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Definitions

Management Domain
O set of logical resources
O under the control of a single entity

Legend

CA*net 4 Lightpath
Cross-Connect Device
Lightpath —
Cross-Connection LD

Management Domain 1
Management Domain 2
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Definitions (cont.)
Lightpath Object (LPO)

O abstract representation of an LP
O under the control of a single entity

Root LPO

O provisioned and registered in system by human user

Partitioned LPO

O represents subset of parent LPO's bandwidth

_ﬁ

Compound (end-to-end) LPO

O represents concatenation of LPOs

0
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Definitions (cont.)

Users and Privileges

O lease advertised lightpaths

Customer

O re-advertise partitions of such

for lease
. O create end-to-end lightpaths

Domain ] o create root LPOs
Administrator O create Customers

O create Domain Administrators
System 0 access to all the modules
Administrator and functionalities
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High-Level Architecture

Customer Administrator G.'"d .
Application
HTTP \ HTTP
| User Access Layer | SOAP
SOAP

| Service Provisioning Layer |

RMI

Resource Management Layer

TL1
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Details: User Access Layer

HTTP

Web Interface

Request
Handler

Web Server

User Access Layer

Service Provisioning Layer
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Details: Service Provisioning
Layer Gri
Web Server Application
User Access Layer
Grid Service Interface ES
Service
LPO Grid Lo EJB 0
Service Ly Home Service
Service
Implemen-
tation
LPO
LPO RMI Service I
Delegate EJB
Service Remote
Grid Service Hosting Environment J2EE Application Server
Legend JDBC
RMI
Create Service —=——————p ——]
Access service ———————>
Service Provisioning Layer | o T——.
Resource Management Layer 10
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Details: Service Provisioning
Layer

OGSI-Conformant Services
O Root LPO creation
O LPO query
O LPO advertisement
O LPO lease
O LPO reconfiguration
O LPO partitioning
o LPO concatenation
O End-to-end LPO establishment
O LPO termination
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Details: Resource
Management Layer

Service Provisioning Layer

Resource Management Layer

Request
Controller

Programmable LPO
Controller || controller [I [ rRMI LPO Space
Switch |

Interface

Resource Agent

TL1

—0—=0
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Deployment of Components

Designated Machine(s)

v
]

Designated Machine or Cluster

v v v
= = =
Ll Ll Ll
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Lightpath Objects (LPOs)

0 LPO maintained by Resource Agent corresponding
to upstream switch

0 all objects related to Root LPOs

| P —LPO | Legend

Partitioning
— =
| P - LPO I C-LPO C-LPO Concatenation
P———

Partitioned LPO
[P-tPOo || P-LPO| [P-LPO|]|P-LPO |
Compound LPO
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[ Root LPO | [ Root LPO |
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Lightpath Objects (LPOs)

LPO Attributes Graphical
representation

O IpoId IpoId
O bandwidth N LPO1
0 owngr‘STack atri=vall | [ 5o
O expireDate attr2=vai2| | =
o status O {'available’, ‘reserved’, 1

inactive’} subset owner
O prevStatus O {'available’, 'reserved’} of other stack

O source (switch/slot/port/channel) attributes

O destination (switch/slot/port/channel)
O parentLPOId
o childList

O lpoList
15
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LPO Behaviour

Partitioning
O can only be done by owner of parent LPO
O parent's bandwidth reduced, childList updated

O child LPO is created with link to parent and one-element
owner stack

before after

LPOX |l +— parent
R = [ E— -

LPOYL|«— child
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LPO Behaviour (cont.)

Concatenation
O can only be done by owner of constituent LPOs
O constituent LPOs must have uniform bandwidth

O compound LPO is created with nonempty IpoList and one-
element owner stack

before after

LPOXEjr
LPOX Ell constituent

LPOY LPOs
= =~ B4
LPOZ bl . compound

LPO
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LPO Behaviour (cont.)

Leasing
O can only be done on LPOs without children
O always create partitioned LPO for initial advertisement

partitioning
before step after

LPOX Ell LPOX El

LPOX
= | —= >
l_l LPOY LPOY under new
|Q| El ownership
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LPO Example: Partitioning

(Case 1: empty LPO list)

before

LPO1

childList =[]
IpoList =[]

parentLPOId = null I: ll: LPO2

bandwidth = 100

after
LPO1
childList = [LPO2]
IpoList =[]

parentLPOId = null

bandwidth = 80

childList =[]
IpoList =[]

parentLPOId = LPO1

bandwidth = 20

19
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P le: i
LPO Example: Leasing
before
LPO1
childList = [LPO2]
IpoList =[] . 1o be leased
parentLPOId = null 0 De lease
bandwidth = 80
LPO2
childList =[]
IpoList =[]
parentLPOId = LPO1 Adminl
bandwidth = 20
20
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LPO Example: Leasing

intermediate step (spawning and advertising)

LPO1

childList = [LPO2, LPO3]
IpoList =[]

parentLPOId = null

bandwidth = 0

LPO2

childList =[]
IpoList =[]

parentLPOId = LPO1

bandwidth = 20

LPO3

childList =[]
IpoList =[]

parentLPOId = LPO1 -Adminl
bandwidth = 80
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P le: '
LPO Example: Leasing
after

LPO1

childList = [LPO2, LPO3]

IpoList =[]

parentLPOId = null
bandwidth = 0

LPO2

childList =[]

