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# & (Abstract)
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F1* packet-switching s it kA & pronidenfip® § H X 4 a5k 82, 3] o F)t PRAR S AL
WWEOE BT YR LML G ORBST RE BT ﬁ!ﬁEimﬁW?mﬁ.’Eﬁj
H A K2 jgee FPt {7603 3087 5 B 4% ) Budget-Based QoS Management 2 4
;' J&* End-to-End e’v’ﬂiﬁ%],?,%&»;gr%ﬂ%?ﬁﬁiﬁ s G REEIE N RRLY AR .gﬁ%]p;jg.w%‘r
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B gk b p B Rt B i e ARG
PR - REREARBP SRR E 0 RERFEA PSS F 200 o B GEF R OREERRGE
B AR RF] D 2 e @ SLOSPF JF B 2 $5 fid enfe Bty 0 ¥V IR R M R

AR PRI R o
- % - # 4 (Introduction)

F e AP fr - BE - BT R EFTRRE FH PR T IR ¢ 355

Tos SR TR LRIM4, 5] o S fAE AR R T MR ARG FE YT
Ao T - BATERT & Y EHE R BRI PRI o RnE PIF £ AR R
SR B 2w o AN IR SUPRIF S WEL > B ¢ BB 4R 4T - TR R RE[6] o AlL-IP gk

% '3 packet switching /o 3 gt - 3 =~ SR AEG F50 /R ¢ long delay time, jitter 14 %
packet loss o izt &R REH R B AodE A N S B E R PRIEG MAEaR T e pvh o d

WA KRR G FEL RS DR T RR AT S > A ARR D AESTE RLR

i1

SRR R AR T ERRER VAR BT RG OEFTEE S R o A3 F
BRI E A AP it 2 S p A IE R AL 0 XA R R g 2R -
#4 #% 1 Budget-Based QoS 78 # > v/ ff it B I~ i ok~ A A A g IRAFRER S RA

A% 5EH A fefoif £ FRA fedl 0 kif & End-to-End 6% B PRIE S R 0 19450 - ¥



BRA > APRE- FRBEFOFIEIE o F% Ak A NQoS FIEF ML
07 VAT D F B R A 4o pt T OU S L B4R T PR 3 {o T 2 58 (real time on demand) £
FREL - P EFRIL > VRRRFILFEAFZEDE 2 AT RTERRY H2 F
B BLAE -
Bk ? - BERAARRIN AR R B ERR YIRS EEA ]
o LA TR AL > £k - B Heuristio & % & f2 kb LR 4] nB AT 0 3 BB 3 Ko
EASE UL SRS S
11 T 7 A F e g
GO AE TAP BN AFEN R ERRNESFE S UE LR kAR
Lo MpRt A BE S SE > L BHERF circuit-switching ¥ packet-switching
RS - B E - R LR AT S RIRAE o RS R - B - BT DR
R YRR FE R TG R > SRR ~ S UM THLE LR .
TR A I AP o DR S BB AT iR 5138~ B RTIRIEFR K o
. kB pENES > 2 F2 DWDM H4Fs AANE 5 B AAT 45 L B B A R R
£ R AR B b 3 4e ,%1:)‘_3, 2 o
e TERPERROEFFRE > JE S MR RT R GRE > R FH G RS FH
boo RREF SRR JHEF R LORE2 AF R o
c RHERRAIFESFTE > FREFIPHIS S DR AE BEE o

VoIP H g B > i {7 packet switching g2 ¥ 12 & 3237 F 22 W pr 22 (f PR A% o

g3 gt Fl R o RRIRGFL e J AT o SRV iR 0 A PR IFRRD e R
AEIL SRR v R T S A IVE R o L FIRSAARS 0 37 ATER R RN R BT ]

(% 1.1):
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Fo1.1 0 & ERTE e e

2 R VoIP, MPLS, Network Convergency

i ﬁ%l e B DWDM, IP over SDH, IP over Fiber

o9 = FTTx, xDSL, HFC, LMDS, 3G
i EA e LND, Service Creation

111 ¥ & 352 (Network Convergence - All-IP Network)
TR RTRP G o I G R OFF 5+ 9§ b Network Convergence » & Bl#-p # 4 3
£ circuit switching £2 packet switching @& (L e B & < B — et o 570 L0 17 b 33
FPRAZZRZ2ITI L ORI B F M RRAEY 23R B3RR > @ [P s
FIL RS 2R KA Fa N LrE- E R o B S S A AP R 2T
MR A A FEFRSA S LERY RV RE- BATTIRDT 50 R THEROE

B AT R o A L2 M BAT G R R L A R o S A R g g R

1.2 BT B R RRERICELS A RRFHRE

PSTN/IN Internet Converged Network
5 A PR R 2 g i
QoS-enabled H(GFEF A & A
Network Intelligence A S 2
Intelligent CPE z 2 2
Rk 18 ﬂie?l B Circuit-switching Packet-switching Packet-switching
Underlying transport Network Network Network

network
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PRART 5 R
Service reliability

Service creation

PRAR5 * R

Ease of use of service
Evolvability/modularity
Time to market service

Architecture openness

PSTN/IN

High

Complex

Medium

Low
Long

Low

Internet

Low

Ad-hoc

High

Medium
Short

High

Converged Network

High

Systematic

High

High
Short

High

1.1.2 4@ gt R 2 pocii g * B 42 (Real-time Application on packet-
switching networks)

Bt > B pErcfapRiEAd circuit-switching 1@\ » @ packet-switching e §& + 7 %

giEF A & 137§ H vt & packet-switching fe circuit-switching e B crgF |t o & £ 5 & & A

ke £ A AlL-IP g it KU 4T JRARPE o X P packet-switching ch% 2 Frid > M-¢ 5 Fea

Tz 4R

« dte BFuAPFFEE (LongDelay) @ & IP gt ? » Fif

EF - Bhop Pl A RBEFFF L HL -

« Fe BEPEFRES (Nitter) ! 3¢ ¥ A- B- BehHop¥ % > 45 - B Hop ?

