/h(path set)i& {7 v » ##](admission control) o d 3%
ABT AT LR R ERT Y TR LR G - BB T R
RAE o w3 PR R GEF OFTRANNL R R KT G IR A IR
7% >t Ingress Router #r#l4r 3 ik 3£ & *ApFd BOA i {7 on-demand request

e LB ST FIRE]ART AAZ D AR o
1.8 #m~ BRI

A2 % H*%Pﬁmmﬁﬁﬁw*%vﬁ%Wﬁwg 12 FE R
5 - R LR ERBETRENRERFETH A0 523 1 838
i BT D BBQ PRI ST R eE (PR S R AP ER R
MAFAER G FTREILS 2 o e r g FILie: % 1 % ¢ iR 2
AR TREE S E 200 R AR LA RREAREY

12



Iy
s

ip B 7= 3 (Related Work)

A0 RER FEeR Y QoS service F & F - B R Q0SHE &
4] o pa Ty~ § QoS services i data plane¥® control plane e
Data plane 5 » #fPR7% > #packet@ R H § R2ZJRIFZHEFTFH A > P 5
* e JETF#] 2 enDiffServ o DiffServiz & & fPRA:F K/p1E - #-4F#& » SEF
AF ~BE= i# % % - Control plane ™ & _r/data plane = A # #7471 chp ST -

e S EEDEE R AR RS SR AR B L S EAE

2.1.1 Integrated Service

IntServ 41 * RSVP(Resource Reservation Protocol) 5 & B 3 #Lik & ¢
oo FRED - BB o (virtual circuit) k7% & QoS F hF Ko
hiE e R RT TR BESE IF- KR € @ PATH S 4 5 RS
HOoOPMFE FRBARAFET RAOTRENL > BT AT L g BiX
RESV (reserve)it & > #¥F PATH I & @ X i o w 2| @ h > JLip 5 B & ELE
JedZ RESV U 4 & %9 Tk > 4 RESV 3 4w Fldavyesgis o - BIRT Fiham Rl

sz

FE R o
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%7?Fﬁﬁﬂ,£ﬁm ARG A s A TR HR T FR

b S E R R g T R 3 7 RSVP Rk - TR e
L P E BT CORE 0 AT AR R AE L R T T
B LK BB FOTHRAET S IR YR F P TR

IntServ 2. &€ + &4 8L 43032 = virtual circuit BF » BE° & B aﬂf'l‘b‘”hﬁ

o

B X EGEBFRAAR I REp S L F R bR
overhead » 24 m ' Fe it t frj B R~ 2 F AREHTRIT BT o ZE B
TR FOREGR AL & SRR S F L e dr o s IR IntServ fd

“it(scalability) b £ T B 4] 0 3 3 # 20 % A ik o
2.1.2 Differentiated Service

DiffServ ##-% 5 4p 02 QoS % Feinix & HARL 5 b - aggregation — 4%/
12> $+k - aggregation ehE AL - REAPRBPEAPHMDRZE > KA il
i LT BERIT AT o R R AT B I ST R
& - A F R € 5 - B A TNDSCP (DiffServ codepoint )k e p it gL %

o BILFALPF > & - B DiffServ & 2k € 124500 45 A F AL DSCP » i H 4p 4

R PHB (Per-Hop Behavior) i#:% -

- % DiffServ Domain €_d #F % @& & DiffServ PR#% > #4748 PHB ¥ 4p
g BEAT S e 89 8RS & ¥ U 4 5 Edge Router §r Core Routere4r @ 2. 1
Xdomain % — i3 DiffServ # i chiese » Y fr Zdomain = & %[« B DiffServ
oA HF RN FTARDOPHB HE LU DT HT G A DSCPe 2 2 i et
g g engh sufi & Edge Router » * 4 & Ingress Router - Egress Router » 4 %
2 AGE B oy B a2 21 domain 4P & gL L

Core Router -
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Non-DS domain (X)

R R R
-
DS host (A)
R R
/L\ H
R R R R R R
- -
H
DS domain (Z) Destination DS domain (Y) Non-DS host (B)
DS - DiffServ aware E Edge Router

H - Host

R - Router ® Core Router

B 2.1: DiffServ Domain & Non-DiffServ Domain

DiffServ ek 31 & 5 A B ¥4 &k g B {oirdl et P BiE
« Classifying

Zypde KiRfep aoe [P mak ~ B ¥ 4255 ~ H#5.(port number) ~ & B

ST T S NP
« Policing

* Metering - Bl % - FAiien flow rate & burst size ¥ %8> ik

T pF ey ¥ 03 8 H 8 4o Marker ~ Shaper ~ Dropper % ¥4 E i £

)

>
S

S T -

- Shaping - £Hll - B FOR e e BiEd R AR @ R > P
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& @ %w or3T T eh traffic profile

* Dropping - 1945} & g R R 48 KR M RERE F o

3T R SRS TG R RS TR o Bl TR Bk
Mo dod @ibehun B A £ > TR R e R TR 4 L@k Foa g d

PR T DRG  F 20 WEFRE & R 7 0 LB N

B DiffServ enZE4fe » 1R F K2 2 P BT b 2 B dIRas > 352 0 L
FI* & IPheader * 9 DSCP kdp T3 Fo crid iz = 30 o gH 4433 & & chgr s [ETF
i1 Network Working Group % & 7 #cfa A ~ 7 PHB @:iLF 4 > 2 ¢ & 7 Assured
Forwarding (AF)[9]#-F 4L~ < #ic® 7 I g = (class) k B2 - B3 &7

PHB #- # Expedited Forwarding (EF)[10] :

« Best Effort - X # X 3 #%w F *& %23 DiffServ(backward

compatibility) gt - [11]

* Assured Forwarding - &% k&% ¥ rdrop precedence * 42§

REEFTHEN2Le 0 23 VEAERE YT bt e

- Expedited Forwarding - " Mz i R B UL G T

W EPRAE o

2217097 & BPHBH* @ * chafb7 b o
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# 2.1 & 48 PHB PR %45 b

PHB Examples
BE E-mail, FTP
EF \oice over IP(VOIP), Video on Demand(VOD)
AF Web Browsing, Telnet

R ET R RAE 0 AR S - RATR] Y it e VA iR T
s drop precedence @ A IR R € 7 B drop precedence © § #E FE
P DiffServ 43 + en&BL ¢ ik A48 3 8 F drop precedence i3t # &k FHE
™ drop precedence i3t e o d Fif{H &> & DiffServ ¥ > 72 il s
FiRaI 2 pps ST AF R aFh ~ 2 AF S n) ek - #s? &

¢ chdrop precedence #7858 o

EF 2% % 4% 038 8 DiffServ #3¢ > i latency ~ ™ loss ~ ™ jitter » ik
A B e & IRAE o 7 % A packet loss - latency & jitter $8Ed v FoL i i
Praeld R S hhquete F E Forid A er B A PP R AR
S EER F P 0 PR E ¢ aggregation B2 E O EBF hFRE - B
B S peh s L FHE e BF TR BRI RE I KR AREER

- BB MR ek F R LE N FR

BFRped b o * B aggregation ¥R F AANTRAE o HAF @
MR NFENFT EHFRABITUBALPE LRk T EehipLip

B4 o FAE B REOTRY 0 H T E SRR FE DR o EF B dd]

;%fZ‘\ A ;F—\_Lm/n N3 [ %’Frmﬁij} ”é%,‘ q“".{k_fl;l = ;mj’g.?-,}cpé}, L7
RS R R S B B LR » i A H R RRT R
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BoOERMT R Foor K oo s ApAyTE L -

DiffServ ek B 82§ 74 4 IntServ & & B B354 4 $ chsh $24 PRTS 5
Fimsd ®it $ - B aggregation ehF 3k b Ap $Hen & RS 0 B G dp TR
JEEFIRT o ¥ PR AR R GG TG PR R E B R T AL e e
Tl d 7 B FRARESTREL 22 7 X 5% 4 overhead -
WL AR (T ePRAE o A7 DiffServ enZE e RSB HEY o
d 2% DiffServ enZE 43 i 742 & STk Bl e T R dogn i ALL-
[P et r @ % DiffServ> & 3§ H i chigede § I 241 Rk i & B UThay g

sl
g

2.1.3 TEQUILA

The Traffic Engineering for Quality of Service in the Internet at
Large Scale (TEQUILA)A:F 7 ®iv eh@ § ¥ *Tx P et ih- B30 % > PR
Ly RRRIFDT A T A - & trafficengineering éh1 & ki S { & Fir g
FPRIE & B R o 2 2001 # > P. Trimintzios ¥ * ** IEEE Communication
Magazine * % # 7 "A Management and Control Architecture for Providing
[P Differentiated Service in MPLS-Based Network ; [12]° fjﬁiTEQUILA 3+

37 Q08 H L -
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Policy management

Policy mgmt - -
° tyoculg Policy storing
m —

5LS management

Customer

Management
plane

invocation

Node
monitoring

Data /ﬁﬂﬂit
transmission conditioning

Traffic engingering

Network
monitoring

Data plane

Per hop
behavior

Data plane

Monitoring

2.2 : TEQUILA %4

TEQUILA =% ’ffé_('lﬂ"ﬁ 2.2)¥ & 5= A2 & %4 > Service Level
Specifications Management (SLS Management)i & f # 2 % = cpRix & F &

F > Traffic Engineering # %8 ® 1 & § F QoS enf33 1 17 > @ K & 7 Data

plane Bl % FAh@E > p o H BRI R A PRI 5 MPLS

- # end-to-end FPRIr & F RE AL %~ hService Level
Specifications (SLS) B 45> % = 332 {30 pRAx & F e g fo SIS 697 58 & R
i+7 47 9 SLS Management & (74534 > % SLRIARIE B i inf a4 0 kAT A
XM SLSe &% > P Traffic Engineering ™ ¢ Network Dimensioning
~ % p] ¢ 199 SLS Management fr % steig I K 1 ;T—*‘Ff Policy Management #
A Tk ek ThaET > R d Dynamic Route Management

Dynamic Resource Management ¥ =~ 2 k4 {7 & & chf /g Birdfe Gz o

P TEQUILAZE M it 74 ¢ » 35 § fmdnensd iy ~ 2 & A% 1 1
£ P. Trimintzios % ¢ % 2002% # " A Policy-Based Quality of Service
Management System for IP DiffServ NetworkEl3]zp 7 # @ & TEQUILA 7 4
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® Policy e]37 = ;2 » @ 20037 Admission Control for Providing QoS in DiffServ

