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Budget-Based End-to-End QoS M anagement for All-IP

Networks

Abstract

In response to the great progress of communicatadscomputer technologies, aggressive
deployment of broadband fiber optical network, ambeaof Internet technology, and the
global standardization of IP technology, the tefepmnication industry is moving toward a
converged network, which uses a single global tbaacket-switching network to carry
all types of network services. Diverse types oViees demand diverse QoS requirements
making it a great challenge to support potentiatises with guaranteed QoS on All-IP
networks. Our research group proposes a BudgetBa3eS (BBQ) management
architecture to facilitate network operators ofedsified networks. With BBQ management
architecture, network operators can adjust thetwokk architectures and management
polities to support as many services as possilile End-to-End QoS guarantee.

In this thesis, based on BBQ QoS architecture, wapgse an End-to-End QoS
solution in BBQ management system. By bearer seswioncepts, an End-to-End service is
decomposed into Backbone and Stub Network beareices. Each sub-network will carry
the responsible bearer service with committed Qa&rantee. Based on the proposed
hierarchical management infrastructure, we desigmethodology to allocate resource and
path planning in a progressive manner. This metloggowill give network operators
sufficient time to configure and deploy network€a@ding to long time demand forecast.
Furthermore, it allows admission controller to @#ntly acquire resource in real time in
admitting a service with End-to-End QoS guaranBaxause each Core Network plans its
own internal path independently, End-to-End pathnping is only to choose Core
Networks to pass through. This scheme could redthme enormous computation
overhead such that it is adequate for real timk patup. One critical challenge is to choose
the best End-to-End paths with QoS guarantee fwwnving service requests in terms of
optimal resource utilization. We have developed ah@matical programming method to
solve the problem. The simulation evaluation shdveg our optimization would perform
more efficient resource utilization and forecastegor tolerable than OSPF and trunk
approach.
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class)e 11 §_f§ & & 47 ¢

VAL E T KA E S 1 R T 2 SRR 2 BIRIEH delay
time £ jitter 4p 4 5t - ® * ¥ & delay time4gi§ 300 msp - P RREE LR CH A
Foo B onsS Rl & f3F § 48 0 packet flow> F]ut 4 jitter 4p § AT o T Fosv 2 S
>t data communicationf kit - ¥ F Lk SR B R ik R RO

g Fp Bl gL FROEL c B LIETF Bapnl S FdpiRs P LR £



14154 7 & 8w cnfs b 2 5 4 o

Classification of Network Services

Sensitivity

=

Trteractive Background

Conversational Stream

Services

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

B 11l & UMTSPRFH$H= « S Fhiks F LA -

% 1.4 UMTS & F A~ 4% & L5 o

Trafficclass [|Max Bit| Transfer | Guaranteed | Traffic |SDU Error
Rate Delay Bit Rate Priority Rate
Conver sational X X X X
Streaming X X X X
Interactive X X X
Background X X




% 1.5 UMTS QoS¥# DiffServ QoS z_ PR73 ¥t J& °

Traffic Class Service | Max Bit | Lost Rate Delay Jitter
Class Rate
Conversational EF1 2Mb/s <10-6 < 100mg low jittey
Sreaming EF2 2Mb/s <10-6 150ms A
400ms
I nteractive AF[1..3] | 2Mb/s 10-3 ~
10-4
Background BE 2Mb/s

1.5 QoS ¢+ ;2 (QoS Management )

0 P R b RS BF R SIRGE > IP community? 7 IETF (Internet
Engineering Task Force) [#] Z_7 IntServ (integrated service)[g] DiffServ

(differentiated service) (Refs) a4 > >+ & B (e B4k BRI & F R sk 3t o

1.5.1 Integrated Service

IntServi¢ * RSVP (Resource Reservation Proto¢bf)f & i 2t 73:& = — (%548 &
B (virtual circuit) % % & QO0St ehF ko itk T B A ki T
Ao VHRY ARET GHORHRETRE L F EBFAET L

TP W Ui G ks d 5 2 (routing protocolsy e F] overhead® f o i@ (7 Bk A E

10



% 14 (scalability) ! = F|4& < 524 o

1.5.2 Differentiated Service

DiffServ p| £ 4 * &2 IntServ7 fe ik vd k3% PRI+ 58 32 - DiffServ £_#%-5 5
02 QOSE Rz & B - A2 2 > HE - #A T AR - RETIRBE AP
R 0 M A RANEE Bk R o B - AT € 5 2 4 & Per-Hop
Behavior & DiffServ domaint @ i% o igik e 2 822802 742 i 34e IntServi g 4
SPRIE S B R 0 AP F iR IntServie g e 2 fef 17 R 3L )t DiffServ %
Hibrbi P~ 18 8 3 R =0 e defe A DiffServ énZ 4 0 4% & & B 3045 0 End-to-End

QOS .t A fFdjkchi & BT -
DiffServ @ i Jiis § £ & 7 I L& 5 S A + 5 behaviorss 3

1. Expedited Forwarding (EF)[9] % & B & % cpRi% > & R $& & 839 0T R L *E 14

ERRBEFEMT A T kA VOIP VoD % i BT g AR

PR o

2. Assured Forwarding (AF)[10] PR7% % 4% 3 EF 2 £ 249 Q0S %z » 7+
T QOSH & FAET > kAT A &g K F R IUIEE S ¥ Q0S i o AF
&g 7PRI% e flow 2. drop precedenced:-z vhit flow 2 3te AR E R 5 T

% 3 * priority g3 N E 2t flow Bk E E R o

3. Best Effort (BE)[11] : BEx % %] & % Tk » FI& &7 2 & 213 f» Q0S Wi -
TR 3G Pt g f2 JRAF (B4t email 2 ftp) Ak A 2T

DiffServ 4 3 2_ 20 5% -

11



DiffServ domainiZ =7 core routeriz J PR3 & B3 Bx 72 o enifiX = 54 #2305 B

#%2_ End-to-End&-F 47 7 4% & iRE o

SR S PRI SF R 2 E 0 F A Intserv S 2 Rk PRI & B RE
PIPRAE 3 ¢ Fla AREHFT AR L L a £ 3524 > 7 RSVPEZH 45 & o
A 24 dirE (RSVP message) ¢ H 3R A b e & § HEFEH M 4 i & o 5 AR
DiffServ = = & & i PRI+ 57 38 0“7 SR LN R 2= B2 Fe1QoS PRIFE & o
F - & Core Routedkt &4p ¥t e B 3 o #7145 DiffServ networksk 5 T

A gk s 4tE B flow a3 £ &+ ¢ End-to-End QoS

1.6 =3 &2 p & (Motivation and Research Objective )

@ 'Ff”“' TORTEFSIRGETRE 2 A - Rtk om0 o
i T2 Ty et o s o i B PRI R 0 AL IR
SRR m RH - R JRRE TR e Flpt o > [PRRY  TIREH - pR2

PRAS & T Rt M- 8 R 2 F o

WARRFR L A 23R xR R ST TR B 2 B et s
WL EG - Bred ~d gt Band g o - B E % f(request/traffic
flow/phone call) ¥ ic @ i dic® 7 b 3 38 it B B F LA - & e
Pegcoo R ARG 0T - RRER 0 &3 & per flow End-to-End QOoSE_- ¢ 247
FeR R 1 (7 ez per flow End-to-End QoS ¥ & - * F G R s iR

o

[

Flpt o A - FRERTRARIIE FRET GRS R L S

ERERENEBERILES % F o T2 R0 RS TR R F 2

12



i RpE RG> ey A RY 0 4 RFIRIB LA MERYE
2 FoErTy ?

SE SRUERS S B

1.7 f&2;&=* % (Solution Approach )

BBQ(Budget-Based Qo) * #f & 5 A#H 2 PRI+ & F F 1L > it F T i fox
FoR BB IRAFRAE SR CRFEAE M FRARA I & K A S 4 QoS
FRAEF UFFH 22 AR F BaRR A o X0 @l AT TR 0 £ ]
FEHF LT (real time on demandpF i § 12> 3 B 1 FF LRG| B T BN FRA
feoBBQF k- BRFH MO ERIfrg L1 L > TR * T T K RpRHKE

fefet K § B B E AR o 00T - /1 BBQ ik ie A B 2L F SR

*h < B4 BBQ i fi&ﬂ » %+ End-to-End Network QoS Coordinatid 7 fi&ﬁ i
~ i LPPA{r Global ACA- iz iziif & 7 R TAIERIA KT & ciizin &

ER R ANFEARZIFATRR N R EUTEE L AHZ BHBRB ST

\

i

o

I FE.
LPPA § f R PEUAsIn & F RAppl = S W 4i0A] > R Y EE 2 BA gy
FIE &5 E o AR 2 N R F A E 2 Long Pathik & 4] » 9 E >

long term softg" /& i % - Global ACA R E_ >+ real timez k3 § » » & LPPAFE L R3]

2. Long Path i& T pFa i3 7 fu2 > real time hardi ik (9 - 12 H (8 Fl#F chie it i@

18 > 2XBi

AR Y - RF A BRE N - R HRRIMTFE S FEER - ol b

4"\1



SRR S R AT AR EIREE T REORRER S 5 A
B4 I ehBBQ 2 KPP A RS TR R ER S e R A 2Ty £

* BBQ ZEHE ¢ R AR @ R R MR AR AT R

MHE A o RS LA B A REY -

14



¥-% M~ 7T (Related Work )

in M7= 7 (Related Work )

B FIERERY EfQoSsservice & F - k2 FQOSE Y F I
Pt 3+ § - QoS service i data plané? control plane data plané 4 #g PR3% »
spacketz B H T Rz RIFEBEFRA P WA L hEIETFH %_DiffServ -
DiffServiz & & fpRix 7 £/t #3t¢ » 5 EF~ AF ~ BEZ i % % - Control planér &_

rdata plang A AT g B SEF P RERE I R PR N iﬁ’ﬁ SRR

-

M RGR IR RIS D T F &

ﬁ*\l

21 QoS ¥ =% i ( QoS Management Architecture )

2.1.1 Integrated Service

IntServ{]* RSVP(Resource Reservation ProtogoB i 7 L/ ra s ¢ 2 % F
FhiE 2 - B % oo 83 5 (virtual circuit)k s & QoS F enF oo faE i iE PR I
F TR BEATE- KRS B PATH M L I 825 0 P3¢ § A5afdsg
BEROFTRENL > e e Fe L 8 g @2 RESV (reservel & » #5% PATH

ns

MABEPREFIBER > LT BEEE 2 RESVRL T T Tk > 5 RESV

15



RLT IR - BEFFTRAORREETE2 2L o

/AR B EREEY TS L PEREECT AL RS ﬁﬁ*ﬁﬁ%%

=4

$ERS L B 0 TS D Ry P RF RSVP R R Y TR 2

[1
(=

_\1

oo B E B FAIT R E o WA TR RS R TR £

FRRT FHOTHIRPT 4R B E L B0 TRRRLT 8 R R
d b E_o
IntServz. & = &k 8L 4 > iE > virtual circuit pF > i3 ¢ & B m%‘gmi S, ¥ %

FEBFHI DR R G B3F S A2 3 E dhoverhead R g R )
rlER A BEOTRS D FFIFRE GRS SOR Y TRERE > ¢4
PRSP E L Pf o R IntServ idg [ (scalability) % T B E ] 0 2 3§

w5t ) et o

2.1.2 Differentiated Service

DiffServ £3%-£ 4 4p iv QoS § Fem i+ & Bk 5 - aggregation- 42 &J2 > ¥t
- aggregation ik 4k - R FPRIFE AP IR > KA i dp LR B3R
IR T o AR R RS i T PR S R o - AT AL 6 5
- B H 2 DSCP (DiffServ codepoinif 43 p créh 2k k &2 3% B FHpEF > & - B
DiffServ & g & 1245 2* 47 3] 7 41 7 DSCP> ix # 4p 44 & ¢ PHB (Per-Hop Behaviof} i

[9-11] -

- i DiffServ Domaing_d ¥ % i # i DiffServ JRi% » 4 74p o PHB ¥ 4pid chép
Bhorle > ipudt & EES & ¥ 0 A 5 Edge Routerfe Core Router 4-f] 2.1> X domain

= — 27 DiffServ # it chi3 » Y {v Z domains & & s @ DiffServ e » & 4 +

16



WHEF RSP PHB: $t 55 chF T § 3 ch DSCPe & 8 i e g 2 cnB A4 5
Edge Router *~ 4 % Ingress Routefe Egress Router 4 %] % 75 3 7+:8 » i frip F

Beoa gk 2y B H # domaintp i # chE B4 5 Core Router

Non-DS domain (X)

DS host (A)

R R 2 R /i\ R R
- \

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 7 ek 31 & 5 & B2 a0 kg Bodpdl i b R B

e Classifying
g Ao KRfep aag P ak ~ B * 4230 ~ BE(port number) B e AT 3R 2

Y &\F’ .