RIS UE- NNl §-F

N RN RO S REAE S e g (ol 1l A

B bl 5

B

2 ’ § lE W2 IRE ii_'_“:‘ °
)i%’lf EIIJ g x A B f%’\rﬁl_&r &g—

- #te i 4 K AL (Packet Loss) :

Gz 4T 5 (Drop) » HHF RV LT BE DY 4o E-mail fo FTP & 5 > ¥ 4

[N a2

T F

H:2 {7 — % Video On Demand

He b @EEEY o B FREEA AL @ E e

S At

EHAFTHI 2SS AL FREFEIBE > EREE L HEH S -



% 1.3 ! circuit-switching 22 packet-switching &4 +* fiz

o IE B circuit-switching packet-switching

th T E T 2 &

G R s kS A B
TR %A BA

o B 1l i £ &

BT B L +

@ i 4o o 1t 7 & B

PRV E AR A de Py B it BiEp

Sy pER L E > g E R A

L

1.2 ®§JRI:5F T & (Definition of QoS)
BLIRTH 5 JT AR AL 0 5 T MR SRR R SRR BB R Y F 2 ey

FEHETFREDD LG CTBE IR o A B SRTE 0 F e ® S S P Ly

£ F - FAPF o blde VoIP L & 8% 4f ¥ pr {FF {o @ 1% 2 & 31 # (Delay and Jitter) > @ FTP /L &

e 3L o BPHEFTONYS 3R -

1.21 » g iRy (Diversified QoS Expectations)

W ARl oo blde s - Aenié * X

f

7 I eni h R AT 2 B TR R F

"‘I

wEF TR Rl Y
L i ienff a0 § 3B RIS

2. MBI BRI E R SIRIBET
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3. MF LSRR § BB SR
4. mE Ao | T LR GRS

V=20 PRYFTFEBA GG DD 0 FaG RIS TIOR  blde o R

L AT
. MPHELDEH > REHRY Fa 3 BFIRBET
2. MEBBOLE o RERY FT BRI SRS
30 MEMOLH o RERY FV LR AIRBEF

AEL 2B R - B R GRS R LR R EE TR 2 Oy

WP D R IR kA T EE G ehp e

1.3 2 IP g2 JRI% 5 F %32 (QoS over All-IP Networks)

All-TP 3 £ U303 & LR ARG i § Dz A BRI AG FUR[T] o 3T E &
ARG RS QST » e E A SIF L] G BdEIRGE QoS B S i £
E2ZEIE S F ARG/ ED G PIRIZFELEE 2P R - Bola 3 0 SHRRTE
Rl ALY > A RTHEF FEE A > T T BB RAT 2 B REY FE
4hEL o e H o H{Ndte w g B & RanEf Rir (Voice OverIP) m % > ik 4R T i@ @
Bl AR e IR ERIEY TS ¥ 0 delay time MR E HFL F ST o F o - BED
PIPERF I B HABREY RN BT T Rk B g TR e E L
fOLE EEHIE R TR o

BOHETR AT SR YRR DAILIP R R AT R H A
FA AR ERAT R HAcE A TR R T - SR D BE SR g SR

- k0 AP e b e B8 T8 8 - K Hopep oo R E I AL AR ERF NS T TR
PR DEFILE T IS A R 0 T LRI RT PR R TR

1.4 UMTS R+ % % (UMTS Services Class)

3GPP % 1999 # 4= #7 B 44137 9 UMTS (Universal Mobile Telephony System) & s+ 3 #&

I BE QoS FE & 5N 2 *}# ¢ ZHITEFENRAIRIEYT E o UMTS 7 F et b 3
? e 38 432 QoS v 4 & & = Radio Network ~ Radio Network — Core Network interface £2
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Core Network

Radio Network 1 & & 2 W-CDMA % &% » HpRGxg e 7 #77 83 dniis » 1o
Dedicated Channel £ Shared Channel % % & 7% e JRI%#7 % FPPRI% & F > & 4 Soft Handover
2 &4 T pE A% 47 et Optimized Handover % 5 4% & handover P 5B F ¥ av i & crdff 4 o &
#3407 B % 7 PDP (packet data protocol) contexts » fic & GTP (GPRS Tunnel Protocol) & =
7€ _Radio Network 4= & Core Network 3 QoS # it siitunnel » 14 ATM & A # Sk &% T 5 IP
R+ ¥ pe & i@ * DiffServ o

UMTS k sed-gefe b b (Fenfp® P B 7 4 5 <8 1 235 (conversational
class) » # /3% (stream class) > 7 # ;% (interactive class) > # # ;% (background class) » 12 §_
(A

LR AR AABAGEeEL > AR T 2 ERFS 0 2 BRI delay time
% jitter 49 % SR 0 # * ¥ & delay time 4248 300 ms ¥ if‘uﬁﬁ'/ LR BB EE 0B st
Pl & 3% § 48 20 packet flow > Fp ¥ jitter 49 § TR o 3 #5224 F 50 " K> data

communication S PRF: 0 ¥ F LR E OF A GEEFE > L E & R DTG > Fp BT

BELZFHEOEL R L1ETE R BTl LR & 14 1547 & fu ot
o AT A
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Sensitivity

Conversations|

Classification of Network Services

Services

|0 Delay Sensiiviry M Jiver Semsitivity O Packet Loss Sensiuivity

‘Background

B 110 & UMTS JRASEBI$ = < Stk 7 LA

% 1.4 : 3GPP UMTS &5 A & & 35 $14

Traffic class

Max Bit Transfer Guaranteed Traffic SDU Error
Rate Delay Bit Rate Priority Rate
Conversational X X X X
Streaming X X X X
Interactive X X X
Background X X

16




# 1.5 : UMTS Bearer Service Attributes 71 & # ]

Traffic Conversation  Streaming Interactive = Background
class al class class class class
Maximum <2048 <2048 <2048 — <2048 -
bitrate(kbps) overhead overhead
Delivery order Yes/No Yes/No Yes/No Yes/No
Maximum <= 1500 or <= 1500 or <= 1500 or <= 1500 or
SDU size 1502 1502 1502 1502

(octets)
Transfer Delay 100 — 250 -
maximum maximum
value value
<2048

Guaranteed bit <2048

rate (kbps)
AFERRRE GRS EIE > AEE RS- B R RO R RS P R
+ R oenig # Jﬁﬁ%’* ARG KT R 2 PRIFE T TR AT o s S 2 @ Jﬁf@*
ARFIRIFSF & Ko 2 BT UMTS 74 sf2 w IR 5 5 F K 97§ 2 JRIF &

Her 2 * B UMTS #7 Jg 2 delay time ~ packet loss ~ jitter o = 4% > & & 2 QoS #4 7 &
- /LR DiffServ o 4ot 33 i i 2t - AR TC R EECR T T H B R R IRE

\\\Xr

1

K
M EARE T K2 R L] o
1.5 RRIRFSF ¢ 232 (QoS Management)

Fr4Fr it R PR A E A HBE TR RRARERAE IETF $1 20 Intserv

(integrated service)¥ DiffServ (differentiated service)™ fa 4] » ¥+ £ B {2 e g4k & PRI: S

