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Abstract

In response to the great progress of communications and computer technologies, aggressive
deployment of broadband fiber optical network, advance of Internet technology, and the
global standardization of IP technology, the telecommunication industry is moving toward a
converged network, which uses a single global |P based packet-switching network to carry
all types of network services. Diverse types of services demand diverse QoS requirements
making it a great challenge to support potential services with guaranteed QoS on All-IP
networks. Our research group proposes a Budget-Based QoS (BBQ) management
architecture to facilitate network operators of diversified networks. With BBQ management
architecture, network operators can adjust their network architectures and management
polities to support as many services as possible with End-to-End QoS guarantee.

In this thesis, based on BBQ QoS architecture, we propose an End-to-End QoS
solution in BBQ management system. By bearer services concepts, an End-to-End serviceis
decomposed into Backbone and Stub Network bearer services. Each sub-network will carry
the responsible bearer service with committed QoS guarantee. Based on the proposed
hierarchical management infrastructure, we design a methodology to alocate resource and
path planning in a progressive manner. This methodology will give network operators
sufficient time to configure and deploy networks according to long time demand forecast.

Furthermore, it allows admission controller to efficiently acquire resource in real time in



admitting a service with End-to-End QoS guarantee. Because each Core Network plans its
own internal path independently, End-to-End path planning is only to choose Core
Networks to pass through. This scheme could reduce the enormous computation
overhead such that it is adequate for real time path setup. One critical challenge isto choose
the best End-to-End paths with QoS guarantee for incoming service requests in terms of
optimal resource utilization. We have developed a mathematical programming method to
solve the problem. The simulation evaluation shows that our optimization would perform
more efficient resource utilization and forecasting error tolerable than OSPF and trunk

approach.
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1.5 QoS QoS Management
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Engineering Task Force) [7] IntServ (integrated service)[8] DiffServ

(differentiated service) (Ref.)

1.5.1 Integrated Service

IntServ RSV P (Resource Reservation Protocol)

(virtual circuit) QoS

(routing protocols) overhead

(scal ability)

1.5.2 Differentiated Service

DiffServ IntServ DiffServ
QoS
Per-Hop
Behavior  DiffServ domain IntServ
IntServ DiffServ
DiffServ End-to-End
QoS
DiffServ behaviors

1. Expedited Forwarding (EF)[9] :

15



VolP VoD

2. Assured Forwarding (AF)[10]: EF QoS
QoS QoS
flow drop precedence flow
priority flow
3. Best Effort (BE)[11] : BE QoS
email ftp)
DiffServ
DiffServ domain core router
End-to-End
Intserv
RSVP
(RSV P message)
DiffServ QoS
Core Router DiffServ network
flow End-to-End QoS
1.6 Motivation and Research Objective
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2.1.4 TEQUILA

2.2 Trunk two-stage blocking model.

TEQUILA (The Traffic Engineering for Quality of Servicein the Internet at Large

Scale)

traffic engineering

Trimintzios | EEE Communication Magazine

2001 P.

A Management and Control

Architecture for Providing IP Differentiated Service in MPLS-Based Network [13]
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Service Level Specifications(SLS)
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Admission Control for Providing QoS in DiffServ IP Networks: The TEQUILA

Approach [15]

2.1.5 Victor O.K. Li’'s System
Victor O.K. Li 2002  |EEE International
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QoS Guaranteesin DiffServ Networks [16]
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Budget-Based QoS

per flow End-to-End QoS
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3.1 BBQ Budget-Based QoS Framework

BBQ QoS
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Network
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BBQ

A Simplified All-IP Network Architecture
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3.1.3 Path Definitions
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LPPA (Local Path Planning Agent)
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Core Network

PPA (Path Planning Agent)
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3.14 Bearer Service Architecture
IP Entrance Stub
Network Exit Stub Network Backbone Short Path
Long Path End-to-End
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3.1.7 Centralized vs. Distributed Resource
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Ingress Router
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( ) Ingress Router