IP Networks: The TEQUILA Approach [14]7 Bz B S o » #2405 4p B o2k

{ °
2.1.4 Victor 0.K. Li’s System

BlE kst p TR ’}ﬁ_ AR RCRAR-E LA SR AN TN -EL AR TEANTRA
FRERKS - H P P £ 44 Victor 0.K. Li ¥ + %2002 # IEEE
International Conference on Communications # # 2 ¢ 327 $£[15] - o

Bandwidth Broker #-F ik~ fie %6 #rfh% < B85 2. Ingress Router » 4 Ingress
Router i& {7 v » #5741 o
BT (B 2.3) & & s = 5 B i o g5 Y Q08

4] 5 DiffServ e

BB: Bandwidth Brolker <= ¢ control
CR; Core Router

ER: Edge Router — :data
LR: Leaf Router

B] 2. 3: &5 'FIW—F*]{?
PR AEY FIT IR ERE PR L ERE o PO RR
2_ % & Ingress Router £ & 1 Egress Router R 3 #cif 3f L35 5 4F et T > B

AR Fhd BB A~ fe o £ d IngressRouter i& {7 v » 4] o & [p— LB 2 PF

> BB 4R & 1 Ingress Router 2 B F iR i€ * »xiy » kypTIBF RiE * v
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BEFERG Y FRARRETR - ARERME > £ BB EF £ M E

l

¥ ,Tk; 2 o T (fairness) enff 48 0 & it & £ 0 [ngress Router 4
I|# s TR @ 3 & Ingress Router » 7 3| F ik 2.3 @ ¢ 17 Edge Router

B LBEA

Victor O.K. Li's system #f i RSVP == Vi {7 o~ 241> & % inter-domain
£ intra-domain Inter- domaini g% < it 2. v~ F4(4- B 2.32. ER11] ER2);
intra-domainf| & 3% %< et 2. o~ a8 T E # (40 B 2.3 2 LR1 ] ER1)-
Bt 2 HT 0 d 4 intra-domaine TR A fie 0 B AR 5N A fie > TR (T A e
BB %% + BPFFE L B Ingress Routere » #2458 2 ~ R g 0 E 4 U E 3T
R TR FERRMEEFERT I Ra § 9740 01723 b 3§ pFa e

FHER RS L AR ONAR S intra-domainz. o » 4] G F TES PG
Bozo foor 250 gt 4T P B R 4 g DiffServ £ e $0 8 & #13] ¢ QoS
FRG-UMTS)y A3 2 o d 507 F#g 3] 0 QoS i $13 QOSIRIFHE S5 +
EE 0§ B QOSHERLPFR| & R g FIPRIFEE B 1 pE (Mapping) it & > & Jf 1
Yo E cPE PR F AR A TSR RL P R AR 49 1 P ¥ 0 QOSPRAE o FIt At

#

ETIAS

R L AR T H A ey s ek 1y “p’”ﬁ%”".i%iﬂ—’.’,-’ﬁﬁlfi”;’ *

AL - W R
2.2 #®%; (Summary)

4od% & — BIFE real-time on—demand 2 & R F iR 2 BT R ah
=hehs B 3 > B overhead #-& % ¥ L bl4e IntServ i@ * RSVP eh N3 g
o LR ENE BT KA RN EHEF > T - ERTRL FE
overhead = = » ¥ s g * 3t/ Al pt o @ DiffServ 827X 12 per-aggregate 77
PR R E I R R o (e B5 48 per-aggregate RIS F RE 0 APl G PS4

W H - AR S s R R R
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Iﬁaféb-ﬁ'»m;'/}g'?«—f/u&" eI ’\‘ﬁb F"}'%' Felden xprdld - it -
P B RDE T IRE L VPO R HRRINE fRBES ST

2iE 5 > “,f" LRE AR e E B eR overhead X Yt 0 AR ER LS G

FlE s
BB o RRARMEFTRAFRY 0 5 XL UE ARG G N R
M EE g R f ot TEQUILA sn% 4 - B 20 % 517§ el ik

= 48 #2 > H Dynamic Route Management =P #% % T = § /= (load balance) -

Dynamic Resource Management R f F ¥ 7L 34 538 504 % (link bandwidth)#
s B 7 B (buffer space) » #5 @ $0 U ARTERI G4 3 00§ v42 3 2fAT > %
FRFLEAPF g F B 5 NTRFEY KIEE 5 ) e e 13 Victor 0. K.
Li" s system M A4 h3 ZRE TR VAL £ 7 KRB DT IR 0 TR IR
- BPFERL & & B Ingress Router ehig * iR € AT K » BRm gk 4 &

R R~ + Ear(burst) IR T § & E AJE o

2

R L B G TRl M A 2] B AR -
O e S ORI Y AR s A R - B Sk
REGATHT AR ¢ DETFRAG > R ek Soti o

Foetgputz vt kA F (deployment) iy A S E S A R enE g2 — o

BAFTE Y AP A R E IR SRR R B R R o g A
BEfm e FREE S 6 > P RBEPIHET TR BBA- fmF > ZBPIC R
L i Ingress Router 7 &7 I i& {73 § h4 fe » 4 Ingress Router p 3%~ * %

LEFRARL BT RE BRI EFHIMIEEET per-flow o r32d] o A

TR a iy i BBQ FILEH 0 ¥ Ingress Router TR AT £ RIS ER
Jhg I E 3 Ingress Router 4170 4 B A A RO R FREME L § 1L o
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g
I
o

R 5 A2 PRIFEF 3% (Budget-Based QoS)

ERFEAER T - AR > R4 per flow End-to-End QoS & - 78
PRAFARA RS Gh1 (7 ek} per flow End-to-End QoS 4 ¥ & it * § & 4

PRI 5B FFE oBBQ 2. K3 P P L4k - B 5 H % {7 chper flow End-to-End

QoS ”F? «,.—rfﬁ °

EREGENQS P A MAEL B AN LR RE- BHELF
Wit g fafRiA> ko p o g AR > d 2t Per flow QoS #-i2
SRR HE F R Y AR & H (Traffic aggregate) #-3% % flow §F
o RN ¥ - BRI R TR EBIRESTRY ME AR A
BH LA GER s Az i b e P (T DiffServy AP A A
A o laEEHk Eper flow FVRIBF S > » A2 R ERHBETERE O

Al AE e 57 PR RIEE o BBQ 2 BT Ak - BV & per flow 4t

"i’PRjZ‘r-r'%ﬁml EA

BBQ(Budget-Based QoS)4x * 3 ¥ 5 A A2 RIS FHF L o I F I i
Forrd o A A FILAFRER 5 RA o AU E A R A] 1 2R SRS
QoS FIAREF MR H 2 2 SN AR E B AR o T o A R AF T iiF

é el

o AHE g 2E L TR (real time on demand) s F kg I 0 & & AR

LRFB- R T BN FRAFe o BBQ F =k - BB E* eng BHEAI{rE
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TP e T R B ¥ B F LD R o 0T ] BBQ s

BB 3Tk SR

3.1 BBQ 7 # (Budget-Based QoS Framework)

AR EBLAL- BRI 2 IPRBEER S ANEL TRRESE R
T BBQ QoS At 2 M fr B i IR L A#H2 P2 BBQ AATE R
T~ 1 f AT R R A B A ok U PRI R R Ml e PR AR A R

Y

P O s %—ipifﬁ‘ ‘,})jﬁi}ﬁomfﬁﬁ&fr ‘//)izlﬁo B

311 f§ it e Al1-IP e g (A Simplified Al1-IP Network

Architecture)

- BihE 2E Fond et d FRPFED ) RERTERPEESD
Fo st o FHAOFRT G - B FORF E R i L E R F R R
BETRRD M BRF I P ERRAR SRR R T Pl
B BHRSHE 2R AR o ot T ML BRI T oS30
Foo AT BER - B2 R [Py /% pk ™ N30F > 50 @t

PEFEHH P E R BT LT PR -

- B g E e 57 - BPow R (Core network) fodic i B4

$ (Stub Network)e — Br < i @ E 7 B Y FRBEATNIRFNRRE > &

P I E R E T ) R bldo- BSH o RPRR T A A F T B AR
Bt o b4o Wi-Fi WLAN 2% 3G Radio Networke — %@ 3 > & Bl bl -

BRIFFEREOSESAE T UIEEPCRREBE N L LT F ORI A

TR - B IPate Md A BPRREED PR BE > L ETRREIR
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Bhoo AR ERPCEREALE ~ ¢ BB (Entrance Stub network) o s RIS 5
v P ei (Exit Stub network) e 73 %o it ey ﬂﬁ
interconnection 4% 4p 7 i #% = e g fL 5 ¥ #7 % B (Backbone Network ) -
BB Bate DIE B R B T BB NE SR R (F
PR ) (50 B ED N T RPRER c Po kR REEPER DGR B
(edge router) s A » v M i B (Border Gateway ° BG) » fed%B e fe

Poo R PR FHE Bar i c MR ERBETRFEOD cha 2 o Fh ~ 0 B

®e F R L~ F4] (Admission control ) ¥ - P PR RO
B i i  fE G EEW i ® (Access Gateway » AG) o F% e T i 2 B
d

ERIH 5 Inter-Domain Gateway - = Bl 3.1 & f f* 2 » [P #RIF i

Audio/
Vvideo

Streaming
Server

Inter-Domain
Gateway

@%@ Border Gateway|
BG
@5 Access Gateway
AG

Q Stub Network

Notebook

B3.1: ffi-eha [Pk
312 Mgk i A#=2 ¢ (Budget-Based Management)

BB R R RRTE 0 RS R RIS R o R E
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WP o - B Vo4 ST AREKB A Pﬁ%’i"ﬁ—*ﬁ el T EH B AR - RR
PP R B B RAT > G - ER RS (End-to-End path) -

T § 1 5 R A GlArfR B e R o e o

IIEE G g@ifxgifu{, VI E L R e BE 2 iy 4 o i R ﬁ TR

~‘-iaf§ﬁ"p;§z-gpgrrmgéj% o i R AR G oo B IR L e
TRl ERAE]FTREAERDET RS - BRERREL T AHEFL

R4 F1 & o

Eﬁuﬁﬁ;%@;%ﬂ#ﬁﬁ%éﬂ&&ﬁﬁﬁ?%@*ﬁ$ai{ﬁ

Eb"‘ff‘g';‘)é\' ’F K}E#E‘fiorﬂ-‘—l,{ ’BBQ *#;M_}_. Evé-;(blldget)ﬁ”_" ;\: ’:L%—?'