17



e Policing

- Metering — ip| £ & - FALinehflow rate 22 burst size% % fic > ipdt T pF i ¥

>

"1 2 4o Marker ~ Shaper Dropper® $p# ] B in & 835 % 2 %7 o
» Shaping —##lfF - B FR it BER R EFEPH BEnE > 1P 8B
W 2137 g_entraffic profile »

- Dropping — 1345 F & i % a3 3¢ kR g f g o

TR STA A TR T A R T o blheit i TR G Bl o
S B E o TR R RGBT TR S LRk £ oA REIE T

R s R WEOFRET 2 & R 7 LR BN

& DiffServ ehE ¢ > 199 7 K27 FRET b 25 FPRGE - 3552 2 L41% &
IP header! 7 DSCP liﬁ T i3 S N o ¥ A Lo s IETF e Network
Working Group#_& 7 #cfa ik » v PHB @£ 54 » 2 ¢ ¢ 7 Assured Forwarding (AF)
Pk s S BB AP hfg s (class)k @iz 2 - B R & F 9 PHB f i Expedited
Forwarding (EF):
- Best Effort — £ #2723 4% 7 ££ 825 DiffServ (backward compatibility)4 g
W% o
* Assured Forwarding — #3 7 IF #f %] 3 #% e drop precedence /4 2§ e B 7 3 BF -
FHRAZHe > TR EAETF YT IR o

+ Expedited Forwarding & iz i e i 38 5 B 7 ay it 5 10 L 32 B BT PRI

2217007 2B PHB >t @ * ch2 87 B+ o

18



32,1 £45 PHB eRI o 6] o

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

“,f THRET B EBRTGPRIE AFEF - BRER| Y e v oy Wdp v fd? I chdrop
precedence Az 3% (> | € 5 #F -1 drop precedence § i % % ¥ > DiffServ i 3
teha gk ¢ gL 3 B drop precedencerit ¢k i #2  drop precedencgit e o
d ik @4 & DiffServ it P > 2 BT R L L DIfE B H AT AR s w)

E R s 2 AF S S enf ¥ e - S % ¢ 4 ¢ v drop precedencer B 58 o
P F 2 &

EF &% &k 3% i iF DiffServ 1 - i« latency~ i« loss~ i« jitter » F3EAE B ¢
& JPRAE o 7 ¢h &_packet loss latency# jitter 378 d ¢ R i pF b et R & gEeR
queuelt E Fefrig A B E A FEO PR AREBOSER T 0 T HiER
2 aggregationt* s 2 F > EFanF & 5 - Bic] cndrBag 5 o peh o &R

e EF TR RE 2 HARF IR - B MBREE O F R

B RAeE ¥ 0 & B aggregationgts F A A hFIRAE 0 HAF A T 0 IR

BehFREFT EHFELEINBAL P L gRES TR ERFEL >

BAHBREOTRAY H DB RRERE DR EFR IR D & B R
BORBER S AIRGE > § B R L R AR 50 MRS 5
LR P NS A H S R T RGAT 0 FRT R 58 L



£ i 4 A i

DiffServ cdk BL 82 5 782 4e INtServik & B %3 1459 ¥ ehsd #2855 7

# Wi ¥ e - B aggregation i B ik beAp dteh S TR Bl dp TR AERT

3G PR R Ak 0 B G PR R B T AR TR e d
s TR R ESTRES I 7 A Mt K overhead @ 4L T AgF L e TF L

PR 3L 0 #7102 DiffServ énZE e AR LB F o v d 5 DiffServ s 3R § pRE

5

2B R S T R it 2 AlIP R @ 7 DiffServ s 2 g B @ ¢

REE AR L BRI H S R
2.1.3 Trunk

Profer? dagd ¥ 5 M A kg Zflow 2 TR RAp LIk o Bhla
3 0 - % i ckda 2 (4o 10Gb/s)» f],%? it # 7 - B & B voice call- 4% =& B router:=
FEEEE R flow 7RAd 3t routerz. IR A A € FEF B o AT o AT F ik R RR

¥¢ 0 RV @i g & flow-aggregation. # 3 3 %k ' i routerz f ¥ o

‘E

Trunk[12]5 -  flow & @ #3@s4] trunk 5 - B ¢ 737 % flow 2 § 2 H = >
A BE ~ WBEAE o 1% trunk B I enie B o router B g IE trunks A 2 - B B o flow e
0L g - i flow £ fg o e o m R Rt flow AR ¢ FF TR trunks F &
T TR trunk BF o BT RELF RIE 2~ B trunk It Egress f {847 F 3

Egresss flow %’Kﬂ% Potrunk Bi% > 2 2 BRaRER o

e E @ * trunk- F H A8 deRBlHTr 0 # *otrunk € 32 = blocking rateft 3 2 F
s e Bhlm g o - BFEF FHmiB flows 2 trunk> § & fiE » gaflow

F3 - B 24 m-1k flow ﬁv*@?;}ﬁ;n{;z’iﬁ 0 § b — RaaS 2 TR K B trunk

20



g pE o ppEATiEhflow € 4% blocke ptpEF ;i}ug, H Ak sk 2 trunk § 4 enT

FPE > trunk 2 ¥4 A RO TR 0 L TR F RS RL o

The first stage:
Blecking is caused by contentions among flows in a trunk

Flenas Trunk
Custormer population ”.'.‘
is infinite with traffic |::> ¥
intensity p.
The second stage:
Blecking is caused by contertions amang trurks .
Link
Trunks
4
Custormer population T KI
equals W !
'

= Edge router

ISP damain

The intermediate routers manage trunks
instead of flows.

Bl 2. 2 Trunk two-stage blocking model.

2.1.4 TEQUILA

TEQUILA (The Traffic Engineering for Quality of Sece in the Internet at Large
ScalefizF # M h T ¥ H TR b e ah- B E P RS T RRIRIBDTRT
&1 - & traffic engineeringsix £ %if & U E e RIS H FE o & 2001 > P
Trimintzios % 4 ** IEEE Communication Magaziné % # 7 " A Management and Control
Architecture for Providing IP Differentiated Sereithn MPLS-Based Network[13] - fru{

TEQUILA 3+ % ¥ :h QoS4 I % # -

21



Policy management

Policy mgmt o -
Pollcy_sponng
service

Network
Management dimensioning

5LS management
plane I —
Dynamic
resource mgmt

Traffic engingering

Customer

invocation

hods
monitoring

Metwork
monitoring

Data plane

Data Traffic
nansiEsicoD , conditioning Data plane

Per hop
behavior

Maonitoring

B2.3 TEQUILA% # -

TEQUILA =3t #(4- @] 2.2)7 &~ 5 = i 1 & h3t 4 » Service Level Specifications
Management (SLS Managemeintk § # &2 % = PRI & B & £ > Traffic Engineering

i A& § F QoSehad 1 iF > & &k ¢ Data plane?| £_§ # 7 % 7R chigi% o

- B RS R A d £ @ i Service Level Specifications(SLB):y > %
S ah R T RGE R [ en g Rt SLS 607 58 B RGEJE 1 ¢ 0 SLS Management (7
B LEBIIE D e gran 4o k-2 8 F & SLS E 45 % > B Traffic Engineering
™ 1 Network Dimensioning~ © B ¢ 1245 SLS Management- & steg 12 sz g\ﬂ;fﬁ
Policy Managementt & ng 3 ki3 et b FRauE * > 218 d Dynamic Route

Managementr Dynamic Resource Managemeht~ it k4 7 & & chF /h ¢ 2 frife o

%
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P# TEQUILA 3+ 3 i it (74 ¥ » 37 § mdnens it ~ 2 & At hiT T IE s » P
Trimintzios % + % 2002% #" A Policy-Based Quality of Service Management System
IP DiffServ Networks [14]z.p* 7 # # & TEQUILA 7 4 ¢ Policy shi37= 2 » @ 2003
1 I Admission Control for Providing QoS in DiffServ Neetworks: The TEQUILA

Approach, [15]% RIZLPT B >t o~ dr 4] % Ap B ek 4L

2.1.5 A 45§ =4 (Victor OK. Li's System )

GFRER S HREHE Tl s FRT A LR SEAAGIFIR e M R
it HY g E 24 4d Victor O.K. Li # 4 3+ 2002+ |EEE International
Conference on Communicatioss# 2. " Efficient Resource Management for End-to-End

QoS Guarantees in DiffServ Network§16] ¢ 32 7 4

GEREHY (R 23) AARRA S S B RR PO REATRY 5 QoSH

% DiffServ -

BB: Bandwidth Brolker <= control
CR: Core Router

ER: Edge Router — : data
LR: Leaf Router

W24 ~A pREGE -
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PR AR B TR o R RS PIRE o P 2 L
i Ingress Routeg? & & Egress RouteR 7 #icif ¥ 4 35 B 4% chpt [T B [T g B 7 R o
BB 4 fic » £ & Ingress Routett 7 v » #4] - & [ - ELF TPFF - BB &4 & B Ingress
Routerz_ B. /2 F iR ié * sxic o kJp LT R * [TRBEEITERE * R BT
Boo AT R F BB EFENEFRAEYE :]"jt»; % A I o T (fairnessynfd

et E & ingress Router Il# % Tk » @ 7 & Ingress Router 7 3| 3 ik

3
B

3> @ i 7 Ingress Routere » # £ B i+ o

Victor O.K. Li's system #f it RSVP e 38 i 7 v~ 241 » & % inter-domaing?
intra-domain- Inter- domaini B+ it 2. v » #24(4- @] 2.32 ER13] ER2);

intra-domain| 3 3% 4% < i 2 L x fr | B T E H (4o B 2.3 2 LR1 7] ER1)

o

b

],

T 0 d 3T intra-domainz. Tk A e £ B TR S 0 e TR (7 4 e BB

\\\Xr

P

M
(ﬂn
il

BB 1 Ingress Routere » 34588 2 g » L S W E AT B F iR o B

ELFRFEA A G ATLR o TR B HF PR TR R I EERRE

pn

IR ARG S intra-domainz. o x 3] G IR R L M T Bt T R W
v 3 g DiffServ 7w g #1230 H 8 553 50 QoS R EL(4r UMTS)d A % o d 307
57 e QoS4 e 41>t QOSIRIFAE W F F I Nk 0§ B QOSHRELPFR| L F ¥ g TR
7 w4 (Mmapping) i &L - & s PR R Fair AR IR R R ARG R
I3 § o QOSIRAR > Ft Apriow PR IN A T 51 H o gFA] P R gt T R