17



B IR o
1.5.1 Integrated Service

IntServ i * RSVP(Resource Reservation Protocol)[8]4*+4F & B ikiE = - FFHE & h
virtual circuit %% & QoS t ehF Ko SkehIE G HApy i g A v —*Ff#izi#—?
G R Dservice ) £ F 0 F BR Y FOTHIT g B TR FIL S T 0T EY R

errouting protocols ° & %] overhead i % - ¢ 17 e E& A ¥ L {4 (scalability) % T & < 2P 4] o
1.5.2 Differentiated Service

DiffServ [9]R] 4 * &2 IntServ 7 fo Pl o8 k4% B PRI+ 5 B %32 o DiffServ #_¥-5 7 4p i
QoS 7 Fefrilisr & B - AT 0 H - A OTRR B - RESIRIBPE ARG > @ 7
AL B AR B o & - S0 F L € F H 4 &« Per-Hop Behavior & DiffServ
domain } &% o ik e 2 BRI G P E Tl IntServ AL S ePRGR SRR 0 (e fr e
j# - IntServ o4 % -4 i€+ chR 3L » F)p* DiffServ e f#;ﬁﬁﬁfﬁx @H AR e el

& DiffServ % 4+ > & & & B o343 51 End-to-End QoS #3# & &{k F f3/4-chi & B AE -

SR B RIS 2 2 E 0 F AU Intserv B iE K3k BPRAESF R 0 R IRAR R
FEFiABEHFTARET LD L F|U4] > ¥ ¢ RSVPREF 3 2974 4 iz g

(RSVP message)~ € H R E B R E £ PR 4 E o 5 44" DiffServ * ;2 k% & JRI%
R R T AR 5 2 B B eh QoS FRAFFE B> 1 A& B DiffServ 3 p chi gL
20 3% BeAp $engn B T 0 4T R DiffServ network B T 0 AN 2 £ 4 E B flow i

F| & & 1 End-to-End QoS -
1.6 7= 3 &4 % p «» (Motivation and Research Objective)

P B EFAIRBSERE 0 A A B - Rt o @ L ST

£
i
B2 AT R R T RO F M TR SRR AR H SR IR SRR

3

PLH - R JRIFEFERE o Tt o AP R Y o dok T R H - RR2 IR ST RE
HemERERY F2 R R MM RERTF D 23k TR 2 P TR B

ZRBapR s g dide - Brd A EaRA Eadag, - BERENT R
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v

d »t DiffServ & i § 42 & 5 B AL HB O T RE - & 3 H B BT R RS

&
N\
w5
ER
Y.<

RS ES SRR St E T
B BT RS R TR S TR R

T oL At s et e 4 ¥

- BHE R A - B A AR FRESARTIR R ES N iEEirg 3F S A
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¥- % ~ M~ 3 (Related Work)
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DS Host(A)

H
H
DS Domain(Z) Destination DS Domain(Y) Non-DS Host(B)
DS — DiffServ aware
H — Host
R — Router

Bl 2. 2 : DiffServ Domain 3%
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precedence * A28 R > ] € F $2.B drop precedence © § B % % ¥ 0 DiffServ gt F &
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2.2.3 Victor's System
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53¢ e 2% ¥d Victor O.K. Li ¥ 4 »* 2002 # IEEE International Conference on
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Domain A Domain B

BB: Bandwidth Broker
CR: Core Router

ER: Edge Router

LR: Leaf Router

2.3 ¢ 12 DiffServ 3 fh At enA 40 Tl E

Fedf B R > ot A E A BBF LM AIE LR Tkg % AV I o T 1 (fairness) R 47 o
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2.2.4 TEQUILA

The Traffic Engineering for Quality of Service in the Internet at Large Scale (TEQUILA) [15]
AR AGF SRR R EF R PR - By E o PR BRI R -
¥ traffic engineering 51 £ kif = L £ B PRG35 F %38 o 2001 # > P. Trimintzios Ed
4 %+ IEEE Communication Magazine *+ % 4 7 T A Management and Control Architecture for
Providing IP Differentiated Service in MPLS-Based Network | TA{TEQUILA 2+ 3% ¥ QoS

FILIEAE

Policy managerment
Policy storing
service
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Metwork
et b
Management dimensioning

plane

sSLS
invocation

Trattic enginéering
Controliq

Network
m monitoring
Data plane
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Trattic
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Monitoring

2.4 : TEQUILA %
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Management #7334 03 M kL3 R fe P FREE T > 2215 d Dynamic Route Management fr
Dynamic Resource Management % = i %44 {7 £ & ehF iR § Wfrdt e gz o
7 TEQUILA & i i § ¢ » 3% § wmffenw it ~ 2 AdsmAA g e 0 P
Trimintzios % 4 % 2002 % % " A Policy-Based Quality of Service Management System for IP
DiffServ Networks ; [16]3.p 7 H ¢ & TEQUILA 7 £ ¢ Policy sh#157> % » @ 2003 &7
" Admission Control for Providing QoS in DiffServ IP Networks: The TEQUILA Approach ; [17]
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FUIFE E o4 d A iR N = X AR NP ‘#ng’; & 1% B e 1+ (loop-free) o

2.31.3 A #Hp w52 (Flow-based Routing)

Flow-based routing & # & 8 #5 cn¥8/T 7% & ;2 3 I 2. Jie >t > Flow-based routing FF P % Jg

pR i e 1 f s A A PER AT 0 F o R @i 4 e e ¢ draE
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2314 pe3gw € 45 % &2 (Distance Vector Routing)
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d N RIPHRL T 5 ~ P13 AT 320 (Fenddit > R 2 &

A e iR R L kiE

2315 4%k i ¥%i5 > 2 (Link State Routing)

Link State $/% = /2 e s € 07 b 3 H /2 & chi 4% F chF 3 > Link State 7 2

#-Link b ek 3515 16— & e o 3% 0 RS 145 00 T RE 3§ § o9EL /S Open Shortest

Path First(OSPF) [27]1)}-}‘3{— fa#k ~ £ & * chLink State $5/5 7 2 o

23.2 EJRIF&EF 2 ¥ 2 (Multi-Constrained Path)

f8F QoS BB ALY S8 FERNA Rk LB 0 Ak ehipf

YT 1% ¢ > 4o Distant Vector v Link State » fig § i3 &
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" An Efficient Approximate Algorithm for Delay-Cost-Constrained QoS Routing | [18] % #73#&
97 7% 5 > #-DelayfrCost & = 5 — B H - 78 » RS L 12yt Vector ¥ 5 Dijkstra's