Ingress Router
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(planning cycle) Concerned Time Period (CTP
) (
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3.2 Management System Architecture for BBQ
3.2.1 BBQ BBQ System Assumptions
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pattern BBQ
3.2.2 Distributed Management System Hierarchy

BBQ 3.17

41



QoS

BBQ

End-to-End Network QoS Coordination Layer
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Core Network Resource Management L ayer

Core Network QoS Control Layer

DiffServ IP
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BBQ IETF DiffServ
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DiffServ
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3.2.4 A Simplified End-to-End Path Setup
Procedure

(q\\\\ IIIIIIl Global
Admission
3.5hort Path real Control Agent

time hard
— ﬁ admission
- | coentral Agent
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Exit

Core Wetwork n
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Network bearer
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End-to-End

QoS for BBQ

End-to-End QoS for BBQ

End-to-End End-to-End

End-to-End path End-to-End paths

End-to-End path

End-to-End
End-to-End Network QoS Coordination Layer End-to-End
path
Core-Network Resource Management Layer Short Path
Core-Network Resource Management Layer
Short Path
4.1 / Resource Reservation/Allocation

hard soft soft
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rRevoke Period

short

Long
Term Term Time Time
4.1
real time BBQ
1. Long Term longterm long term
2. Short Term short term shortterm  long term
real time
3. Rea Time rea time Real time
4. Automatic revoke period
4.1.2 Reservation Certainty
Hard Soft Hard

hard
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hard
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4.2 soft
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(2)soft Reservation Time
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4.1

Reservation Time Frame

Long Real
Resour ce Reservation Short
Scheme Term
SimpleLong Term Hard
Reservation Batch Order
Simple Short Term Hard
Reservation Batch
Order
Real-time Batch Hard
Reservation Batch Order
Real-time Reservation Hard
(RSVP) Per Flow
. ) Hard
Progressive Reservation Soft Batch
Batch Order Order
Soft
Propased Approach for sot Betch Hard
Batch Order Order Per Flow

1. Simplelong term reservation

2. Simple short term reservation

3. Real-time batch reservation

4. Real-timereservation

long term hard reservation

long term hard

short term hard

real-time hard

real-time hard
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5. Progressive reservation long term soft short thad m
simple short term
long term soft
6. Proposed Approach for End-to-End long term soft
short term soft
real-time hard
short term
real time hard
Real-time reservation
real-time hard reservation
Construction difficulty
Reallocation difficulty Efficiency Overhead
4.2
4.2
Resour ce Reservation Scheme

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
Erno _?g_egrﬂoproach for Low Low High High
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4.1.4 Charging Scheme
4.14.1 Notation Definition
4.3
4.3
B; Long term soft
B, Short term soft
Bs Real time
C Long term soft
C Short term soft
Cs Real time
f, C, piecewise
f3 Cs piecewise
4.1.4.2 Progressive Charging

1. Longterm soft
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Cl Bl

2. Short term soft

&
Unit price
of Bz
EXTra cost
when B:z>B1
C:
'-‘.//>(l’/ c]
B1 Bz Bandwidth
4.3 Short term soft
Cz B]_ Bz f2: Cz Bl,Bz 4.3

(BB, [0 B B:
2270727 m, (B, - B, ), otherwise

3. Real time

53




Unit price Extra cost
of B3 when Bi>B:2

C3

C2

E{}...-.....

: -
B1 B: Bandwidth
4.4 Read time
C3 Bz B3 C3: f3 BQ,B3 44
0,if B,>B
fs(BziBa): ? : .
m,(B, — B, ), otherwise

Note mz>m,>0

4. Total Cost

TotalCost =B, -C, +(B, - B,)-C, +(B, - B,)-C,
= Bl'C1+(Bz - Bl)' fz(Bl1Bz)+(Bs_ Bz)' f3(BziBs)