LML L AL e B

2 #®# (Summary )

do% & — B2 real-time on-demand & o F i 2 BT 0 i

B iz > # overheadé& 5 7 L > bl4e IntServié * RSVPe= 5\ 3g g Tk > & Jf 4
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¥HEBABZFDET KA CREN EZHEF > T - FRTES > FIE overhead: + >
Foav i * o] ARt o @ DiffServ B2 2% v per-aggregaten g Mp I iAF e R 0 (2
Ao fd per-aggregater iz & 3R 0 A7l F RS T E - Biardk 8 Heneh

Fﬂzz'rr"? LA -FE o

b-ﬁ,\m? /}57’?,— 2 u&" I ‘\ﬁbﬁ P oo {}i‘- = x Ju)»;J?""ﬁ;Jd - mfi“\j_‘— g{‘

FoipRPEZ TR L LU PR S | ERREIE Y P E S éﬂéﬁmi‘_ﬁﬁ 5

I~

Pk mEAR AL £ e overheadf < b o R RFEL 4§ Rl B

BT o ARERCEFTIRARY > FE AT ARG R
PRE R i o & TEQUILA cr®eff? - % i 5 » &7 8 Ienfical i b 4f 52 -
# Dynamic Route Managemetitp % = T fi= # j=(load balance) Dynamic Resource
Management] § # ¥ 122 4 £ 38 50 % (link bandwidth)? #7 33 % = & (buffer space)

R A WARFE R I L T2 5 P2 7 A > FIRRRELE AP kg 5 Fen
WRFE S o KPEME S ehf j7 o 13 Victor O.K. Li's systemz & @ ;L en= 2 pe ¥ TR o
W € F RGBT RILE T E - BLPFRF Y € & & B Ingress Routetni# * iR E
BE O RA RO N ERRE S ERaR(burst iR T € &2 edT o

ECHRE R R G TR A A 2T PR ANRY - (i E

m:%?f%r‘%?ﬁiﬁ‘#’f#‘ PR LA @ i enH - W?ﬁ?}\ﬁﬁ: RTINS
FORER & R IR 0 R e RSk IR e et 2 b ki

W ¥ (deploymentynz 2 &2 E 5 E AP End ghz - o

/

# 4_% aggregate® ;# éx = per-flow it i #32 > Fre g & < B FWnf 4 0 e
IntServié * per flow RSVP= s\ 35§ Tk » & 445 B reng fotofr o R pap iF
HIeE > B FRGEL -

@ DiffServ 2 2% 12 aggregaten= ;% & i1 ¥ I fe & 0 fe A48 per-classiRix
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SR 0 AP G PEE T E - BRI 8 0 End-to-EndiRAx 5 T R o

Ay LA B RO > k- E BBQEREER A E T UM

# 8L ¥ i | End-to-End per flowR i & 28 o 2362 #-F £ BBQ 17 > =4
PRI R T iR A 2 F 32 - BBQ F HE#-g & IntServie DiffServ ik gk » 4
aggregation by sourcedestination classi= 3¢ > f§ it #®AE P > T ¥ FiF A K TIRIE
SRR BBV Feaper flow QoSe Bf o BN EFAHHBTRET > SR

Er ERTRET O OURFREBETIRE Y F o
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3 A# 2 PRI & ¥ %% (Budget-Based QoS )

=% NTEE:

I

8 5 A#2 JRAEF #% (Budget-Based QoS )

L

per flow End-to-End QoS¥_- 3 # 1247 s & &

LB FHARR T - R R R
¥ & IR & R - BBQ

% 01 iv-ferg s per flow End-to-End QoS v 4% ik i¢ *
2 3P eh Lk - B H S (7 <0 per flow End-to-End QoS 7 % 41

EREFE QoS I HAM Mg B AN LI A RE- BHEL ALY

o BRI AR % o 0P A% d > Per flow QoS#-ig 2 + £ ehE
% o

WA FE S 5 ax i & Hoi (Traffic aggregate #-3% 7 flow Efﬁ CE RS- FLN |

V- PR T RERIRIFS TR REEE S R ARSI A

fe g e 38 o p oA g R {70 DiffServ s At A JEIR & 0 1 2 3 & per flow PR
g e BT RPR S R AT BBQ

52‘\%’%'&{7‘"7?\;” N SEF: 3 '“a%?fa%ﬂizz'w%&lﬁ‘pﬁ’ ™ & R A
# i per flow = $ = PR & F R s fEd 1

2P T - L

BBQ(Budget-Based Qo) * ff & 5 A#H 2 PRI+&F F 1L > it F I v i R
oA RAFIRAFIR AR RS AR CFRSRR I A K A DS 50 QoS
B2 NI E B o T R RAF T iFR R 0 A H AR
B I ARG B R BT RS

& B L TR (real ime on demandyF ik F = &
e o BBQ#t - BRI ¥ ML F AR AP AOFE I L > Vi ¥ 0T e i T g R
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—-IE’f]’é‘fr'ﬂPE Bﬂmi"??ﬁiﬁw"l“fﬂ-%—ﬁé/‘BBQm%y ‘f#"ffﬁi‘*’,,‘%—;ﬁﬁé

3.1 BBQ % 1 (Budget-Based QoS Framework )

AR EBALAL- B@EL2 > IP R Tﬁ[l? 19] ¥ & 247 € & crfept a8k >

®

B~k SRR PP L S RS TR R RIS AR R R e IR A R S
fAEZ IR FTRA OB R RRE 2 N LR EFRE ok 2 o

Pen- X E8 AFFTHAEASAL X2 NT R Y AP R %5 K

A4 4 % BBQ e Ik AR o
3.1.1 @i enAl-IP S*ﬁ%#f#_ ( A Simplified All-IP Network Architecture )

- B E 2R R ARE > £d ABHEYERA | RRAEFELA S o @
Bb o SHRPFRE G - B B EehReR o Lifd T E R FIRREET R
it B S R RRAR LR RPRIGPIT IR BRI HE 2
2R R o ot [ T R L BRI R A R o AT BR- B2
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3.1.3 & % _& (Path Definitions )
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317 &¢ & L3sFhEE (Centralized vs. Distributed Resource
Allocations )
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3.2.3 FI kg (Management System Software Architecture )
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4.1 FikREF/~ e (Resource Reservation/Allocation )

AR R SEAIOTIRIEAROTRAFET N FBF e AT
FIFRE R RS 5fcEmTRLL SHRPET - KFTRFLFT I T RR LR Y D
PFREAL TLERFETER - FT %582 5 hard{e softe 12 soft » X =t ik
DFR T RRFERBFLERT T RE Y Bty o ¥ - 2 6 > 2 hard® U TIRY
TR T R BB LRT BT IR Ry o ZEEGIRAE S 2 Y g {
R s o B HERN G E REF EE 0 ¥ 4 53 (batch orde) frikix
g F (perflow) o $rpb s - & REFHR S OFIR > A EARE RP LS 0 &

FRF - BRIRAG R LT -

R E N & End-to-End QoSE * 2 FREG S R0 AT R L FREY

Sk kB

4.1.1 % g’ #F (Reservation Time Frame )

FFEREFT EEFLEEL LSS 24 long terms short termfe real time» 4

TR 4.1:

43



Automatic
Revoke Period

|

L

i ' ]

| | I

| ' I

| | I | .

Long Short Real .
Term Term Time Time

B4l wgmmEm-

PR g o realtimes ¥ ow 0 BBQ B I HEE Y AR 4 FlAeT

1. Long Term: long term 3 # £ «HpF @ 4 ] - long term¥# ke s 3 % & R F R - R R

FEEFTRSRREXE TRAR D FBIPUTET ROF RE -

2. Short Term: short termz_ p# [ & A& d $e g ¢ 38 p {7 L& - short termg long term
tdAz ko S RA TR E RIERT LA L TR R o 22 real time

FodAS K o IR TR BRE o B2 FRAY -

3. Real Time: real time 3 3 7%in & fig » fe it onpd 7 g8k - Real timeF & % § 4% i f_

WP FRERIE RO AT LA PR TR R E RREKDFIERA -

4. Automatic revoke period fr#z = @ e IE TR 0 AT T IRIEITINE & &
Bl 2 o e B 8 FERL o 2 MRS 0 MR T W R FAHT R Aok
H

i&ﬁ@'ﬁﬂ*ﬁ“\/}»yﬁpw’?gﬁﬁ“ﬁ*% 'ﬁ#‘g‘giu iﬁﬁ%?é\ﬁa,f‘»@,"
4.1.2 %% % % (Reservation Certainty )
A BT RETEATE L 5 Hard ¥k %9 fo Soft ¥k =F - Hard TR %7

44



REREY DT ARG RE O T AR T S N BRI R Ay Ry E
-?VMM§%%?@3%%P??%%’hﬁﬁﬁ—iﬂﬁﬁﬁii%3$%%ﬁ
3]’-‘%’57 L R & ,/}flféq*ﬂ?igﬁg”rf’fm& ’ﬂ\‘r"""%‘l ?}1"" B"H;'/}}?I7l§

’}”’}’go

=

Hard 3 ik % § cdF s 7 B~17 100%5 iR g * 4 > TR * 3 7 il G B3 0
Fim T Y TR R T

P REYZTRFEERNRATR TREY R

e chardF R ETHE L& L8 o WoT B 42 §F AR AR 0T h-

l*i

WEMRFETT > B2 EES

"D"}

s AR

[PRERNTR Ny ﬁﬁfvhardg A w2l AR APV ﬁﬁuﬁ}"‘?%ﬁé‘f”ﬁ_}i °

P N FTRILF B s R o

~

AT D SOt FRET2E > WHERBFTREH s o BHRR > d A
FERYEFSOMFTRET » B PRI TR - LLAFT R A2 RT L8
W o deT B 4.2 rrsoft 2 A ERFF IRV ARG PR L IRT o T RE T R
Wew o AfREHBRERY o FREERY FTRE > vE Y hard F R T AR AL
FiE TR AE

¥ % soft ik i 4T > freal timez % > 3 - BLFFRF 4L 5 automatic revoke

period- 4[] 4.2 > automatic revoke period = sHpF FF > 47 R 20 TR R-E 1 E IE 2 R

¥ > & & automatic revoke period p PF 0 TR B E ERBFERYTETZ TR -

%

RFER BT R R TN g A Hard";?“ib% %% - Automatic revoke period
&

EERERT D RRFEFD T_E o

Sﬂ?%%??ﬁﬁﬁﬁ%ﬁﬁi%ﬁ?ﬁﬁ?%%ﬁiﬁ@’ifﬁi%&?
/}}?l;ﬁj\'ﬂ]j‘)‘%‘ ?IWZ‘L é\:‘ om ¥ a‘f!]’!fsoft‘/}gllﬁ'—?’"?%i”—i‘/}f”

automatic revoke period p 25 G4 iR o L E > SOt TR FF 7 f It & kg

45



IR TR R

Hard Reservation for A

Used by A Used by A used by A
| [ waste | [ waste | L
(1)Hard Reservation Time

Soft Reservation for A

Hard Hard Hard
Reservation Reservation Reservation
Used by A Revoke Used by A iRevoke Revoke| Used by A
| waste waste |
| L,
(2)Soft Reservation Time