RAFF R NI L R
3.13 /= %% (Path Definitions)

e ArEg- e e gfosad fﬂ,\m; LT o — BRI 0 hdte %
BREGY OHOLAFTATRIRE -FE 50 FED S RRYTFT N
§ 5 B dp T BRRD 2 IRREY A AP AR i LA AR S

B3 35— FRATORA LR o Rl Rd T2 A Ry R

B BT 4 VA idnd Bl B D 38 R BT o dok 8 At

Feb o BBQ M1 * ARF]E PRAR S TR AL 0 4 FIPRGR & R o BBQ
B BEARAEDI S E R AR L RPZEEDT RS - RIS R R
B R AR A PRE 2 BT e Short Path =2 - 5 4%% - # Core Network
DR PRI SR R R 0 d oo BT RG]~ 2 > PPA (Path Planning

Agent) § » Long Path % — % 4% Backbone * # #% ik PR7% 5 5 38 2 B /T >
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d Pos eps ¥ - BETAR A~ 2 LPPA (Local Path Planning Agent) f # .31 -
End-to-End Path P % end user ¥| end user ¥ § "% 3% =4 ¥4 PRI% & 7 g 2
B o d dPgert 7 % global ACA(Admission Control Agent) . § M3 o 4opt >
F- BBl BRISR TS 0 - A TR R AE(link) e
N - MEEHT & R short pathe ¥ - BIEf § 5483 5 p R aREE

PerTA 2 iz ) long path(REIFFZ S H 8 o el d) o

TRy Fra i Bd &
Short P g2 PPAs Short path & il 17 iz B
AR G g S R
Path
Long Path |t % ¥ 2 LPPAs Long path & v il i 4 37 e b 2 B

XD TR IR ST R

End-to-End |#P 8.2 global ACAs |End-to-End path d if iE B~ pt 2.
Path B i24- long path 4psdt @ = » 47
H PRI SRR -

314 & §IRi3% H (Bearer Service Architecture)

EE-BHETRBEI P R P HE A TENT RILIDT R LS
P RIS - ko 2 [P BT & = A A SvRVRFE 4 9] & Entrance
Stub network > Exit Stub network > = Backbone - — ¥ short path d - &%
e st 0 — 0% long path @ 8B RS K 0 - i End-to-End R

b EiES R R
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TE Stub Core Core Stub TE
Network Network Network Network
End-to-End Service
Stub Backbone Bearer Stub
Network S ; Network
Bearer ) ervice Bearer
service (Long path) service
Core Core
Network Network
Bearer Bearer
Service service
(short (Short
path) path)

Domain
Inter;-Connection
Link
B 3.2: i%§%ﬁ%54§¥PR§$

g R FROAP TR BE-FEEVABEOETER LR RS @

PHL Y

ﬁ R F R A

fi S P

315 PRi+& ¥ #& (Quality Entropy)

T R B A AP RS E

JRA% 5B % B (Quality Entropy) & - #PRIFEF & MAps ~ L5 7 et
Tt s E g ] RDRIEET 4 3

& i ¥7 & 7 delay time ~ jitter ~ packet loss % & %#c ﬁxﬁéﬁi—*ﬁ?#&

IR TAET Y EER L F R

T 5 delay time o AR F 0 E B TAR BB PSR R E ik

S B B2 A o

e % ‘k%‘fﬂizl‘w’%ﬁ\ T_&m B %}*ﬁ*ﬁlf‘ﬂ;»zl'w’?\ TERFP - F- R Bl
UMTS % & * ?{ #rg_class ¥ DiffServ #r#& & 4class fjﬁ»% AP o TR
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PSR e R R PRI T F S AR - BT SR @ 19

REGFEIEEFRET M FFNLES b AIRIEE R o

fie? RETE AT o FRR T G A SRS T Y

AR TR 2 SRR o oW 3.3

UMTS QoS classes mapping to Diffserv QoS classes

conversational |
traffic

Streaming
traffic

Interactive
traffic

Background
traffic

B 3. 3: PRAFEFF s BT S

AR R APRIEE s (F - F_i w4 0 ¥ kPR operator #Takdk PRI
BRI ) ¢ BHFA & 7 HR2 RIS 7% ic (Quality Entropy) > & #fh
PRASIDH T - B IRAE & Fenge B 0 A+ 2 O 3R] & 7 ST eh
network layer #7 QoS % & o # ] k. » Conversational class #7¥ & 2. PR7% 5
B fics g0 & 3%class “TF & 2RI+ & F 3 0 ~ $# &3] Network Layer
1DiffServ 2 EF class kR g3 o #7m > AP it G L g2 Fih o T4 K%

#t class demand 2 F ik ©

29



3

316 rEF kA fpEIFALFTHER (Pre-Planning vs. On Demand

Allocation)

FTh2Z BT RYIFALAFZ L TEFFILZcPPEFILY 3 QS ¥ BF L
#h % 5 RSVP o ferpr g :@en 582 7 » fux g = i (Admission Controller)

FEERS T AATRE N R E REL e TRRE & 2R

JRen
TR & RTERRIT e o iR N2 WA 63 TR
WEE ARG 0 PR AHUBNT L@ - NS RE e L R
g

W < WA FREEALELFSE O BN S PR - & f
¥ ¥ 2 FES RIS aoverhead § HERB LA PP AFHBAF 0 L
Jo B dp ok B B PER A A R T R T T P AR R B TR A i
TR E L o SFE M > TREFE AR EAGE L B R IR I AL
ﬂ#&ow@*%%ﬁﬂ’ﬁiﬁﬁ??&ﬁ%mﬁﬁﬁﬁ’@%w&ﬁmzﬁ
FEA SRR ERRE o o AR T AR BT R - R TR 2
PRAE R s e T o
ﬁ%Q‘%Tmﬁm%vafmawwwmém%w%wﬂ’ﬂfﬁaﬁgw
FARF R FARFAR T BHTET R T R RIS
FEHIE LY RFEFUEINFTRAfRER G BT RATLE MG ST F

=3

%2 link #8 % ° # B Ingress Router % 43 L PR L L 87 Rendk g4
T R ] FHRATRIE T RREETRME S 2 LB R RS T R

TR T KRR ENEAEEY FIE R A e

PR E T RT A - RAEFRECERERT T AT R B EHSRAR
FAL R AFEL G T RABFRLFRAL T R
BERETFR pf—é“T%iim? //57/\;" °
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317 # 7 A& L4 F R E (Centralized vs. Distributed

Resource Allocations)

AELTFENT AT R OFTREET TN AL B S AN R

Z 5 ‘ﬁi‘i&' & ~—+ch; TR s ~ 23— fe ¥ 2B TR %éﬁ?!‘]%'—\:i&—fgﬂ}fy%ﬁ“

R

A s peib R ) chd B Ingress Router p (738 % o

g '\m;'/};ﬂﬁb_g_d ;'/};?IﬁD_E_’“P - frE e 3 ;'/};ﬂ’li'Hi cod BRG]
tha R U TR LA SRR A AT R LR (S T

ARoe TRTRBRERZ AL fr i L B Ingress Router o

RS Fh BRI PFEE 3R FREEFOYELER RS

P F RV O EERE T RG] AR T RfE ] H - R 2T

s & .
oF 7 Ak R

o B¢ Ve N7 S g T Mgt dE(fairness problem) o i A A
TR E P EGCENERB ) Tt A AR ST g s

e

Ingress Router iZ 3 J&# &L (¥ o

CoP LAY ATRARBAT U F LM 2R - R4l 1 R

LSBT R R R TR TARL R AR
r’r"Bé;‘an /}};‘lﬁc‘ﬁ. _:d‘t’ -d— P /});‘(A,\ﬁc,m i —"ﬁé /f‘g s ig_lj;}‘“bgﬂqﬁpi‘/q\ﬁo
B2 R AEEE e FIt R N FRA R BT E R Y R hi

4$’>‘Li°

CACH S R RT R E Y BB B f oo Blde @ d Ingress
Router Fg B % - RPN F o cnF R T RE > RIFFFR NG EHFT Rl ~ &

L RFREE FTREEAEFE TG F RERTIRA L E B Ingress Router
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piTEY o § 3 ATF R ECE » BB PF > Ingress Router ¥ F Al p ¢ £ ¢
PG PR R R AT E T ENIRE N R L ﬁf"mﬁﬁﬁi&@‘ﬁﬁ-ﬁ?

FRpY -

AAGNFRpe B 2 AR T ARG cha R4 4L B %] Ingress Router 5 &

# Ingress Router f F *RF1d p 2 & » AP IRE D o A4 e 2 g v
LREARHE FOVTEALEY NARATT A THREE A P g
i3 % pF > ¥ 2 d Edge Router 15/ tg R e 3RA K > ¥ UM e B H AR K 2
LA R AR R G AT D BT R Y F g B BT IER £ S

WAt o

AN 5 R N A e RED R A HTR o i e
AR LA RS B AT RA o dest 0 TR 4 B A TR et

BRGS0 R AT PR A T L TR T R A R AT

3.1.8 2 £IFR

BBQ 7 B g3 O RS R R RAF 2 F RS B K p AR L
¢ AR A R R BPFE AR f e A E] HpF R B(planning time > Gl 4eF
ot b 12:00) ~ L pFR £ B (length of time period @ &4eri— /| pF 5 H
)& 44 B (planning cycle)#8 § 3B i & - LA £ R0 - 1345 BBQ
PRADFRET OHWEERFEER) R APT URRE SRGIFRF L
B bldert F Ol - BH o M- 24 24 BPREFE £ - X 5 - BRAE
Bl o $20in 2R Mg~ 2 g RIT UEFERARLIE R KR 0 BlAo 2] R G -
BH B 202 48 BRFEEFTRY - § R 7 U 2 RPEFEFL > &

W PE R B PRELRE o
PRFEEF TR RRRRE AR REPRPIFTLRT RS AL

2l
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FARIS R TR AR e £ YRR R AR PR A B R 2 R