4.2 Traffic Aggregate Demand Forecast

All-1P network




Traffic aggregate

Trunk
Trunk Trunk
s Source ,d Destination b Bandwidth
requirement ,q Quality entropy budget
reference time period historical patterns forecast
Concerned Time Period e.g. the same hour in week days
bandwidth requirement Load

balancing border gateway

concerned time period

4.3 Quality Entropy Budget Allocation

additive  End-to-End service

ex. Core Networks End-to-End service
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Long Path
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Backbone
- | L . e
End-to-End Quality Entropy Demand q
- -
Backbone Quality Entropy
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(Operator Defined)
UMTS classes End-to-End Backbone
Quality Entropy Demand Quality Entropy
Conversational g ﬁ}’:__ {{[}’c ]
Streaming e g r5 {{IFE )
Interactive dr g (<g;)
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4.5
Conversational class class mapping
Oc operator Conversation class
Backbone dec
Long Path
OBackbone
Long Path
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4.4 Long Path Long Path Planning
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IP Long Path

Long Path

qBackbone

Long Path Stub Network Stub Network
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Request
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r = ¥
source EH‘J/ BG 3 bk
MAS B, - Des t:l:;t ion
Exit
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Paths of Backbone

— paths for Best EFfort traffic
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—=—— paths for Interactive class traffic

ENf[Entrance path) .Bi{long path of Backbone) and EXH{EXTE path)

BG : Border Gateway AG:-ACCess Gateway NAS: network Access Server

Long Path Long Path

Short

EN; + Bj + EXy

4.6
4.6

Paths Stub Network

Long Path
reservation per flow

real time
Short Path real time
Short Path link

real time per flow hard

short term batch hard reservation

source destination

Long Path Long Path

Long Path
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L PPA(Long Path Planning Agent) Long
Path Off-line Planning
LPPA

ad hoc

Long Path

4.5 LPPA End-to-End QoS

Component, LPPA

LPPA End-to-End Network QoS Coordination layer LPPA
Long Path
LPPA
LPPA
4.4 LPPA
I nput
LPPA Reference Time|
Period Concerned Time Period

Traffic Aggregates Forecast

(Source, Destination, Bandwidth
Demand , Quality Entropy Budget)

Source  Destination

Border Gateway Bandwidth
Demand
Quality Entropy Budget

LPPA Long Path
LPPA

Short Path LPPA Short Paths _Short Path
, (Source, Destination, Available
Available Short Paths Bandwidth, Guaranteed Quality Entropy)

Source  Destination
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Border Gateway Available
Bandwidth ~ Short Path
Guaranteed Quality Entropy Short Path
LPPA LPPA Short Paths
LPPA
Long Path LPPA Short Paths|
Long Path
Output
4.5
Planned
4.5 Long Path

(CN: Core Network, SP: Short Path)

Long Path table for Border Gateway 1

Service classes

Cl

Border Gateway 2 |1.

(CN1, SP3)>(CN5, SP2) 1.
2. (CN1, SP7)>(CN3, SP1)>(CNS5,

(CN5, SP2)

(CN1, SP2)>(CN4, SP5)>

SP3) 2. (CN1, SP2)>(CN4, SP5)>
3 (CN5, SP2)
1. (CN1, SP1) (CN2, SP6) 1. (CN1, SP9)(CN2, SP7)
Border Gateway 3 |2, ..
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Long Path Table border gateway 1  source border gateway Long

Path Table 1,2,B,Q Q Class1
Short Path
Short Path 1,2,B,Q
source, destination Long Path
BBQ Long Path
Short Path Short Path Short Path
multiple path Engress Router
Long Path virtual circuit
45.1 Centralized vs. Distributed Plannings
LPPA IP LPPA
LPPA

LPPA 4.7
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Global planning
Capability?