B 4.2 BT %5

4.1.3 FHhET > % (Resource Reservation Scheme )

d AR g RE 2 AR SEUIER] o A702 long termF R T F A FR K
S R g * sx S o Short termF ik e F B Eic F3 3 4o ax f RIFRI e AR 0 A4 g
HAuFTRARDFE > SR A R RGP FHP A o Bio ki - g
s KT HFL RTINS EA E‘Zﬁ:fﬁ;{ﬁ ) TANERETINE o AR T E P o &

L FEDERT o RE A AN TRET o BREN TRET 7 B R R

T

46



RAefl* softfrhardied TR ET - LERF DT IRE * 20F o blde o RRYEE
7 4% longterméng FIER > » REH H L& L=z #asoft TRFET 0 & B Y £ 1% {
WrEehg FIER - hard TR BT - % 2% 3

LT TR ERE ST RE Y kT

BZE- BRI LAY R o

FRPERTERFRCRT R B S A AT RET SN Y A R OT R

BTN AR EDRRYEL TR PERIIBTRART S S 0T £ 41

241 FREFSE

FTRET R W% P §= B (Reservation Time Frame)
(Resource Reservation Scheme) | LongTerm | Short Teem | Real Time
. . Hard

Simple Long Term Reservation
( Batch Ordep
. ) Hard
Simple Short Term Reservation
( Batch Ordep
. . Hard
Real-time Batch Reservation
( Batch Ordep
. . Hard
Real-time Reservation (RSVP)
( Per Flow)
P Ve R " Soft Hard
rogressiveReservation ( Batch Orde) ( Batch Ordep
Proposed Approach for Soft Soft Hard
End-to-End ( Batch Orde) ( Batch Ordep ( Per Flow)

1. Simple long term reservations * long term hard reservationd = % 37 & #

9o - TP R o S REA T R R R -

47

LEN I



FESEET AL £ F o 27 long term hardg ik iR F 7 i R LOF R

P o P FRFETRAMARRFEF LB 222

Simple short term reservationg * shortterm hard R %% > d = Ei7&@ £
Ho - s BAEE o B FRET S AW AR T RI R EER g

o FTRDRE EREROTFIA -

Real-time batch reservationg * real-time hardg /q %% > — TP~ I F o 2
FREF TR IES I FLREFREAEDOTRE R TR FTIRAY L

g/ﬁ»u/i% oji'_‘{' ’r_‘]ﬂﬂ'\r']vpizﬁj=%?' FI)ﬁp%E&%}%‘_PL&Kilﬂgﬁ’o

Real-time reservation % * real-time hardi i %% > & irin g K& > FpFET

GEFR L TFRAET SR MR R 2T SFRAL L FRADBAZ

Progressive reservation i long term softy i/ %% > *% short term £ & hard 3 /&
FF o AR EATTER TR G KE 2 FTREY X2 1 simple short terng
e ik B0 17 long term SOftF i %% i@ TR B F p » FHEK - T

DT N AT LIRS T IRAR

Proposed Approach for End-to-Ehek 4 long term softy ik i % > fp 37 = #LhF R
TR dok i 4 B X 6 L o short term sofff & -5 0 TR L M OT R
7 f o real-time hardf i F Rl i g 8 > TEFa- - mRAZTVEET
R L TIRET AT R E ﬁ T ok o P 3 shorttermpE v £ 37

EFT R R o realtime hardf iR FEFRTMF FR AR S TR o B B

5

i$
SRESTRET > TRATRR Y FRNUHEOTRETE S KB TR
i % 7

s fe gl 2 % E i3t Real-time reservation % > Z § FEa AT

7
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3 FRie * & (real-time hard reservation -

Femdt oo w4 Rk FIEA (Construction difficulty) ~ F iR & FlEL A

(Reallocation difficulty) ~ 3k ¢ * »x% (Efficiency) 14 2 35 ¢t & & (Overhead %

e ARSI A BT RET S R ek 42977 o

i

4.2 LAFRET S E Vo
FRFETH TRLER|FRDR | TR
oA
( Resour ce Reservation Scheme) TR | FEAR | ¥

Simple Long Term Reservation Low High Low Low
Simple Short Term Reservation High High Medium| Medium
Real-time Batch Reservation High High High High
Real-time Reservation(RSVP) High High High High
Progressive Reservation Low Medium | Medium | Medium
Proposed Approach for End-to-End Low Low High High

ARG L SRR I RS Y TR T ) R S T
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414 BEBFRFEF 23§ * % (Charging Scheme )
BHBEFEFTSERTRETAZBERI ZEALTRAFEIERT 2 28 FF
TR g T@ETRAGRERFDL 9700 FR- BRI LIRS R AEL

EFREL R R PR FEAFRNTRET DR Fo0 7 REAF

BT o MR PN EFTE S NE DT R o Aot ] T RE TR 2F o

4.1.4.1 % % % (Notation Definition )

ket r 2 Lk 4347 o

5 &
= Long term softg ik iF & 2 47 7
B> Short term softs ik i § 2 47 7
B, Real timeF & % 7 2 4 &
C: Long term softg ik -4 2 4 % 8 %
C Short term soffg /& i 2 47 7 &
Cs Real timeF ih %9 2. 4 % 5 §
fo () 8 C,2 piecewises #ik
f3 () 8 C32 piecewises #ik
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4.1.4.2 R i3 (Progressive Charging )

Yok @ H —*ﬁii#&i%:ﬁ«%% ZHEE T RE ?K_f‘;}%—&%,%’jg—‘ﬁ BT R AT

%”ai?%%%#%%@?%ﬁ%ﬁ,ﬁ&ﬁ??%ﬁ%@@%a

R SR
1 Longtermsoft FhEF 22 FE§
Cii-BwaciE » 2% B~ ]

2. Shorttermsoft FikixT 24 R §

Unit price
of B2

EXtra cost
when B2>B1

C2

C1

[

Fas
B1 B2 Bandwidth

Bl 4.3 Short term soff ik = F A4 £ H § -

Cox ] X B B M 35> = Co (B,Bp) 7 4c ] 4377 o

(6.5,)= 0T BB
23727 1, (B, - B, ), otherwise
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3. RealtimeFThm%g 2L EH

A
Unit price Extra cost C3
of B3 when B3>B:2
C2
: o >
B1 B2

B3 Bandwidth

Bl 4.4 RealtimeghFgH T HY -

Ca /] % By ~BaM (2835 Co=f3 (BpBs) + 4r ] 44557 o
0,if B,=B
fs(BZ’Bs): 2_ S _
m, (B, - B, ), otherwise

Note: > m,>0
4. %4 & (Total Cost)

TotalCost= B, [C, +(B, - B,)[C, +(B, - B, )T,
= Bl [(Dl + (Bz - Bl)DfZ(Bl’ Bz)+ (Bs - Bz)Dfs(BZ’ Bs)

_\J-|%-’ mﬁ?ﬁ‘_ﬁf I%ﬁ-&—“{—‘gl ?ﬂ]ﬁm%ﬂ“‘ ﬁrg ,MTI'(#&_'—:@:

R

RPAFRTTR? L FRAEFTUARGFHEE > AR FTRREY FREANF
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o MRS R FTRERAF o A FTRET FLUP PR S FEIRNT

S
4.2 Aixin g & F £3gp (Traffic Aggregate Demand Forecast )

ARl — B - B Vg~ All-IP network: 4od & 3w E - BaAiRiN 0 #
G AR AR R AL SR T N AR o T AP AR AR - A
i Ehrdp i &5 G R R R~ H - i i & (Traffic aggregat e 4ept

ko MEARRO T BRI

Bd He Ay s* Trunken™ 38 75 8 J1% B EMGREan™ 38 b ]2
e w2 Trunk 2 fend > A7 WRBIP AR E > @ 2 IFREF F R o Trunk

PIRTE L R G TR o drdt #d & FRILY 0 RO E M o

Flet o FRHR-€ =R (s (Sourcer 428 ) ,d (Destination # g ) ,b (Bandwidth
requirement #f % % &) ,q (Quality entropy budget PR7% &5 #3f & )) A & = 3 i3
il E e MR AR f PR PRI SR A A B G AR PRI R R
P g BT P - IR S g e IR TR R o R
F-* gr Bk (reference time period historical patteyns 3¢ ¢ (forecasd o #71u »

hed @ Feni h g B EAFE S T A SRR TR R RAE AR

Bols s - Y HURR Y F i L b, HOOE TG R R, bl n
FRFEI TG KB L, a FIEREE T RE L o T URBIE T HE AT
PRERATRIR N R A JER C P A, PP A - AR R Y E, LR
MR, NEFROP N EIREF AR E I R AFF L g M

Concerned Time Period 5 # =t & su34] chpF B ik 89 -(e.g. the same hour in week days
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RIS I VAL I B TR R RS L SRR
B L B B & 2 48 5 Z & (bandwidth requirement: I #-x 8 T =4 fe (Load
balancing) - #7r+ > ¥ ## e f 2. border gateways 7f $i3tid % B2 AR B & ER T

#o rr i SEiRl A ok F - @ concerned time period. i * § F &

4.3 JRI%&F 4% 835 5 4 f= (Quality Entropy Budget Allocation )

BRK PRAE 5 % el § 4o = 2 (additive) > End-to-End servic@| v #-H pRi% &
BB A fe R At 2 e~ 2 (ex. Core Networkse d *t% 3 End-to-End servicés
¢ BA%ie ~ /5 L 2 Stub Network i3t e & 27 f ¥ 2 JRIE S0 F Soio i F 4
%,1w@%%miﬁﬁo%u,ﬂwﬁwﬁ%wgaﬁmﬁ§g@&ﬁﬁ,Qw;

Py 1K LRI L Long Pathil] -

BooRREo B RRYEY AL G d B E Y %35 Stub Networksrk ¢

WA o BERNE - PR ZRBETFEIEE A fe o B 45977 o

54



Core Network
Entrance
Stub . Core Neiwo
Network
Core Network
Backbone
B - >
End-to-End Quality Entropy Demand ¢
- - -
Backbone Quality Entropy
qbackbone
(operator Defined)
UMTS classes End-to-End Backbone
Quality Entropy Demand Quality Entropy
g f
Conversational e qd. (<C]C )
- !
Streaming ds ds (<Q’5 )
= !
Interactive dr dr (<C]I )
14
Background dg dg (<q3 )
Bl 4.5 %- FFERZIRIFEF FHAFE A fe e

# @ 7 > Conversational clasg i class mappings= ;% 7 3| - & JRA% 5 5 ¥ #ic

FFE Qo d operator % — FFEC2 PRI & B % BAE B A fe 0 #t Conversation class

BackboneZ & f # q'c 2 PRI+ & FF I E o

44

<y

FE % FE A Long Pathiidl 2. & 5% o #d b §R B § 4R 2 PRI ST B

P 5 Opackbone® % PR & B2 < B2 PRI% 4 > & FePleg {3 BT 9TE S 2 1o i

oo D P B f FRETRB ST EOT Y 2 R

B R S LU S TR RS AR 2

BAF AR N FER A Pl B SRR L BRI E L2 F R AR
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2 B S5 Long Pathe
4.4 Long Path #.%| (Long Path Planning )