—_

fRAEPRGI R AP RS ARG T RpRE R L L AR
SRR 2 R G o TR R R

T A ERE R (length of time period)fé » & fif § cNPF ¥t T
&3] # Bl (planning cycle) » & ¥+ %14 F P & B Concerned Time Period
(CTP 4 B TR G R E)EFF RO X T TR (Mdod X B b i
e = B RBIPFF DT LRRE TR E) - 205 - B (TP %% 1 2k -
Reference Time Period (RTP - g | CTP F ik 7 ®2 %< FFE) » RTP 5 Ingress

Router & denfr g FTALP » &23% CTP 2 F RF s cnpriz » Bolm 3 0 40k

CTP 2 A& - % 1+ 8 - 9AM > R|FERI¢ 7% HRTP # 3

K
8 — 9AM = RTP ey & Z etk ¥ 175 CIP Z RIgRlen%d » VI Z K4 fGeh

R o T
2k Wi (Management System Architecture for BBQ)

3.2.1 BBQ ¢ &= & stk (BBQ System Assumptions)

T v eE e R o AP T hiEK o % - 0 quality entropy
Pl FEERD PR R AL SR HE - BRI R o AR

* quality entropy 5 — & 7 4efdz i > ¥ BB E A fean™ 55 BRI F

Wl et BB o B2 sBBQ EE NI RERE X ARy Y 0 B

3 periodical traffic pattern - % w > BBQ #-7 Fp JRI+F %2 FiRAR & b2 b

FEFRA B ALY -
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322 Aigii 4~k g2 4% (Distributed Management System

Hierarchy)

2 ME IR R oBBQ 4R A TR S AR E 2T 3L 1L T AT aiR £ 5
B ks fFARBTRDE 12 RERB ST R IR 1R p LR
BB PR AR ORRTRT R BRSSP LTSI WL TR
Pl NAL A2 FEAEAT AR LA AEETRE L ES

LI FRA S A £ IF QOS B AT IS F BR TR R B b r ST R

BBQ #-pRid 5 FE L ik PRI A s 8E o d 1 @ T o SR IR S R
+»3 & (End-to-End Network QoS Coordination Layer) {  #& ik =8 PR3%
SRR I T R 2 erdk k2 TR 0 R3] long path - End-to-End Path :
Poo e FiRhE 2k (Core Network Resource Management Layer) f %< %
B2 TRy AR Pro el T RIZHIA (Core Network QoS Control Layer)
BT IRAR S 2 WvE Mk RIS & T R bilde v~ #2411 F o DiffServ
BHB TP AR TR E A ETRA D IRB ST E RG> BT R
eRepToBBQ 5 H At MM pIRIEAE VLA RA 2 MR P T BBQ R
v IETF =4l Zeh DiffServ & A% i % 4 -

% 3.2: BBQ B3 kS s

& T2
AR ST RS R ST 7 TR -
P e g TR CE L P e s TR E A
Proo i TR A T R RIRIE ST R
DiffServ RETRFTREILER TR TR o
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323 g kst H (Management System Software

Architecture)

F BogpLia - Bt~ 2 5 Core Network Coordinator » CNC » # ¥
- i ~ % » Long Path Planning Agent » LPPA > § # long path 3] - @ &P~

Baihe e B BURE A - BacH A2 5 global ACA > f F ¥R ST

-

Stub Network

LPPA E

Stub Networkl

W2 oo g o

Stub Network

Core Network

o>

Stub Network

Core Network

Core Network

Stub Network

=

Stub Network

o™

™ LPPA of Individual ] Global ACA 1in
Operator NAS

Core Network Coordinator
of Individual Operator

Bl 3.4 : BBQ B3 i sufrdg~ i ¥ 4E

Backbone

CNC
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324 f§j i B RB & FE 2 42 (A Simplified End-to-End

Path Setup Procedure)

Global
Admission
control Agent

3.short Path real
time hard
reservation

ACA Admission
' Control Agent

Long path

ACA

Traffic
request

Exit
Stub Network

Core Network n

2 .Entrance Stub
Network bearer
service Check

1.entrance stub
Network bearer
service check

B 3.5 f it B E RIS T2 2 AR

PR s R S S 2 AR e f AR AL & fiE > TP
BePF o o J2P~ B Access Network ' e3Global ACA f # /o » 45+#] < d ** BBQ
FrHFREARLG PELRDEILS N Ft s Lrinz R Az ]
FORIE R AR fHE A S 2 H 3

o I RRKURBTRL BT
o U RPRRATIRGETHZPE
o Longpath Fihi * {2 P~1¥ - Long path ¢ #if short path #7ie = >

PR E-Z &P tF 972 2 short path Fikig * 4 o
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3.3 BBQ ¥ #fneu ek f#fi’ QoS = & (Core Network Architecture

and QoS Components for BBQ)

- BB ORRERS ¢ F 5 e ik o BB AL T o A
Bk - By R - BRGNP AT P R D LB RE G E
FEFHRERA S PP o B BBQA K B RAMET - BRI L RIS
THRFOTHRAT RN ED FBARTROPTE R F Rt A Fmae
#-QoS budget 4 fz 3| ﬁ“%ﬁ@’ﬁwﬁﬁiﬁﬁ&ﬁ#ﬁmmPfé
R R R = L S R el i R A% Ingress I Egress > 4et A1 ¥

PR G L R

=

PO REE BRI ST RROTT R AP R > APy F
AR AR E 2 N U FEAR LIFR N R RGBT - TUOT R M ERER
PR E R T R ATE 2 RIS R

% BBQ ¥ et R 4R 0 g B DiffServ eh A PR FERY o e x
A e Ry e B S TR A R R Y ELF - £
¥ % Feng2a B> kiE & End-to-End PRax & i - BB R Y T EAFL

SRR ESHEE LA STRLR o
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! [] Bandwidth Broker ~ ==== EF Path — L
i Traffic :
i O Edge Router AF Path !
i _ Incoming :
: Core Router 7 Traffic ;
Bandwidth
Broker

Outgofng
Traffic

Ihcomi‘”ﬁg
Traffic

DiffServ Domain

B 3.6 : BBQ s]:]gr_\%e- o Pf‘&x

331 P BT RRL S 2

Tk BATRE P RS TR AP Rdy U Bkl
Bais o fphd 2 iE b o A BV A G B¢ N (centralized approach)# 4 $g5t
(distributed approach)= #& » % ¢ ;¥ &d - ~i* § # %73 Ingress Router i&

N ORI R ERBIES 3 S8R 2R R Ingress Router 45 21 ¥

AT Y ERBRFT RO FE RN L Ingress Router (o TR AE
AR EY N i d > T RE R ﬁﬂ"ﬁ?;‘}ﬁ‘(ga_ﬁé,‘; N V-
BB 0 % Ingress Router i » i ® o Filpe Rk it 3 £ Bt 4T § g 2

BoBAEY TRETREE SR U a A RE > FALE TR

gl

vJ °
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332 frw R T RRA A

B BBQ e HEZ T o AP ERE - B R D - B ATIR G
BB FlP D - B R ¢ 53 5 oo kR G BBQ A K F i
P2& T » f § long path 2 short path eh~i* & g f § fady ThEFTIHEE P R

34— % % long path # short path -

P %Pk Pes el 5 - DiffServ g 0 d #i# Edge Router & Core
Router ‘= - *z 7 Core Router & § ¥ FoRh o QoS shE A & ATt
FRtHH 22 & B Edge Router oo 4o 3.7 #7F 0 Fhow BB QoS B I A i A

3 P R bR ~ 2 22 Edge Router > Edge Router » 4 % Ingress Router
¢ Egress Router » # ¢ Prs ittt 22 ¢ 2 FRFEA B EPCRRELR
%1~ 1% > Ingress Router BRI & Z 4 B3 BRI A ~ o x| (N I8 A 22 g e 30 3

EORE NI O VR e AR |8 T S

—_ A~

s row e ph i o 2 (Core Network Coordinator » CNC)
é—_—a-— fﬁ*ﬁ:dé\ﬁ"&ﬁiﬂ b £ ll}**:u \%&XT%P’%%I#(IIT?E?%F_CNC> q,\’}":u
PRAEZFIAE S AR IR CRRFHOECCHP e TR AE
- Fhg =~ (Bandwidth Broker » BB) : £ F $H% o B P HF R AR
oA R LR 4K LA o Ak SiAn A PR g P R
HME R TR L BN T Y B
- o g r 3]~ 2 (Short Path Planning Agent » Short PPA) :

3R f R P R ARTER P & B SV 2 TR A e

MERET R PRS- B (link) g £ 2d fFi

7

BE R ehA i R LY .
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« Edge Router

e Bt g S Rl drouter f£ 5 Edge Router » FRLIL i » 5

Edge Router # = Ingress Router: &t® -1Edge Router R % Egress Routere
- Ingress Router :
irie » o Edge Router » H f F hiZ 31 b at 4o o

#E B 3T 12 X (Bandwidth Order Agent > BOA) - 424514 ALt 43 5Lt
d short PPA #4534 8 & G+ & > CNC ~ 237913 g % 2 d LSPPA

AT R BT

oo g 12 4 (Admission Control Agent > ACA) - iy 7 ¥ & it T

TRk T T LR LF AR R F R BB AT T L

!

PO B R R R
Bz 4]~ i (Local Short Path Planning Agent » LSPPA) - gt~ it ¢
#-BOA “r+ PR K HF R 0 AR G A RS RS A T e
ACA &k sigiapsie * > 2 B LSPPA ¥ 1245 & B Edge Router efi-imiE 4
RH|>E > F - 2R Ro

- Egress Router :

WiraE R o Edge Router » 4 FALini & @i pF > Egress Router § # #

R AR R TR L B TR Y .

-~
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Core Network Coordinator

Long Path
Planning
Agent

Short Path
Planning
Agent

Bandwidth
Broker

€ Ingress

Core

. Release
Forwarding
Resource
/

DiffServ Domain(Core Network)

Bandwidth
Order
Agent(BOA)

Local Short

Admission
Control Path Planning
Agent(ACA) Agent(LSPPA

333 A4gs FRARLNIE e

BBQ 28 R FER 07 SRAI R DT R R A KRBT ARG R T

e BBQ ehpros fepe? {1 AR FRE BT RA

BRIk o & - B link o9 5354

B EE-EAEPTRALG R B

SEEERE R ok I RN it
CNC ¢ ¢ Resource Manager st— 4 e BOA 199578 iR ¥g L v BB #+p5* — & link
RV E 0 Rk e £ link 4 9 Rdge Router A d i@ % e & AER

ARk TR Y > FRPF R L B ARACR 3.8
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: Core Network !