H #4718 Bl et jT #-¢ Cost fr Delay bound 7% & - [19, 20]
ERENTOTER R
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Multi-Constrained Path Problem » ¥ %
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24 = (Summary)

4o % $# — 373 17 real-time on-demand 2 & R F RS 2T 4R el e SRR
H overhead #-#& % ¥ B > 4 IntServ i€ * RSVP 1= sV Ip§ Tk - & 4445 B irn3
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PRI § ik & B Ingress Router cvi¢ # HHm € 470 A 0 A gl S AR e~ 2 £k
(burst) iR T & & i AJT o
E R L SR s TR AL AL B R R - ] e S

PRI MR R A S A Rl - R R R LAEET NP hE

BE L vE o KRB Ak Sy o R MR TR o rRpt 2 fh o R ST K (deployment)ihy b &

=5

T APPSR ER2 - o

AR TR D BBQE Y 0 A F It R Rl R TR AL BF R
WM THIA BT o FRERS G o PLOREPM T T RY BB iE 0 kR RR
% i Ingress Router 3 K7 i (73§ 4 ¢h4 fie » £ o Ingress Router pr 3% = 2 F k& (7 B 2230
Bl 0 3 xR % per-flow i 7 o » rdl o B A% Y 166 end & 0 %% 7 BBQ FIL )k e
Borbo FRFEBBQ EHT 0 P R RIS AP TR N T RRL S K¢
Pro i b TR A e AR SR L LAPH 0 2T kA2 B4 5 B BBQ FH
FEFRP BBQ Y PR p DT RS E > RUEATRERI DRI TR - BRID
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~ MIEE G AAH 2 RIS %% (Budget-Based QoS)

Jui

s

ER AR T - AR > & 4% & per flow End-to-End QoS & - 78 ¥ ILAF MK 1R B
«h1 {¥ > ey per flow End-to-End QoS 4 ¥ & i i¢ * & 3 ¥ hfRix 57 38 o #7141 > BBQ

2 P WS- B H 5 (7 chper flow End-to-End QoS ¥ 2 2 4 -

“~

EREFFHQS FIL HaAr 2 M8 AT BHES FLEE £
Pt ekt A ARfRAS % o 2P H TRABE > o 2% Per flow QoS #-id 4 B AHH I 4R 5 w4
& % 2 gx B & Pt (Traffic aggregate ) #-37 % flow ET? B M IR e I D Rt

FRERBIRASTRETRERTA  HEY A nEm Mujed s 4o

BBQ (Budget-Based QoS)# * FF % 5 A# 2 PRIFSF F I 0 Uit F I~ i FonF o 7
BiA TR SRR FRIEBAAE  F IR R o I Ak AR QoS ¥ i
MAEH 2 AR E BRER AL T > @R TR > A H ARG B L TS
(real time on demand)sH 5 kR F I 0 & & AR A RFB- R W E N TR fe o BBQ 2k k- B
BRHPBOFRFAeFII L > TR A T R o K Y8 F LR
T 4 BBQ A B R Tk LB o

BBQ 2 33+ P % % 4% %~ B ¥ % All-IP Network + 2 4% #pR7% 5 FF R 2 § M4 > o

?

BT EREYEXAFLSFAR EY § UF RS A Y ERLAE LT AR

o)

BQZ 8 2 % -

3.1 BBQ 7 i (Budget-Based QoS Framework)

BBQ P 5 A IPREFEHR Y > - BHE S 7RIS FZSH] > 1213 % Per

flow 2. QoS -
AEFRELAN L - fﬁﬁ?i“i&lP.&%ﬁ%éﬁﬁ" AT E &SRR S R 5 BBQ 9

QoS ~ gz Fipfor il ; MAEH L AA#HZ FI2 5 BBQAATE ZEFT ~ 1§k Adf
FER AL OB AR TORPOIRIEFE R Rl e PRI A R 5 B TR f B2 PRI S IR
I s BBQ AT A2 & Apth 0 B8 B - EEdpth o @ BBQV B R IRIES

Fas: FhrfpaopfrFhfpd o SEREFTRhE Ty 2 fr - L £8 A7
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THRALATAL > X IR gAY T PR DS R B A T8 BBQ g R kR
4
3.1.1 i+ h All-IP 3 7% 4 (A Simplified All-IP Network Architecture)

- BdwE 2R Fei el Zd L BHEFEOL R ERRELA X o BT
S BB R G - B FORPY R o iBd L E K FIRMPEADRE A L By
B FRRAR L RRT FRIGPIT IR BRI HE 28 ol
Boo Aot TV R L BRI R F AIRe e Koo AT BER- B2E R IP R A
FIwdpke e NN E 5 (e 30 R RERERMP S R T K

- B PR 357 - B %o i (Core network ) fedici® &5~ g (Stub
Network) > — BFio @il E 7 R FERRBEATRIRIFNRHE > 0 BRI LE T
Fol R E o blho— B H oo FHPPRET G AT T & RIS 0 Bl4e Wi-Fi WLAN &
3G RadioNetwork = — 4k 3 » & B iE - BEPERDOBBEE > VU FEFEH R
PeB 4R oo e 50 IR AT BER- BIPHS B AP BBPRERGET CRERE
o L ETLRRIRE o A M BB S ~ ¢ 3P (Entrance Stub network) - i
HRA S 4 e 4B e g (Exit Stub network ) o A7 Fhes R R chy iE 'fg 41 * interconnection 4#&
AT RS heR o f s iz (Backbone Network) ° % @i - Bafe FIH i Repip
B v BBRER D E S SiEEBR R (FIRRER) 8 RS ED N v BERER o
R Y PR B d B (edgerouter) o fLG B » ¢ i B (Border
Gateway * BG) & G4&P-PRE PSRRI G M E B e i o R EIRIES T FREOP D
M o R AT Mg BY T EIGE L4 (Admission control ) o ¥ - *wm o PRk
B RROEGED B LI EPHEE (Access Gateway » AG) © 170 el 3 i 2 B d

E R4 5 Inter-Domain Gateway ° ™ Bl 3.1 5 ff f* 2 2 IP g7 4
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Audio/
Video
Streaming
Server

Inter-Domain
Gateway

Border Gateway

Access Gateway
AG

C:::j) Stub Network

Notebook

F3.10 ff i e IP et f

31.2 3 s L A#H2 ¥ (Budget-Based Management)

B0 R B R R R IRTE ) PR PR GRS RE e aF Ed Y > - B
e TR LT ARMCR R Y B e 0 FAE AR - R Y o AP B o
SSBEAR 0 AL S - 1Esh¥eaE i (End-to-End path) o sh¥tBE S T 3F 5 R AR