Fizgiid 2 AT B 27 2P PRI AP = o HTI0 K R 2 SIS

Bd EBPREOP 2P CRREFHREIRE 8 FizpR e rEApE B

lf P e B, b«'\] e 2. %;gﬁé%'g—-ﬁy b s R AT B R mFRzéw’Fﬁ, ECA H;F‘%
&

3

2EH 5 o drdk o RER ALY - BT 5 W

N
-
A

o~
#—/

574k o AR 2 BT e

R EF RF LT RREY AT L k- BRI SRR R L RS
[21] -

2T PR RIAFRE 0 AH 2 kD Long Pathe PL4 o % i HE e

kR eR o 15 - EETE AR B RS T R Long Path § F 4% R
ﬂg‘r'r'?ﬁ 3 OBackbone?- N FNIERZE o PRA-» T8 o F I\]"?t'»ﬂ & ha TR BT R PR GR

r%’}*x;‘a’—;%_ R R R Ate 2 P foi%dte 2 FR;TZ»‘_E;.’F."‘F% Fo ﬁ‘}.;'a PRI Y
2_ Long Path» 5 f2 & 3+ Stub Network# p 3~ Stub Network: ¥t & £ PRI & F i35
ZRPRFE > TF R - R E G RIS T RS T B4t o B 4.6 55

éf /{J.'r E_. ?]
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EN,
Request
EN,
source EN3:;747

NAS

Destination
Exit NAS

Entrance Stub Network

Stub Network

Backbone Pre-planned Long
Paths of Backbone

Paths for Conversational & Streaming class traffic
—— Paths for Interactive class traffic
Paths for Best Effort traffic

An End-to-End path is to connect
EN7(Entrance path),Bj(Long path of Backbone) and Exk(Exit path)

BG : Border Gateway AG: Access Gateway NAS: Network Access Server

Bl 4.6 H¥EFHREIZT LW -

c'“‘i

Bl 4.6° - i :iFF iR aEL S 52 Long Path Long Pathd % 4 g 44 2. Short
Paths#tie = o @ & ={ P 5 3L i Stub Networkz. £ PRI & FF g v U R » Bt -

R ORI R R T - BN+ B+ EXc s e

#.314 Long Pathié » 5 7 & BRI F F hiEHE 07 & AJL TR FF 0R 3L
TABRRIRGOS IR B > 5 3 BFRETZ - - 4 real time per flow hard
reservation iz perflow § &Frpring Fh w2 2T R R apta L ¥ oW
WE R RIEA L £ 4 T o ¥~ R & short term batch hard reservatiort A4 pF

B n TR o w227 & g7 sourced|#t3 destination’t 3 chg ik > /2

g

XS FR e AR FARL T RS N R FERT R LT R
FoodiuizA 4 P o £ real time> ;U i%§ Long Pathg /R - 7% F » - i% Long Path

£ ¢ 7 #if Short Path F]p real timei% ¥ Long Path*t % 2 3t 4 f #£(x" » 2 g4 %
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+~ % prR& - Short Pathp 3% link enF R iF RId P e p 75 F o

S AR Y T & - Bk~ %> LPPA(Long Path Planning Agent). # %] Long
Path> 3¢ L R%] (Off-line Planning 2. = 3% » % M3 8 2 A# 2 412 > MR 5
THBIEE AT P L Bl > LPPAG=E 2 /U0 T &9 P o 37 @4
TN (ad hoQ) $jTid = MoaxF PR FRE* » AT R R Y E F.?J}'é & B
Eivz PR I arE RIER S RB R MR A fR T FLRS L o Bk

#3117 1 eps 2 5 Long Pathe
4.5 BEHRBFEFT FERLF~ 2 > LPPA ( End-to-End QoS
Component, LPPA )
LPPA % - 1 i¥** End-to-End Network QoS Coordination layer~ i¢ - LPPA PR 5%
St R A P RN 2 R BRE S B RS S B e A3 Long Path n4iE 2 R
PR N 2 PRAR S R o LPPA G H % 5 PR P k2 a0 Bl L A Y

FH AL AT BT AR 2§ ORIERIRE] o T & 5 LPPAZ %J'\”i*] S

#e
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% 4.4 LPPAZ i » 2 iy Sk o

nput

wWirn g L3RR

(Traffic Aggregates Forecast )| ¥

LPPA 41 # g L 24]2 = 54> 4] * Reference Tim
Periodz ff ¢ F# - 72 Concerned Time Perio
MAE &R RAER & - LA R & T R
BlF T AFE

| 3 3% (Source, Destination, Bandwidth
Demand , Quality Entropy Budget) -

Source = Destination # 7t 3 ik7i f & 42 B {c
2L > X & 7 F 2. Border Gateway Bandwidth
Demand % 7 s Ui & S4B 2 RIERIE -
Quality Entropy Budget % 7+ pt a3 B & 2 PRIF
= ERBIEE o

LPPA #t3+ & 1) % 2. Long Path< 7f /% X A=2k ~
LRt R STRE S I S
oM AR T RIERIZ A iE‘JaLPPA
2B Ft PR FAEIIT R PRI
A NEESS 2%k

¥ 4]#* 2_ Short Path

(Available Short Paths)

v & LPPA 342 Short Paths & - i Short Pat
#-3 T 7|3 31 (Source, Dedtination, Available
Bandwidth, Guaranteed Quality Entropy) -

Source fr Destination # 7+ 3%k & A= B e ¥
2L, X & % 2 Border Gateway Available
Bandwidth # 7+ ¢t Short Path¥tic 4% =2 4 7 -
Guaranteed Quality Entropy # 7+ ¢t Short Path¥+
io TR 2 PR 5 e o

¥ LPPA® = » 7 i LPPA#.4]2 Short Pathg
;vﬂ%ifﬁouwAﬂ%@ﬂf%%%ﬂ
Long Path #% ¢« 35358 ' LPPA i * iz Short Path
%t & Long Pathy ™% X isin b £ 2 K 3
Foo
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A $]2 Long Path %5 * 4.5°

Planned L ong Path

4 4.5 Long Pathitd % -

(CN: Core Network, SP: Short Path)

Long Path table for Border Gateway 1

Destination Service classes
Class 1 Class2
Border Gateway 2 |1. (CN1, SP3»(CN5, SP2) 1. (CNL1, SP2»(CN4, SP5p
(CNS5, SP2)
2. (CN1, SP7»(CN3, SP1¥»(CNS5,
SP3) 2. (CN1, SP2»(CN4, SP5»
(CN5, SP2)
3.
1. (CN1, SP1) (CN2, SP6) 1. (CN1, SP9)(CN2, SP7)

Border Gateway 3

N

o ehlong Path Tablé - i 12 border gateway % source border gatewafLong

Path Table 2735 (1,2,B,Q) % &) » 4% Q B3 IRix % % — (Class D z i+n »
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Pl AR -l iE s - 5 ¢ 0% = 0F Short Path % » £ i@ o 7 §
¥ eh% = ik Short Pathy #7172 > 33375 (1,2,B,Q) #-r4 gt Mejs = 3Nl B F dr e o ¥
3t % - B (source, destination - ¥ it 3 % it - f&ihLong Pathy LB i A5 7 7

7 gt o

d 3t BBQ B IR * FE A 3 che B F 320 Long Pathil ] s Ll * 7rit
Short Path @ 7 + # Short Pathap $RELd = 58 o 3= 2 » AR 3P & Short Patht
AP I E2ZBIE 0 @ F ¥ i s multiple pathy # . d 2 ;X pld Engress Router-z_e #f

v s Long Patheape d = % % 7 oy ¥ T shge /2 virtual circuit -
451 &7 ;%@ 0405884 (Centralized vs. Distributed Plannings )

dofe T LPPA 2 IP it b eng 2 & & 5 LPPARIEZ - -7 peg L & B %

%

PEINERE GO TR e LPPAmﬁig,J/\ . gigj NSEE FTRET AR AFTY

PR E A SR a4 o (FE LPPALS #E2 kY 0 hoT B 4.7
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Global planning
Capability?

Y Y
Centralized Distributed
Planning PTlanning

Bl 4.7 LPPARFw # &% o

LPPAE»t g~ it » i REZ A fadey FHAINS » FRALZEY AR
#! (Centralized Planning f=~ ¥t 5% 4] (Distributed Planninge #rr g * & @ ;% i
#3] (Global Planning fr# * 4 4z;% ek & 3] (Local Planning 355 # {7 ¢
o FRIF R FIZFELFRAG 27 NFIHA = F 5 BHRIEZRERG DR

B g o o

FETRE T RR Y ek o # AR AR EEE - T AAREd ¥ -
Ad (LPPA) B~ X RenF 30 » #74 $& #PRTH 0 Short Pathe 2uisin & £ F 37 o

F)% a2 TR BT @R TR ¥ ok o B RALANE

-

WA EZ P EFRBRALF R AR FLE 2 RonpRyEY - & 24y 73t
L F e Foh- B3 ko A R e A RPERMARID R R FEIRIEZ
@ F AT o A E o AP RS - B AR RPIFIRE R P L PP e o Bk

RIS B AR R E I 2 F o AR MR A2 4] LPPA
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TF;—} ’*’/i‘_% Z

Vs

4.5.2 144 LPPA (Global Planning LPPA )

BALRBI G D R G

24 LPPA L 24] o 4o 4.8 %57 o

Global Planning LPPA
LPPA (Long Path

All short pPath

sets of Planning Agent) of
different Core Global Planning
Networks

Capability

Long Path set
for Border
Gateway 1

Long Path Set
for Border
Gateway n _

/'BG 2 ) i e =
e R N / BG 10 B " L
" concerned /.~ Concerned
Stub Network ~ Core_Network . core Network stub Network
i A
F ~ BG 7

~ concerned
Core Network

Stub Network

B 4.8 1R LPPA-

PR EE2 IPPAR R L RE G P kS

NI

PP P B S > X2 d - BEET D F g

S EFEPF I o A B G MR

B &7 Rspp 2 ¥ 41 * 2. Short PathsLPPA{]* d % B .39;;1{;%’@:‘5:}& ¥ 2_ Short Paths

KRR G R A BREYEE S F EEL
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HAF] 5 Short Paths @ Long Pathz_ 23] » Bl d 48R3 LPPA {

FRPFERAAR OREYEY T BREYEY0 P YT RERIE PR
DPNMFR AL AR KR e PTR AP 4re EERNL R

PARPRIFE G T BRI G 2P RGIRET A S A o & EEE G ehl
BAEF L Pogi s PR RR O £ BRATAF T 8 o AT RA S EHE
ol N E L iR & o

7/

453 & 3] LPPA (Local Planning LPPA )
Ay L LPPAZ #97F 2 2P P et h- 42 g A 25 - BR RO

F2heReiiEg op e LPPAY B F G R p HEFET 2 2P RL2 7323 Long

Path> 4-®] 4.9 #751 o
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Local Planning LPPA

LPPA (Long Path
Planning Agent) of
individual operator

Available short
Paths

Long Path Set
for Border
Gateway 2

Long Path Set
for Border
Gateway 1

Stub Network

Ter T
SO Stub Network :
Concerned Core Network

‘Clﬂ core Network ‘ :

Stub Network

i

R

Coré‘ﬂéﬁ@grk

Stub Network Stub Network

B 4.9 23| LPPA-

ARG LPPAR FR2 T dd AT AR L AR TR OP LI ARMEL T
F3gpl2 ¥ 41 * 2. Short Paths LPPA {1 #* iz#* Short Pathsk s & s & o 4
BORB RS 0 A RE G AL FRELA ¢ P R BT RS S Short
Pathsrz #t » & % 5 — B &8 R3] LPPA & § § R31d A3 2B i3 12 Long Path