IpoList =[]

parentLPOId = LPO1 -Adminl

bandwidth = 20 -
LPO3

childList =[] -

IpoList =[] Alice
parentLPOId = LPO1 Adminl

bandwidth = 80

22
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LPO Example: Concatenation

before

LPO1

childList =[] :
IpoList =[] Alice

parentLPOId = LPO10 | ||Adminl
bandwidth = 100

LPO2

childList =[] :
IpoList =[] Alice

parentLPOId = LPO20 | ||Admin2
bandwidth = 100

bandwidth = 100

after
LPO1
childList =[] -
IpoList =[] Alice
parentLPOId = LPO10 Adminl
bandwidth = 100
LPO2
childList =[] -
IpoList =[] Al
parentLPOId = LPO20 Admin2

LPO3

childList =[]
IpoList

=[LPO1, LPO2]
parentLPOId = null
bandwidth = 100

3
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P le: Partitioni
LPO Example: Partitioning
(Case 2: non-empty LPO list)
before
LPO1
childList =[] -
IpoList = [] i
parentLPOId = LPO10 Adminl
bandwidth = 100
LPO2
childList =[] -
IpoList = [] i
parentLPOId = LPO20 Admin2
bandwidth = 100
LPO3
childList =[] to b titioned
IpoList = [LPO1, LPO2] [«—— 1o be partitione
parentLPOId = null
bandwidth = 100 -
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LPO Example: Partitioning
(Case 2: non-empty LPO list)

after
LPO1 LPO4
childList = [LPO4] T childList = []
IpoList =[] IpoList =[]
parentLPOId = LPO10 Adminl parentLPOId = LPO1
bandwidth = 80 bandwidth = 20
LPO2 LPOS
childList = [LPO5] T childList = []
IpoList =[] IpoList =[]
parentLPOId = LPO20 Admin2 parentLPOId = LPO2
bandwidth = 80 bandwidth = 20
LPO3 LPO6
childList = [LPOS] childList =[]
IpoList = [LPO1, LPO2] IpoList = [LPO4, LPO5]
parentLPOId = null parentLPOId = LPO3
bandwidth = 80 bandwidth = 20 -
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Phase-Based Approach
o development cycle conducted in phases
O each phase consists of one or more iterations in
which a subset of the system is analysed,
designed, developed, and tested
26

Communications Research Centre, Ottawa, 27/05/2003

13



Software Development Plan

Phases
Workflows | | inception|| FElaboration |  Construction || Transition |

Business Modeling
Requirements

Analysis & Design

i et ., i
Implementation b H “\_:,_ﬂ__
Test ; e g
Deployment : ; _‘

Configuration : : H
& Change Mgmt e —— R —
Project Management ...-—u:_..-.....‘-...i...-.._.—_.—+_
Environment 5-—— ..h- ——

Const
#1

Iterations

| Initial || Elab #1| | El&#2|

GonstICnnst” Tran #1 |
#2 | #3
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Software Development Plan

Advantages of Phase-Based Approach
O highly dynamic and adaptive
O accommodates changes to requirements,
technologies, and goals

O development in iterations provides:
* reduced technical risk

+ maximum flexibility in planning features for each
release

+ early versions of a partially working system

28
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Phases: Inception

0 purpose
O develop product requirements
O establish scope for system
O define major use cases
O number of iterations: 1
O milestone
O Business Case Review
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Phases: Elaboration

0 purpose
O analyze requirements

O analyze, design, and implement high-risk
use cases

O develop architecture
O number of iterations: 2
O milestones
O Architectural Prototype
O Use Case Model
O Design Document

Communications Research Centre, Ottawa, 27/05/2003

15



Phases: Construction

0 purpose
O analyze and design remaining use cases
o develop fully functional version of software
O fest software
O number of iterations: 3
O milestone
O Pre-release Version

31
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Phases: Transition

O purpose
O prepare pre-release version for deployment
O ensure smooth installation
O test software
O train users
[ humber of iterations: 1

[ milestone
O Release Version

32
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Phases: Maintenance

O purpose

o fine-tune system

O improve reliability of system
[ humber of iterations: several
A milestone

O Maintenance Version(s)
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Progress

0 presently in Elaboration Phase, Iteration 1

Phases
Workflows |Innapﬁon|| Elaboration || Construction ||1'ransdtiun|

Business Modeling
Reguirements

Analysis & Design

Implementation
Test

Deployment

Configuration H

& Change Mgmt ————

Project Management | i, | i | S,
Environment p - A

e s 5 [ [ o
| iy ” #1 | #2 | #3

Iterations
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User Controlled Lightpaths
Prototype Demonstration

Project leader: Raouf Boutaba

School of Computer Science
University of Waterloo
E-mail: rboutaba@bbcr.uwaterloo.ca

Whieioo
CANARIE
:

Communications Research Centre, Ottawa, 27/05/2003

High-Level Architecture

Grid
Application

Customer Administrator

HTTP \ HTTP

| User Access Layer | SOAP

SOAP

| Service Provisioning Layer |

RMI

| Resource Management Layer |

TL1
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Demonstration System

User
Access Layer

Service
Provisioning Layer

Resource
Management Layer

Administrator

HTTP

Web Interface

Apache
Struts

Apache Tomcat

SOAP (Axis)

Grid Service Interface

Service
Implementation

GT3

RMI
(JMX Remote API)

Request

RMI

IMX Controller

LPO Space
(Outrigger)
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Demonstration Scenario

OCreate Root LPO
OPartition an LPO
TJAdvertise an LPO
OLease an LPO
OTerminate a Lease
OTerminate an LPO
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