Y Y
Centralized Distributed
Planning Planning
4.7 LPPA

LPPA
Centralized Planning Distributed Planning
Global Planning Local Planning
LPPA Short Path

LPPA
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4.5.2 LPPA Global Planning LPPA

LPPA 4.8

Global Planning LPPA
Ong Pa
Planming Agent) of

11 short Path

sets of
different Core Global Planning
Metworks Capabhility

concerned
Stub wWetwork Core Network Core Network stub nNetwork
: T
T = O
TG
Ennﬁerneﬂ
Core Network
Stub Metwork
4.8 LPPA
LPPA
Short Paths LPPA Short Paths
Short Paths Long Path LPPA



45.3 LPPA Local Planning LPPA

LPPA
LPPA Long

Path 4.9

Local Planning LPPA

LFPA (Long Path
Planning Agent) of |{ e
individual operator

available short
Paths

Stub Metwork

stub Network
concerned M e Core Network

Core HW = 86 10
Stub Metwork
core Network
Stub WetworkStub Metwork
4.9 LPPA
LPPA
Short Paths  LPPA Short Paths

Short

Paths LPPA Long Path

Long Path
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LPPA

LPPA
Short Paths LPPA
LPPA Short
Paths Long Paths LPPA
Short Path LPPA
Short Path 413
LPPA

e SimpleLong Term Reservation

® Progressive Reservation

e Proposed Approach for End-to-End

SLA
IP SLA SLA
long term
long term
LPPA long term

Simple Long Term Reservation hard
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Approach for End-to-End

End-to-End

long term

short term
Progressive Reservation

Proposed

4.1.3 Proposed A pproach for
Short Paths long term

long term soft

short term  automatic revoke period short term soft
short term
soft real time
IP per flow  hard
LPPA LPPA
4.10 411
4.6 Global ACA End-to-End QoS
Component, Global ACA
Global ACAs End-to-End Network QoS Coordination layer

global ACAs

hard
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real-time  per flow hard
End-to-End path

Global ACA

4.7

LPPA
soft

4.10

End-to-End path

IP
4.10.3
End-to-End QoS Procedure
long term soft short term
global ACA real time hard
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4.10

Long
long
soft
long term
Real-time
traffic
request
SLA
long term soft
soft
policy
short term
Short term soft
soft
term long term soft
short term soft

term soft
term
LPPA
long term
long term
long term
long term soft
short term soft
automatic revoke period
LPPA short
short term
4.1.4
short term soft
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Real time hard IP hard

global ACAs short term
real time

hard real time hard

hard

soft
soft
hard
4.7.1 Long Term Soft Long Term Soft Reservation

Z.PFlanned short

vendee Core Hetwork

4.11 Long Term Soft

long term soft long term
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long term Core Network PPA Short

Paths Short Paths long term soft

LPPA Short Paths LPPA

LPPA  longterm

Short Paths Long Paths Short
Paths Short Path LPPA
LPPA Long Paths Short Paths long term soft

LPPA long term soft
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4.7.2 Short Term Soft Short Term Soft Reservation

1.5hort
term soft
reservation
negotiation

vendee Core Metwork

4.12 Short Term Soft

short term soft

automatic revoke period

1 LPPA  long term soft short term
Long Paths long term soft Short Paths
LPPA
LPPA short term soft
2. LPPA short term soft
Core Network PPA
3. Core Network PPA short term soft short term

shortterm  Short Paths
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LPPA

4, LPPA short term soft
LPPA
LPPA short term soft Long Paths
Long Paths global ACAs
4.7.3 Real-time Hard Reservation
{.\ Global
- admission
[ d.real time hard ] Control Agent
reservation
- ACA admission
Real time hard —| control Agent
esErvarion messages
[ -
Traffic Core Metwork o Exit
FEquUasT St Metwork
LExit Stub
Mtk _Fesource
"1. Entrance Stub gvaluation
Wetwork resource
F,Eu'a'l uatian
4.13 Real time hard
real time hard IP
1. Globa ACA
2. Globa ACA
LPPA Long Paths

Short Paths real time hard
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4.14 4.15

Incoming traffic
request (s,d.b.q)

Long path not
available

Long path available

Request for short paths

real t‘l!'na hard
Ry required reservations
short path
has not Reguired short paths are
reserved a1l reserved