2 ko 2 BIRBREERT AP L T RL] D42 2 Long Pathe

et RGP EFEG R FE oM AT R OPHET p 2P B i (T2
Fox gpe PPl ke RRATG DT R ST OTRE AR TR
Flaf o R > K32l - BEE I CERDLIPPA, & 5 F (FF anFEg o “7 > )
PREBRGPIELDD N R ERPEFRBERT L L RERYPRE T LK

MR R xFRADEF2 0 ARG - BRIy FiEl o
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TR AL LPPAY A A STE - A B £ F KR T - A
IF 2 ohortFaths =& S SOEIRI = P IR C e A
| * 2. Short Paths # # 23] LPPA+: % 78 £8ci2§ B8 £ #9592 4 & q
Q}F:JQ?E‘E‘_‘»TF‘)é‘APﬂ\i"ﬂ?ﬁ_'é}?iiﬁ‘;fgis’r’?cf&{aﬁ*%?féjﬁ

SRR S o F1 Lo Ay R LPPARZ B 4571 % & - B oo R AT &2 Short

“A

Pathsk #.3| Long Paths 4rf % & #74& > & %& 5 & 73575 F3tp 2 7 LPPA> Tt
2 Jp %t Short Pathiix faAg i g R X T A fe > BRIE F1E B LPPAL B &

OO ERFTIRER 2R 0 3 IR ST 2 B o

Ao Z RN FRIEY 2 N EF A 7 1% 2 Short Path &% 4.1.3%

A7 dvenS kY 5 Z AR Y A RG] LPPAZ T i ERA 4 0 Ao
e SimpleLong Term Reservation
® Progressive Reservation

e Proposed Approach for End-to-End

— KRB AB TR T ERBIREOPFE I LY DTRFETIEER > 4o SLA
BH AT 25 > IPRER LR SLAR L BT @2 SLAGSeF 5
EEILAE N OT R - 2R 2 % longtermE R IR i H e B EF
ARG ERT L 2 AT REY  RE A long term R Y 0 AT ERAE & A b
A LPPA R * o v £ » d 3t long term ik i ik § R R < < o SRl YR
% % g o T Simple Long Term Reservatigng i i+ § = %~ $ * hard%§ » #-
RFRE I A BRI G A B R ARG chik B o R A T short termE R %
ShpE R g I o X R RRE & AR e ik #E o | Progressive Reservationit i i ¥
G EROPRPIET - B L OT R R € ERFTIRE Y 2xF L " Proposed

Approach for End-to-End &R %% > % Rl& * JFALRYI T RET ~ TEHET T iha
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PR AR A A M R VAL TERY TR R REL GRS

A o

d b enigat gha 4t 0 AT H* % 4.1.3% 2 T Proposed Approach for
End-to-End, FiRiFF > % > w27 G 2 73797 F & 2 Short Paths % long term
B 4oz % > 12 long termz. F RIEiRlw R sg € G 2 2 # ) long term softy ik -7 o b pE
E RIFRIRA MR PR RN A RN ERET R P A rREX R A
& short termsH automatic revoke periogh - £ 4| * { #Frx2 7 F5F Bl & short term soft
FTRET o PEFRIRTTE T L 0 ¢ short termik 7 pF R B Rl 0 T R R

Bl HAEo A FFE SOt T AR £ 7 AT AFw cugd i Fpt» § real time
WAE R Fag r > IP RpepF > £ izdpasn g 8 & foperflowz hard 3 ik %9

dedt - ko FREd FRFTRFIE A A FTRDBE

ARG LPPA L A5 g #raid k2 2 2 0 A B R LPPA g iFiifefod i 40

A% 4105 % % 4115 4 2 o

4.6 BEBIRBEFFEARE ~ ¢ > Global ACA (End-to-End QoS

Component, Global ACA )

Global ACAs~ #_j >+ End-to-End Network QoS Coordination layer~ i » gt = i+ ji 3%
BArTEPRERY 2 PREFEFFIREL 0 f TG L 24~ BEERRE Y 2o
TR GG o 3R o T IRNIEALSENG hard TR BT F RN E &
’%MwwQMWAUS%?U$&%§ﬁ%i{?¢”i”?EE”*@’“ &
real-timez per flow hard® % % ¥ » /& % £ F ¥ P~1¥ % £ 2. End-to-End path 4% ¥
P~ End-to-End path. FiREE - B L~ 3EARR 5 F 2 0 PIIES EARE ~ 2 P

P pe o Global ACAz 1 i®/nfg3t % 4.10.3a 1 % -
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A7 BEFBIRIFEF FE L Fi4& (End-to-End QoS Procedure )

A B RERTRET S R o T SRR ST REARA & 2 R
fFom A FFE G LPPAe i) B3R FF F &4 %] % long term softE ik i § f+ short term

wn
(@]
p= ]
ol
%
bl
a3
3
i

g B 5 global ACA L 1% » s FiRi%¥ » 4 real ime hard
FTREY > 44 B 4.10-

raffic dema , .
statistic Lo i : Acquired Tong
of the Tlast r n term soft
Tong term process reservation

Acqui red hort term raffic deman
short term | / statistic
soft | res tion [ of the Tast
reservatign: process short term

Real-time [ 1€ d
traffic - el n -/ Reserved
request pro short path

Bl 4.10 4% IRih 50 e A o
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Long term softf ik % ¥ % long termM 4% #riachsoft Tk ix§ > d & BT 5 o

2 LPPA§ % clongtermEF R FFT 4 E kg RE> SR ¥ R
Jﬁ Lo ENFELXE (P ﬁ,%}&&%.%'ﬁ‘ﬁifﬁf %372 SLA T long termenik g pE R ) o A&
PREAPANG RERFENTETLFTAGAERE L BHRT L PR R
longterm softgF i % > L & P enZZ 2 2 BT RER IV w OFRE RE KRiE
BT R OPHRE RREX - B B ED SR B T K ehlong term softF ik i
F ood x o g pEIERleng R L longtermT 5 & { 4 e > R Y 38 ¥ 2 policy
moE_o FlRRMAEE KRE A AT 0 7o gt long term softy i - F e &2 R BT

s short termze § % 7 o F]4t > d short term sofff Ja % § 3 48 F R 7 #rrg2 2 & o

Short term sofff ik % R 5 ix A 4 E + A # pF » 3> automatic revoke period
A soft TR o d F BRGSO 2L LPPAR o Ay T B F kPp 4 short
termz 3 RIpipo ik 7 0 long term SOftf ik i%-F > 3+ & f 44 short term3 F75 ip| p¥

FERZFR O INEFELATFESAER (414 RRFRF I F ) pRATH S
7 & f shortterm Sofff /h %7 o & {5 > d BT G 2 2 w3 %S 0 short term softf

R

Real time hardf i (=% = & B 7500 g8 » 2 IP R i hard ¥k g
B TP 2 R IEP-RIRE 2 global ACASE 34 (7 o — i short termp [ &
BIPN €335 5 chmanin® R r » &4 - BanE R r i v = real ime
hard & ik %7 - #72 > real time hardf ik - =t Pt & g » 2 A gsindep -

hard iR ixg 3 & B* &

N

- FEREETERET R FL TR SORTRET » FTh3 - 2FEF

N

’3’ o
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B’*’p”“/})izlléq*’fﬁ’ﬂm?/&lfﬁ; soft ‘//)37‘(1-\3'—’3’ FAJE‘(T;' ft,)'l’ﬁ :e'r":’;l'—r&}t
Few o Fih- kAR hard FIRIEG S BT LG R T A0w o

4.7.1 Long Term Soft ¥ # ¥ (Long Term Soft Reservation

il
endee Toca ] 5
stub network Other core n
traffic demand / 5 network ::
HERET SIS 2.PTanned short ).~ CNCs e
of the last aths
Jlong term perio P R
\_—advertisement |/
| LPPA | (3.Long term LPPA
L | soft
reservation

negotiation

1.planned short

( )

4.acquired paths
Core fang torm Core
soft
network e rvath network
PPA PPA
CNC CNC

vendor core
network traffic
demand statistic
of the last
long term perioqj

vVendee Core Network vendor Core Network

long term softg ik ¥ 5

B 4.11 Long Term Softf ik ix§ ~ 2 5 & @) o

wlongtermit R RN =& 5 = B3R

1. =T 5 o2 AE longterm#g 5 R38R d Core Network PPAR 4] Short
Paths> 12 ¢ Short Pathgt i=# # ¢ 7 = @ & 37 long term softy ik & § -

2. BT G o7 LPPAR-E147 2. Short Paths i &3 € 7 = 7 LPPA-

3. A R E o LPPA longtermdg 5 7 RApRrd s g7 G o 7 #7332
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Short Paths #.4]% i 2. Long Paths(* p¥5 7 F T 2 2 7 #74% &2 Short

Paths #.3|p sh€ . 5 P4iE £ 1§ 2 Short Pathe d &3 T 5 o 7 LPPA w2

EA

R 27 2 LPPAS 5 & Long Paths't § 2 Short Pathse f long term soft
FRETHRHE (EEHEEHGE)-

4. kB T2

o7 LPPAP~{# £ ¥ 2 long term softF iR %9 (7 &% )

4.7.2 Short Term Soft ¥ /& %% (Short Term Soft Reservation )

( Vendor loca \ 'Short
stub network term soft
traffic demand | reservation
statistic o o
of the concerned \ ne90t1 aF_-Ion
\__time period / \ g §:
Permitted long [
term soft LPPA / LPPA
reservation of | o : A
. 4.Acquired
short paths i ! " -
\ ) shert term soft
redervadion : 3.Re-allocated
/ short paths
.PTanna I ]
long rath 2.Short term soft
1 reservation
iy ey requests
b y
Global |a Core Core
ACAs ¥ network network
PPA PPA
CNC CNC
en Ol“ ocal \
vendee Core Network vendor Core Network| stub network

traffic demand
statistic

of the concerned

time period /

B 4.12 Short Term Soff ik x5 ~ 2 3 # § °

2t shortterm sofGE ik %9 7 ¢ ¥ ¥ Akfcd: » N FMAEA L E A d 0 2

automatic revoke period 4 = » § I B 3% -
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1. #¥ % % 2@ LPPA 2 long term softf ik % F ¢ i#|{- short term3 &3 R
FTH 5 & 2 Long Pathg ¢t F# 12 long term softg ik i % 2= Short Pathsi 3] -
RAHPALFENFLFRE) o AR TROFPPARBRT R 27 2
LPPA &-4t#7% 2. TR £ i& {7 short term softf i % B2 7

2. FT o7 LPPA## T 2 7 & £2 short term Softt ik if § £ 12 w 4F

¥ Core Network PPA

3. Core Network PPAZ 45 short term sof /& i § f= & 3= short term% &3f ] £ &7

4., #7152 P LPPAALTEF 2 shortterm sofff a9 » £ waR LA T 1

> 7 LPPA-

A R o & LPPA & 17 2. short term softg ik i § £ 74| Long Paths & #-22.3]

4+ 2. Long Pathsi s~ 4 # 2z global ACAs-
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4.7.3 ¥ F kR ¥ (Realtime Hard Reservation )

: 2 "ACA Admission
3.Real time hard - control Agent
reservation
- ACA| Admission
Real time hard Control Agent
~.reservation messages
N\ W EEEEN
‘. Global v
) [ ACA mnnmn|ACA ACA
/| ACA
Traffic *ﬁﬁ’Fntﬂgppe Core Network 1 core Network n % Exit
request | Stub Network.. Stub Network|
. 2.exit stub
Network resource
(1.Entrance Stub gvaluation
Network resource
\evaluation