Path-based ! Coordinator I

traffic demand I bandwidth broker) !

i 1

statistics of y/ Short Path _ !

reference Planning Ba;“"’“(’““" [
time period T\ Agent roxer

I 1

1. Link-based
bandwidth demands

-------------'--\

’ Ingress 3. Committed
! I | Bandwidth
I Admission 4. Acquired Bandwidth I Resource (1)
| Control ; Order 2
| Agent(ACA) BRaen;IO\ﬁlr?:teh Agent(BOA) I
I 1 2. Optimal
resource
I | 5. Planned | _
1 |resources Local Short : demand (0)
Path Planning I
: path set Agent(PPA) I

\----------------l

W3.8: 1o B FRARME

BARE B SR TALA S BREE PE 2T IR IR P A AR 2
TR e BREROABREEERG AT TR FA 0 5 LB
Ingress Router % B A KPFEF R T REFER - - BIREPOREEZ - BFR
% kens iw @] o 4 pF Short Path Planning Agent (SPPA) € 945 & ® Ingress
Router F e fom i Blfott o R p R > 325 DAy &P PRI B

BT e r R T e R GEE B Ingress Router 213 & 5 7 I QoS & ehpR AT T

B IR R EERFEY BRI D& R o

#H - ~SPPA § At FEREL S g d & & - B Ingress Router # 2 link

reahFRET R B %S - B & B Ingress Router snF iR g fa B RS
P P
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H A= ~BOA g1 - T p B hREART B ATTE L TR
£ » w CNC ¥ #nBandwidth Broker # p -

# 2% = ~ Bandwidth Broker € 19#3#73 BOA 1§ K2 FH TR T E kAT
Thpel o

HAe ~F # # Ingress Router t 7 BOA FEWE Fil2 {5 0 € %3¢ link-base
E R % & B Ingress Router 2 ¥ ¢ Local Short Path Planning Agent

(LSPPA) ke 5 L]

# BT ~LSPPA § 1% 2 TORARL| Mg & ek /Tl > 575 & & B Ingress
Router =7 Resource Database » > & Admission Control Agent f= end-to-end

e Agent i@ * o
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4.1 FEREEAERRE)

VUIRREE A B2 42 A 5 ¢ & Ingress Router ¥ #Bandwidth Order
Agent(BOA) = Bandwidth Broker (BB)#*REFiRiF i * o pphehp ¥ ¢ 345
Z_link ~ quality(4 quality entropy # 77 )& H #rZ 45 % > BOA J5 0 fcds
bandwidth order procedure # BB % i¥ resource request message ' B~ F ik >
@ BBR g PR L BBOAR RER > ¥ B4 &FFTHAF o 2EP link > & >
BOA ¢ 1245 Concerned Time Period #p B 2. Referenced Time Period 45 &13%
Ingress Router # Reference Time Period #7i% * i et 5 (d LPPA 3% &) » 12

PR P TS link § FEBP R 0 link F H - - % BB3REF R o

4.1.1 Historical Traffic Pattern

FRETR 2 FTRIFRIZRAN LT ok Y FFREG AN T
* RAERloF AHE B RS #-traffic & & PP 2 bandwidth s34 % (@)
L1 RHRR® F 00T 5 3 R OO R DR el T o bl BAE PR T
E KR AN BB T NT RE A MR D RAG BRI ki
FEfL G PR MRS A RARESARLR B4 14250 Bl4.2 54
PR (7 5 B AL $ x BhiE2 2 3 e P 8 0 AEPEA 2 bandwidth f & o i
RR 422 B R0 FRPAH » AGaIRRE RRBET AT T F Y (F
4.3) > 4oL 35 (mean) ~ % £ #(deviation) s # )
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O dayl
B day?2
] day?3
U day4

B4 1 @ upFEiv s %A i g 53 i e 5 Yo% PR 2 bandwidth 5 Z:day

(Mbps)

Historical data of the CTFP

5 7 9 11 13 15 17 19 21 23

RTP

@ bandwidth

45

: Bandwidth demand at RTPs with respect to a CTP




Probability
density
q ~~
J b
- II|IIIIIIlIlI'IlIIIlIllIIIlIIIIbandwidtl"
demand

B] 4. 3: Demand distribution at RTPs with respect to a CTP

412 B GIERAE R

582 7 P2 traffic pattern ~ link 2 bandwidth distribution
% Bandwidth Broker(BB)% % = 3% » BOA r2pt &4 2 link 5 &5 D1 Ap b i
bandwidth request value & (B 4.4) o #% i 53 BB 4> g L pt2 H HE 7§
% G @ $%t Real-Time on-demand #+ P2 H 47 5§ # # 5 Ce o

b AP BT R A R CTP YR AR e T T o AT &
ST VLR T BEAROT A LRI R B R M e MDA
FREEFL 2N HACE R TR Fn & RKF =~ hfpm et
(on-demand) > ;V f# 447 B 74 X eR 48 > ¥ F fRpFdeper A 4 o 4 (signal )R
o FHREDE - CARRPF 0 €1 2 BBrHIT R R f IR e T oo B AR
F xRS AR LU S B B AT AR ﬂ‘ GIEIE S st
AOBEAREHTEFEERT DRI g o 2 S g S o F R AR
BEATRME I AP R TR SRR TIRAIY o (B 4.5) -

Flut BOA PR B 4 Aok @ AR PALEF ETR IR AR
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oo ANER LIRS TR A R R

Historical data of the Concerned Time Period
(M bps)
70
60 - 11 -

0 my -
50 ] q _
40 ‘el el el mEml el el s mE ml .

O handwidth

307

20F
10F
0-

Reference Time

1 3 5 7 9 11 13 15 17 19 21 23 Peried

B 4.4 93 L TAR0 0 v R AR g

bandwidth bandwidth On-demand
acquired
bandwidth
X2+ b x2-8
6 6
} wasted
X1 + bandwidth 8 - x1 Real
Real deman_clecl
R cdemanded bandwidth
bandwidth

Bl4.5: 2B : $ AR BRI E R
LB PEREWE R PRI TS R
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4.1.2.15% & i #-3](Optimization Model)

d3t—- PIFERG 2 %R 2 RIP S LT G R 3L G 22 E 2
5P RTP FZFFRIFAEE T AT R G THEE g S 258
P A TEE 582 7 FEFE S traffic pattern ~ bandwidth
distribution £ Bandwidth Broker(BB) % FRA| » ¥ RE+ PG 2 B2 ¥

P

B3 et A& B PEEGE % 9 bandwidth request value @ (4B 4.6) »

probability densnsity

Probability of
on-demand acquired

//' \ bandwidth
foN |/

"_'F'F-"J'rd'f"/j"iﬂi —t+t H\j\'ﬁw—m

I
A/ :
/ fTotaI demanded

; / bandwidth
i F
/ . .
/ Maximum available
ordered bandwidt  pandwidth

Bl 4. 6: & i bandwidth request value@

YeBl 4.6 577 R FRARY MNELEFL L BRIPZAE @ * F3) 0 B
4.6 4 normal distribution i* 3 ]+ o

it E{C(0)} % = expected cost » expected cost & 5 @ BIRA > ¥ -
BN ZIERPpES A o o SRR R F 3k Bandwidth Broker(BB) ¥+t 7g pi#t
22 & A Co % B4 5 on-demand request = & > d F =t F] L4 F A AT
AAME TR R BRI R B2 A A G0 AT SN FER e T
PR A PR AT 12 on-demand request = & o #-FF A PLPEA A £

on-demand request = &% & 4=k T % expected cost(B 4.7) o
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Expected cost
|

pre-order cost

On-demand cost

1 b
Bmax

W) 4.7 : Expected cost ~ pre-order cost and on-demand cost

Parameter List

e C; Pre-order request unit cost

e (C, On-demand request unit cost

o | Bandwidth demand at CTP

® P Probability of demand bandwidth i

®e O Optimal pre-order bandwidth request
® E{C(0)} Expected bandwidth cost

# 1 CTP 2 expected cost(£{C(&)}) = pre-order cost £ on-demand cost

2 %6 > drBq. 4-1(a)# T o

E{C(6)} =C,*8+C,* [ (i-6) * Pidi 4-1(a)
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d 2 B 4-1(a) @ p i * G S o PR g o i LM
PR M N TS T 2 AR Y 7 i 0 S (discrete) Tk £
ST AP a-Eq 4-1 AT g 4-1(b) » A B F 2 L N
Bz EEE o

E(C(6)} =C,*0+C,* Y (i-6) * Pid 4-1(b)

i=0

Eq. 4-1(a) ~4-1(b) ¥ % - SEEAFFHIF R ch= & » 5 = 3 L Jpmrp pband) 7 =

Ao W A8 5 E 0% 7 (BO(OIP s W i

cost

expected cost E{C(8)}
|

pre-order cost

c1*8 ™ on-demand cos!