BlArdE B e ot o R o

BARCURE G RA F IR P R R T RE Y o e AT % g S LA

Fe R o 4t BBQFEHEM-2 G # * budget e U MR IRAE T B RS SN A F R L B RR
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3.1.3 /& % 5 (Paths Definitions)

e EE- R e gfodad P RATI AL - - HRF o Bde LI RERYF VO
He X RTATERARE - FE > 27 FL P PRYFLVNE - Bt dp - FE
A i S A fdgik e - B - RSO B o
ZppEad i % L 9T enpkd Tl & oo 3o hfFE

¥ EH 1
BET AR B B B B R EL 4 T AR B B S e R

%!gg Y
;%
e
=
Dy
J;o
A
=
¥
faé
vs!
vs}
@)
iy
o3
(s
&

530 BBQ #- ¥ Rp| 5 RIS R
PR AR N B R AR A RPEE BST RS - BT R RES R AERIAR
£ 2 B2 5 B o Short Path % — % 4% % — & Core Network ¥ & & JR7% 55 3@ 2 BLIZ > o %
e BB T RG] & % > PPA (Path Planning Agent) f§ ; Long Path 5 — % 4% Backbone ¥
T4 BRI R RS o d d o R Y - BRLZAREG] > LPPA (Local Path Planning
Agent) f ¥ o End- to-End Path '] % end user ¥'| end user ¥ § "% 4% i =4 ¥4 JRA: 5
2 BT d $% P~ B 2 global ACA(Admission Control Agent) f # 3 o 4opt » & — B rw
PR p F A BERZARP EIE - Ep F L p RS (link) B S - FEHT SE RE D
shortpath o ¥ — PIE_f F 5 @455 & p PR DRI RRTE 2 i3] long path(R4] P
TEAE P R -

3.1.4 k' JR5x7 # (Bearer Service Architecture)

g - B FREBEI P nP P ATEEDT RRIDT R S R ERTIRGE -
-k 2 PR F & = £ A4~ KRS 0 4 5] 5 Entrance Stub network - Exit Stub
network » f= Backbone © — % short path d — i %< }%IP‘;?«;\ » — i% long path d 2 i % o e g2

£ Af' > - % End-to-End Bld 12 b g iES s 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-Connejction
Link

[ 1

B 3.2: ‘;%%‘:%&f?ﬁiﬁ

AL F R APFE-BE-REL T MR TEAE L ERI R FL R
PWEEHD S0 PEES MR PR ST Sk AT BRERRYIET U FLREHL
’4\}‘\1 o

3.1.5 JRix& 7 % # (Quality Entropy)

PEFRS % B (Quality Entropy) # — RIS B AR F 2 8 2 4] PR F

BF o PRIBETHET S FEFURP P FRTE > LT ¢ 7 delay time ~ jitter ~ packet

loss & &8 $-dic > B i H —“Ff? gt W T G odelay time o AFT R R R R S AR BE S IR EGK R
%%@ﬁ@ﬁ%§?@$iii°

& % '*‘ ‘J‘Fﬂjl‘mﬁ%&\ T_H B R #z‘tfé’éﬂﬂﬁz‘r%%ﬁi TERFP - T - Ko Bde s UMTS 5 18 #
—"Ff #1 % _criclass ¥ DiffServ #7#% i ehclass %};7, AR o AT RR AL PF L ATAE A e AT Y AT A
FPRIE S BT (5 RPIFeh- BE ¥ i RIERFIPEEIE L FREH M @ * 2
L P aPRIEE Ko

B AR D R R F R A RB S T R I ART R
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23 FERPIEFICK o 4cB] 3.3 ¢
UMTS QoS classes mapping to Diffserv QoS classes

Conversational N I

traffic T
Streaming _
traffic -
Interactive -~
traffic g
Background L
traffic "

B]3.3 : JRAX S0 ez #H ik
AR A IRIEE SR (7 - s w g 0 ¥ ik PR operator #TAL & R TPRAFSE MR )
v EFAS & o7 PRAR & #ic (Quality Entropy ) 0 F SF PPRIFISE R T - B PRAR & BT B
shgefl > @ w2 SiFRIA A 2 7 network layer 9 QoS g L o & ] k3% > Conversational
class “T4 2 PRA: ST #c i qc > ™ & 3% class 7 F & 2 PRI @ 0 ~ $# & 3| Network
Layer 7 DiffServ 2 EF class & # I o #7127 » ik St % R qe2 F ik 0 175 05620 class
demand 2. F /R ©

3.1.6 TEFARAL FREIEALT R EE (Pre-Planning vs. On Demand
Allocation)

FTh2 FRV % FFALLF 2 & WP FILiE o WREF L H 3T QoS ¥ R F L TG
RSVP o & W pF g e 582 T > o f ] = % (Admission Controller) ¥+ 7 * T ik ¥ ¥ #
O R AABLE N RREFEFI e TARE A TER T RMRE & R EHEL
PR ] e E R N2 A 6 TRPREELR SRR 0 LI R R
B - TehE iR e Ay R SRR > S TR ERLEEF AL
JEBr S L router ’g. - & p ¥ TP FA R I hoverhead € ¥R S A TR E o
WRISES R PAE EE PR A N REFE R F R R R B LT
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P WPEASEEE A o R IR R LSRG U AL LAl
Be oo ARROT TR I SEAA T F LR A B R kUSSR e 2 8 2R
frimie & 0 4ok JUART SRR FRAT MK - BARSIERD SRS s e g i it e

B BBQ E 1T e R E P R AT St IR RE 0 TR fedRt F ARG
AL AP B ARBIT RN FIRA e TG ERATARL  BARR R LR R R
EIF R fed it o i IRILEE E S B link o4 3 o # 1 Ingress Router ¢ £ 2
FERTELRTRDRHINEAT I RL TR RIRIE T FFRTREL 22 G
B EERAT R TR RT AENRENARE R SRR Ao

Fx A - w2EF RE S ST mﬁ?%@ Fr g R BEA o ¥

ﬁﬁé
"
I
3
=f
s
EH

TRA S AR AL > RV B PRI FRAL T T LRI T R IR S Bl R RA T

317 f¢ gl & a4sipey (Centralized Allocation vs. Distributed
Allocation)