4.14 Rea time hard
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Global ACA[ traffic request (s.d b o)
{
if Entrance Stub Metwork bearer serwvice for this class isawvailable
AND
Ezt Stub Metwork bearer serwice for this classis awalable
then
while
do L < Longpath(Long Path Table, d 3
foreach = < Decomnposeto Short Fathalh
if real titne hard reservation (5, B)
then allE.eserved = tre
else
allF eserved = false
exit for
erul if
e1ul for
if allR esetved = trae
then rennmn ACCERPT
equl if
elul while
else
retmn FEEJECT
el if
h
4.15 Rea time hard
4.8 LPPA LPPA Optimization Model
LPPA
4.8.1 Problem Statement
LPPA Long Path long term soft
short term soft LPPA
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Paths  Long Paths

Long path
4.16
24

LPPA Long Path

LPPA

LPPA

4.1.4

Short Paths 4.16

source  destination 24

LPPA
penalty
penalty LPPA penalty
LPPA

Short Path Short Path

[20-21]
Short Path
LPPA

LPPA
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Core Netwark 3

Destination

S B

Border Gateway
Inter-Domain
Gateway

Alternative
Short Path

There are 24 possible i DOMAIT KGN
long path from source Connection Link

o g Core NHetwork 2 a m ﬁ @

source

(across different Core) Basic Long Path
4.16
4.8.2 Optimization Model
481
Minimize

Penalty made by unsatisfied traffic aggregate Forecasts

Total cost for long term soft reservations

Subject to

Fixed operating cost

Traffic aggregate quality entropy requirement must be satisfied

Allocate resource to traffic aggregates according to the penalty
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Nonlinear Goal Mixed Integer Programming

1 Notation
| nput data
Notation Description
N BG The number of BGs border gateway
e irs. . :
NN dePair The number of node pairs. A Node pair contains two nodes
that connect to each other with at |east one Short Path.

Nqass The number of classes. This number is defined by operator,
and depends on how many kinds of services the operator
provides. For example, if the operator only provides rough
services according to UMTS service classes, this number
equalsto four.

L A very large number, which must be greater than any other
number in the solution space. Used for conditioning.
n; The number of Short Paths of the iy, node pair,
i = 1’21A ’ NNodePair
M D The number of possible Long Paths from border gateway Sto
< PE‘%’%@@
B LJ = J. L 1\
nt Flvallable bandwidth of the ny, Short Path in
" t 'lé Itmﬁfﬁj NodePair "
n=0L1A ,n
(m) 1
Rg:) dwidth r uirement of the traffic aggregate
ﬁm galeway Sto order gateway D on class min
qifentisng pefipd,
Br=12 AN

TI@ ;Igﬁtﬂ%al i,tN ggtropy requirement of classm,

m=312 A N
=157 5 NG5

C_. D
Pm The penalty per unit bandwidth of classm,
Mi=142M
| =1 N
inSDk T cates whether the ki, Long Path from Sto D
! pi%gﬁ%’zbgmhe Ny, Short Path of che ith hode pair,
S=12,A,
Cost, T i@iﬂ%&e%&m Short Path in the i, node pair.
P

KEQAAI’HMSD

I # ]
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Decision Variables

Notation Description
v 1r%=ai1r8cé;§ed '\Bmd&/vidth of the Ky Long Path of taffic
ﬁ%gégg’ Aor,’q\goer er gateway S to border gateway D on
M=12,A ,Ng.
BC,, 1%%@&dt%@nwmpﬂon of the ny, Short Path in the iy,
ﬂ(é gl v ' ¥ NodePair
n=1A ,n
OQin Thisodandd dNal&hy:ﬁ)f the ny, Short Path in the i, node pair,
n=1A ,n
I # ]

Sg;)_ The amount which the allocated bandwidth is numerically
under the traffic aggregate bandwidth requirement from
border gateway Sto border gateway D on classm,
m= 11:2’1\‘ ’ I\ICIaqs

Sg;“” The amount vgupi_ch the allocatgd gv?lngv%idth is numeri](c:ally
exq entraffic aggregate bandwidth requirement from
borﬁtgyswaﬁ to border gateway D on classm,

m E 13 hereNis bandwidth allocated to thekn long path

C gg& = from border gateway Sto border gateway D

2

onclassm.)
0, otherwise.