< 2 -tj (1= * Prdi

¢

1 ©
B0ptunal Bmax

W 4. 8 : Expected cost ~ pre-order cost ~ on-demand cost and optimal &

TR TR APRE o AR (run-time)IE AP PR HE BE
YR AGPRFEEATR Y GHE R 1M 4 F i {7 on—demand request 0 B TRFFRES
~g 5 E T Eq. 4-1(a)2 Eq. 4-1(b) @ enfepdeph= 27 it i = Eq. 4-2(a)

21 Eq. 4-2(b) o

ondemand _cost=C,* Ln(i - 0) * Pidi 4-2(a)
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ondemand _cost =C,* ) (i —6) * Pidi 4-2(b)

i=6

Eq. 4-1(a) ~Eq. 4-1(b)¥ @ it 5 Eq. 4-3(a)£ Eq. 4-3(b)

E{C(8)} =C,*6+C,* L”(i ~6) * Pidi 4-3(a)
E(C(8)} =C,* 6+C,* Y. (i~ 6) * Pid 4-3(b)

bedk Bq. 4-3(a)® e KR PR R G R oo BT REVIY
m 4T
L& RUEI2
E{C(8)} = cl*e+cz*j;(i - 6) * Pidi

E{C(8)} =C, * 9+Cz[j;i * Pidi —jg"e* Pidi ]
dE{C(8)}
do
dE{C(8)}
do
4 dE{C(6)}

ddgg — C2 * pg

=C, +C,[-0* P, - [ Pidi +0* P]

=C,-C, | Pid

Ry EER APT LEDE GO T2 2
Eq. 4-4> ¥ 2 o v Sosppliz F5 B MIEH & & > #9700 BOA ¥ gk KIE )

AT 2 B R IEHIE R e BB IERE o

C, _("mu
C—Z—L Pidi 4-4
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4.1.2.25% P~ % B A B

'F“q* Ci ¥ Gt ]34 bandwidth request value @ 2 /&K - & ** 7
7 Bandwidth Broker(BB) ¥ & ¥+3% pr-order cost(Ci)#¥ on-demand cost(Cz) 7
P ndl R R A RS F 2 Bt b B G0 R TR RS A RATMES A
1o BOA *FEREFF L7 € BB~ e FE R ends 150 A (T FFECETE B incoming 3
FRE TR TR L L F A G=C R TR S ARIEEE S A 0 B
G Gzt AT MW AP PP R P ERIET B3R R REFERAZNIE
% et B4k B~ on—demand request € 't #F FI v Aot T R L F) S POHLE AR R
ARy aas s FE 8 Gy blp LR > * 4 on-demand cost #® » Bl ® ATIE A
FOREPF BRI o R U B F I EF 4 on-demand request 8 5 o 11 E
M TR 2 IR & & o4 ¥ on-demand cost 4% % » ¢ ¥ Bandwidth Order Agent
AR PR > LR S U R 0 rﬂ—Jqu 4-4 7 v @0 £ 4%
337 n(maximum available bandwidth) -
% Bq. 4-3(a)2 71 *P& PHP T- R#F £ F Hddlic 2§ fFapF
Fae* Eq. 4-3(b)> @ Eq. 4-3(D)RAI¥ * ffH a2t 5 2 N RO BFIF T PEE o

41235 €PRIFE R P %

d *a8 e Diffserv domain 1% 5 % 4§ » & Diffserv % T#-L'T v B-
link 22 & * ¥ 50 & < B % % > 4o EF ~ AF1 ~ AF2---~BE- § % - link %5 %
BE P AP R D DBOA BB R E R F B I s s R
PP - BARERZAET - B link 2 ARZ A & B H b link &%

PR R AR R 2T e
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413 FFRFT R E2 343 %

BOA = BB #p##4F % > e & BB 7 — @3 &34 B % & #7F Ingress Router
st P o F BOA#TIEF 2 A BN IEH P c BOAV E R 2 LT AT R
% 159 w3 7 £ (Current Execution Time Period)#-F k7 K&t i 12 fps
PR A SR RANR AT o & HT R PP 0 B BOA 2 F 1%
R o dod B PRAR R s pm o T T RO BR BRI
(service class)eh? KA H Z 3 Mg S o B 50 > F47 RS %
TEABHET E 2 PRIFE % > P BOA g Htp AR D FEAIRBEEaw

BB # &4 DHE R AL -

B 4.9 530k & on4% > 4§ BOA Jc 3] & p » BB #14 fie 59 % (resource)
P AR A AT P ETME - 2R 6 Rl RIS > BT IR Path
Planning Agent(PPA) iz P& & link * 2. ¥ * #F B it (F .S 43 o 3 BB #74 fieih
SR CIEMAE R 0 0 Plw BB & KA - FRAFH L FR o § BB EARSES
B F R &2 R X BOA AR AP REIF R T IRE N VIR K2 R
FEBEATE LR AT IR PR AR {8 TR B3 A (Current
Execution Time Period) » % ¥|E & % 4 F ik &pF > £ 4P~ on-demand

request 2 ¥_resource reallocate k4 $r -
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Ingress receive

j: QoS Class

@ j : Optimal vale of
ordered resource

L R] :admitted substitute
resource
Rj : admitted resource
// \\
// \\
\check Rj
A
Rj < 0] he
Rj >=0]
y
Request
substitute
resource
Ri Y
PPA path
> planning of
class j
Request
class j’
0] - Rj
I PPA path
_| planning of
- class j’
RN Ri"1=6] - Rj
aeni mi S \
Rj'<0] - Rj L
Che_::k /)—
N Rj %
A N\
Terminate v
pre-order
procedure

B 4.9 4F 53 ML AR
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4.2 $4 {7 P (Current Execution Time Period)2 & » 4|8 Fih g 2L
421 gl

S E D oF RARA] > d Bandwidth Order Agent(BOA) i BB % I pRA% % &
(service class)z g % % » Bandwidth Broker(BB)#* M3 ik » H & #rpit 18
% Jd Path Planning Agent(PPA)RFIEIT » 5 7 PRI F B2 PRIFF Rl
& g g v E * BT o Admission Control Agent(ACA) #-iz® £ 5 7 [F PRA% 5
WL EJE§ F A i o r 2 IRIEF R - § 5 Bar& 235 % BBQ v
PepepE > ACA ¢ iRPRF PFoTa LIRS T RIT L o or chikdy o & iz ds
R g R R RS 0 FIEIRIR R BB T TARIE TR 0 B M 3EAR ) K 2 F
EIRIFE B Z TR O REFRFAT R § AT TR MBS Z NI E

5%
*> o B410 5 o gl AR LW e

Incoming traffic
request

nough
resource

of required No
quality
Yes enough
substitute
Yes resource
Y
Admit the Reject the
incoming traffic |« incoming traffic
request request

Bl 4. 100 &oxfmdliian
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422 REHEFTRER

$4 7 P (Current Execution Time Period) 7 2 & & i 3¢ PEF IR FF &2
2 CTP i » FIF BRI > B4 MBI TR T 234 > 4 Ingress
Router { # 4%1c % &3 & - Ingress Router p #%F /R ¢ 4 Bandwidth Order
Agent(BOA)¥? Admission Control Agent(ACA) = I+ # > BOA f # ¥ piig 5> ACA
PIE_E F o ~d24] o d 9 P 524995 Bandwidth Broker(BB)z % % = s &
WSS EH- PREFERIFHEE 0 > )5d PPARRIEZRG| 27 * 2
path Tk 2 % ACA i 17 o » I o 2 &34 7 pF i (Current Execution Time
Period)#7d1 32 333 3 2 ik > ACA 2 F4-F R e (W41 5 7
gi’g:".iﬂr PR “Lr/n\ﬁw PREFFT R & RFACAEZE L { Faa

H T o % ACA7 XE T R 5 > £ 2 s RRGE ko
i B gq;%“*iﬁ. %7\? Pt pEE E_BB F MR Bw et 0 B ACA = E Bow S AR
TR o R LFENTIRE P G0 ET RSB L ATA A AR R JE R

RN s & ) %* X FIRE A e V€ #74 e Ingress Router p #8247

ToF AP TR ARGFRFERT - EREPFET 24 RBEFDP L
B 7 P BEE § PF ACA #TE JF TR m 3 AT TRpsp p 3 e i

ROFEME L Afs IR AR e

FFPFEAR R E A H AR A 4o T 1 A4 {7 PFEL > ACA $3% Ingress Router

B R SUYK o BB P
P ENFRPNGER AR - AR RA P
AT T RETE AN AT EI A T AT ARG A TR
ek R F R TREEA O TS R

“TH P2 % service class § K T
E
E

IoykE o M A AL TR

pF B (On—-demand order latency)i™

G FREE R EAT o 2 E B F R (Current Execution Time
Period)+?4% On-demand order latency 2. p¥ & & & X #ic® check point » #&
i check point # & P # 45 5 € 2 F i£ 3|3% check point #7# ¥ ‘a4F chF k'L
y¥c o 5f ¥ check point 34 7 PFEC 5% & PF B A%IT > 3% check point 2 F kR &L
yke » ri&éﬁfy P LT FORE S R 2 A NP o
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In-hand

resgurce
,_hm\ P
T yve

\""‘-\_ o _[ ..- -
ey

y*2

Latency T Latency T
Time
check check
point point

B4 11 27 REZMGT RTH TR

423 HIFFEFTRF &2 22 %

ACA R TR T 2 KpF > 7 10945 BB * 0 FE IR B R * ehfie B vk
o E#H T RE A~ fe(resource reallocation) ~ fep¥ 3+ p(on-demand
request)¥? 3% s (traffic flow degradation)= 87 Fr = 38 X f#-F R 3 &

ﬁ”FFB’Eg °
4231FRE A pe

ACA v L ¥ iy S 402 TREAAFe o TREL A~ fe¥-ik - B ACA
IR DE R PR IRIFE BT o 21%{7» F path * &5 4pFF dquality

entropy 2 link #8 &7 ™ 3 4pin* o § - BATA 2 230983 0 v ~ ¥ 0 ACA
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PP w7 EFEHE T F R AR 25N Ep w7 % path 24 % >
ACA ¥ & < Local SPPA - — 4R /T (path) #7552 link » 45 1% XHAF B 2
link> &3 dize link + (FFREL A Fer @ * 2 link shpath40F 2% 5 €

BRETe 4 Biny o nin L Rd FR R LFE S
4232355 5

¥ ATA A AR KX - PRIFEH 2 path Tk o e £ACA ¥ FFATE JE 0T
RBCE R K RZRAGEAIAE 0 B AT B R E B2 RIS B
ACA # 45 # % B RAE P 38 0 B2 a9 & R2 JRIFS-H ' 50 T RARE B i 4
HRGIRIFE 5T RAT 859 B A7 & AGZ T3 4 g B g o R
EBPRFRENT GV N TR o ARTE ABEAR T 0 Nt VA g L s PR

Frofe B Ak BRI E BT IR T B UAR IR T 0 B AR FR e S Fe e
4.23.3.5FF M B

AHEREEY o de% BB v BT ALHE(Y L ETE 0 AR O A
% Ingress Router ¥ ik 7 & pF2 fRpFdt iR o 23 F P ECACA 2 24945 0 #
BEET Ry E P w BT 3T REP 2 L3758 BOA » BB i fepF
F- M message & T T PEFAFTIRE Fo LB 2R R 7 NI TRRE R4
E e % o B @ check point > ACA € 1345 check point &4 {7 PFEC % & 2 pF
FERDEINTT ATy B4 12 BT EFEM T F IR 518
BOA & BB #-p#4g %15 > £ d PPA £ 4735 A7 * 2 path Tk > < d ACA 3¢
P2 MARE (T o M gl e AT L TR RS N B R AR AL 2 G