AFPTFER T REIRATREEF TN 25 B ARE SRR £
FhpE > v 4d FTRREL M- RERB TR SHRLRFRRBFTRLA Y
et ) e 2 B Ingress Router p (738 * o

g \‘mp /};ﬂ]ﬁc»_gd A /};ﬂ]ﬁt»_g EOR ﬁbﬁ.?ﬁfﬁ%i}fl > Bde o d ﬁ%—-}f_*ﬁ.‘%q‘

«3\
T#
\\\?{r
ol
=
s
’«3\

-

MAEFH > RN G ST R A T UL T (S > MR TR S TR T Gk B EL T A2 AL

& e 3% & 1B Ingress Router °

‘3‘

SR F R ORRAPEY FEF A D FRREMOT EAFEBRE Y DT IR
e

FUEARS TR o EHER T AL H- LB REL €5 3F F AR
o B¢ e o N 5 i S g4 o T4 0B JE(fairness problem) ok St i 7 iE A A i i

PA(oEFIB ) 7 At 3 s hEE O T Mg £ 354 Ingress Router i2 § J& 7 2 T ch%t

@ o
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o d WHEMANIERF HAER > FEVEFTIREE KRG AHEFED > WEOT
Rpe R P A FRAf ARG ST R 7 BRI EELfRE 2 R 4B o
P B STREEOEHEFIRAGEE R R AN R
ARGV ZRRFT R E d BB B2 f oo blde 1 d Ingress Router 7F B
—BEERFATROTRE R RRIEROESHT ARE AL LT RRE  FTARE
RiEEars § RIS MFT IR A fe & B Ingress Router f {738 * o § ATenFORLIATIE » g i
P > Ingress Router ¥ 4R p ¢ £ 1 #7dg chF R > £ AT A TR ARE » it > 2 % L d
FRpeE 2 RSL NG NT R R -
AT B FOBR TR e 14§73 & %) Ingress Router » # i Ingress Router §
FARBD p e A PTHRRRL c AN ERET P L RE A D) o R AR
g TR RE s A P AF 4 iR P ¥ U d Edge Router iF/) g B O 3833

BT B iR f 2004 o R ASGY R G AR D FHOTIRE Y R

MENNI ZE G N AR B AN Rt AR
B B ARCFRA e o dedt 0 VA4 B S TR oI RF RGNS o RN T
WAL X VL T TR A fechR AR o

B AERDTAREFERT I ZIRCFTROAFERF E G i FL LA
Fe i ik ot b TRER R TR B 0 X R-F R % hF =4 403 & B Ingress Router

BEAR AR JHEFIEL TR RFARLORE D EVIURIRFIEYL 7o
3.1.8 Z RIER
BBQ % #2833 0T RS ik 2 F KRR 0 i B G AR B LR ¢ TR
BlA kR BRFEAGRLIEF R o R 0P B gh(planning time ¢ H]4eF X 8 F 12:00) ~ RG]
p= & & R (length of time period » ]4ert — ] pF 5 B )22 4] §° [l (planning cycle)3t 5 SE {2+
EEE - APFFEARNG 135 BBQRER AT FRET ¥ ERE B 2 R A
Fr R E RGIFERFE R bl E L - BEE B Ao X224 B -

R BARFFERE TR ERR R R RF UEGFERBIFRE R 0 blAe 2
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Lo BH o M- AN NAS BREEREF AL o F RS TR A LR PR E 4 M pEE
BUE s Y R RE .

RAIPETE R B BBQ BT 5 % AERA B BH ] MM OESR > R RE Y
R e R RE T AN REPRYER LR T d 5 F A 7R ek TR A
oo i &% AR BAPET T R B O] 2 R B O RCEPMRBI P 6 4L P RS S higR
GRRGUES RTE RN STE £ CE A HEE SR S e L R R

TR P K A (length of time period) 8 o f fif § PPE S HOT T B AR R
(planning cycle) » &3] 4 B} & i Concerned Time Period (CTP » #i3R%| T ik § foshpr£2)
BEERAL AT RAEE(M4ed X6t BT 5 BRIIFF DT RIPRE T hfL)-
& - B CTP 487 12 2 & - 2 Reference Time Period (RTP » 378 CTP F ik Fe2 4 p
£) > RTP 5 Ingress Router & &renfr § F42 ¢ » 8132 CTP 4 Ap M ML chfr ¢ 702 > B ola 2 o

P

4o% CTP 5 ~i¥it- 5+ 8-9AM » RI3ER¥

\\\Xr

S RTP 73k 5 2 % %64 - & 1 8-
9AM » RTP e 8 F £ bk > ¥ 175 CTP 7 RIERIeh % » W5 £o G kB T
VERT: Al

3.2 712 k %% 1 (Management System Architecture for BBQ)

3.21 BBQ ¢ & : stiEk (BBQ System Assumptions)

BBQ # I E 5 1 1yt e o FL A s 0T g o B - o quality

entropy 5 ¢ ¥ EH A 5 G KUK S E el - BETERGE ¥ 2 AP ER
quality entropy % — & ¥ 4v 2 HiE 0 VB EIFE A et N BIRBE TR EAf L B
Beprait 2 oo 5= > BBQ BRI R E < AR ¢ 0 £ 3 periodical traffic pattern

$2 > BBQ#7 FIRiFE 52 FRE L2 BT RA BARL -
3.2.2 ~ 4t~k g kst (Distributed Management System Hierarchy)

0 MBI AR BBQ&T A AT AR F T 3T Arit R £ 5V R IR ks
fFARBIF R 2 R RIS R RG] o B L & PR AR R L TR

SRR TRT 0 A A ST IR AT RAG P R AL AR BT AR T
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R pe o I A BEREFTRE L FE ERT RS EE LR QoS iE AU Y
EH IR LS o AR Y o
BBQ #PRi% 5 F g ik PRI K s ag o d 1 @ T o s R T RER A K

(End-to-End Network QoS Coordination Layer) § § #& &3 $F= R & F kg {1 T & ~
291 -2 F R 0 23] long path f- End-to-End Path ; +% . e 8 3 R ¢ A (Core Network
Resource Management Layer) § § %< fE2 FiRg A f 5 50 BT AZHE (Core
Network QoS Control Layer) f # 34 {7 PRI+ 5B 382 s 14 - PRIFSH 638 0 bilde o 2
Fr4l% o DiffServ & # i IP & B pl f #817 & ~ 2 om0 RRBPE T F s o B
TR R BBQ & R T BTN 0V LI RK 2 R PT P BBQE* 1

IETF #74] Z_en DiffServ 5 & % -

#3.1:BBQ*® » Kk~ 1 %4

K e

End-to-End Network QoS 3% (% — End-to-End «7pR 4% & B 474! » End-to-

1 operator 58§ — ) End sh§ kel R3] -
P B R E 2 (Bandwidth Allocate resources of a core-network to
Broker) the QoS Manager of all resource

mediators, e.g. Ingress Router in a Core
Network or RRM in a 3G Access

Network.