M athematical M odel

Minimize

P4
0]

B

¢
X

Ng

D=

N Nogepair N

ipms;g’)w > > BC, -Cost,, 1

1 i=l  n=1
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Subject to:

S=12,A ,Ng
D=12A,N
y™ >0 for all 5 2
k=12A ,Mg
m=12,A ,Ng.
S=12,A ,Ng
S >0 foral {D=12A ,Ng 3
m=12A ,Ng.
S=12,A ,Ng
SE" >0 foradl {D=12,A ,Ng 4
m=12,A ,Nq.
Ngg Ngs 4 Mo i=12 A N .
BC,, = (y@ -1, ) for dl T NodePar
S—lD—lmZ—lk—l - - n=12A a1k
5
i =1,2,A , N ouemur
B, > BC,, for all NodeP 6
n=212,A,n,
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Mg S:l’ZIA ’NBG
RY =% yo + S8 -sP foraliD=12A Ng,
k=1 m=1,2,A 1N

Class
S:1121A !NBG
D=12A ,N
M <1 (1-cM™) forall e
Yok ( sok) k=12A ,Mg
m:l,Z,A 1NC|aSS
S:l,Z,A ’NBG
N nodepair N D=12,A N
~ .\ O | I < LC(m) fora” ey 1" YBG
Q. ; ;( Qinlinsok) Dk k=12,A Mg
m::LZ’A 1NCIa$
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Performance Evaluation

Performance Evaluation

BBQ
LPPA Long Path
long term soft
real time hard Short term
long term long term
Long term soft LPPA
Short Path linear relaxation
Long Paths LPPA
L PPA
Real time hard real time IP long
term soft Long Path
Long Path real time
Long Path
ILOG[22] long term soft
LPPA Long Path
C++ BBQ Real Time Simulator BBQ
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51 Performance Evaluation Metrics

Resource reservation cost

Lost revenue

Blocking ratio

LPPA  long term soft

LPPA Long Path

5.1.1 Long Term Soft Long Term Soft Reservation
5.1.1.1 Resource Reservation Cost

LPPA

3.14
term soft
Short Path
Short Path

TotalCost = > BC, -C,

ieShortPathNo

BC: Required bandwidth of Short Path i
Ci  Unit price of Short Path i

ShortPathNo The number of Short Paths
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51.1.2 Lost Revenue

zZ
=z

8c Neg _4
Lost revenue = > PSS
1m=1

X
=
W)
Il

pm  Unit lost revenue of classm.

S Insufficient bandwidth for traffic aggregate from BG Sto BG D on classm,

5.1.2 Real Time Hard Real Time Hard Reservation
5.1.2.1 Blocking Ratio
IP
IP
IP Global ACA

Blocking Ratio = %

d Number of denied flows

T Number of request flows



5.2 Experiment Design

521 Experiment Environment

Windows 2000 Professional

ILOG
Long Path FreeBSD
GNU C++3.2 BBQ Environment Real-Time Simulator
BBQ End-to-End QoS real time

BG Long Path real time hard

5.2.1.1 BBQ Computational Simulator

BBQ Computational Simulator C++
BBQ
OSPF [23] IP OSPF
BBQ

LPPA Long Path Global ACA real time hard BBQ
Computational Simulator Network Simulator 2 exponential
5.2.2 Test Instance Generation
5.2.2.1 Network Topology Generation

4.16
27 20 BG 7 Inter-Domain Gateway
IG interconnection link
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Short Path

10-50 ms Short Path
interconnection link Short Path
Short Path
Short Path
10 10 10
100%
m (m-1) 100% 50%
m-1 /2
10
10 10
5.2.2.2 Traffic Request Generation
Long term hard LPPA 4.16
5 *15 *4 =300
400