BTG E R AR A B S e § RS R BT B F A A o
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y<* : in-hand resource
optimal value at
On-demand current time
request
procedure x @ in-hand resource
l current time
Ve
/./ \\\
: Check
.. point ]
AN d
\\\
yes
Find y:-*

yes

On-demand
request
Vo= X

Bl 4. 12 $4i7 BEE 1 i Ae

424 3417 PREE B b i 1 B0

EE B EEEE P 0 ACAE <% B 2h(check point)tk & Fikig *
250 0 EIRTAT A D 2 AR o

# i E{B(x)} 4 7 Current Execution Time Periogixpected profit » #d

% #7 Current Execution Time Periatkpected profit: s v 1235 4 2 pF 2 ACA
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v

2B #HE K 455 £ o Current Execution Time Periodxpected profit 4 & = 3%
A o A LIRS A AP RS 2 PTG E()E 8 ST
7 £ (x)2 £ 3F % + Bandwidth Broker(BB)#»" fep+ b & Boin® 5 (o % = 3%
A ACA MR 2 BB H /T K Eirs i P(D)2 fc &
#p ¥ ® (expected revenue) ° ** &7 ¢ » 3K Ingress Router $+3+5 & i »
ZARRT @FIEA ro FEIEG L rWGE o PEIES - B ERIF L po
¥ 2 2t - i Current Execution Time Periodd =g 4] r&2 8 =454 p2 vt &%
€ Fl i FleppE R L Ei g o

129% Bandwidth Broker(BB) #3722 # ¥ =R i (G > & B
Ingress Router % v » & B ir2 EJ{rde s L » 245 4L 6| (1/p) » & F14
PER 2 2 gx A Pu(D) o A e ot B iR eE2. & < Current Execution Time
Period expected profit > #petid-Z Mgz LG EHF T £2(G) -

Parameter List

® PyD) PDF of traffic demand D at time t

® X Current in-hand resource

® Y Resource level

® V% Optimal resource level at time t

® »p Unit rejecting penalty

e Unit admitting revenue

o C On-demand unit cost

® E{B(xX)} Current Execution Time Period expected
benefit

& 1 Current Execution Time Perigd # F ¥ & 2:(check point)Z. expected
profit E{B(X)} & Ter+ Pt A2z ¥ 8 ¢ 82 4 % > 4o Eq. 4-5(a) % 7 o
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E{B(x)} =~C,*(y-x)+[ rD*R(D)dD

+['[ry = p(D - y)] * R(D)dD

4-5(a)

d 3 Eq. 4-5(a) F o * arp T A Pu(D) GRS sy
R R M NG TR0 3 AR o & 2 @ 5 (discrete)
(e b St A P Bq. A-5(a)A) i e B, 4-5(b) 0 v i3 @ A2 4 e

43 43+ 8 Current Execution Time Period expected profit °

E(B(X)} = -C,*(y-x)+ Y (rD * B(D))
3 o= 4-5(b)
+ 3 (ry = p(D - y)* R(D)

BORSFFRTS X FAXERERET Y B BBEyY & x
2 Z%F Eq. 4-6 PRAFILIEE € I 2 F% o

C,*(y-x) 1-6

B GF AR S y B AP e~ artraffic & y el B 7% - B
% incoming traffic = D 4 2 hi ¥ % P(D)dD > 4 traffic demand D -] **
BREMEEFFE YR REZr XD HER B RHFF £y % traffic D2
P @A B 4-T(a) ~ Eq. 4-T(b) & 77 2 <

J, "0 *R(D)dD 1-(a)
zy: rD* P, (D) 4-7(b)

% traffic demand D~ S GHEHFF By FEFE i rit &
BHREF REy D LA g Edfd pit i TR LER Ao AR
Z A ¥ M EREIEIFF £yl ¥ traffic demand D 2z # ¥ A o
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Eq.4-8(a) ~ Eq. 4-8(b) # 7+ 2 o

| Try = p(D - y)] * R(D)dD 4-8(a)
> ((ry - p(D - y))* R (D)) 4-8(b)
D=y

AT AR BRFRFEPNF B check point » & H AT A PFRF t 2 1 A FHAE R
#73 £ vy ¥ 2 on-demand request # BB & f4F FAF &7 & 2 o PPy pERE

2.t 7 R ARG R4 F £ vy o Current Execution Time Periodxpected profit
,1* t7 F o d 3 check point A&7 7 ¢ P AT 2 e A0 AP A%
FEgR TSR L R AT E4 543 £y @ % Current Execution
Time Period expected profit 2. ¥ ¥ & 2 ZFF < B o
do% Eq.4-5(a) ¢ 0 P(D)*D & P(D)% 7 & $andicr B ARG L7 3
¥ @ @407 (Eq.4-9) -

[/ R(D)ID = (p+r-c)/(p+r) 4-9

#_Eq. 4-9 Vi 12 5> 3K penalty ° on-demand cost ¥ revenue ¥ #

¢ LR FEREEERF L5 d g PUD) i & A A B 4E KR
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AFT g R PR B2 44 7 PR EL(Current Execution Time Period) 7 ik 12
FENRERGFC SRR RS AN EE B HERAFRTIRE E 2
EEEROBRBRRSRFES R H TR R F Rk s EE
ARDEHF AR N2 BI A AR ELALFHRTCGRHIE T %HE
BEFHRET L RANREEETRIEREEFET R EZZ %% -

AR R AP NS e R TR E AL R
™ oon-demand ¥ H s SRR 2 TS HR e 7 F traffic distribution £ %
k3¢ A e traffic type(Constant Bit Rate £2 Exponential )™ » Wi & B =
2 ¢ 12 & & (management cost) ~ < & (revenue) & & (profit > % revenue £
management cost 2. £ &) » ¥ 1R B BT o

REPFET RE T % e 45057 P &g 3l o traffic(Constant Bit
Rate ¥ Exponential ) ¥ 4% B8 iE %4 i * ;% (Normal distribution)%E % A # 3
THE N Po BB VEFREFFRTRE R ERERATL I %RE 2 5 TR

TR SR SRS
51 3= 4

AL TR F R o A AT LR {3 RS e A

HEFELEEREFETRE RE 76 -
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5.1.1 »it =k

d *t 4% e = B e End-to-End QoS «& Zf s B 4718 B PR AR S B AR T Y

T HGEAB R A E N T AR TR RS TR ) o T AR Y Bk
Frea s BF > s 5 H i 737 o 12 ratioof full-satisfied traffic »
ratio of partially-satisfied traffic ¥ ratio of rejected traffic i®fr

¥ 2 BB
5.1.1.1= > ;% &_+* &|(Ratio of Full-Satisfied Traffic Request)

Ratio of full-satisfied traffic = &7 H#FF » FE A 2 2 %73 Wi+

P iR R DR RGZAMIRATIR 0 enE R B2 request b o
5.1.1.23% = % &_* 7] (Ratio of Partially-Satisfied Traffic Request)

Ratio of partially-satisfied traffic & i& {7 H4pF » F %5 A 2 2 #75
MAFRE P O RMA B A AT E R R (AR 2R A ETTAE T2 T0%) 2

request t* By
5.1.1.3{£ % +* »|(Ratio of Rejected Traffic Request)

Ratio of rejected traffic = &7 HH#M » FHEA L 2 715 ik ¥ 0

FEIR AR K%M IR E TR B2 request vt B o
5.1.2 ¢ 7 & % (management cost)# % Y (profit)

BIA AL AR L PR AERGEEET R S Ao R
A2 HIL A R A N IR E R BB L R (C)
RHFEETHRES TSI ARE L A B jzd 2 rr 2 i d P H =
foE () POFEE R L F IS Ao o E IR R ERE BRI S
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It WEFETREES & 2 RE A R BB fepiit b 255 ¥
(Co) » 135 ACA T X2 BB W FEF FREE L r uir o e d 5 or 2
NREE R FECRE() URAFRFERTREES A e e F T2 L3 55

HE PR A Ry iR o
5.2 HHEEB

521 NS2 4% T ¢

NS2 # - 2 it [P i afici T 2 > NS2 (Network Simulator - version 2).
fiIre2at APT S LR AR B FOR R A2 24
pe e Biich ~ § ROV N RERIT RUER WM O AR
R B NSZ A REFD - B A £ B8 - L gotl4e Nam - Xgraph
Wer, - At it AL BiatE 3 @50 40 3 G R fopr R o NS2
piE 5 2 5o protocols (TCP ~UDP...) ¥ mgk daViprie * » (e et b opl 2
TR RO G 0 TP AR FHE B AL GA P T U TR FINSZ B R
Fo Tt AT HE* NS2 LR E oA o d 2 T LR E A D

EA 5% AN S RIS
Rim o BARFTRREITHL -

5.2.2 . 7+4F 3] (Traffic Source Type)

FE 7 2 NS2 ook i traffic source type 17 & F Bk eh% 7] > BLRIE
POE TR EREGFETRE L AT F traffic source 2 T #74& Me»aiy & &
prol ke Im A ko AR Y ¢ A2 CBR 2 Exponential & f 7 Ak (75 &
® incoming flow e type » £ * MM LRGN FRHET hEEZA 29 %
%7 0 TPk IEB traffic source F FHE %37 5 448kb/sec(NS2 CBR z Fg &

R
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523 3r# %3+ (Topology Design)

AP ZFHRFEVEFYELT FEEEPA L 2 ADBTH LA RS 2
2 e R BERN2Z FES MEYTE o 1R (routing) RALT A3t 0 4T
AR R RRRE > W H - 155/ (path)i % Ingress Router &
Egress Router » >t 2% P 145 25\ H B R e QRIS P 2T E A 4 ik
FrBcs LR R o
53 F %K

531 @734 4 33V ( Traffic Generating Function)

"4 NS2 ficht B + 4c » Traffic Generating Function @ % PR 3% % 2. L%
AL RBRHF AP R AR EET I N2 E T AR BA S AL
source node ip ¥ traffic type > & P& traffic type 7 I » & * 7 F e ;U i%
N3t REREAREREY -

5.3.2 4 9 Bk

53214 B2 F sk

SR B IR B2 model ¢ 0 ¥ @ _trafficdistribution ¥ BB 3t 7 I+

FERERH 2 H(CE G ) PTRENPHENR B RFERED o

PR EAERIFMEOITEFHRE > R > total per-flow on-demand B
RN Lo grrsE it traffic distribution 2 F 32 (mean) 7 5 %P8 &