B 4.13 Realtime har@ /h %F ~ 3 # R -

v
1. Global ACAZ~T » v #&P~Me k¥ » it % A% AR 2 KV IRTS o

2. Global ACAP~F i v f& P~ ekt ¥ » it % A% AR 2 K IRTS o

3. fkdhd k¥ F 27 LPPA#TRE] Y Long Paths A ulw &4 T 2 -

Short Paths real time haffd/& % ¥ -

boM 4.14% B 41547 o A ] 5 AR B o b 504G o
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Incoming traffic
request (s,d,b,q)

No

No

Long path not
available

Long path available

Request for short paths
real time hard

, reservations
Any required
short path
has not Required short paths are
reserved all reserved

B 4. 14 Real time harg /R % F i 428 °
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Global ACAC traffic request (s.db, g
{
if Entrmance Stub Metwork bearer service for this class isavailable
AND
Ezt Stub MNetworls bearer service forthis cassis avallable
then
while
do L < Long path(Long Path Table, d 3
foreach 3 < Decomposeto Short Fatha L)
if real time hard reservation (3, b
then allE eserwed = true
else
allF eserved = false
exit for
enul if
e1ul for
if allF ezerved = true
then reqom ACCEPT
e if
end while
else
refun FEJECT
el if
¥

B 4.15 Real time harg ik % & #5458 °

4.8 LPPA & i i* #%] (LPPA Optimization Model )

Aag P oo BAR W LPPASTE R RGIZ FAR{frh Gt 2 PR RSB ET

S B fs BT EAT T L SRR R K F 4T 002 o
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4.8.1 K 445 it (Problem Statement )

LPPA % f # s Py Long PathRd] » &gl s % £ &~ % ialong term soft
¥ R -F e short term softf ik 7 cLPPA 2 p e 24| 2138 3 F ## e B k2 2 (Long

Paths » Long Paths! i# iE 4% < 4§ 2. Short Pathg't 2 = » 4@ 4.16 %77 -

Long path#i3] *‘,$ TR E IS St s BT BRI AIEE 2R
IFEE G R o 1B 4.16 5 b 0 & _sourceF| destinationfl] § 24 ¥ {72 BT o L o
T 24 WV F2BLT 0 TR - RGN R AU B S 2 JRAR SRR R o T

LPPA 4] Long Paths% & P ens 3+ 5 i 4708 RORF S BTF B 2 B /s> 0 5 2 &

WA G RIER R 5 LPPAZ B i Pk o £ & K59 FRPE
FRIGHES P EF XA gl BT hb G V03 F ¢ o = penaltyz ]
feoirpRYEYFEL LB LR IRIER LA A KFF 2 penalty LPPA iz & penalty
2 dEd o TR LR 2L &yp o ¥V ob o LPPA 3 #gsin gk &2 B enps B 587 ~
TR Fli A FAEIARE L& F i ¥ & 4p 2 Short Path % 3% Short Pathe_ #f % %

KL e PSR EpE 0 ) LPPA M| 28553t > 0y 8 X S d 15 5 P 1R[20-21] -

S afpdls 5 LPPAZ £ i it p iz - > d 5t Short Pathi 338 4 » T & 2
PR RET A LANR2Z PR R B FETRETIEF TR EHEZ RES A o

FHT R LA b F AR o LPPA MR g £ F RS GELin

ek

LE ko FATEE S AP LPPARIF fUH 4 AT L R i -
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Core Network 3 . )
Destination

sSource

Border Gateway
Inter-Domain
Gateway

Alternative

short Path

There are 24 possible — Domain Inter-
Connection Link

Tong path from source Core Network 2
to destination @ @ @ @

(Across different Core) Basic Long Path

B 4.16 FiziEpT B e
4.8.2 & it i 3] (Optimization Model )
d 48.1% >+ Fadi - B ] o 3%&%%’@;‘{1&«’ U R
o 3 R TR~ JRIFR RE S - FE S M rpR RIS T & £ 59050 o
Minimize
Penalty made by unsatisfied traffic aggregate Faste
Total cost for long term soft reservations

Subject to

Fixed operating cost
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Traffic aggregate quality entropy requirement triues satisfied

Allocate resource to traffic aggregates accordinghie penalty

4.8.3 a4+ p 8 4] (Nonlinear Goal Mixed Integer Programming

(1) Notation

Input data
Notation Description
The number of BG4 border gatewa
Neo £ g y
N _ The number of node pa. A Node pair contains two noc
NodePair
that connect to each other with at least one Sbattt.
N The number of classes. This number is defined hkgraipr
Class
and depends on how many kinds of services the ty
provides. For example, if the operator only prosideugh
services according to UMTS service classes, thisbay
equals to four.
L A very large number, which must be greater than ating|
number in the solution space. Used for conditioning
n The number of Short Paths of tihenode pair,
|
i = 1’2’ ' NNodePair
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The number of possible Long Paths from border gayeso

border gatewap,

S= 12'”"NBG
D= 1’2’”"NBG

The maximum available bandwidth of thg Short Path i
theiy, node pair,
=12, NNodePair

n:O;L...’ni
i £ ]

(m)
D

The average bandwidth requiremeaftthe traffic aggrega
from border gateway to border gatewa on classm in

current time period,

S=12,-, Ny,
D=12,Ng
M=12, Nepss
S#D

Q(m)

The least quality entropy requirement of clags

S=12, Ny,
D=12,Ng,
M=12,, Ngjass
S#D
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P The penalty per unit bandwidth of class m,
m
m= 1’2’ ' NCIass
| DK The matrix indicates whether thg, kong Path from S to
n
passed through the,r8hort Path of theninode pair,
| = 12,---,N NodePair
n= 0']_, ST ¢!
S= 1’2’ ’ NBG
D= 1’2’ ’ NBG
k = 0oL---,M .
COSTn The unit price of they, Short Path in thg, node pair.

i = 1’2’ ! NNodePair
n :]_1...’ni
i £
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Decision Variables

Notation Description
y(srg)k The allocated bandwidth of thk, Long Path of traffi

aggregate from border gatew&®yto border gateway on

classm,
S= 12’...’ NBG
D= 1’2’”"NBG
m= :L2' ) NCIass
k = oL---,M .
S#D

BC The bandwidth consumption of thig, Short Path in they
n
node pair,

i = 1’2’ B N NodePair

n=1---, n,
i £ |
OQ The obtained quality of the, Short Path in thg, node pair,
In

=12, NNodePair
g] ::]_’...’r]i
i £
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(m)-

The amount which the allocated bandwidth is nunadgi

D

under the traffic agggate bandwidth requirement fr
border gatewagto border gatewalp on classn,
m= 1’2’ ’ NCIass

(n[;)+ The amount which the allocated bandwidth is nunadi
exceed the traffic aggregate bandwidth requirenfeom
border gatewag to border gatewalp on classn,
m=12---, I\ICIass

cm 1,if yi» >0,

( Thereisbandwidthallocatedto thekn longpath
=< frombordergatewaysS tobordergatewayD
onclassm.)

0, otherwise.

(2) Mathematical Model

Minimize

Ng

[0}

S=

[y

24) PnSS +

1 i=1  n=1

N Nodepair i

> BC,, [Cost,, (1)
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Subject to:

S= 1’2’...’

NBG
D = 1’2’... , N
y{™ >0 for all B¢
k = 1’2’...’|\/| .
m=12,--, NCIass
S= 1’2"“’NBG

Si™" >0 forall {D =12,---,Ng
m = 1’2"“’Nclass

S:]"Z""'NBG
Si™* >0 forall {D =12,---,Ng
m:1’2"”'NCIass

i = 1’2"“ ' N NodePair

B,, 2 BC,, for all
n= 1’2’... N,

83

BC, =3 > Y Sy, Oy ) fora {2
n = Ysok H insok nN=12...

(2)

(3)

(4)

N NodePair
y n

(5)

(6)



S: 112’ iNBG

Msp
= v+ S-Sy forali D =12, ,Ngg (7)
k=1 m=12,---, Nclass
S: 1)2’ ’NBG
m m = 1»21 ’N
Yepe S LA-Cep) forally 12, MB; )
m=12---, NCIass
S = 1121. . ’NBG
NNodePair n; m D = 1’2’... ’N
Q2 2OQlsn) SLCE forally o0y (9)
m= 112""’ NCIass
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%7 % v (Performance Evaluation )

»zay ¥* s (Performance Evaluation )

AR B2 P BN ERE AT R I ik i 1Y B0 2 okil - BBQE 11T L )
Bk T ERE B 0 F % LPPASE £ L3(Long Path. 5 & o T priE 8 2 g s L)

P RIGFMEE 5 A SRR IR & R 2 0T o

AR IEA IMA > - i G long term SOfff T - F FF £ > B3R BITIE A T IRAR
3] - ¥ - 200> 5real time harg & % FE B 0 B3t il TR R A Fe o Short termd £ 7

= Zlong term2 T 4p b > 2 ARB[Z PR EET oo Flpt o r2long termi® 5 gEt ik & e

Long term sofff i/ % & F& Fx » LPPAJ]* 2 qin b & § RIFBIF Mo b iz pred 2
Short Pathff 3t » 22 = S i it #7315 > fU* 2250 p {5 83 > & * linear relaxatios¥
Flong Paths F]1 5 p 2 8N 35 Magiufd » #r00 » AFFERLA B 247 € 8 5 LPPAA £ 257
el T 0 T 0 fR 2§ BACABE > 11 [BLPPAZ RAIHE I o

Real time harg® /i % ¥ I+ £ B 2_% real timeg fuig » > IPf i 2 2 347% - i&long
term sof ik i F F& £ 2412 Long Pathy & fi & 2w el & RE R o 770 > L &3P &
B L3R IR LA 2 Long Pathl_E it 49 # Srealtime. 3 F 0 1% FIpRIEA 4 H L

e AR A RB] 2 Long Pathfe i@ | 2 i Rl amen AR A R -
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Am T R F L2 B d A7 fILOG[22] - 22 = long term SOff ik - F 2 B iE
4] > A $5LPPASE £ 2.4 shlong Path 314 o & 4% $oit 2 s ] o A 5 B

2 C++# 3% 2. BBQ Real Time Simulator § % #-#BBQM 5. > 11 Wi+ RIE 27 1

51 i fkipth ( Performance Evaluation Metrics )

AR G2 Bk R AH G
- FR%F =~ (Resource reservation cost
- JcF3F% (Lostrevenue
. AWirniE% F (Blocking ratio)

= 1 4 3%y LPPA Y long term softy ik i F Fe s Rl 2 1T a4 e > B fs - B R

S BRIER Y 0 P LPPAXIE L 432 Long Pather Tr pF e jo 2 8 2 »iy o

5.1.1 Long Term Soft /& % ¥ F# & (Long Term Soft Reservation )

5.11.1 F#Hh%F = * (Resource Reservation Cost )

LPPA 2 7 S KSRl A 67 R R 2 M AR I MAER > T L

mEERRIFTIRET S A o

"#3.1.4&%"‘7%:’;";?" N FREF e AT A G2 PEE o d Ak 3 i % % long

term SOftF kg 2 S A& » Flp - L H Gk 5 V¥ deo FH LY AR PRAYTEF 2
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Short Pathsg 5 i%{z ik o d Jéﬁﬁﬁ FiTE e e > A7k s AT

T #-4= 3 p 2. Short Pathek % 4p fe co= A H i o
TotalCost= > BC, [T,
iO0ShortPathM
BG : Required bandwidth of Short Path

Ci : Unit price of Short Path
ShortPathNo The number of Short Paths

5.1.1.2 =44 (Lost Revenue )

TeF A2 A ainmd e r » IPREEME - AL 5 9T 4 ol 4 e E o

F R ReamUEd pRYEF TR A AN FERSIRBET

L Emo FEF PG RE 0 TR S E A RE R 2 PIE e E 4

zZ
(o]

Be Nps _4

Lost revenue D pnSE”
D=1m=1

(2]
1
iy

Pm : Unit lost revenue of clags.

s;g* ¢ Insufficient bandwidth for traffic aggregate fronGESto BGD on classn.