LPPA Long Path

10

Real time hard Network Simulator

2(NS2)[24] real time Reguest Data NS-2 (Network Simulator Version 2)
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NS2

exponential traffic request
51
Short Path 10,20,30,40,50
Short Path dollar 60,30,15,5,1
150,400,700,60000
Gbps 10,30,50,70,100,150
% 30,40,50,60,70
k dollar 1000,3000,5000,7000,10000
% 10,30,50,70,100
5.2.3 Experiments
[ ]
[ J
[ ]
5.2
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5.3

Satisfaction Ratio

5.3.1

53.1.1

Experiment Results

CN Connectivity SR

CL Cost Limit

MEAESELAREHTRIEEELAZEYF (1)
= —+— CH=40%
o
p —a— CNaS%
E —a— CH=60%
ﬁ = CN=0%
[

0000 30000 SO00D OO0 IDCO00 10000

MERESE LmE (Mhps)
51 1
100%
5.1
Short Path
L PPA LPPA
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30%

51 30%

100%

WHARSGELATHTRAGaF T (2)

52

1 Galeb{h
- LAl
=2 1 20D —— ZR=10%
% 10000 o SR=30%
= 000 —+— SR=50%
= 6000 —« SR=T0%
X 4000 —=— SR=100%
LT
0
10000 30000 S0 7000 100000 150000
FHENESE LS E (Hps)
5.2 2
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53.1.2

RBARST RO RNTAROHE (1)
. —+— CN=M%
e 8 CN=A0%
g —a— CN=50%
“ = CN=50%
a.g —=— CN=T0%
10000 30000 50000 70000 100000 150000
Wik A% 4% LmE (Mbps)
5.3 1
3000k
5.3

Short Path

LPPA Long Path
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WHAESELAMTHALEF (2)
1EOO0
16000
-~ 14000 —— CL=1000k
= 12000
— —=— CL=3000k
w0 10000 1
w000 U0k
A g000 —+—CL=
2 4000 e (CL=10000k
2000
0
10000 30000 30000 TOO00 100000 130000
wHAELELMTE (Mbps)
5.4 2
5.4

LPPA

5.3.2

53.21
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R R WG AR ZEE (1)

—+— 10000 bps

. 15000 —i— 0 ops
= —a— S0 bps
ﬁ 10000 —— WOMEps
e —=— 100000Mbps
ﬁ 5000 —— 150000Mbps
= 9
0 o 5 &0 Lt
ELR R (%)
5.5 1
100%
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Short Path LPPA

Long Path
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B EEEHTERIREAZEE (2)
E —— SR=10%
“ —=— SR=30%
E —— SR=50%
e —=— SR=T0%
o} == SR=100%
e
Kl 40 50 2 0
Wik (K)
5.6 2
5.6 70Gbps
Short Path LPPA
LPPA Long Path
LPPA

53.2.2
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5.3.3

LPPA Long Path
border gateway
real time
= - I /
59 10 aggregate
5.10

5.10
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LPPA Long Path
long term soft
Short Path LPPA
OSPF  Trunk OSPF
Short Path Trunk  source routing LPPA
LPPA Trunk LPPA real time

hard border gateway
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70Gbps

511 5.15
50-500
5.11-5.15
Long Path
OSPF OSPF
Trunk LPPA
LPPA 0
70%-80% OSPF
LPPA
Trunk
LPPA LPPA Short
Path border gateway Short Path
aggregate Short Path
5.34 Comparison with The Optimal Solution
LPPA
Integer programming linear relaxation
4.16 10Gbps-150Gbps
5.3.1-5.3.3
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LPPA Long Path

Long Path linear relaxation
Long Path
5.4 Experiment Summary
LPPA
LPPA
LPPA
Trunk approach LPPA
traffic aggregate Trunk approach

traffic aggregate
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Conclusions and Future

Work

Conclusions and Future Work

6.1 Conclusions
BBQ End-to-End
End-to-End
BBQ

QoS

BBQ End-to-End Network QoS Coordinator Layer

102



OSPF

Trunk OSPF Trunk
P
6.2 Future Work
long term soft short term soft vendor

LPPA Short Path
LPPA Long Path
heuristic algorithm  short term soft

Long Path

interconnection
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