B% 7 F traffic distribution ® & 22 A e F E & -

5.3.2.2.4F B IE B2 HRiE AT

BARRIE R R B YO0 EROREARY 0 F - ERTA S 23U
% d Normal distribution 2 y* # & # » - 2 Normal distribution(4p F¢ range~
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mean ~deviation):& 7 5 X F B > #-L A AT X B4 B BT 0 (T
A isEFoFHy P AP Ta e 2 Normal distribution i 5 F % % %] >
REARREST(ED 1) & 5.1 7¢ »Setl 5 AXPIFRE > JI* %82

traffic distributionz & & FAF B TP E O B H R o2 P T > >R
WwAzg ¢ 14 Setl 3| Setd » ptw oo iw A4 Ak o w2 distribution ¥ > Setl
AR Set2 Tl Setd K A F R L PR ETFH LR v ke

7 F distribution L& F EH 72 5% -

# 5.1: Traffic distribution set of off-line planning

Parameter Range Mean Deviation
Distribution
Set 1 0~100 flows 50 flows 15 flows
Set 2 0~125 flows 62.5 flows 18.75 flows
Set 3 0~150 flows 75 flows 22.5 flows
Set 4 0~175 flows 87.5 flows 20.25 flows

Py

5.3.3 #4 #7 FF£& (Current Execution Time Period) F i g 32

5.3.3.1. REFEFTRYEZERR

WA D& RBF RN DR M%7 P e R E R
PR ERPERF G F R Flh R - BRERGARI EF B o H TR
(Current Execution Time Period) ¥ ik ¢ 2 HinAzA 5 = BIFE > % - B
Fefc s off-line setup’ LA 2 F R KL FHE Lo HEREFHE L
% - P& 5 Current Execution Time Period process @ xR % — BIFE A 24 2
FRX LA RERL ®A 5 EREFRTREE UEi %

RwmA TR TRAERZREY o
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5.3.3.2. #i7 i E ARG AL

REFEFTREEERT &AL 0 BIFE > 27 BAHRROL. 1) > = B
T ¥ - B B Off-line setup» (63 BH ML F - [F& > A & heb it &
TR ENERALA o % - BFEE(off-line setup) » F £ B ik kAR AL
Pt iRy AL T RA A 2 MG RI(Stepl) 0 £ AH L BABRNE
WS NS2 H Fre iz i » PRV (Step?) - &P Stepl &2 Stepl #74 # ¢h
traffic information fit & ¥ L3% T2 g FF 4 BHEHMF % %3 (link »
node ~ traffic type of all flows)fops ¥ 4p k2o F i & T (4 & M Arfads cnps
) e = NS2 event and topology script(Step?) » #7 k& » & = FF
£~ (Current Execution Time Period process)#-script < d NS2 #i# B4& R 7

e B 7 (Stepd) » T LB NS2 7% % 4 472 (Stepd) »

Step1 Step2 Step3
Generate incoming time| | Setup network topology
for each flow by and
Exponential distribution experiment scenario

Generate incoming flow
by Normal distribution

B 5.1: F %4z
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#7737 1 Normal distribution pt#c 2 3% & BAZ 2 I keaiz
MR BCE AT - BB PR B G TR L~ P R R B

g E B o BT AR

» A F BV A K traffic distribution g Bl (%

5.2) s Tiom R A E R URBITEHN T REFPPL

% 5.2: Distribution set of Current Execution Time Period management

Parameter Range Mean Deviation
Distribution
Set 1 0~100 flows 50 flows 15 flows
Set 2 0~125 flows 62.5 flows 18.75 flows
Set 3 0~150 flows 75 flows 22.5 flows
Set 4 0~175 flows 87.5 flows 26.25 flows
Set 5 0~200 flows 100 flows 30 flows

heB 5.2 5 R B test set AT MAXE EF > R E D BEH RPFF R

ST R & o
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incoming flow

"~ &

L A
VO VA A
JA LT VAASAVAT A
N VY Y \\/

D 1 T T | I | I | N N I N B | I B S N

5 10015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

flows
L

time

B 5.2 MF+ik PR » PF BEHLLI DS

2T ORI AL PR E B R BIARE N P R DR > 3

¥

Stepd & 2 R FEH ~ B K LEK LF BB @2 traffic type(CBR »

Exponential) o ** i i £ € L FF BHFPFOPFT A2 R4 0 1w )

BY)

* NS2 2. B A o g i ayk iR s drB] 5.3 e

@  time=20 ' time = 40

B 5.3: % NS2 B4 o BLE 7 e PF R Bhenie e i
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WHENFFE BB NS2 R ERFEF L RPEF L PRETER T
(Stepd) » % NS2 fick B (7 2. 5 ¥ A 2303 (7 PP B Ingress Router #7 * ¢
resource management policy - %“gr} E* 7 opolicy MBLRR BE%R o AT
AT chpolicy » AR fh > - i 25 ERAFFETRY ZH4 &
NS2 & e T PFE S dF & B Stepd ¥ #13K % ingress-to-egress path #7 % >
PERBEREY VA EETER SRR TN S B R
EFhg Z4] 3 & i SRR NS2 Al BTl > kB e
iv & 17 33 B ingress-to-egress path #f % » % ingress-to-egress path #f & ¥
# - K CURF > U FRpFE R (on-demand request)sh 3N o R R w R K T2
4 7 B (Current Execution Time Period) 7 ik ¢ M it i #0335 B % % >

w Bandwidth Broker(BB)#* P4 % - & A F 2% ©® & 3K ingress-to-egress path

BER A H RRIRR P EE R LI R E -

5.4 F% %%

5. 4. 1R R RAIF R B *

5.4.1.1. 30 5% 4 (5 ¥4 £ 1 2. 828

B 5.4 545,17 w BAGPRFEE #273% 25 Constant Bit Rate(CBR)
SN g gt Set 1348 12 0 ~Set 12 4 % -T35E (mean) ¥ total
per-flow on-demand 2. § "2 7 kezt & % o PIEP g * gl pha A (cost) &
Y2 & (revenue) ¥t # B3 jr2 vt 6| 2 B =3 p = & (unit pre-order cost) :
H > qepEept 2 A (unit on—demand cost) : ¥ =4z % (unit revenue) =1 : 2 :

2.5
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160 160

140 140

120 120 __'-_§—#_FA._,E.’—:-'“'

1o — = 100 B /o —4—cost

80 / 80 / —W—revenne
60 — 60 .41\ —+— profit
40 A ———n__.___\‘\___‘ 40 —

20 20

0 ' ' 0
Ea_'qgﬂg mean theta on-demand Eﬁ?lgg mean theta ondemand oo - 50 flows

theta=59.1 flows

160 160

140 = 140 ///

120 ././ . w0 ./_./ —

100 — 100 —

80 A 80 /

%0 eo —

40 ~ 40

0 20

0 ' ' 0
Ba_'qgg mean theta on-demand mgg mean theta on-demand

B 5.4: 2z 4 CBR traffic # i# ¥** mean ~ 6 & total on-demand z % %

B 5.4 7 2 & (profit) & 345 v » M ir g 2 22§ (total revenue)£
PR N A(coSt)Z LB o AP T A HSS (B O HBRRNE LFFHI T e
A~ % T e > total per-flow on-demand A| E 4245 I IR E - HAF R S A >
REEAGES ARG OO ALY 2 A F 0§ Set 1 s FAATH IR
RIEF](profit) 5 #+ s F T 35E (mean) FF b % > 7] 5 T 35 3+ pap 57 &2
MILEE TR B S BT AT R B e I;L%V—g VAR IAE S 2 K IR e
A FEC] o @ PR O AR Setl 24 AR F R M2
R H 3 PG o ig 22y 0 MR (profit) e FE Y 2~ FA N R A
F o Bl (40 Set 2 ] Set 4) » RIF AP0 F 5 M A PP T R
F AT MR o ey o AT R e ) (profit) # g A T 3578 (mean ) &2
total per - flow on-demand % -

BT OB RSS2 B (profit) ik RAR B B~1F 2 £ B 5.5 & T o JAL
R O.0FEENS BT AT EZ 2 Y s FAZER & B3 F
pEo gl (profit) = & € briprAk % o 11T 320 (mean)$* phd »0 3 A ¥ w FR R 5
ﬁ%”ﬁﬁﬁ@ﬁﬂi%ﬁ»%Héﬂﬁﬁﬁ—ﬁﬂﬁiﬁ%ﬁ%@%’ﬁ*ﬁ
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FEFRpRNE ORI E(profit) =& € .5 F AR o 1 O PAE R R F] L AE
AP ST M FIRACE Y L F R Ay A BACE R A 3t R
FF o Azg B Jy adF - =Bl (profit) = & 5 > SEF ML [ ATE 2 AT R AR
% > Efl(profit)= £ € #riord® ¥ » |-k  Total per-flow on-demand =4
R R RGBT EE R L AR (profit) EFRAF AR S T Y
F- LSk oo B k0 A2 FE AR > Bandwidth Order Agent
TE G- BT AN 2G> B F 4 on-demand request e § >
R R R A FEECGU S A R AR R nge ) R R 2 on-demand

request F# HIE B 0 M4 BEIRGE o

Fl

6[) f y
S0 + +

40 / _— —— mean profit
30 - / —=— theta profit
— —— on-demand profit
20
10
|:| 1 1 1 1 1 1 1

100 125 150 175 distribution set

B 5.5 2 44 CBR traffic 4~ @& ¥+* mean ~ 6 &7 total on-demand 2 profit

5.4.1.2.4c % W G$F 12 B

FAAP Y LF R FRNZEGMEEFHESN £ Set ] 2 s
i# (mean % 50 2. normal distribution) » #x % Bandwidth Broker(BB)#}+*+3f &£
HE B BE(CO) 22 TPl B B (Co) 2 3 % 3L B > BB B 0 BT ML E s 1 ()
5.6) 1R E BN GARF R B R IAEES LN o e B
AR § ABE IR G A TS TPRREEAR N F A P FAN] c AR eI 2

Al p b ARE G/ AR 2340 B2 RIS G OUETHBRE
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pre-order
Theta value

85
80 =

/
zz / —+— pre-order
65 /
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