5.1.2 Real Time Hard F /& % g F# & (Real Time Hard Reservation )

5.1.2.1 s 7+& £38%8 % (Blocking Ratio )

ME FIEFF I A8 fagr 2 IP R @IS ) o MR R
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ERFAR A7 F f5aaraizer 2 IPRE -

AR AT E fE D > IPRERE2ZEAE > d Global ACA & B fa i » 4] o
13.)\:}1:' ”*%zi‘mi |I+I«—1§'_—‘-‘7){E’.FJ,)§('Z~ i &uxﬁ]a ||,,.]._ ,;] : ]&,{3%@;1{) UZ%I"

E L2 ATRg T o

MIHESE F T & G IES 2 0G0 r? TG & RIRFF 2 MIRIR 0L B o

Blocking Ratio:%

d : Number of denied flows
T : Number of request flows

5.2 @ 2%k 3 (Experiment Design )

5.2.1 9 %%5 (Experiment Environment )

*F A 5 A FRA 0 % - FFE2 Windows 2000 Professional & 5 0 1% F %oen
B ILOG, # at T S b2 m i A N REV EERERY i H A~ A

# 2 Long Path i #-'g % @i d CFFEC o % Z FFEC FreeBSDEL (T 5 s i

~E\

e

GNU C++3.2& 4 - & #§ i* 6 BBQ Environment’* 5 Real-Time Simulatorp 7 7 ff ¥
BBQ # it & 1% » % kHkt & B End-to-End QoSiE (FiiAz 0 ¥ ¥ F 1% real time:
ok R~ R o0 v BE S (BG) P v Long Pathiy <~ real time hardg ik i %

LAl E RS '/ﬁ’*ﬂ%é‘]}%}iﬂzi‘w?%i BT AE ©
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5.2.1.1 BBQ Computational Simulator

BBQ Computational Simulato¥_» §F 2% 3 #712 C++97F iveh— B iV 1 & h
A5 BCRRE Rk ALend@ (T e e H 0 BBQ # it o #t - RO K AL A T st
BEHE o - 2 B OSPRF & 2[23] 0 & fi& » > IP iz i3 n %2 OSPF#
EEREFWEHEY EGF TR 24 o ¥ - AR BBQ i st F FAR
£d LPPAFE L2414 Long Path £ 4 Global ACA & = real time hardg /7 %% -BBQ
Computational Simulato#-{1* Network Simulator 22 # exponentiak. 3t 7%/ > 7%

TR R HRR AT

5.2.2 # %Pl A 4 (TestInstance Generation )

5.2.2.1 3piriEz2 2 4 (Network Topology Generation )

ARG B 4161 Sonil i L AR R SR - K e Bio R
Boe 7 2T ag- 29 20 2 @8 » v B £(BG) 7 & Inter-Domain Gateway
(IG)etdp e v Birw i oo f2 fFR|4]* interconnection linkg st 4pid -

@ & if Short Path! 2 PRI+ & F % #cR] 1% §8cen™ 5V 2 2 o JRIF & Bongs %
PLF]* 10-50(ms) 2. B o e pF o 50 f§ 1Y R % 0 G 4P I PRIE 54 #iceh Short Path
fr interconnection link g 58 & $24p ke o #717 > 0§ B~ 17 Short Pathe PRi% 5 5 4%

HepF > 7n -l PERR % Short Pathe 47 58

%0 @ F sk fchp 7 7] Short Patht cpRas & 5% 3 3958 = g h £ > ~F %)

R R BARRIEEA A 10 iR A W e 10 BRGEEF B o 10t 10 EpE
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w2 T0E o FL RSB FHRES o

AR BRI 2 pRARF T FRE T PRABFIDIRSFBER

&

Py a0 100%% & 5 1 H # SB35 - 54T i o Bhla 3 0§ R
§om B SRS T (MDA 5 1009k BRI © 5 500 B 2
FR &7  (m-1) [2ik4a%% > m # iF4aG ¥ B B2 o PR 2 0 LIS
FARTE AR PG F BRRART A S 10 BRI PR A W EY

10 Bir B TAnle R ok o M 10 BB R skle2 T30E » (P2 R k02 FoRES o

5.2.2.2 ai+F 5% 2 A # (Traffic Request Generation )

Long term harg if i F FE B s dsin & 5 RIE R G LPPARE] mﬁ%] » (B2 [§4.16

2 AHERIFHA T B s - £ 75408 ) *15 (% 8) *4 (R 5 % %) =300

BARAELAL L RTRBEEE IR AR T RE S N, g

AF AR R ARG REZ P Bt T R gt B e et b 4008 3 A1
B L o Aot - ks APRYEE- Wik & F IR ELPPAR ] Long Pathe

T AP B RE B RERE AR L R TRESRL AP - kA 210

Wl R - BRERL P B u -

Real time hargt /h % FF f2 5 R T4 nE 7 12> 247 1 # * Network Simulator
2(NS2)[24]> 4 real timez. Request Data NS-2 (Network Simulator Version &)-
PR BRRADME Y O B Ee ORE > VREE AR LR ORRARRER > L
BEFH AP TR CFEFHFIRRIGF - A B LAPRE N T O] PRFE 2
HRERERE - FBE IS 0 ¢ - BRARTEREERESE - Wit A 4 7 NS2

exponentialt fisttraffic & # 03 fi - @ & — Bniritrequest. £ FAF BRI E - B A
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o

%51 FRELHFFL -
EX = T
Short Pathe_ PR 7% & % #c 10,20,30,40,50
Short Patk #% % ¥ § (dollar) 60,30,15,5,1

JRAR & F% g B

150,400,700,60000

wirin B EFER G K€ (Gbps)

10,30,50,70,100,150

s (%)

30,40,50,60,70

TR & & (kdollar)

1000,3000,5000,7000,10000

PRAriE & 5] (%)

10,30,50,70,100

5.2.3 ¢ % (Experiments )

AEFEZ T P %

FooR— 770 B WA B BRI MR 2 A R

P = b ARG RS LR R

Pz ARG RREL L R R
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#%5.2 9% R4 -

R = B i

Foh- AR EETERE R E IR NFTRET S A A AT B

BRlR [ i
Bk~ PR B 2 AR R PR Phdptk TRET S At ERA

VPRIAIEG SR AR L AAH 2 B
¥ PN NEESNEN 73 A R
BBz ~ FEPRE 2 ATR BRI PRA% - B iR 2 P

FhEdp e L IRIHES F

5.3 # %% % (Experiment Results )

TR s * CN 4 7 iR S (Connectivity) ~ SR 7 &8 RIRG3E & F
( Satisfaction Ratig ~ CL # 77 7 ik % F = ~ *T4] (Cost Limit) % 2508 i £ % -
531 #%- ~ABELEFRG REZATRRBIE

FH- 2 ARARAE LT RAE S N KREHS BIER BT
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53.1.1 HFERET > k2 B

AERELGERGEHTREGRAZLE (1)

14000
12000 o —— CN=40%

10000 ///;* —=— CN=50%

8000
5000 // —&— CN=60%

4000 ,,% —— CN=70%
2000

FRFE A (k)

10000 30000 50000 70C00 100000 150000
WA RS E REE (Mbops)

B5.1 At s RAEHFTRET S A2 BB (1)

AFHUER > BEF2ABREELEFREESFHRTFD Fd g IR E > 5

5 1009 » ik g £ F KRB R RRARFHTRRY S AL PP -

WHBSLPERRAARZARIGE LT RBEFTER S F ERARIR P
TRLT R S ARSI o Fl o SRR T g 2 Short Pathi 4

4 PR LPPA-G {5 2 St iE 4k o Flut > LPPAGL 5 d5 Sl4p #H# > # & 2 Long Path
PRARAP I 2 i b & F F o

Y

5 ]“rﬁ;/,_,ﬁ_.mﬂ-\ ]%]51/)»}3 }%‘&X—g‘ﬁ%—r » 30%:d oo },%I"‘]q-\ﬁ, &Xj# —3 ;

Y

30%fF » F] L 4R g & MA@ E 2R 2 PR AR o Rt HA 2 2 TR SRR
AR RIS BB T B E R M R o IR AR B S PRIAE S F G

» Fpt e HREFRMIRIAE S 5 &2 E T 100%-
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HERECEREEHTRAEGALZBE (2)

16000

14000

12000 / ——SR=10%

10000 / —=—SR=30%
8000 —— SR=50%

EREERA (k)

6000 —se SR=T0%
4000 — —— | SRzloo;:;
2000 e

o

10000 30000 50000 70000 100000 150000
MERELE £42EF (Mbps)

B5.2 ARk ed RAEHFT ARG S 2205 (2)-

M525 54 ARSRGRIF  UBn g £ RAR R 2 B S S
FiREg S AL P F it g £ RREH P TRETE R A ]
BRI LU g £ F KRBT E L § R SRS S IR B R L TR

RN IEEUE S PHN PO SR e e o F P
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5.3.1.2 #c ¥4 2 B IF

REABESTRAEHITROEE (1)

10000
. 8000 2 || CN=30%
= . ONe
. | e
*‘* —— (N=
P
0 _— '

10000 30000 50000 70000 100000 150000
KBRS T REE (Nbps)

W53 uisinh & F RREHREFL2PE (1)-

ARV ER T HE B2 ARGEETRBELIHRRIDFEAFFTRAFET

k% 3000KPE Ui B AR RAER U PRARTHEEFLLBE

WRIBITHFI G AR L G RAER T EIT A € B PR 4T 5 LPPA
ZNHIOFTRET A A EZFET LI FTRURBER T RE - ERRN R
2R E LT RBEF VYRR FREBRABRFR O T S o F A RIAP
dvoo FE oo L pERR bV EEE 2 Short Pathg > 7 > LPPAGSEZE &~ S o 7

Bt LPPA G 49 72 35 B & & 2. Long Pathr PRz GR0 & % Ko 1 g 3 = T

EAF A B
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MERECEREGEHARBE (2)

18000

16000 *
. 14000 —— CL=1000k
= 12000 —=— CL.=3000k
H —a— CL=5000k
S 6000 P e CL=T000k
2 4000 o =2 | CL=10000k

2000 A

10000 30000 50000 70000 100000 150000
HIERELSEREE (Mbps)

B15.4 irind &7 RATHEFFA 2T (2)-

B SALIHFEHE AT eRARIPF > Ak 6 7 RAEREUE FTRET > &
HREFAZPF g F 7 RRLH AW LA B R - F15 > LPPA
SN FITNFTRET S A A RFERGT LS 2FTRIRBR 2T RE - LPEBMF
ZAFERGEE T REERVER S TRET S AR R EFWARIERD o FE
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