oo B T R H] (F B Ingress ) Execute QoS policy of core network,
Core-Network QoS Control (One for e.g. admission control, load control,
each Ingress) routing and path selection, packet

scheduler, etc.
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LS T

DiffServ PELR TR TR LRE e
(Execute the QoS policy designated by

the upper layer manager)

3.23 ¢ : stz (Management System Software Architecture)

By fepaias - Bt~ # 5 Core Network Coordinator » CNC » p 7 Long Path

Planning Agent »* LPPA » f # long path 23] o @ 3P i e BB PR E L A5 — B 308

2

N

e hadl R

~ it 5 global ACA » | Fsh ¥ =8 PRIF&F kg2 o 4] o Bl 3481 & ~ 22 M

-

Stub Network

LPPA :Ei

Stub Network

Stub Network

Core Network

>

Stub Network

Core Network

Core Network

Stub Network

CaP

Stub Network Backbone

=

L PPA LPPA of Individual ] Global ACA 1in
Operator NAS

CNC Core Network Coordinator
of Individual Operator

B13.4:BBQ § % k siidf ~ 2 % i
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3.2.4 ey RIS F 2 2 g (A Simplified End-to-End Path Setup
Procedure)
BI3.5% B i B ¥ BRI & F e 2 J0 AR o F WRF AR & R 0 2 TP R RLPF 0 4B
4 B: Network Access Network F ei7Global ACA B f # /o » 454 o d > BBQ #-4 * F R4
R TR FeaE LS N FP s Rorgainz w F & A2 B R R RE 2L R
BT oo H A L ZFREC
- N T ERPRERARRBT RPE
- AT R RCORURGE T R
- Longpath 3 /& i * £2~1¥ o Long path d #ci¥ short path #73 = » 712 gt fF BOR-F

& 21897 % 2 shortpath Fikig * 4 o

AN

3.short Path real
time hard
reser_ation

Global
Admission
Control Agent

ACA| Admission
control Agent

Long path
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Traffic
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Ccore Network n Exit
Stub Network

2 .Entrance Stub
Network bearer

1.entrance Stub
Network bearer
service Check

service check

B13.5: ff i~ e g i s e = e
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3.3 BBQ *® % it i ## QoS ~ i (Core Network Architecture
and QoS Components for BBQ)

- PR ORREERY & T S eanPio R o BBQAEHZ T o AP K- B
CRREED - BRGSO Y DR B LR eRROFEL G HFRA Ly
Wi o BBQA K H AL T o - BAMBEIRBETREHTRATLED 5 B2
PRz @ g e § Bt s p 12 A 2 QoS budget A iR I I 1h oo RS 0 Proo e
Be F 417 QoS i —ﬁj;“fiﬁ*‘bﬁ T &R R = S RS i RIS Ingress 1
Egress » 4rpt & 1 ¥ F »2'F Mg LA i R o

RO RES BRSSP RROSTEE  BPoREY  APREY TRTARY
GO ABEA AFE N LR o B G ET - TR Y RERL R T i
TR 2 PRI R

& BBQ ¥ ehfr o et %4 o #-¢ & DiffServ e i A AR R o 4o 2 S P AR

R E I e g PR AR A2 %/ﬁm%yg - PHEL FeEmaE s kit

#End-to-EndFRﬁm%‘rl ’ \'—' ﬁk‘ﬁfl =1 ﬂp%ﬁgﬁw%&ﬁig\u*i%\ﬁ&" % ,E,E:
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DiffServ Domain

ﬂ36 BBQ # #1217 v 5t
3.3 P RRTIRAL

PR EE BRBLEPS RROETRE > A PSR TF BABDBERIT - AR
d 372+ > 4 &% A G B¢ 5% (centralized approach)£? 4 47 ;¢ (distributed approach)= #& >
#0Ed - 22§ #r5 Ingress Router i » FALIR L ZRAE R A FGNRId EBE R
o » eriIngress Router 45 41 % 1% & F AN & 7§ KRBT o

ARG 4 R T R % 52 e h 2 Ingress Router e T B R 0 A Fo s FE e

B9 N 2Ed o3

1—3

‘e s bR nF Rpe R 2 o RS- BB = FEID > 4 Ingress Router
i o FRAREZ Y EFOCERNEE G IEAFRR WA TETRMRYE L IR L
mEEFIEALfE AR

-

R -

# BBQ E"ﬁ}”ﬁ%#i"f P AP ER - B RREd - By b’L’r)qug#‘g e > TP
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M- B ORRERY ¢ 2 S aPo i o ABBQA K FIRSAT 0§ long
path % short path i~ i+ & p § § fdp TS T T E A 41— % long path % short path o

- DiffServ $#§ > d # B Edge Router &2 Core Router = » %

AP IR P R S F

|TIEN

7 Core Router # f  @iEF 4L 7F » QoS e A & A Frfthw iR ~ 2 & £ B Edge

T R RS 2 22 Edge Router >

Edge Router * 4 % Ingress Router 22 Egress Router » # ¥ 7w piisd ~ 2 ¢ 3 TR ? .
FHEE TR A v Lo PRI A B e

Router t o 4c[] 3.7477% » %< e QoS § I~ i 3

%83 4% 0 e BB JT 44 L 12 5 Ingress Router PY] @

bk R 2 st g A Bl 4o

% BBQ % ‘f?t’ » & i BBQ m#“f#c’ L ABER DAL G %?“%ﬁQOS T

m«*{f—r , u—rra}gﬁxm Jf#jwjbpa BBQ" itz Hg

%0 B iz 15 24 o 2 (Core Network Coordinator » CNC)
bF - BBz P - B REED AT JHECNC)  Ape R &

=

B 0Bt

BT EAE S S AU S
TP BB DT R A e

—$|J;uf:4: [N

7 kg 1~ i (Bandwidth Broker > BB) : §

a.
L& g SR E IR A 0 Bk M PR iR R RN T RS L B
SETER STEL

b. P e BB 23] ~ i (Short Path Planning Agent » SPPA) © 4 & { § #-47i& » 3%

NN k%\ijZ';E/?J"Jﬁi—g;ﬁf\%,{L ,/}EIAV]?TD”;\‘;J‘_E:; ;:

*E - Bk (link) g Ko 2§ R EAE TR B R D

- #REd B (BEdge Router)

st g0t i B H o g3 hrouter f£ 5 Edge Router >

% Ingress Router » 3t F -1 Edge Router | = Egress Router °

7Rl 3 » 1 Edge Router i
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# B 37BN 32 4 (Bandwidth Order Agent » BOA) @ 1345 14 fLé3 43 5e3- d short

i.
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PPA 835 S it &
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BLAS o

ii. o 4p4] %32 4 (Admission Control Agent » ACA) @ & J #7 ¥ 5 e j= Tk ki
T T R LTI DT AR 5 R e GRA R T R U TR

Bk 5k o

iii. #2244 ~ i+ (Local Short Path Planning Agent > LSPPA) : pt

PEw R e R o RPN G LS T ORI A e ep T e i ACA B

prig * > & i LSPPA#

.‘i?;(o

A g - BOA #i

,; ./L..,—r#‘ f’l’
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3.3.3 A4 FRARHE T AR

BBQ Z - Z AR eh= A ARP e DT R REHARRBATRT R FPFE- 22
T RIS 0 A BBQ e e fI AR BT HEF %A A o BT R R
7% 50 R EILRP PN DT R o & - BAARE 1 35d CNC ¢ ihResource Manager st— 4
fie » BOA {3957 R > Lo BB S — BAAR R IEF > prpb ke B4 I B d
Edge Router fi 8 € # » & & fBH s A fe i K enTAlin # o FFBIHE B & i Azde™
(R 3.8):

BARE BB LR THA BB > PHE N T BIRRIPFEAR S PR
Fypie- BRSO EFER s L5 TR * §3, > 5 & B Ingress Router 3 B A & pFE
Tha KLEIER > - BIERNESE 5 - BT RT L4 & B o ¢ P Short Path Planning
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3.3.4

Network status changed

or QoS Policy changed

Data Flow

Path-based
traffic demand
Statistics i
of reference time
periods(s, d, b, q)

Link-based
bandwidth
demand
statistics

Acquired

link-based

bandwidth
resources for
each Ingress

[*
[

/ Planned Paths

/

AN

\V4

Procedure

Core Network PPA:
Computes paths for
incoming demands
within assumed
capacity

BOA:
Negotiates
demanded resource
with BB

Local PPA:
Computes
planned-path for
potential incoming
requests

B 3.9:

TR

P i e R e

;Eé_i_@ﬂf

LAy

EIERB K

0 g AR AL A
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Traffic aggregation s
10Mbps °
Tratfic aggregation — 2_01\:[1)1:_) > e
10Mbps e Path IT : 10 Mbps
= .
\. » J/
(A)
~ ~ R
Traftic aggregation S
1 ()Mbps_
20Mbps
Trafm\&%égauon + “Path [T : ToMbps
10Mbps. 7 Can'treallocate
L 7 N\ ’ ; bandwidth y
(B)

B13.10 : % F Ingress 2 [ 3 ik # % 584234 fie
3.3.4.2 Intra-Ingress 7 /R 7
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Time Line

Computed planned path : Reference Time Period
and decomposited into ' '
link dethand. : Concerned Time Period
Link Demand [Link Demand
of Ingress on of Ingress on
Time Period 1 Time Period 2
Resource demand
Link 1 10MB Link2  20MB of each link
Link 2 15MB Link4  15MB SR TP
Link 5 5MB Linkd  20MB o
Lnk7  20MB Lnk7  10MB to BOA
Link9  10MB Link 8 5MB

4.2 B RAEHEa ST 2w
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Symbols

G(V, E)

4.4 FThAFRRBIZRG FEA
Definition

A directed graph, G, containing |V| nodes and |E| directed links; V/

denotes the set of all nodes, and E denotes the set of all links

Vi Anode;vi e V
ex A directed link e, = (vy, v) € E, v, is the start node, v, is the end node of
link ex; also denoted as ey
R Incoming traffic set.
7 A request i, consist of (s;, d;, pi, qi); i € R
Si Source node of a request i
d; Destinaiton node of a request i
b; Bandwidth requirement of a request i
qi Quality entropy of a request i
m; Profit earn of a admitted request i
P; All possible path satisfied constraints of request i
pi A path; pi € P;
o) The path set satisfied constraints of request i and selected by our
algorithm
Q The final path set selected by our algorithm
B.P;) =b.Py),if links of P; contains link e
=0, otherwise
L(P;) The satisfied ratio of request i with P;
q(e)  Quality entropy of link e
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4.8 Greedy Algorithm for Path Planning(G.P.P.A.)
$ R TR AR LR B IS - R R EJIESRE A S
PR EY R - EREYFEFEE RIS RGN ek AR R E G B
MEFTY o - BRERIpE? BN - 2R 5 - BN Rt 4E Zeﬁuﬁi—; %_Multi-
Constraints Path(MCP)=R* 48 > @ — 4% 25 5 ¢ P 32 ¥ — B NP-Complete c7/* 38 » #7124 3%
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&

Select
max profit request i,
define by profit of bi/qi
from Request Set

Topology G(V, E)
Request Set(s, d, b, q)
Soluation Set W{0}

Mark request i
processed

No

find shorest path pi
by Dijkstra
accord to si and di

Disable links
that fail check

heck request constraints
bi and qi in each link

Y

Add pito W
and mark
request i process

\

there are still reques
un-process

Bl 4.3: 7520048
481 7%+ m##m (Pseudo Code)
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CheckPathConstraints( path p; , request r;)

{

BWCheck <- TRUE;

DECheck <- FALSE;

TOTAL DELAY <- 0;

for all e, in p; {

if B(ex) < B(r:)

BWCheck <- FALSE;

TOTAL DELAY <- TOTAL DELAY + D(ey);

if TOTAL DELAY < D(r;)

DELAYCheck <- TRUE;

if BWCheck and DELAYCheck

return TRUE;

else

return FALSE;
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PlanPlanning (G, R)

{

for k <- 1 to |R|

P® <- NIL;
process <- false;

While ('processed) {

S® <- Dijkstra.shortest.path(G, ry);

if (P™, 1= NUL) {
Granted <- CheckPathConstraints(S™; );
if Granted
p® <- pw g .
else
DisableUnqualifiedLink (G, S'¥;);
}
else

processed <- TRUE;
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PohE - BEPEARZ P 0 T i F & FA2E - 0 b ehshortest path jF B i 0 R - =
FIRILAIHE AR § F & 37 ¢F 417 k =0 Sshortest path R 241 hp A7 R B ol 4L DA
T B AU E(MAR)* NP log N2 T o - MR KA FE 2 OFRAFRAE L OM * N log

N)o

4.9 | 3 (Summary)
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%1 % > »tit 7= (Performance Evaluation)
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